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7 Foreword © 

The 1970 edition of the Minerals Yearbook marks the 89th year in which . 
an annual report on the minerals industry has been published by the Federal | 
Government. This edition provides a statistical record on global mineral 
industry performance during the year of review, and contains sufficient back- 
ground information to interpret the year’s developments. Although the same 
format has been followed as in previous editions, we direct the reader’s | 
attention to the change in numbering of the individual volumes. The former | 

_ Volume I-II, Metals, Minerals, and Fuels, has been renumbered Volume I:; 

| Volume III, Area Reports: Domestic, has been changed to Volume II; and 
Volume IV, Area Reports: International, has been renumbered Volume III. 

| ‘The general content of the individual volumes is as follows: | | 
Volume I, Metals, Minerals, and Fuels, contains chapters on virtually all 

: metal, nonmetal, and mineral fuel commodities important to the domestic : 
a economy. In addition, it includes a general review chapter on these industries, | 

a statistical summary, and chapters on employment and injuries and on 
| technologic trends. | 
7 Volume II, Area Reports: Domestic, contains chapters covering the mineral 

: industry of each of the 50 States, the U.S. island possessions in the Pacific 
. Ocean and the Caribbean Sea, the Commonwealth of Puerto Rico, and the 
, Canal Zone. This volume also has a statistical summary chapter, identical . 
- with that in Volume I, and a chapter on employment and injuries. 

Volume III, Area Reports: International, presents the latest available 
mineral statistics for more than 130 foreign countries and discusses the im- __ 

- portance of minerals to the economies of these nations. A separate chapter 
, reviews minerals and their relationship to the world economy. 

_ The continuous effort of the Bureau of Mines to enhance the value of the 
| | Yearbook for its readers can be aided by comments and suggestions. Toward | 

that end, the constructive comments of readers will be welcomed. 

: ELBuRT F. OsBorn, Director LO 
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Revie t tric eview of the Mineral Industries — 

By Bernadette S. Schumaker ! and Jeannette I. Baker 2 

The year 1970 was highlighted by a con- nonferrous metals and products trended . 
tinuation of rising prices although at a downward following substantial increases 
slower rate, a slackening in industrial pro- in, 1969. Although the total’ Federal Re= 7 
duction, and a rapid rise in the level of serve Board Index of Industrial Prdduction - 
unemployment. Business investment in (1967 = 100) declined, the mining sector ; 

| plant and equipment weakened, but a rose from 107.2 to 109.7 index points, a a 
. strong rise in residential construction sur- 2.3-percent advance.’The production index ae 

| faced late in the year. Both monetary and _ for utilities also incteased during 1970. =... | 
fiscal policies were applied to stimulate A. shift in, monetary policy also charac- eR 

noninflationary growth, but with mixed re- terized 1970,.'The tight. monetary policy of 
_ sults. Although inflation slowed down dur- 1969 which slowed down the éConomy by = = =. 

| ing. 1970, real economic growth was ata reducing demand for credit was exchanged. ms 
standstill as the tradeoff between inflation for an easier policy in 1970. This changes 
and employment resulted in a slowdown in provided an increased supply of. credit and os 

: the former at the expense of the latter. resulted ‘in lower interest rates, From Feb- =. 
. _ Total gross national product (GNP) for | ruary to July, the supply of money grew 

the year was $976.5 billion (in current at an annual. rate, of 7.3, percent. For all of | Oe 
dollars) , up about 5 percent from the 1969 1970, the average increase was 5.5 percent 
figure. However, real GNP (in 1958 con- compared with 3.1 percent the previous => 
stant dollars) was down from. $727 billion year. The movement of interest rates was a 

to $724 billion. Output, as measured by especially significant during the year. Early = 
the Federal Reserve Board. Index of In- in 1970, interest rates had reached histori- mo 

| dustrial Production, was .down for the cal highs.as.a result of heavy.credit dew =. 
year. The mining sector, however, showed mands and a tight monetary policy. How- o 
an increase. Manufacturing, especially.du- ever, rates on long-term bonds, especially - 
rables, slumped and this fact was reflected high-grade corporate bonds and municipal . 

: in a substantial rise in personal savings. | bonds, had..begun a significant decline dur-. : 
Prices climbed almost 6 percent, slightly ing the first quarter of 1970. During the 

less than the 1969 increase. Data for the same period, an even sharper reduction 

second half of 1970, however, showed characterized short-term interest rates, a | 
prices increasing at a slower rate than dur- _ tendency consistent with the historical cycli- 
ing the first 6 months. Rising more rapidly _cal behavior of interest rates. | 
than average was the price of services. Private housing starts were at an annual 
Wholesale prices also advanced, but at a_ rate of 1.3 million units for the first half 
slower rate than in 1969. Among mineral of the year, but managed to advance to an 
commodities, the price index for coal  1.8-million annual rate in the fourth quar- 
climbed steeply while other minerals in ter. | 

general advanced moderately. _ During 1970, total employment increased 
For the first time in 13 years, the Index moderately to 78.6 million compared with 

of Industrial Production declined. The 77.9 million in 1969. Unemployment, how- 
index for total manufacturing registered a ever, rose substantially in 1970 from 3.9 
4-percent drop, reflecting primarily a 6- percent in January to 62 percent in De- 
percent decline in durable manufacturing. 
Primary metals manufacturing dedined = _ 
from 114.1 to 106.9 index points, a 6.3-per- ? Economist, Office of Economic Analysis. 

cent decrease. Both iron and steel and — jjcq,@mmodity research specialist, Office of Tech- 

]
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cember. The lackluster growth of employ- impair the performance of emission-control 

ment resulted from a generally depressed devices. The Mining and Minerals Policy 

demand for goods and services complicated Act (Public Law 91-631) became law late 

by a major strike in the automobile indus- in the year. An annual report to Congress 

| try. Employment in the goods-producing on the state of the mineral industries is 

industries was severely affected while the required by this legislation. 

service industries fared somewhat better. | A substantial decrease in disposal of ma- 

| Among the goods-producing industries, de- terial from mineral _ stockpile inventories 

: -fense and aerospace employment was developed in 1970. The total market value 

sharply. reduced. Unemployment among of inventories showed little change from | 

white collar workers rose sharply during the 1969 level. The Office of Mineral Ex- 

-. the year. Mining employment also followed _ploration continued its financial assistance 

the generally declining trend in goods-pro- — programs to encourage exploration for new 

-. ducing industries. Other economic high- domestic sources of essential materials. 

2 lights of the year included a-slowdown in The USS. trade balance (excluding mili- 

- the growth of federal spending. Much of tary grant exports) showed a surplus of 

. “the cutback was in defense-related spend- $2.7 billion in 1970 following 2 years of = 

ing. Expenditures by. state and local gov- rather small surpluses of $0.8 billion in 
-“- ernments rose 9 percent, slightly less than 1968 and $1.3 billion in 1969. Among min- : 
~~ -“Jast year’s growth. =. . =. ~——_.. eral resources exported, coal and steel ex- 

.»_., Significant Congressional activities affect- ports showed substantial gains. Total se- 
©”. ing the mineral industries included imple- léctéd mineral exports increased to $59 = 
.. mentation’ of the.’National Environmental _ billion in 1970 while selected mineral im- 
Me “Poliéy ‘Act of 1969. A. Council on Environ- ports climbed to $8.7 billion. Direct invest- 

“mental Quality was set up.as réquired by ments abroad in all industries in 1969 was 
a the act. The Clean Air’ Amendments of $70.8 billion.” Of this figure, $20 billion 

‘. 1970 established air quality’ standards for was accounted for by petroleum invest- — 
"motor vehiclé emissions. The law. provides ments. Investments abroad in mining and 
oe also for the regulation of fuels when. they smelting totaled $5.6 billion for 1969. | 

: /- “SQURCTES AND USES OF MINERALS a 

a _. Production.—In 1970, domestic produc- cent for other nonferrous metals. Little 
tion’ of primary minerals and mineral change was recorded for nonmetals produc- 

a fuels was ‘valued at $29.8 billion. In 1967 tion. Coal gained over 7 points and | 
constant dollars, the value of mineral pro- climbed to 108, while crude. oil and natu- 

~ duction was $27.0" billion. The value of ral gas production was off slightly for the | 
| mineral fuels and metals each increased year. - 

more than 10 percent, while nonmetals ad- During 1970, the Federal Reserve Board 

vanced only slightly. | Index of Industrial Production (1967 = 
_ Reflecting the nation’s general economic 100) declined from 110.7 to 106.7. How- 

slowdown, the Bureau of Mines index of ever, all segments of mining except stone 
physical volume of mineral production and earth minerals advanced. Coal mining, 
(1967. = 100) showed little change in for example, climbed to 105.7 index points, 
1970; the total index gained less than one a 4.5-percent increase. The index for crude 

point for the year. While the overall aver- oil production increased by over 4 percent 
age for metals increased from 1279 to while for natural gas, the gain was 2.6 per- 
135.8 index points, there was little change cent. Continuing its trend upward, metal 

in the nonmetals and fuels components of mining registered a 5.2-percent increase, 
the index. In 1970 the volume of ferrous less than half of the 1969 gain. For the 
metals production declined for the first second consecutive year, stone and earth 
time since 1967. Nonferrous metals again mining declined. 
registered the sharpest advance among Industrial production of metals and non- 
minerals produced during the year. Among’ metals posted a lackluster performance in 

nonferrous metals, the production index 1970. For the first time since 1967, primary 
jumped 11.8 percent for base metals, 7.3 metals, iron and steel, nonferrous metals 
percent for monetary metals, and 7.7 per- and products, and clay, glass, and stone
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Figure 1.—Index of physical volume of mineral production for selected items oO 
tn the United States. : | | | 

| products fell by at least 5 percent. The 105. Following several years of either de- 
Federal Reserve Board monthly indexes of  clining or stable production, coal increased 
mining production (1967 = 100) showed a to 108 index points. _ . | 
decline in mining activity during the first A total of 59,146 trillion British thermal | 
half of 1970 but a substantial increase in units (Btu) were produced by the fossil 

| the last half of the year. Most major com- fuels group compared with 55,947 trillion 
ponents of mining followed this trend with Btu in 1969. Heat value of primary elec- 
two exceptions. Stone and earth minerals tricity. produced at hydropower and nu- 
production declined through the entire clear powerplants, when added to that of 
year of 1970. By contrast, coal mining pro- _fosssil fuels, brought the total to 61,994 

: duction climbed sharply early in the year trillion Btu, a 5.6-percent advance. — 
followed by a slowdown in midyear and Table 6 indicates the upward trend in 
additional gains late in 1970. energy production during 1966-70. All 

Figure 1 indicates the historical trends components of mineral and electrical en- 
for important mineral commodities. In ergy. recorded increased eutput during this 
1970, copper production continued to ad- time period except anthracite coal. Anthra- 
vance as output reached 180 index points cite output in 1970 was only 75 percent of 
(1967 = 100). Iron ore dipped slightly to the 1966 production level. Production of
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bituminous coal and lignite reached 15,000 period 1967-69. Total inventories of stone, 

trillion Btu in 1970. Natural gas and crude clay, and glass products: reached $2,648 

petroleum production again recorded in- million in December 1970. The seasonally 

creases. A substantial increase in nuclear adjusted book value of primary metals in- 

power output, from 146 to 231 trillion ventories totaled $8,862 million, a 10.1-per- 

Btu, was registered during the year. cent gain. The primary metals inventories 

The net supply of principal minerals were about equally divided between blast 

had a mixed pattern in 1970. In the met- furnace and steel mills ($4,717 million) 

als category, the net supply of iron ore in- and other primary metals processing plants 

creased slightly while pig iron and steel ($4,145 million) . For selected mineral 

ingot decreased 4 percent and 8 percent, processing industries, the total seasonally 

respectively, below 1969. Chromite and adjusted book value of inyentories ad- 

- nickel recorded increases of over 25 per- vanced 9.7 percent during the year. 

cent and molybdenum increased 17 per- Among the components of the nation’s 

| cent. While the net supply of aluminum minerals supply was the national stockpile 

declined, copper supplies increased by.3 of strategic materials. In terms of market 

| percent. Among nonmetals, sulfur supplies yagjue, aluminum, metallurgical chromite, 

were stable and phosphate rock and potash industrial diamond stones, lead, metallurgi- 

posted increases. cal manganese, tin, tungsten, and zinc were. 

a Stocks and Government Stockpile—The all important stockpile commodities during 

| Bureau of Mines index of stocks of crude 1970. 

minerals (1967 = 100) increased substan- Exports—The total value of selected 

tially in 1970. Metal stocks, following 4 minerals and mineral products exported 

7 _ ‘16-point decline in 1969, climbed 3 index advanced 26 percent in 1970, slightly more | 
points to 113. Increased stocks of iron ore than the 24-percent gain of 1969. Account- 

; and other ferrous metals were recorded, ing for the increase was a surge in coal ex- 

while nonferrous metal stocks dipped orts, a substantial gain in iron and steel 
slightly. Nonmetallic stocks were especially scrap exports, as well as increases in -sev- 

| high at 154 index points. The index of 6:3] manufactured metal exports. Coal ex- 

stocks at mineral manufacturers, consum- ports were valued at more than 1 billion 

ers, and dealers increased 15 points in 1970 dollars in 1969, a 64-percent gain. Among 

(1967 = 100). Significant increases in all jy anufactured metals, iron or steel ingots, 
classes of metal stocks were registered. copper and copper alloys, and aluminum 

Nonmetallic stocks also increased during nq aluminum alloys advanced considera- 
the year. | bly. Gains were registered in all mineral 

Producers’ stocks of most mineral energy categories, although in varying degrees. 

SO resources and related products grew during Crude nonmetallic exports were up 

1970. Stocks of bituminous coal were up 15_ slightly; chemicals and manufactured non- 

percent and anthracite stocks increased 32 metallics increased moderately. Mineral en- 

percent. All categories of petroleum and ergy resources and related products posted 

related products increased except gasoline, the largest percentage increase followed by 

special naphthas, petroleum asphalt, and crude and scrap metals and manufactured 

residual fuel oil. Significant stock increases metals. . 

were recorded for carbon black, liquefied Imports.—In 1970, selected mineral im- 

gases, and natural gasoline, plant conden- ts ad ed ll t to $8.7 billi 

sate, and isopentane. Natural gas stocks ports acvane percent to $0.7 pion 
were up 12 percent at yearend. as increases were recorded in all major 

. mineral categories except crude nonmetal- 
The seasonally adjusted book value of 1j Crud d tals i ted 

product inventories for selected mineral Ics. Mrude and scrap metals Impore 

processing industries registered increases in gained 19 percent led by increased imports 
all categories in 1970. For petroleum and of iron ore and concentrates, and ores and 

coal products, the increase was 11.7 per- concentrates of nonferrous base metals. Im- 

cent, raising the value of inventories to Ports of mineral energy resources climbed 

$2,539 million. A 6.6-percent increase in 10 percent led by an 18 percent gain in 

inventories was posted by stone, clay, and petroleum products imported. Chemical 

glass products which was about half the imports were up substantially in 1970 for 

rate of increase in this category during the an overall increase of 21 percent. In the
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- manufactured metals category imports rose _tor’s gross energy inputs. Petroleum, fol- 
to $3.7 billion for the year. lowed closely by bituminous coal and 
Consumption.—The consumption pattern lignite, accounted for almost all of the re- | 

for major mineral products was generally maining energy input. , . 
mixed during the year. Iron ore consump- In 1970, the transportation sector ac- 

tion, after advancing 6.4 percent in 1969, counted for 16,468 trillion Btu’s of: gross 

: dropped 4 percent to 135 million long tons energy consumption. Over 95 percent of 
in 1970. Raw steel consumption similarly this figure was supplied by petroleum. 
trended downward. Overall consumption of Natural gas and bituminous coal and lig- 

chromite ores and molybdenum was down, nite contributed much smaller amounts of 
while tungsten and manganese ore re- energy demands. 

corded gains. Among nonferrous metals, The electric utility sector increased its 
copper consumption fell by almost 5 per- consumption of energy resources by 8 per- 
cent compared with a 14-percent increase cent in 1970. Bituminous coal and natural 
in 1969. Lead and silver consumption de- gas were the leaders in supplying energy 

_ Clined; the demand for mercury posted a to this sector. Total gross energy inputs 
substantial drop of 20 percent during the for the year showed a 3.8 percent advance 
year. | to 67,431 trillion Btu’s, somewhat smaller . 

In the nonmetals category, sulfur con- than the 5.2 percent increase in 1969. Pe- 

| sumption dipped from 9.2 to 9.1 million  troleum continued to be the overall lead- 

_ long tons and depressed prices and a glut- ing energy source followed by natural gas 
ted market characterized the sulfur indus- and bituminous coal. 

try. Both phosphate rock and potash con- In 1970, the domestic supply of anthra- | 

sumption were up. For all categories of cite coal declined but bituminous coal ad- 
mineral energy resources except anthracite, yanced. Exports of the former fell to 1,467 4 
demand increased during 1970. Bituminous thousand short tons while bituminous coal 

coal consumption edged up slightly as did trade increased from 56 to 71 million short ; 
petroleum consumption. A gain of almost tons, a substantial gain of 26 percent. Im- 
5 percent was recorded for natural gas. In ports of bituminous coal, at 36,000 short 

general, consumption of major mineral tons were quite low for the year. The total | 
products in 1970 was varied. Fuels were domestic supply of bituminous coal y 

mostly up; nonmetals were mixed; and _ reached 517.5 million short tons; the sup- - 
metals trended downward. ply of anthracite continued its downward 4 

In 1970, the demand for electricity trend and stood at 8.2 million short tons : 
jumped to 1,638 billion kilowatt-hours, a for the year. 3 , : 
5.5-percent advance. Utilities scored a 6.1- The petroleum supply picture included | 
percent gain. as increases were recorded in an increase in crude oil production to 
both nuclear power and conventional fuel- 3,517 million barrels compared with 3,372 
burning plants. The demand for hydro- million barrels in 1969. Exports were up 
power, however, declined from 251 to 249 significantly from 1 to 5 million barrels, . 
billion kilowatt-hours. A remarkable 57- but imports decreased from 514 to 483 | 
percent gain in nuclear power demand was’ million barrels. The total crude oil supply 
registered during the year. climbed to 3,968 million barrels. - | 

An examination of gross consumption of Production of domestic natural gas in- 
energy resources by major sources and con-_ creased to 21,921 billion cubic feet, up al- 
suming. sectors revealed moderate increases most 6 percent. Exports amounted to 70 
in most categories. The household and _ million cubic feet and the much larger 
commercial sector, for example, consumed category of imports grew almost 13 per- 
13,988 trillion Btu’s of energy in 1970, up cent, to 821 million cubic feet. Total sup- 
2.8 percent. Natural gas continued to be ply of natural gas reached 21,367 billion 
the leading supplier to this sector followed cubic feet for the year. 

by petroleum. Coal furnished only a very Consumption of fuels in 1970 was, of 
small part of energy consumed by the course, influenced by the growing national 
household and commercial sector. concern for our environment. Low-sulfur 

Industrial consumption of energy re- fuels were in great demand during the 
sources was up less than 2 percent in 1970. year, and this trend is expected to con- 
Natural gas supplied over half of this sec- tinue well into the future.
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, ee : - EMPLOYMENT AND PRODUCTIVITY | | 

Employment.—Employment in selected over 13 percent. Hourly earnings in the 
| minerals mining and manufacturing sectors fertilizer industry, which are historically 

| trended downward in 1970. As a result of low compared with other mineral commod- 
| a strong world demand for energy, bitumi- ities, increased 7 percent to $2.91 an hour. 

nous coal employment posted the largest A slight downward shift in weekly hours 
- gain among selected mineral industries. characterized the fertilizer industry in 

Total mining employment, while declining 1970. Accompanied by a moderate 3.2-per- 
only 1 percent to 622,000, was at its lowest cent increase in average hourly eamings 

: level since 1967. In addition, nonmetal and a decrease in wéekly hours, weekly . 
mining and quarrying declined to its low- earnings for blast furnaces, steel and _roll- 
est level in over 10 years. In-the metals ing mills fell slightly. While hourly earn- 

| sector, iron ore mining gained 3.1 percent ings advanced 5.6 percent for nonferrous — 
while copper mining declined slightly. smelting and tefining, a decrease in weekly 

| Overall, total metal mining employment hours slackened the growth of weekly earn- 
. Tose 2.8 percent to 94,800. Among fuels, all ings to 3.8 percent. Hourly and weekly 
. _ selected mineral fuel industries declined earnings for petroleum and related indus- 

except bituminous coal employment, which tries climbed more than 6 percent, to $4.27 
| advanced almost 7 percent for the year. and $182.33, respectively. Little change in 

Employment in oilfield and gasfield serv- working hours was posted for this group. 
. ices fell by nearly 10 percent and a 18- Labor Turnover Rates——-The accession 

| percent decline was posted in crude petro- rate (hires and rehires) for selected min- 
ileum and natural gasfields employment. eral industries declined in most categories 

- In 1970, minerals manufacturing employ-. during 1970. While there was no change in 
ment slackened to 902,400. Although fuels the metal mining accession rate, the rate 
advanced for the year, the much larger for iron ore fell and the rate for copper : 
selected metals and nonmetals categories advanced. Hires and rehires per thousand 

trended downward. employees declined for nonferrous smelting 
Hours and Earnings.—For the total min- and refining, blast furnaces, steel and roll- 

ing sector, hourly earnings advanced 6.7 ing mills, hydraulic cement, and _ total 
, percent, to $3.66 compared with a 7.9-per- manufacturing. Accession rates for the fuel 

: cent increase in 1969. Weekly earnings also industriés were mixed, with petroleum re- 
_ ss increased at a decreasing rate, while fining and petroleum refining and related 

weekly hours worked rose slightly from industries posting declines and coal mining 
Oo 44.7 to 44.8. In the metal mining group, advancing slightly. Most selected mineral 

average hourly earnings climbed to $3.88; industries experienced increased separation 
hourly earnings for both copper and iron rates in 1970. The exceptions were manu- 
ore mining were slightly above the average facturing, nonferrous smelting and refining, 

| metal mining level. Average weekly hours petroleum refining and related industries, 
for metal mining declined from 43.3 to 42.7. and coal mining. The manufacturing layoff 
hours; average weekly hours for iron ore rate for 1970 advanced from 12 to 18 per 
advanced to 41.9 while for copper ore the thousand employees. Excluding coal and 
comparable figure was a decline to 44.7. copper mining, the rate climbed for all 
The mineral fuels industries ‘recorded other selected mineral industries, 

hourly earnings of $3.97, a 7.3-percent in- Wages and Salaries——An upward trend 
crease. Once again the highest average continued for wages and salaries in all in- 
hourly and weekly earnings were posted by qustries during 1970. Although failing to 
bituminous coal mining. Average hourly match the nearly 10-percent gain of 1969, 
and weekly earnings for crude petroleum wages and salaries in 1970 climbed 62 per- 
and natural gas were up while average cent to $541.4 billion. In the mining sec- 
weekly hours fell slightly. tor, wages and salaries again increased 

Average hourly earnings for manufactur- faster than in the manufacturing indus- 
ing industries rose by only 4.3 percent in tries. Total mining wages and salaries ad- 
1970, but most mineral manufacturing in- vanced 8.1 percent to $5.8 billion. A very 
dustries exceeded this average rate. For the slight increase in manufacturing was 
cement industry, hourly earnings gained posted as wages and salaries rose less than
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| - 1 percent to $158.3 billion. Average earn- copper, iron, and petroleum, while bitumi- 

ings per full-time employée advanced mod- nous coal and lignite registered only a — 

: erately during the year. For all industries, slight gain in productivity. i Copper ore - 

oo the average increase was 6.6 percent or mined: per production worker man-hour 

equal to the 1969. advance. Average earn- increased 6 percent during 1969, to 144 | 

ings in mining climbed 7.5 percent, down index points (1957-59 = 100) ; recoverable 
slightly from an 8.2-percent Increase In yietal mined per production worker man- | 

| 1969. Average earnings per full-time em- pony advanced 3.7 percent to 117.8, the 

ployee m maining reached $9,262 while for largest percenitage advance in the last’ 5 
. manufacturing, average earnings were - pe eo gg can : 

$8,150. | . | | years. Productivity increases in both crude 

- Productivity—The most recent data on and usable iron ore were below the 1968 

labor productivity in the mineral indus- advance. Petroleum refined per production | a 
| tries genérally showed gains in output per worker man-hour increased 11.1 percent to 

| émployee, output per production worker, . 216 in 1969, a gain from the 1968 increase. 

and output. per production worker man- Productivity indexes for bituminous coal. - 

o hour. Among the selected mineral indus- and lignite showed only a slight gain of 

tries, moderate increases were posted for less than one index point. =|. -.. 

| ne --s*PRICES AND COSTS i (et : 

Index of Average Unit Mine Value— iron ore to a 25-percent climb in the _ | 

, The: index of average unit mine value index for iron ‘and steel scrap. Most im- 

(1967 = 100) increased at a decreasing creases in metals were,’ however, between5 © 

, rate in 1970. The total index climbed to and 8 percent. Among selected metals, only = 

109.3. Posting the largest gain was thé one decline was posted—a 2-percent ree 
metals group followed by fuels and non- duction in the’ price indéx for nonferrous a 

metallics. A moderate 5.3-point advance in sctap. The overall average. increase in the a 

ferrous metals was recorded for the year in’ metal index was 7.6 percent compared 
contrast to a 21.7-point gain in nonferrous with a 5.8-percent gain in 1969. The price 

base metals. For the second consecutive indexes of most nonmetallics advanced — 

year, the average unit mine value of mone- during the year. While building materials | | 

tary metals fell, Other nonferrous metals generally posted gains, _ fertilizers were 

advanced substantially from 95.4 to 1292 lower . following . substantial declines _ in 

index points. All nonmetallic. groups de- 1969. Overall, nonmetallic mineral prod- | 

7 dined with the exception of construction ucts advanced 5.2 percent. The price index. 

nonmetallics. The average unit mine value for fuels and related products and power - 

| of coal rose spectacularly from 108 to 134.2 increased by 5 percent in 1970. A steep | 

index points. Crude oil and natural gas rise in both anthracite (12.2 percent) and 

declined slightly. — : bituminous (34.9 percent) coal was posted. 

Index of Implicit Unit Value—In 1970 The price index for coke climbed 17 per- 

the index of implicit unit value (1967 = cent to 127.4 in 1970. Crude petroleum 

100) increased 4.8 percent to 110.5, about and petroleum products were up only 

| the same percentage increase as in 1969. slightly. All commodities posted a moder- 

The index for ferrous metals was up mod- ate 3.7-percent gain for the year. 
erately, while for nonferrous base and Unit prices for mineral energy resource 

other metals, the index climbed sharply. commodities were up during 1970. A 14- 

Monetary metals were down 8.5 points for percent increase was posted in the price of 

1970. Nonmetals showed little change in bituminous coal while the average price of 

advancing from 102.3 to 103.0. In the fuels anthracite was up almost 14 percent. Prices 

category, crude oil and natural gas de- of petroleum and petroleum products also 

clined slightly but coal advanced. Overall, increased. Crude petroleum, for example, 

the fuel sector increased from 106 to 109.8 climbed to $3.18 a barrel, a 2.9-percent gain. 

index points. Gasoline prices advanced 3.3 percent. The 

Prices.—During 1970, the increase in the price of residual fuel oil climbed sharply 
wholesale price index for most metal com- while distillate fuel oil posted more moder- 
modities ranged from a 2-percent rise in ate gains. The average price of natural gas
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at the wellhead increased to 17.1 cents per increase during the previous year. Of the 
thousand cubic feet. _ principal metal mining expenses, the index | 
During 1969 _ (atest aan availabe) * the or cat tate ( beitl increased at the 

- average cost of electrical. energy forthe slowest rate (2.9 percent) . 
United States remained at 1.5 cents per-kil- Costs.—A general’ price rise characterized 

-  owatt hour. Both the residential market at the indexes of relative labor costs and pro- 

2.1 cents. and the commercial and in- ductivity for selected ‘minerals. The index 
dustrial markets at 1.3 cents per kilowatt- _ of labor costs per unit of output for iron 

. hour posted no change from 1968 in the ore recorded a 7-point increase, while for 
. _ average cost of electrical energy. Most copper, the comparable gain was 5 index 

areas reported no change in the total cost points. Although the index of value of 
of electrical energy with the exception of a product per man-period was up only 1 
slight decline in the Middle Atlantic re- index point for iron ore, the index for — 
gion “ a slight rise in| the st South- copper cumbed sarply. A decline was re- 

entral region. Alaska and Hawaii re- ~ corded for the third consecutive year in 
: mained the highest cost areas for ‘electrical the index of labor costs per dollar of 

energy while the East South-Central product for copper. However, the index 
region’ remained the lowest cost area. for iron ore advanced 5 index points. 

an Index of Principal Metal Mining Expen- | _ The price indexes for mining _construc- 
Spatial F meta ro expenses tion and material dangling machinery ane 
trended. upward during . Overall, the equipment increased moderately. e 

_ index climbed 5 points compared with a  smallest.increase recorded was a 2.1-percent 
/ *point . avanee in 1969. are labor compe” gain in the index for portable an compres- 

| nent. of the index increased 6 points, about sors. Except for a 4.6-percent advance in 
~ twice the 1969 gain. The 4-percent,increase the price of scrapers and graders and a 

_ dn the price index for supplies was also  6.5-percent increase in special construction 
° above the. 1969 adyance.. Fuels were up al- machinery, 1970 increases did not exceed 

| -- ‘Most. 5 percent compared with a 3-percent 5.1 percent. | 

~** INCOME AND INVESTMENT =~ | 

: National Income Generated.—While na- level since 1960. The profit rate of 9.3 per- 
tional income originating from all indus- cent was also a 2.2-percent decline from 
tries advanced only 4.2 percent in 1970, a 1969. All selected mineral manufacturing 
gain : of 9.8 percent was recorded in na- corporations posted declines, although of 

| tional income originating in mining. In- varying degrees. Petroleum refining and re- 
come generated by both metal mining and lated industries, for example, experienced 
ot ae gn teh o only a slight Gecline or ores while 

4 an 2 percent, respectively. Crude primary iron and steel fe 3 percent. 
petroleum and natural gas, which account Stone, clay, and glass products also de- 
for a large part of mining income, gained clined slightly from a 9.2- to a 6.9-percent 
only 3.1 percent and reached $3.1 billion. profit rate. Chemicals and allied products 
National income originating from nonme- continued to have the highest annual | 

tallics mining and quarrying was up less profit rate among selected mineral indus- 
than 1 percent to $1.3 billion. The manu- tries despite a 1.3-percent decline for the 
peturing sector ae TE PPonting year. Total dividends for all manufactur- 
Ie ee fini ec vd t ¥ de lon. Fetro- ‘ing amounted to $15.1 billion, a slight in- 
cum relning and related industries, s tone, crease over 1969. Petroleum refining and 
clay, and glass products, and _ primary . . . 

. . . . related industries was the leader in total 
metal industries all recorded slight declines dividend lected mi 1 ind 
in national income while chemicals and al- tvidends among selected mineral incus- 
lied products edged up 0.6 percent to $16.1 ‘Ties with a 3.1-percent advance to $3.2 bil- 
billion. Total national income for all in- ion. Most other selected mineral industries 

dustries reached $796 billion in 1970. showed slight increases in dividends, with 
Profits and Dividends.—In 1970, the av- the exception of primary iron and steel, 

erage annual profit rate on shareholders’ and stone, clay, and glass products, which 
equity for manufacturing was at its lowest declined about 3 percent each.



| REVIEW OF THE MINERAL INDUSTRIES 9 

The. total number of industrial and on net income originating from the indus- 
commercial failures in 1970 increased to al- tries, although funds from the United — 7 
most 11,000, and current liabilities rose to States and abroad rose substantially. . 
$1.9 billion, In the mining sector 54 fail- In 1968 (latest data available), funds 

ures were reported with current liabilities sed for direct foreign investment by U.S. 
| _ Of $59 million compared with 34 failures mining and smelting industries for prop- 

in 1969 and $15 million in current liabili- erty, plant, and equipment climbed to 
: ties. Manufacturing failures and liabilities $91] million, a 27-percent advance. In gen- 

: were also up considerably in 1970. eral total funds were expended as follows: 
New Plant and Equipment.—In 1970, plant, property and equipment, 47 percent; 

new plant and equipment expenditures by income paid out, 30 percent; other assets 
_. mining firms increased by only $30 million 18 percent; inventories and _ receivables, 

7 to $1.89 billion compared with a $230-mil- about 2 percent each. 

lion increase in 1969. The manufacturing — Foreign Investment.—The value of U.S. 
_ industries also experienced only a slight direct investments abroad for all industries 

gain in new plant and equipment expendi- amounted to $70.8 billion in 1969. Twen- 
tures, increasing from $31.68 billion in  ty-eight percent of this figure, or $20.0 bil- 

| 1969 ‘to $31.95 billion in 1970. Among se- ion was attributed to investments in pe- | 
lected mineral manufacturing industries in troleum_ affiliates. Because of smaller 

| ‘1970, increases in expenditures were regis- capital outflows and negative reinvested 
Oo tered by ._primary nonferrous metals and earnings of $59 million, the increase in pe- 

- _ chemicals and allied products. On the troleum investment was __ significantly 

other hand, primary iron and steel, stone, smaller than the 1968 increase. Forty-eight 
| clay, and glass products and petroleum percent or $525 million of last year’s $1.1 

and coal products all posted declines in  hijlion advance in the book value of for- 
new plant and equipment expenditures. eign petroleum investments was accounted 

Plant and equipment expenditures of for by the developed countries. The less 
| foreign affiliates of U.S. companies in min- developed countries rose by $334 million. 
a ing and smelting gained $220 million or 19 In 1969, the book value of Canadian petro- 

percent during 1970. Mining and smelting leum affiliates gained $0.3 billion, close to 
expenditures declined for Latin America the 1968 advance. For Europe, the value of 

7 and remained the same for Europe. An petroleum investments increased by less 
$89 million gain for Canada and a $138 than $0.2 billion. Investments in the less 

a million advance in other areas were also developed countries increased but at a 
: posted. Total petroleum expenditures slower rate in 1969. Both Latin America 

reached $3,994 million, and all reporting and Africa experienced a small gain in | 
areas showed gains. Manufacturing expend- book value of petroleum investments while 
itures rose to $7,042 million, a 42-percent Middle East investments fell slightly. 

gain for the year. Europe and Canada ac- During 1969, U.S. direct investments in 
| counted for 73 percent of total manufac- foreign mining increased by over $0.3 bil- | 

: turing plant and equipment expenditures.  jjon, significantly less than the 1968 in-— 

Issues of Mining Securities—In 1970, es: crease. Contributing to the lackluster gain 
timated gross proceeds of new securities in investment was the completion of some 
offered by the extractive industries totaled major investment projects in Australia and 
$2,082 million, compared with $1,721 mil- the involuntary sale of controlling owner- 

lion in 1969. Common stock accounted for ship in two Chilean mining ventures. 
85 percent of the proceeds in extractive in- While reinvested earnings showed little 
dustry offerings, while bonds contributed movement, capital outflows declined from 
about 14 percent and preferred stock com- $0.4 billion to less than $0.1 billion. Of 
prised less than 1 percent. the total book value at yearend of $5.6 bil- 

Sources and Uses of Fund.—Funds from _ lion in total direct private investment in 

all sources for direct foreign investment by foreign mining and smelting industries, the 
mining and smelting industries increased developed countries accounted for $3.3 bil- 

by $0.5 billion to $1.9 billion in 1968 (lat- lion and the less developed countries ac- 
est data available). Once again, Canada counted for $2.3 billion. 
and Latin America were the leaders in Foreign direct investments in the U‘S. 
generating funds. Both areas relied chiefly totaled $11.8 billion in 1969. The book
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value at yearend of foreign petroleum in- action. Of the total foreign petroleum in- 
vestments totaled $2.5 billion, a 10-percent vestment in the U.S. of $2.5 billion, 7 

gain or about 50 percent of the 1968 ad- Europe accounted for $2.3 billion. or 92 | 

-——— Toleum "company purchased more. than Peveent: By far the largest foreign investors 
$900 million of stock in its U.S. subsidiary, i" the U.S. petroleum industry were the 
and new petroleum investment rose consid- Netherlands ($1.3 billion) and the United 
erably. In 1969, there was no similar trans- Kingdom ($0.8 billion) . ne 

| pe _. TRANSPORTATION | a 

The quantity of selected minerals and by water. Among nonmetals transported by. _ 

mineral energy products ‘transported by water, most showed gains for 1969 exclud- 
| rail and water gained moderately in.1969 ing liquid sulfur, clays, ceramic and refrac- 

(latest data available). For total mineral tory materials, limestone flux, and calcar- 
products, rail transportation advanced §.3 cOusstone, 9,0 2 
percent and water transportation increased In 1969, 418 - million short | tons — of a 

by 5.1 percent. Once again, the majority of ™ineral energy resources and related. prod- : 
| selected metals and nonmetals was trans- Ucts were transported by rail and 533 mil- 

ported by rail, while selected mineral en- lion short tons were moved by water. Ship- 7 

ergy resources and related products were ments of bituminous | coal and lignite 
: : accounted for 90 percent of selected min- 

generally transported by water. Total se- ae oe Se 

| lected minerals and mineral energy prod- ral enerey Tsou and related Products 
wa’ oe transported by rail. The amount of coke 

ucts accounted for 59 percent of all com- transported by rail climbed _ significantly 

modities transported by rail and 84 so 969,000 short tons in 1968 to 1.8 mil- 
- percent of all commodities transported by  jign short tons in 1969. : 

walter. | Coal and crude petroleum continued to 
In the metals and minerals except fuels be the largest mineral energy resources 

category, rail transportation increased by transported by water. Large amounts of sy 

42 percent, to 449.6 million short tons. gasoline, distillate fuel oil, and residual 
| The quantity transported by water gained fuel oil were also moved by water in 1969. | 

10.2 percent, to 2474 million short tons. The total volume of: selected mineral en- 

Iron ore and concentrates, crushed and ergy resources and related products trans- 
broken stone, and sand and gravel contin- ported by water was 927.4 million short 
ued to be the largest: users of rail trans- tons, a 4.4-percent gain for the year. 

port in volume terms. Rail transport for A total of 892,000 miles of gas pipeline 
most minerals climbed moderately in 1969 was recorded for 1969 (latest data avail- 
except for a 29-percent advance in other able), a 3-percent advance. Once again, 

nonferrous ores and concentrates, a 15-per- natural gaslines accounted for the over- 
cent increase in the amount of lime trans- whelming majority of total pipeline mile- 

ported, and a 15-percent decline in the age with small amounts distributed among 

quantity of gypsum and plaster rock trans- manufactured, mixed, and liquefied petro- 

ported. leum gas. Total petroleum pipeline 

| ‘Significant changes in commodities other mileage in 1968 (latest data available) 
than mineral energy resources transported dipped to 209,000 miles, the first reduction 

by water included a 2ll-percent increase in the last four decades. Of the total pe- 

in the amount of other nonferrous metals troleum pipeline mileage reported, 35 per- | 

and alloys transported, and a 42-percent cent was in crude gathering systems in 

' increase in the amount of lime trans- field operations, 34 percent in larger size 
ported. Both of these commodities, how- crude trunklines and 31 percent in petro- 

ever, form a very small percentage of total leum product pipelines that extend from 

quantity of selected minerals transported refineries to distribution terminals.
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| 7 _ RESEARCH ACTIVITIES _ - 

National expenditures for research and previous year. Funds allocated to applied | - 
: development activities for all industries in research increased to. $31.6 million or 54 

1968 (latest data available) totaled $17.4 percent of the total. Funds for: basic re- 
billion. Of this amount, $8.9 billion origi- search rose to $6.5 million or 11 percent of 
nated from company expenditures and $8.6 the total, and allocations for development 
billion from government funding. Research advanced to $20.million or 34 percent of o 

| and development expenditures in petro- the total. Funds for development have in- 
| leum refining and extraction totaled $538 creased almost fourfold between 1969 and | 

million, an 18-percent increase from 1967. 1971. Total research funds of $38.1 million 
Over 86 percent of petroleum research and were. obligated by the Bureau and were di- : 

| development activities was financed by pri- vided as follows: Engineering science, $27.4 | 
vate expenditures while government funds million; physical. sciences, $7.4 million; | 
supplied the remaining 14 percent. In the mathematical sciences, $0.8 million; and 
chemical and allied products industries, a environmental. sciences, $2.5 million. . 
total of $1.6 billion was channeled to re- Among the sciences, funds for environmen-— | 
search and development activities, a mod- tal sciences showed the largest percentage , 
erate 4.5-percent gain for the year. Com- gain for the year, a 

pany expenditures in this field were $14 Highlights of. the accomplishments of 
billion and government expenditures were Bureau research programs, including work | 
about $0.2 billion. —_ in progress, are described in the following 

| Bureau of Mines.—During 1970, the pro- paragraphs. | ee 
grams of the Bureau of Mines emphasized = “Mining Research—Infrared techniques | 
the effective utilization of our natural min- were tested for the detection: of hazardous 
erals and fuel resources. Insuring adequate conditions in and around underground 

mineral supplies without objectionable en- mines. Results indicated that temperature 
vironmental, social, and occupational ef- differences of from 0.2 to 0.5° C exist be- 
fects, continued to be the mission of the tween loose and solid rock in most mines 
Bureau. Coal research projects were di- and that these differences can be used to 
rected mainly to advancing coal technology detect loose, hazardous rock. Laboratory 
to meet energy requirements and solve re- studies of rock fabric at the microscale 
lated environmental problems. Oil shale suggested it may be a useful‘ tool for pre- 

projects emphasized the development of dicting the most probable directions of 
scientific and engineering information nec- fracture. Laboratory measurements sug- 
essary to utilize this resource. Among the gested that orientation of microfractures in ° 
mining research projects emphasized dur- granite coincides with known rift and 
ing the year was the use of infrared tech-  prain fracture. orientations in the quarry. — - 
niques for detecting hazardous mine condi- fz jg hoped that this technique can be uti- 
tions. Solid waste research was again  jized in virgin rock to predict directions of 
stressed by the Bureau; and in the area of easy fracture and that economical mining 
health and safety research, the emphasis methods may take advantage of these natu- 
was placed on developing technology to a) fracture tendencies. _ 

minimize mining hazards. Petroleum reo cag of a new concept for seconda . search included continuation of Project breakage of rock by thermal energy dem. 

Rulison, experiments using natural Gas OF onstrated the feasibility of using thermal 
propane to control engine emissions, and a shock from rapid heating and cooling to 

preliminary an alysis of the cost of subsur- fragment hard rocks. The technique should 
Se Ree Cishosal compared with the cost 16 “applicable to both spallable and non- 
tinued “to focus on the mineral industries, *P allable rocks. Studies were completed on 
environmental problems, and supply and the cuttability of geologic materials by demand studies P ° : high-pressure water jet action. These stud- 

; . ; ies yielded basic information on the rela- 
During fiscal year 1970, Bureau of Mines tionship of cutting rates and energy re- 

funding obligations for mining and min- quirements to jet parameters and physical 
eral research and development reached properties of the material. This informa- 
$58.0 million, a 25-percent gain from the tion should enable industry and hydraulic
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research institutions to formulate programs being planned for the anthracite region of 
for the extraction of material by high-pres-  Pentisylvania. 

| - gure water jets. | - Metallurgy | Research-—-Two processes 
Efforts to iimprove ground support in Were developed for recovering the fluorine 

Gal mines thtough chemical stabilization in the waste fluosilicic acid solution gener- 
were continued in three categories: coat-— ated by phosphatic fertilizer manufacture. 
jfigs, impregnation (filling fractures, joints, Besides overcoming a pollution problem, a 
and pores), and pumpable rock bolts. Of material in short supply is reclaimed by | 

| the many polyiieri¢ itiaterials tested as these techniques. One process involved con- 
coatirifis for shale to prevent deterioration Vverting fluosilicic acid to acid-grade cal- 

| by moisture exchange with the mine at- cum fluoride (CaF2) by treating it first 
| mosphéré, epoxy resins showed thé greatest With ammonia to remove silica and then 

promise at a téasonable cost. To achieve With calcium hydroxide to precipitate the 
: greater penetration ‘of rock, novel impreg- fluoride. More than 95 percent of the fluor- 

| tiation miethod§ such as: prefracturing arid ine in the fluosilicic acid was recovered as 

, " gang-drilling were studied. Pumpable rock CaF. A second process involved reacting 
Bolts; using quick-set polymers, bonded fluosilicic acid with calcium hydroxide and 

strongly to sliale and provided good struc- silica, then volatilizing hydrofluoric acid | 
tural support. They should compete favor- (HF). After precipitation and heat treat- 

| ably on an economic basis. Anchotage ments, 80 percent of the fluorine in the 
, from these bolts in areas stabilized by frae- feed reported as anhydrous HF. 

tuie impregnation: and/d#-seal coatings. may A technique was developed to treat the 

ultimately furnish a total ground-support low-grade, high-clay potash ores of New 

system for coal mines. Also under intensive Mexico’s Permian Basin, a large reserve 

| study were the: problems of. methane ori- not recoverable by present commercial _ 

gin, release; and control. Gas pressure gra- methods. The essential feature of the | 

: dients and rates of emission were meas- bench:scale procedure was the development | 

- ured, the effects of geologic structures and of a scrubbing-desliming step to remove 
discontinuities were invéstigated; methods the clay completely without degrading the 
‘of draining methane from gob and work- salt particles. Concentrate grades achieved 
ing areas were tested, and improved meth- were a marketable 58 to 61 percent K,O at 
ane detection and recording equipment /71- to 84-percent recovery. Research in sep- 
was developed. | arating natural potash salts from clay with 

A method for measuring and analyzing heavy liquids has been concluded. Concen- 

the initial deformation that occurs in the ‘ate grades were comparable to those ob- 
- mine opening as it is created has recently ‘tained with a flotation procedure; recover- 

been developed and tested. The instrumen- ranged from 68 to 78 percent. 
tation developed proved to have the sensi- Giindability test data for 4 Minnesota 

tivity and resolution necessary to measure nonmagnetic taconite, reduction-roasted 

rock deformation around a full-scale raise and water-quenchéd, showed optimum size 

bore duritig excavation. Tests showed the reduction and work index when roasted at 
relationship of rock deformation to the 650° C. Subsequent tests indicated that the 

progress of the raise boring and to time. A | optimum conditions for concentration coin- 
new technique for filling inundated mine cided with those for gfinding. A 12-minute 
voids to provide surface support was suc- rod-mill grind was sufficient for subsequent 
cessfully demonstrated at Rock Springs, production of a concentrate containing 67 
Wyo: A total of 19,500 cubic yards of percent iron and 4.9 percent silica at 95- 
sand was transferred from the surface to percent iron recovery: Promising Bureau 
the mine voids through a single injection research showed that iron may be reduced 
borehole system and concentrated in a from ilmenite in the electric arc furnace. 
mined area of about 2.6 acres. The success A titanium-enriched slag resulted, to which 
achieved provides a strong basis for assum- phosphorus pentoxide was added to com- 
ing the process would be equally effective plex the oxide impurities into a slag ma- 
in filling both dry and water-filled voids, trix. The temperature was increased to the 
not only with sand, but also with waste  1,350° C range to promote crystal growth 
material such as crushed mine refuse. An of rutile. The slag was cooled and commi- 
experiment to verify this assumption is uted, and the rutile crystals, 96 to 99 per-
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to cent TiO, and up to 160 microns in size,  silicofluorides, when added to the clay- 

were recovered by mineral dressing meth- limestone mixes from which portland ce- : 

ods, Recovery of titania exceeded 90 per- ment is made, reduced temperatures now 

cent. required in manufacture by _ several 

A simple countercurrent ion exchange hundred degrees centigrade, thus lowering 

system for recovering uranium was demon- fuel costs. | | 
strated in the laboratory and tested in the Simple procedures have been, developed 

field at several yranium mines and mills. for reclaiming tungsten carbide and cobalt 
The process involves recovering uranium from drilling bits; the methods are already 

from natural mine waters and from clear being used commercially. Other studies 
solutions or slime pulps resulting from have shown that variations in density of | 
leaching uranium ores with sulfuric acid major polymer species can be the basis for 

or sodium carbonate solutions. Results of separating and recycling waste plastics. 

these tests and concurrent engineering found’‘in urban and municipal refuse. 

evaluations showed that use of these ion Coal Research—The Bureau’s coal gasi- 
exchange contactors would reduce by 70 fication process, designated - the “SYN- 
percent the capital cost for recovering ura- THANE” process, was further developed 
nium from mine waters compared with and tested in a pilot plant during 1970. 

present ion exchange practice. It is estl- The economic and operational feasibility a 
mated that use of these contactors in a of the gasification process to convert coal. | 

resin-in-pulp-type flow sheet would reduce tq pipeline-quality- gas was judged attrac- | 
the capital and operating costs for a 2,000- tive by an outside engineering firm. Design | 
ton-per day uranium mill by at least 30 of a prototype plant is underway. Pilot 
percent. | : plant tests demonstrated that strongly cak- 

Salid Waste Research.—Air classification ing coal can be gasified in a fixed-bed unit 
techniques have been used successfully to if mechanical stirring is employed to break. 
separate components of automobile scrap. up agglomeration in the ‘fuel bed. The | 

: Two pilot-scale air elutriating devices have tendency of coals to agglomerate when ~ 

been designed and constructed for separat- heated has hampered the gasification of | 

ing the nonferrous metallics from the non- coals from. the Eastern United States, po- 
metallic material present in the nonmag- _ tentiaHy a large market for synthetic gas. 

netic reject scrap from automobile. Although the Bureau’s fixed-bed operation | 
shredders. Both units allowed upgrading required screened coal, it .is attractive . 

the reject froma range of 35-40-percent for larger-scale application, offering high a 

metal to about 74-percent ‘metal content, throughput and an economical operation. we 

with recoyeries of 90 toe 96 percent of the: ©The Bureau demonstrated that slurries | 

metal. Final upgrading of the material of of coal in high-temperature tar can be hy- 
74-percent grade to 99-percent metal was drogenated to an oil over fixed-beds of . 

readily obtained in a specially designed pelleted cobalt molybdate catalyst. Hydro- 
water column, genation of a 30-weight-percent coal slurry 

The Bureau’s smokeless automobile in- at 425° € and 4,000 psi resulted in 91  per- 

cinerator has been operating on a produc- cent of the moisture and ash-free coal 

tion-line basis for more than 1 year, Ex- being converted to liquids and gases, with 
cept for normal maintenance, the the yield of liquid products amounting to 

operation has been tr@uble free. Capacity 96 percent of the paste feed. Sulfur con- 

was increased from a range of 48-52 to tent of the oil was as low as 0.2 percent. 

88-96 car bodies per 8-hour work shift by These results confirmed the technical feasi- 
burning bodies crushed to slabs of 10- to bility of converting coal to low-sulfur util- 

14-inch thickness. This reduced burning ity fuels compatible with air pollution reg- 

costs to Jess than $2.00 per car and will ulations. | 

lower transportation costs, presently the Two-stage combustion was applied to 

single largest deterrent to recycling obso- the Bureau’s magnetohydrodynamic (MHD) 
lete autamobiles. power generation system to reduce the in- 

A new use for waste silicofluorides, a by- herent high production of nitrogen oxide 

product of superphosphate fertilizer man- (NO;) . In this technique, initial combus- 

ufacture, was in the manufacture of tion was accomplished with 80 to 95 per- 

portland cement. Very minor amounts of cent of the quantity of air necessary for
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complete burning of the fuel. Additional showed that using either natural gas or 
air, sufficient to complete the combustion propane resulted in lower engine exhaust 
of the fuel, was injected at a point where emissions than are possible with gasoline 
the first stage combustion gases had cooled and _- conventional gasoline carburetors. 
to. 2200° to 2800° F. In one MHD test, However, the advantage of low emissions 

_ NO, production was one-third less than with the light hydrocarbons was accompa- 
the average output from a conventional nied by a power loss in moving from the 
pulverized-coal-fired furnace. The Bureau’s traditional fuel-rich, “best-power” fuel/air 

two-stage combustion technique is believed mixture to the fuel-lean, “lowest-emission” 
| amenable to conventional furnace usage, fuel/air mixture. In studying the chemistry 

which in turn could result in an important of the asphalt-aggregate interaction | as 
decrease in NO, output from tomorrow’s_ it related to performance in road pave- 
fossil fuel combustion. In a. study being ments, significant differences were found : 
coordinated by the Bureau and involving in the interfacial reactivity of a number of 

| nearly a dozen private and government’ different asphalt-aggregate systems. These 
| laboratories, a round-robin series of coal differences were measured by immersing 

analyses is underway to determine the aggregate in asphalt in a_ sensitive. 
mercury content of coals fueling the Na-  microcalorimeter. This microcalorimeter is : 

| tion’s powerplants. Ten coals, sampled capable. of. measuring temperature changes 
| from current. production going to operat- in millionths of a degree and energy | 

| ing powerplants across the Nation and rep- changes in microcalories. In cooperation 
| resenting a wide geographical area, are with the Federal Highway Administration 

being examined. Besides producing a relia- | (FHWA) -studies. are being made on se- 
, ble: method for the determination of mer- lected asphalt and aggregate samples with 
-- cury in coal,-the cooperative program is varying performance characteristics. __ 

expected, to provide information on the In studies of the thermal conditioning of 
_ €nvironmental impact of mercury from i) and gas reservoirs, tensile strength, 
_ coal-burning powerplants. -. toughness,. and a relative brittleness index = 

| ‘Petroleum and Natural Gas Research.— were determined on specimens subjected to 

A preliminary analysis of the cost of sub- cryogenic, ambient,.and elevated tempera- | 
surface waste disposal systems versus the tures. Changes in tensile strength were 

| cost of surface treatment. of many liquid considered indications of changes in energy 
industrial wastes indicated that the former needed to induce a hydraulic fracture; 
is more economical. Capital: costs of the changes in toughness were indications of 

_ subsurface disposal systems were about energy required to initiate an explosive 
one-half the cost of biological units for fracture. Increases in rock strength and a 

treatment of many organic wastes. Annual decrease in brittleness at cryogenic temper-— 
operating cost of subsurface injection was ature indicated that neither hydraulic nor 

_ also generally less than the cost of surface explosive fracturing would be encouraged 
treating systems. Subsurface waste disposal 4; 4 result of conditioning the formation 
systems used for disposal of industrial and to an extremely low temperature. Rock 
municipal wastes from several widely sepa- specimer bj ; 

os . pecimens subjected to an elevated temper 
rated areas were reviewed. During 1970 the ature of 700° F produced littl 
Project Rulison preshot exploratory well . Produce¢ tittle or no 
was cleaned out and redrilled as-a direc- Ch4nge in observable properties of sand- 
tional hole to the top of the chimney cre- Stone. At successive cycles of 1,000° F, 
ated by the nuclear detonation. The well change in temperature caused impact 
was completed initially August 1, 1970, toughness to decrease by about 15 percent, 

and recompleted October 4, 1970, following suggesting further investigation of such 

remedial work required after first attempts treatment as a means of improving explo- 
to produce gas resulted in plugged tubing sive fracturing. Comparison of oil-produc- 
and production equipment. Cumulative gas _ tion records of wells representing the East 

produced, including nonhydrocarbon con- Canton, Ohio, oilfield indicated production 
stituents, to April 20, 1971, is 453 million was closely correlated to the amount of net 
cubic feet. sand having greater than 80 percent 

Excluding exhaust conversion systems, quartz. Correlation of production data 
experiments with laboratory engines with the net thickness of the 80 percent or
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more clean sand was made on more than’ used. As part of an integrated oil-shale 
100 wells scattered throughout the field. processing operation, material progress was | 

Oil Shale Research—Research by the ™ade in development of methods for re- 
Bureau on environmental problems related C°Vering products derived from these two 
to oil-shale development resulted in a Potentially valnable mune 
process that appears from laboratory tests eeonomic omni pata € wee on Pine - 
to be suitable for treatment of waste wa- 8T4™ OF “Fon at ana a this the ami 
ters produced by both above ground and CCOnomic forces at work within the min- 
in situ retorting operations. The process ral sty ane on wre relationships pe- 

| involved treatment with lime, activated ‘Ween Th. Andusiry Of the acti ve ee i 
_ carbon, and two types of ion exchange res- OMY: *€ Purpose oF the activity 3s to i 

ins. A nonpolluted water suitable for reuse Provide aaa ailes qroision. makers wit 
or safe release to the environment was 4PPropriate miormation anc up-to-date 
produced. Interest in mercury as a poten- analysis of the existing situation, future 

tial pollutant led to an examination of re- trends, alternative courses of action, ane 
tort waters for this trace element using ac- the ime act a eee Rap eratie ro . ain tivation analysis and low-level atomic ak i ”d ee h mic a a : eral 
absorption. No significant quantities were ned at Pe euch v 5 genera all . info 
found, the largest concentration being 20 atic. dl vant oe DL as as ie in the | 
parts per billion. Vegetation studies were ™@Ulon Televant to problem-solving , 
concentrated on burned shales as there is fen ot mine sted the 1 tential for imin - 

eater difficulty in getting satisfactor study estima € potential tor mun- 
Plant growth on these shales than on ven eral-based construction materials as a re- | 

: torted but unburned shale. Successful ger- aden the Beet te demand for peter m- 
| mination of grasses such as annual rye was ‘SUWiatlon against noise in private homes 

obtained when the shale was conditioned 294 apartments.’ This porential was found 
with 5 to 10 percent Leonardite, and fur- e be estan tal tn any expensive in 
ther improvement resulted from addin erms af cost per dweliing unit. : 
peat most. Tests are underway on. the of Input-output tables provide models that — 
fects of various combinations of fertilizer Show the internal structure of mineral | 

mpc ooh iprvenent me nd tt emi dee tm 
The Bureau continued its investigation D5urchases within one sector will affect 

o in. situ Pt the cb of.oil shale by multi-  Gther sectors. During the past fiscal year, 
| ple coring of the shale bed at the site of several important components were com- 

| the first successful demonstration of this pleted, most of these designed for com- 

environmentally attractive technique. A puter application. Special attention was de- 
second, larger scale field experiment at  \oted to the development of “multipliers” | 
greater depth was initiated. Related re- thay permit estimation of how much a dol- 
search with a 90-fon retort .to simulate in jay of additional minerals consumption 
situ: processing resulted in completion of  ¢timulates the entire economy. Work was 
the first half of a statistically designed se- owed during the year by the need to ad- 

Tes of runs to develop data on op mum just previously compiled minerals data to 

| combinations of retorting variables. Sp ecifi- agree with the national tables for 1963. 
cally developed for thermal analysis of oil Supporting information for the input-out- 

| shales, a unique Bureau device permitted ut studies included detailed analyses of 
sfnuitancous h determination ‘of _heat certain industries—notably coal and copper : 

Cnanges; Wine . CHanges, sane analysis of mining.t Studies on these industries were 
gases evolving from a single sample during ompleted and placed on open file. 
heating. This technique provided informa-  —__—___ 
tion on both organic and mineral constitu- 3 Cooper, Franklin D. and Lucille M. Langlois. 

. f th . ° Economic Potential of Mineral-Based Insulating 
ents of the shale. Other developments in- Materials in Combating the Noise Problem in 
volving minerals associated with oil shale Residences. BuMines Inf. Circ. 8466, 1970, 24 pp. 
. 1 . * Cooper, Franklin D. Changing Pattern in Ex- 
included analyses of the dawsonite and  penditures’ for Supplies in the U.S. Bituminous 
nahcolite contents of Piceance Creek Basin Coal and Hignite Industry 1958 and 1965. Frep- 

oil-shale sections. A newly developed tech- 5-70. 1970, 54 pp. nee eens pene 
nique that may produce a valid estimate suoslies i Changing. Patterns of Expenditures for 

woe . ° upplies in the U.S. Copper Industry— an 
of the nahcolite in the entire basin was 1963. BuMines Open-File Rept. 6-70, 1970, 90 pp.
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A special staff analysis was prepared dur- ious extinguishant dispersion devices were 
ing the year, estimating the impact on re- evaluated. A modified hot-wire velocity | 
gional coal production of a shift from probe was developed for measuring concen- 
high to low sulfur coal. The goal was both trations of gaseous quenching agents, mak- 
to analyze the expected impact in south- ing possible measurements in tens of milli- 
eastern Ohio, an area that produces almost seconds as compared with tenths of seconds 
entirely high sulfur coal, and to develop a with the present analyzer. Mathematical 
method with general applicability. The models of aerodynamic disturbances in 
methodology adapted turned out to be mine networks were developed and applied 

| useful and applicable, but suffered from to studies of propagating and stationary 
7 the fact that the needed data have been mine fires, and to methane emission from 

| collected for only about 7 years—barely gob areas induced by such disturbances. —_ 
enough for statistical significance. Bureau research on potential hazards in 

Health and Safety Research—Following the mine environment included studies of 
the passage of the. Federal Mine Health toxic halides generated by reaction of hal- | 

and Safety Act of 1969, the Bureau in 1970 ogenated extinguishants (Halons) with > 
enlarged by almost tenfold its support of methane flames, and toxic combustion 
research to develop the technology needed products formed by smoldering and burn- 
to minimize mining hazards and substan- ing conveyor belts. Polarography proved an 
tially reduce the absolute number of min- accurate, rapid method for determining ox- 
ing accidents. To reach the objective of ides of nitrogen in metal and nonmetal 

a considerably improving the safety of mines mines. Some progress in the control of. 
in the shortest possible time, research con- radon in uranium mining was made with 
tracts were granted. Examples of the tech- the development of a device for measuring 
nology being sought include developing radon diffusion across barriers and by good | 
means for measuring and suppressing res- preliminary results with a number of can- 

. pirable dust, establishing methods for pro- didate wall sealants. | | 
tecting miners from rockfalls, developing Explosives and Explosions Research—A 
techniques for minimizing the probability number of investigations involving explo- | 
of methane gas explosions in coal mines, sives and explosion and combustion reac- 

and advancing the technology to provide tions were again conducted for other gov- 
life support to trapped miners following a ernment agencies, For the Department of 
mine explosion, inundation, or major Transportation, hazard classification tests 
ground collapse. Reduction of respirable were developed for use in the safe trans- 
dusts in underground mines continued to port of potentially explosive materials by’ 
be a major inhouse health research objec- land, air, and water. Experiments for the 
tive. Steam and water sprays proved about Department of the Army established that 
equally effective in suppressing coal dust postcrash fires could be reduced signifi- 
in laboratory experiments designed to sim- cantly through the use of thickened 
ulate coal cutting at a face. Up to 75 per- (emulsified or gelled) fuels. In experi- 
cent airborne coal dust was collected by ments for the Department of the Air 
water spray in a dust tunnel, and a theo-_ Force, the ignition temperatures of com- 
retical model for suppression by water  bustible aircraft fluids determined under 
spray was developed. Up to 90 percent res- simulated flight conditions were found to 
pirable coal dust was suppressed in labora- be considerably higher than their mini- 
tory trials with an experimental water- mum _ autoignition temperatures deter- 
based, high-expansion chemical foam. mined under static conditions. Large-scale 
Agglomeration of electrically charged dust research for the National Aeronautics and 
particles on a plastic surface also showed Space Administration on the behavior of 
promise as a dust-suppression mechanism. commercial explosives in extraterrestrial 

In the prevention of mine fires and ex- (lunar) environments was made _ possible 
plosions, new design criteria were prepared by the construction of a 1,225 ft facility 
for explosion proof bulkheads based on ex- in which vacuums below 10-4 torr can be 
tensive comparison of Bureau experimental maintained. 
data with British and German mine stand- In studies on the ignition of flammable 
ards. Flame quenching experiments atmospheres, evidence was obtained that 
established the relative efficiency of several there is a minimum size below which a 
halogenated flame extinguishants, and var- single, irradiatively heated particle (coal,
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| magnesium, carbon) no longer ignites a nomical resources. Approximately 30 bil- | 
i papa pte environment. womputerzer lion cubic feet of helium is in storage | 

me S were used increasingly to atta which otherwise would have been wasted. . 
| fundamental problems relating to low-ve- Bureau-produced helium in excess of cur- _ 

locity detonation, shock waves in airways, . . : 
es . . rent sales will continue to be stored for 

and toxic fume formation by explosives. . | _ 
, Helium Conservation—Helium is stored Conservation. Research on helium proper- | 

for conservation purposes to assure a fu- ties and processes was phased out at the | 
ture supply after depletion of more eco- end of 1970. 

| LEGISLATION AND GOVERNMENT PROGRAMS 

Of special interest to the minerals indus- tary of the Interior to include in his an- 
: tries during the year were several pieces of nual statement to Congress a report on the 

legislation with’ direct environmental im- state of the domestic minerals industries. | 
pact 3s well as a ae cst shng a na An attempt was pee ouring 1970 to 

ional mining = an minerals policy. enact a trade bill. e legislation as rec- 
: Nineteen-seventy was the first year that the ommended by the President in 1969 in- 

National Environmental Policy Act (Public cluded eliminating the use of the Ameri- 
Law 91-190) was in effect. A Council on can selling price as a basis for setting 

. Environmental Quality was appointed by certain import duties and the liberalizing : 
the President to. “formulate and recom- of criteria for assisting employees and busi- 
mend national policies fo Promote the im- nesses adverse’y aliected py imports. iter 
provement of the quality of the environ- muc iscussion, the subsequent bill in- _ 
ment,” An annual Environmental Quality cluded many other provision, the most 

: Report to Congress is an integral part of controversial being a general increase in 
+ a aw. wee ounng une yon the Nederal import restrictions. ane trade ae which 

ater Pollution Control Act was amended, wou ave been a sudden switch to pro- 
and the Resource Recovery Act (Public tectionism by the United States, failed to | 

| _ Law 91-512) ‘was passed to amend the pass Congress. - 
Solid Waste Disposal Act. In addition, a As of December 31, 1970, the acquisition 

bill (Public Law 91-604) was passed late cost of strategic materials in government . 
in 1970 to amend the Clean Air Act. One inventories totaled $6.4 billion with a mar- 

provision, probably the .most well-known ket value of $7.1 billion. Included in these . 
part of the act, requires a 90-percent re- government inventories were $2.7 billion of | 
duction in carbon monoxide and hydrocar- materials (market value) considered in ex- | 

. ~ bons oe Saou auromonies by Janu- on of Stockpile needs. ns of June po. 
| ary I, . Similar standards covering ), over percent of the market value 

nitrogen oxides. emissions must be met by of these excesses was accounted for by 13 
January 1, 1976. Provision for civil suits commodities. These commodities included 
against polluters was also incorporated into aluminum, metallurgical grade bauxite | 
the law. In general, the act is considered (Jamaica. and Surinam), metallurgical 
to be a fairly strict environmental meas- grade chromite (upgraded forms and sub- 
ure. | | | specification ores), cobalt, industrial dia- 

rate in ao eroneress Passer om (Publi mond bort and stones, lead, metallurgical 
an merals 4Lolicy /\ct O ublic rade manganese, quartz crystals, rubber, 
Law 91-631). Goals of this legislation in- in, tungsten, and ve A yal of $187 

oes (1) ee development of i. «dustry. - million of mineral commodities was dis- 
cally sound domestic minerals in ustry; posed of in calendar year 1970, a 43-per- 
(2) the orderly development of mineral . . 

ee . cent decline from the 1969 figure. Major 
resources; (3) the use of mining, minerals, . 1 kpile i id duri th 
and metallurgical research (including the "2'"¢'! stockpile items so Bring be 
recycling of scrap) to promote the efficent Y°4" with a sales value of at least $5 mil- | 
use of resources; and (4) the study and lion each included aluminum, chromite 

development of methods for disposing, con- | (chemical and metallurgical) , cobalt, fluor- 
trolling, and reclaiming mineral waste spar (acid grade), magnesium, molybde- 
products and the reclaiming of mined num, silver, tin, tungsten, vanadium, and 
lands. The law further requires the Secre- zinc.
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| , | ~ WORLD REVIEW | | 

‘World Economy.—In 1970, persistent in- World Trade.—The value of world trade 

| flation characterized world economic condi- in all commodities climbed to $272.7 bil- / 

tions. In response to this situation, many lion in 1969 (latest data available). This | 

foreign countries maintained high interest yepresented a 14-percent increase for the 

| rates in an effort to control demand for year compared with a 12-percent increase 7 

goods and services. By yearend, however, i 1968. Mineral commodities exported to- 

many countries were loosening the credit “sated $58.2 billion, a 12-percent gain. Once 
reins substantially. Canada, for example, . 1 ounted for the larger part 

| followed a fairly restrictive. monetary pol- © again meta 8 ace vor Ber P 

icy early in 1970, but overall, the interest of the mineral commodity trade. In 1969, 

| rate declined for the year. Most countries $31 billion | worth of metals were exported, 

experienced moderate growth in the GNP. a significant rise of 17 percent from 1968. 

Preliminary estimates of GNP for Germany In the metals group, ores, concentrates, 

indicated. a 12-percent advance. However, SCt4P; and nonferrous metals increased 15 

more than half the growth in GNP re- percent; iron and steel exports were up 20 

_ sulted from a rise in prices. Gross Commu- percent. Nonmetals, however, advanced. less 

| nity product for the European Economic than 4 percent in 1969 compared: with an 

| Community (EEC) increased by 6 percent 8.5-percent gain in 1968. World trade in 

7 -in real terms in 1970, at a slightly lower mineral fuels totaled $24.9 billion, an 8- 

rate than that of 1969, or by 12.5 percent — percent increase compared with a 12-per- 

| at current prices. GNP figures for Canada cent increase in this category in 1968. In 
| indicate a 10-percent advance at current eneral, increased trade was reported for 

| Prices. In South America, the economies of metals, nonmetals, and fuels in 1969, al- 
| _ Argentina and Brazil were again hampered though percent . f ametal 

: by inflation. The Japanese economy con- gi percentage increases tor nonmeta’s 

tinued to expand with an estimated real and fuels did not match the 1968 advances. 

growth of more than 11 percent for the World. Prices——The mineral commodity 

, year. | export price indexes. (1963 = 100) regis- 

World Production.—World production tered moderate increases in fuels and 

| of most major minerals continued to trend crude mineral prices in 1970. Metallic ore 

upward in 1970. The United Nations prices, however, were up significantly. In 

(UN) indexes of. world mineral industry 1970 the price index for metals climbed 8 

production (1963 = 100) for the extrac- index points to 122. The index was espe- _ 
tive industries climbed 8 points to 143. In cially high in the first quarter of the year, 

the metals category, production increases yt dropped 3 index points by the end of 
were moderate to substantial. Total output 1979, Fuel prices gradually rose from 103 

of coal edged up only 2 . index points to index points in early 1970 to 108 at year- 
103 in 1970, but the United States, Can- . . 

ada, Australia, and New Zealand recorded end. Crude mineral Prices advanced to 109 

more significant increases. European coal for the year, a 5-point increase. Mineral 
production declined from 77 to 74 index prices in developed areas posted significant 

points. All major reporting areas showed increases for total minerals and nonferrous 

increased production of crude oil and nat- base metals. For the less-developed areas, 

ural gas. Industrial output as measured by the total mineral export price indexes 

the UN overall production indexes rose 7 edged up 1 point while nonferrous base 

points to 157 for 1970, following a 10-point metals increased 4 points, compared with a 

gain in 1969. 22-point advance in 1969.
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Table 1.—Value of mineral production, exports, and imports by groups 

(Millions) 

eee eee 

1966 . 1967 1968 
Mineral grou=p ———_ ——————————————————————————-,————————— 

Pro- Ex- Im- Pro- Ex- Im- Pro- Ex- In- 
duction ports? ports? duction ports? ports? duction ports? ports? 

Metals and nonmetals | : 
except fuels: | 

Nonmetals___........ $5,176 $228 $412 * $5,200 $241 $414 $5,448 $246 $490. 
Metals__...._.._.... 2,708 158 1,192 2,333 171 =1,117 2,708 241 . 1,161 

Total___.......... 7,879 386 1,604 *7,533 412 1,581 8,151 487 1,651 
Mineral fuels_____...____ 15,088 490 1,311 16,195 601 1,289 16,820 539 1,309 

| Grand total 3______ 22 , 968 876 2,915723,729 1,018 2,820 24,971 1,026 2,960 . 

. . 1969 | 1970 —_ 

Production Exports r2> Imports'? Production Exports? Imports 2 

| Metals and nonmetals | 
except fuels: a 

Nonmetals_.......... "$5,624 $222 $491 $5,711 $225 $558 
Metais_-__-_------.-- ® 3,332 246 1,094 3,926 322 1,252 

| Total ?___......_.. *8,956 467 1, 586 9,637 5AT 1,810 
Mineral fuels_.....-.---. 17,965. 632 1,428 20,153 1,011 . 1,460 

Grand total__...... * 26,921 1,099 3,014 29,790 1,558 - —_ 3,270 

® Revised. 
: 1 For details, see the “Statistical Summary” chapter of this volume. | 

? Essentially unprocessed mineral raw material. 
+ Data may not add to totals shown because of independent rounding. 

Table 2.—Value of mineral production by group, 1967 constant dollars 1 | 

| oe - (Millions) | Oo | 

Mineral group . 1966 1967 1968 ~~ 1969, 1970 p 

Metals and nonmetals 7 7 ee 
except fuels: se a 

Nonmetals_.__.....-_.. $5,320 $5,200 | $5,373 $5,498. $5,555 
Metals.._......---._-. 2,801 2,333 2,574 2,964 3,051 

Total__......_._.___- 8,121 —_: 7,588 4,947 8,462 8,606 
Mineral fuels. ___..._-_.--- 15,318 16,195 16,753 16, 948 - 18,354 

Grand total_._.______ 23,439 r223,729 24,700 25,410 ' 26,960 

>D Preliminary. tr Revised. . | 
1 Value deflated by the index of implicit unit value. . 
2 Data may not add to totals shown because of independent rounding. 4 

|
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Table 3.—Indexes of the physical volume of mineral production, by group and subgroup 

(1967 =100) 

+1966 1967 1968 1969 1970 P 

METALS | _ 
Ferrous__....--.--------------- 109.2 100.0 102.4 110.9 109.3 

Nonferrous: oo _ oa. 

Base____.-.---.~-..~-.--2+- 188.4 100.0 120.4 149 .6 167.3 

Monetary- . .--------------- 123.9 100.0 97.1 115.5 123.9 

Other._....---------------- 90.4 100.0 113.9 111.0 119.5 

Average.__..---.----.---- 131.0 . 100.0 117.6 141.7 157.4 

Average, all metals_._.._... 121.2 100.0 . 110.8 . 127.9 185.8 

NONMETALS a _ . . 
Construction.......-....-------- 103 .2 100.0  ~—«: 104.6 106.6 106.3 

' Chemital-__...:-----2-----++--- 97.0 100.0. , 98.9 101.4 103.0 

Other: __...--=--------2-2-44--- 105.2 100.0. 106.5 107.3 109.1 

Average.....2.-:-22..+--.- 101.9 100.0 108.4 105.5 105.7 

Coal... -.--22--2--222s44-+---- 96.9 100.0 98.5 100.9 , 108.6 

Crude oil and natural gas__.-.---- 94.3. 100.0 104.2 110.5 108.6 

Average... -- 2222-2 esse 94:5 100.0 103.4 109:1 ‘ 109.1 , 

Average, all minerals....__-= 98.7 — 100.0 104.1. 110.1 110.9 

> Preliminary... | oo | 

Table 4.—Federal Reserve Board indexes of industrial production, | 
a, mining and selected mineral and mineral fuels related industries 

(1967 =100) 

. - « — . — SL 
— — - 

. 1966 1967 © 1968 1969 1970 > 
entero ammeter

 SP 
 —————————eeee 

Mining: : 
Coal_.....-...------+---------------- © 97.2 100.0 98.2 101.1 105.7 

Crude oil and natural gas: 
Crude oil__..-_..--.-------------- 94.3 100.0 108.2 104.8 109.4 
Gas and gas liquids: _ os 
Average 1___-..-----.--- ~~~ 95.7 100.0 104.0 106.9 109.7 

Average coal, oil, and gas.._-.__-- 95.9 | 100.0 103.2 106.1 109.2 

Metal________---...------------------- 119.3 100.0 111.4 124.8 131.3 
Stone and earth minerals__--------.---- 102.2 100.0 - 103.7 102.8 98.8 

Average_._-_----------------------- 109.1 100.0 106.8 111.7 112.0 
Average mining._.__---------------- 98.4 100.0 1038.9 107.2 109.7 

Industrial production: - 
Primary metals_._.__.---------------- 108.8 100.0 103 .2 114.1 106.9 
Tron and steel__.__.__-._----.----.---- 107.5 100.0 103.6 113.0 105.3 
Nonferrous metals and products_._.._._... 110.7. 100.0 . 102.6 116.0 109.7 
Clay, glass, and stone products__.__.__---. 105.3 100.0 106.0 112.5 106.3 

Average industrial production__.._-__- 98.0 100.0 105.8 110.7 106.7 
nn 

P Preliminary. 
1 Includes oil and gas drilling. 

Source: Federal Reserve System, Board of Governors. Federal Reserve Statistical Release, Aug. 16, 1971, 
and attached Supplement, Industrial Production and 18 Major Divisions, January 1954—March 1971, 1971 
edition.
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Table 6.—Production of mineral energy resources and electricity from | 
_ hydropower and nuclear power : 

(Trillion Btu) . 

_ Bituminous Natural Electricity 3 
. Year Anthracite coal and gas, wet Crude —§ ————__—_—_—_———___ Total 

. lignite 1 (unprocessed) petroleum 2 Hydro- Nuclear . 
oo, . a power power 

~1966________- 329 =-=——s- * 18, 507 © 18,984 16, 925 2,029 T57 ~=—-* 51, 831 
1967___.._-- 311 13,904 20, 087 r 18,100 ™2,311  . r 80 t 54,793 
1968___..-.- 291 °#*138,664 21,548 18,593 r2,319 r 130 tT 56,545 
/1969____--.-- 266 18,957 22,838 18, 886 2,614 146 58, 707 
1970 P___-..-. | 247 15,001 24,154 . 19, 744 2,617 231 61,994 

P Preliminary. tr Revised. . _ 
. 1 Heat values employed for bituminous coal and lignite are 1966, 12,650 Btu per pound; 1967, 12,580 Btu; 

1968, 12,530 Btu; 1969, 12,450 Btu; and 1970, 12,440 Btu. 
? Heat values employed for crude petroleum are 1966, 5,257,440 Btu per barrel; 1967, 5,628,540 Btu; 1968, 

| 5,585,016 Btu; 1969, 5,601,070 Btu; and 1970, 5,613,290 Btu. .__ 
* Hydropower and nuclear power include installations owned by manufacturing plants and mines as well as 

Government and privately owned public utilities. The fuel equivalent of hydropower and nuclear power is 
calculated from the kilowatt-hours produced, converted to theoretical energy resources inputs calculated 
from national average heat rates for fossil-fueled steam electric plants provided by the Federal Power Com- 
mission using 10,415 Btu per net kilowatt-hour in 1966; 10,432 Btu in 1967; 10,398 Btu in 1968; 10,447 Btu 
in 1969; and 10,583 Btu in 1970. 

Table 7.—Calculated gross consumption of mineral energy resources, and electricity | 
: | from hydropower and nuclear power in British thermal units (Btu), and — 

| ‘percent contributed by each 1 - . 

; Petroleum Electricity - 
. Bituminous Natural (excluding Natural ——HHH— 

Year Anthracite coaland gas,dry natural gas Hydro- Nuclear Total 
lignite gas liquids power power 

. | . . liquids) 
— EEE 

| | | TRILLION BTU. | | —— a 

1966____...__-.- 290 r 12,205 17,393 22,405 1,989 12,040 ay f t 56,379. 
- 1967__.--_--2 Le 274 r 11,982 18,250 23,191 2,144 +*2,308 r 80 r 58,229 
1968__._.-..-___ 258 712,401 19, 580 24,607 2,445 «12,314 r 130 r 61,735 
1969___.--._____ 224 - 12,509 21,020. 26,029 ‘2,392 2,625 146 64,945 

~ 1970 P___ ee 210 12,712 22,029 27,123 2,488 2,638 231 67 , 431 
crc 

PERCENT oo ; 
SS 

1966__-.--..- -- 0.5 21.6 30.9 39.7 3.5 3.7 0.1 100.0 
1967_.-..--.-.-. .5 20.6 31.3 39.8 3.7 4.0 1 100.0 
1968_..--_.--.-- 4 20.1 31.7 39.9 4.0 3.7 2 100.0 
1969... . 3 19.3 32.4 40.1 3.7 4.0 2 100.0 
1970 P_____. Le 3 18.9 32.7 40.2 3.7 3.9 3 100.0 
eee 

P Preliminary. tr Revised. 
1 Heat values employed are anthracite, 12,700 Btu per pound and bituminous coal and lignite, weighted 

average Btu provided by the Division of Fossil Fuels, Branch of Coal, 12,550 Btu per pound in 1966; 12,470 
Btu per pound in 1967; 12,430 Btu per pound in 1968; 12,380 Btu per pound in 1969; and 12,290 Btu per pound 
in 1970. Weighted average Btu for petroleum products obtained by using 5,248,000 for gasoline and naphtha- 
type jet fuel; 5,670,000 for kerosine and kerosine-type jet fuel; 5,825,000 for distillate; 6,287,000 for residual; 
6,064,800 for lubricants; 5,537,280 for wax; 6,636,000 for asphalt; and 5,796,000 for miscellaneous; natural 
gas dry, 103.2 Btu; natural gas liquids, weighted average Btu: ‘natural gasoline and cycle products, 110,000 
Btu per gallon; LP-gases, 95,000 per gallon; and ethane, 73,390 Btu per gallon. Hydropower (adjusted for net 
imports or net exports) and nuclear power are derived from net electricity generated, converted to theoretical 
energy resources inputs: calculated from national average heat rates for fossil-fueled steam-electric plants 
provided by the Federal Power Commission, using 10,415 Btu per net kilowatt-hour in 1966; 10,482 Btu in 
1967; 10,398 Btu in 1968; 10,447 Btu in 1969; and 10,583 Btu in 1970.
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Table 8.—Gross consumption of energy resources by major sources 
- | _ and consuming sectors 1 | | . | 

(Trillion Btu) — 

oO Bituminous Natural . Total Utility Total | 
Year Anthra- coal gas, Petro-  Hydro- Nuclear gross electricity sector 
7 ‘cite and dry 1 leum 2 power? power? energy distrib- energy 

7 lignite inputs4 uted 5 inputs 6 

SO | HOUSEHOLD AND COMMERCIAL _ oe 

1966__.... 143 r 534 5,945 5,766 _.... | -.. 112,388 . 2,101 *14,489 
1967__._._. 128 r457 6,223 6,206 eeee eee r13,014 2,257 +©15,271 
1968._..... 121 r 408 6,451 r6,128 . ___-- --- ™ 13,108 2,467 *15,575 mo 
1969__.... 107 340 6,890 6,268 ----- ane 13,605 2,752 16,357 
1970 P_._.. 103 324 7,108 6,453 aa--- -~-- 13 , 988 2,921 .16,909 . : 

| - - ; | INDUSTRIAL | Se | 

1966_..---. 88 15,884 8,203 4,352 LL. --. 118,027 1,788 19,815 a 
1967_..__- 90 r 5,110 8,599 4,298 “wanes --- 18,097 1,868 +©19,965 
1968__.... *™80 7,044 9,274 4,820 nace --- r19,218 2,044 +21,262 
1969. 70 4,981. 9,885 5,047 wuuee _-- 19,983 2,155 22,138 . 
1970 DpL__ ee 59 4,945 10,162 6,188 ------ | Lee 20,304 2,289 | 22,593 

oe _ TRANSPORTATION 7 mo Be | oo 

1966_..... NA 16 ~ 558 12,777 weeee --- . '18,346 16... 13,362 
1967__.... NA -7138 ss 94: 13, 542 ----- --- r14,149 17 «14,166 
1968_..... NA 11 610 14,681 nee ee ~-- 15,302 18 15,320 oO 
1969__.... NA | 8 651 15,249 wane --- 15,908 17s: 15, 925 
1970 P_.-.. . NA... 8 744 15,716... 16,468 | 16... 16,484 

| - Soe ELECTRICITY GENERATION, UTILITIES 3 oo 

1966_____- 56 ™6,271 2,692 905 *2,040 57 12,021 3,905 wancnn 
1967____-_ 55 r6§, 402 2,834 1,013 *2,308 r 80 12,692 4,142 eee ene 
1968______ 56 *6,9388 £3,245 1,181 72,314 r 130 r13,864 | 4,529. wennee ; 
1969__.___ 47 7,180 3,594 1,628 2,625 146 — 15,220 4,924 meeeee 
1970 P_____ 48 . “FT, 435 4,015 2,090 2,638 231. .16,457 5,226 wee nne 

= an MISCELLANEOUS AND UNACCOUNTED FOR - 

1966.2... 3 -a---e wewene 594. = eee 597 wane weneee 
1967_..--. 1 ~----- ------ 276 ~---- --- 277 wen ne wenn ne 
1968_.___. 1 w---+e ------ 242 ----- ane 243 wau-e waeeue 
re w----e 229 wau-- --- 229 2aee wonnne. 
WTOP, eee ee 214 ----- wee 214. -uee + -- 

TOTAL GROSS ENERGY INPUTS oes ; : | 

1966___... 290 © 12,205 17,393 24,3894 12,040 t 57 t 56,379 weeee Meee 
1967_..... 274 r11,982 18,250 25,335. **2,308 7 80 © 58,229 wan ae wannue 
1968____._. 1258 ™12,401 19, 580 27,052 12,314 ™ 130 61,735 a wennee . 

~1969__.... 224 12, 509 21,020 28,421 2,625 146 64,945 ----- ~oanne 
1970 P____. 21029 |:12, 712 22,029 29,611 2,638 231 67,431 ae ~oan-e - 

P Preliminary. t Revised. NA Not available. 
1 Excludes natural gas liquids. oe . 
2 Petroleum products including still gas, LRG, and natural gas liquids. - . 

_ 3 Represents outputs of hydropower (adjusted for net imports or net exports) and nuclear power converted 
to theoretical energy inputs calculated from national average heat rates for fossil-fueled steam-electric plants 
provided by the Federal Power Commission using 10,415 Btu per net kilowatt-hour in 1966; 10,432 Btu in 
1967; 10,398 Btu in 1968; 10,447 in 1969; and 10,583 Btu in 1970. Excludes inputs for power generated by 
nonutility plants which are included within the other consuming sectors. 

4 Gross energy is that contained in all types of commercial energy at time it is incorporated in the economy, 
whether energy is produced domestically or imported. Gross energy comprises inputs of primary fuels (or the 
derivatives) and outputs of hydropower and nuclear power converted to theoretical energy inputs. Gross 
energy includes energy used for production, processing, and transportation of energy proper. 
_ 5 Utility electricity, generated and imported, distributed to the other consuming sectors, as energy resource 
inputs. Distribution to sectors is based on historical series in the Edison Electric Institute Yearbook. Con- 
version of electricity to energy equivalent by sectors was made at the value of contained energy corresponding 
to 100-percent efficiency using a theoretical rate of 3,412 Btu per kilowatt-hour. 

6 Energy resource inputs by sector, including direct fuels and electricity distributed. 
7 Includes bunkers and military transportation.
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oe Table 9.—Domestic supply and demand for coal. : 

: 1969 1970 » : 

| ee Thousand Trillion Thousand Trillion - 
_ short tons Btu . short tons Btu | 

ANTHRACITE | : | | | _ 
Supply: - . | 

Production }__..----22 2 le ------- =: 10, 472..9 266.0 9,729.4 247.1 
Exports 2_..-.--------------------------- —1,634.0 —41.5 —1,466.5 —37.2 
Imports_-------.------------------------ . NA NA NA © NA > 
Stock change; withdrawals (++), additions(—) -—.....--._ peewee eee eee wenn eel 
Losses, gains, and unaccounted for__-_-.-.--.- —29.9 —.8 —14.9 —.4 

- | " Potal. oo ee eee eeeeeee-------- 8, 809.0 223.7 8,248.0 209.5 ; 

Demand by major consuming sectors: 3 . 
Household and commercial 4. ....._...-.--- 4,209.0 106.9 4,042.0 102.7 - 
Industrial 5. ~-._..2...--.--.------------.- 2,751.0 69.9 2,309.0 58.6 a 
Transportation 6______......-....--.----- (7) (7) (7) (7) ; 
Electric generation, utilities__............... 1,849.0 46.9 © 1,897.0 . 48.2 
Miscellaneous and unaccounted for__....-.. --.--.--- w-----2-- wn-----e- ------- 

| Total. _------------------------------- 8, 809.0 228.7 «8, 248.0. 209.5 | 

BITUMINOUS COAL AND LIGNITE | a 
Supply: 7 oe : 

Production !__......-.-.--.-.-.---------- 560,505.0 13, 956.6 602 , 932.0 15,000.9 
Exports. _._...-...-.-----.-.----------.. —56,234.0 | —1,522.0 —70,908.0 —1,920.0 | 
Imports. .:..---.------------------------ 109.0 2.8 36.0 9 
Stock change; withdrawals.( +), additions ( —) 5,496.0 136.7 —11,777.0 ~ —292.5 

, Losses, gains, and unaccounted for._.-....... —2,601.0 . —64.7 —3,125.0 —77.6 

Total. ....---------------------------- 507,275.00 | 12,509.4 517,158.0 12,711.7 | 

Demand by major consuming sectors: oo 
Fuel and power: _ wee J 

oO Household and commercial 4. _._-_.....- 12 ,666.0 339 .5 12 ,072.0 8238.9 - 
Industrial §........-..-....--.-.-.--.  180,149.0 A,828.7 178, 718.0 4,794.6 

Coal carbonized for coke §_._...... (92,901.0) (2,490.1) (96 ,009.0). (2,575.7) 
Transportation 6. ._o22.-- eee 313.0 8.4 - 298 .0 8.0 . 
Electricity generation, utilities_......... 308,461.0 | 7,180.4 320,460.0 7,484.7 

Total_.....-...----------.-..-----. 501,589.0 12,357.0 511, 548.0 12,561.2 

: Raw material: Industrial ° an : : 
. Crude light tar._...._......---------- 1,284.7 34.4 1,220.0  82.7.. a 

Crude coal tar_....---.---.-------.-- 4,401.3 118.0 . 4,390.0 117.8 

Total___-.------------------------ 5,686.0 152.4 5,610.0 150.5 . 
Grand total_.........._-...-.-----.  507,275.0 12,509.4 517,158.0 12,711.7 

p Preliminary. NA Not available. . SO | 
1 Includes use by producers for power and heat. mo 
2 Includes shipments to U.S. Armed Forces in West Germany. 
3 Except for small quantities used as raw material for coal chemicals, all anthracite represents fuel and power. 
4 Data represent ‘‘retail deliveries to other consumers.”’ These are mainly household and commercial users, 

with some unknown portion of use by small industries. 
5 Includes consumption by coke plants, steel and rolling mills, and other industrial uses. : 
6 Includes bunkers and military transportation. 
7 Data not available. Believed to be small and of minor significance. . 
8 Figures in parentheses are not added into totals. 
9 Coal equivalent based on British thermal unit of value of raw materials for coal chemicals. :
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& Table 10.—Domestic supply and demand for natural gas 

. 1969 1970 p 
| — oo OO 
§ oo Million Trillion Million Trillion 
: cubic feet Btu cubic feet Btu 

Supply: 
Production }___._..-..--.---.-.-------.-. 20,698,240 22 ,838.1 21,920,642 24,153.5 

z Exports. ._._..-.-.- 2-2-1 eee —51,304 —52.9 —69, 813 —72.0 
Imports_.___.-__._-_.----- eee 726,951 749 .5 820, 780 846.2 

. Stock change; withdrawals (++), additions ( —) —119, 500 —123.2 —398 ,160 —410.5 
Transfers out, extraction loss ?__._._._____.- —866 , 560 —2,391.7 —906 , 413 —2 ,487.8 

i | Losses, gains, and unaccounted for____...-.. —_.____._. wen eenne ween enews ween eeee 

Total. __-__..___----.----------.---..-. 20,887,827 21,019.8 21,867,036  22,029.4 
x Demand by major consuming sectors: 

Fuel and power: 
“ Household and commercial___-_...._.. 6,682,804 6,890.0 6,894,007 7,107.7 

i Industrial §__-_-__..-..---------.-.--.. 8,895,419 9,171.2 ~ 9,190,960 9,475.9 
n Transportation_____.._-..-----------. 630 , 962 650.5 722,166 744.6 
e Electricity generation, utilities..._..... 3,486, 391 3,594.4 3,894,019 4,014.7 
yr TT - 
i Total. __-.------------------..--.. 19,695,576 20,306.1 20,701,152 21,342.9 

in Raw material: Industrial 4 
{ Carbon black. ____..-_2 5-2-2 ee 98,251 101.3 85,884 | 88.5 

. Other chemicals §___..--2 222 ee 594,000 612.4 580,000 . 598.0 

Total_.--.-----.---.-----------..- 692,251 713.7 665, 884 686.5 

Grand total___.__....-.------------ 20,387,827  21,019.8 21,867,036 | 22,029.4 

| - P Preliminary. - 
1 Marketed production includes wet gas sold or consumed by producers, losses in transmission, producers’ 

additions to storage, and increases in gas pipeline fill; excludes repressuring and vented and wasted. Btu 
value of production is for wet gas prior to extraction of natural gas liquids. Higher values assigned to extraction 

7 loss are refleeted in value of production for each year. a 
2 Extraction loss from cycling plants represents offtake of natural gas for natural gas liquids as reported to 

7 the Bureau of Mines. Energy equivalent of extraction loss is based on annual outputs of natural gasoline and 
associated products at 110,000 Btu per gallon, annual outputs of LPG at 95,500 Btu per gallon, and annual 

“ outputs of ethane at 73,890 Btu per gallon. (Prior to 1967, ethane production was included with LPG in con- 
5 verting to Btu values.) | : 
: 3 Includes transmission losses of 331,587 million cubic feet in 1969 and 227,650 million cubic feet in 1970. 

f 4 Includes some fue] and power used by raw materials industries. } 

it 5 Estimated from partial data. . 
fi Note; Conversion factor for dry gas is 1,031 Btu per cubic foot. 

' | | 
" 
uke 
i | 

J
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Table 11.—Domestic supply and demand for petroleum 1 “ 

. . ——-- 1969 . 1970> 

| , Million Trillion Million _‘Trillion 
. . . barrels Btu __sibarreis- Btu : 

Supply: oo | | 
Crude oil: 2 . . oo . , 

Production. ____-.------------------------------- 3,371.8 18,885.7 3,517.4 19,744.2 x 

Exports_._.._..-.------------------------------- 1.4 —7.8 —5.0_ —28.1 : 

Imports........--------------------------------- . 3514.1 2,879.5 3 483.3 2,712.9 

Stock change; withdrawals (+), additions (—)--..--- 7.0 39.2 —11.1 —62.8 

Losses and transfers for use as crude____-_---------- —11.9 —66.7 —17.1 —95.0 ‘y 

Total. __..---2----e-eeeeeeeee-eee--eee-------- 3,879.6 21,729.9 3,967.5. 22,271.7 

Petroleum input runs to stills: _ | . 

Crude oil 2?_____--.------------------------------- 3,879.6 21,729.9 3,967.5 22,271.7 : 

Transfers in, natural gas liquids 4_.___.1_.--.------- 264.6 1,176.8 278.3 1,287.0 D 

Other hydrocarbons------------------------------- 4.2 23.2 | 6.2. 34.3 

| Total. ...----------eeeeeneee eee eee eenne------- 4,148.4 22,929.9 4,252.0 28,548.0 

Output: : _ Z 
Refined products__..-------+----2---------------- 4,148.4 22,929.9 4,252.0 23,543.0 

Unfinished oils, net_.---.----------------+-------- 34.3 215.6 38.1 239.5 

Overage or loss___..._----------------------------- 122.4 713.4 131.1 . 761.1 é 
ee a 

_. Yotal.__.___...------------------------------- 4,305.1 23,858.9 4,421.2 24,543.6 

_. Exports......-----------------------=+----------- —83.4 —473.5 —89.5 —519.1 

Imports.....---.-----------------=---+------------ 641.4 3,924.6 764.1 4,663.8 

- Stock change, including natural gas liquids. ___...--_ 12.5 ' 68.8. —26.5 —146.3 : 

Transfers in, natural gas liquids *5___..---...------- 315.6 1,214.9 327 .6 1,250.8 | 

Losses, gains, and unaccounted for__.-.....---.----- | —31.3 —172.4 . —32.9 —181.6 * 

Total___--.+---------+-----------+------------- 5,159.9. 28,421.38 5,364.0 29,611.2 

Demand by major consuming sectors: - - 

Fuel and power: - _ ak - os 

Household and commercial. __.-..----------------: 947.6 5,259.6 965.3 5,370.8 

. Industrial_._.. _....-_-------.----21+-------------- 541.9 3,220.2 546.5 3,251.6 

Transportation 6___......--.---------------------- 2,815.8 15,124.6 2,902.1 15,588.1 

Electricity generation, utilities__...-..-.----------- 259.8 1,627.8 333 .8 2,090.7 

Other, not specified_....-..-----.----------------- 24.5 137.7 23.8 132.2 

Total. .... oe e eee eee eee eee eee e eee --- 4,589.6 25,369.9 4,771.5 | 26,433.4 

Raw materials:7 : | , _ a 
Petrochemical feedstock offtake. __...-------------- 291.0 1,307.6 $03.9 1,371.5 

. Other nonfuel use____.---_.1..-.----------------- 262.7 1,652.4 273.7 1,724.1 
Sn 

Total___._._-...--.--------------------------- 558.7 2,960.0 577 .6 3,095.6 

Miscellaneous and unaccounted for__..---.--------- 16.6 91.4 14.9 . $2.2 
en 

- Total__.._-----------------------+----------- 5,159.9 28,421.3 5,364.0 29,611.2 

eee nett 

> Preliminary. 
; 

1 Supply and demand for crude oil and petroleum products. Petroleum products include products refined and 

processed from crude oil, including still gas and LRG; also natural gas liquids transferred from natural gas. 

2 Btu value for crude oil for each year shown is based on average Btu value of total output of petroleum 

products (including refinery fuel and losses) adjusted to exclude natural gas liquids inputs and their implicitly 

derived values. Value for net imports of crude is based on the average value of crude runs to stills. 

3 Includes some Athabasca hydrocarbons. 
4 Btu values for natural gas liquids for each year shown are implicitly derived from weighted averages of 

production of major natural gas liquids, derived by converting natural gasoline and cycle products at 110,000 

Btu per gallon, LPG at 95,000 Btu per gallon, and ethane at 73,390 Btu per gallon. 

5 Includes natural gas liquids other than those channeled into refinery input as follows: Petrochemical feed- 

stocks, direct uses for fuel and power, and other uses. 
6 Includes bunkers and military transportation. 
7 Includes some fuel and power used by raw materials industries.
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REVIEW OF THE MINERAL INDUSTRIES a} 

Table 15.—Index of stocks of crude minerals at mines or in hands — 
of primary producers at yearend 

| (1967 =100) 

Metals | 
Yearend Metals and ———————_______________ —  Nonmetals 1 

nonmetals ! ‘Total Iron ore Other Nonferrous 
ferrous 

OL LL A NC AA ft etn fr ttyernnarettnetincwinent 

1966.2... 2 100 88 94 35 99 115 
1967.22 222 100 100 100 100 100 100 
1968_..._..-2-2-- 8. 121 120 123 119 100 123 
1969_._ 22 118 104 106 83 107 136 
1970 P__o we 131 113 118 93 106 154 

P Preliminary. 
1 Excludes fuels. 

| Table 16.~Index of stocks of mineral manufacturers, consumers, and dealers at yearend | 
7 _ - (1967 =100) | 

Metals 
'  Yearend Metals and ————_____________ CNN miata 8511 

nonmetals ! Total Iron Other Base Other 
. ferrous nonferrous nonferrous 

” 1966_._..- 2-22 L 102 102 101 81 112 93 98 
1967... 2-2 _ 100 100 100 100 100 100 100 
1968.22.22. 2 2 Le 96 96 95 109 105 78 102 
1969.22.02 Le 93 93 85 103 110 14 91 
1970 p____-_ el 108 108 93 140 128 92 99 

P Preliminary. . . 
1 Excludes fuels. 

Table 17.—Physical stocks of mineral energy resources and related products at yearend 

(Producers’ stocks, unless otherwise indicated) 

Fuels 1966 1967 1968 1969 1970 P 
pe 

nenenerenninene engi sereeee Coal and related products: ! . 
Bituminous coal and lignite 2 

Short tons._ 76,808,024 95,408,000 85,525,000 80,482,000 92 ,275,000 
Coke__._..._____-------...do___. 3,078,768 5,467,532 5,985,025 8,120,000 4,113,000 

Petroleum and related products: 
Carbon black. __thousand pounds... 233 , 145 264,247 224,170 208 , 020 296 ,087 
Crude petroleum and petroleum . 

products._____thousand barrels__ 881,105 944,111 999 ,572 980,128 1,017,861 
Crude petroleum__________.do____ 238 ,391 248,970 272,198 265 , 227 276 ,367 
Natural gas liquids____..__.do____ 40,423 (3) (8) (3) (8) 
Natural gasoline, plant condensate, 

and isopentane_thousand barrels__ (4) 5, 782 5,466 5,704 7,046 
Gasoline. ______.___.______do____ 194,177 207 ,980 211,526 217,392 214,348 
Special naphthas___________do____ 5,583 5, 748 5,829 6,292 6,193 
Liquefied gases__________._.do____ (4) 5 64,165 576,160 5 59,602 5 67,043 
Distillate fuel oil. _.._._____do____ 158 , 076 159 , 703 173,158 171,714 195,271 
Residual] fuel oil__.___.__.__do____ 63 , 856 65,597 67 ,359 58 ,395 53 ,994 
Petroleum asphalt__________do____ 17,309 19 ,939 20,055 16, 753 15,779 
Other products_____________do____ 163 ,290 166 ,227 167 , 826 173 , 340 174,774 

Natural gas *_______billion cubic feet__ 2,506 2,648 2,746 2,852 3,207 _——— eee eee le 
P Preliminary. 
1 Series on anthracite stocks in ground storage has been discontinued. 
2 Stocks at industrial, consumer, and retail yards and on upper lake docks. 
3 Now distributed among petroleum products shown below. 
‘Prior to 1967, included in natural gas liquids. 
5 Includes ethane. 
¢ American Gas Association.
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| Table 18.—Seasonally adjusted book value of product inventories 

: for selected mineral processing industries 

(Millions) 
NN oom 

Primary metals 

Petroleum Stone, clay, —————————-______-_ | 

End of year or month and coal and glass Blast fur- Other 
products. products nace and primary Total 

steel mills metals ! 

i 

1966: December_._.------.---------- $1,869 $1,746 $4,043 $3 , 066 $7,109 

1967: December__.-..-.-..---------- 1,971 1,952 4,319 3,325 7,644 

1968: December____.-....----------- 2,118 2,219 4,039 3,513 7,552 

1969: December_-_.........--.------- 2,274 2,483 4,312 3,740 8,052 

1970: 
December. _...-_-...------------ 2,539 2,648 4,717 4,145 8, 862 

January__..._--.-----.---------- 2,313 2,492 4,265 3,849 8,114 

February__._...----------------- 2,328 2,527 4,251 3,873 8,124 

March. _____..------------------ 2,345 2,535 4,358 3,896 8,254 

April___...-..--.---------------- 2,374 2,574 4,571 3,973 8,544 

May.-_.------------------------- 2,414 2,573 4,589 4,020 - 8,609 

June____.___-_.----_-----.------ 2,446 2,558 4,608 3,990 8,598 

July__...--.-------------------- ' 2,380 2,587 4,658 3,983 8,641 

August__._..._--..-------------- 2,422 2,626 4,726. 4,012 8,738 

September__...._.-.------------- 2,417 2,658 4,669 4,065 8,734 

October_____._..-.-------------- 2,461 2,684 4,747 4,119 8,866 | 

~ November___._-.----------------- 2,555 2,688 4,823 4,160 8,983 
ee 

1 “Other primary metals” obtained by subtracting blast furnace from primary metals figures. _ 

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 47-51) 

No. 38, March 1967-71, pp. S—5, S-6.
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Table 19.—Value of selected minerals and mineral products imported and 
exported by the United States in 1970, by commodity groups and commodities 1 

(Thousands) | 

Se EC A Ee 

SITC code 2 Commodity Exports Imports 
eee 

Minerals, nonmetallic (crude): 
271 Fertilizers, crude_____._____._.__.-__..__..__..__. $92,121 $8 , 743 
273 Stone, sand and gravel_______.___.___.__._.___..__..._.__. 15,483: 27,922 
274 Sulfur and unroasted iron pyrites_........._._....__..______ —-38,166 34,811 
275 Natural abrasives (including industrial diamonds)____.______ 36 , 539 50, 747 
276 Other crude minerals___-._._..______._....____..._._..__... 141,778 162,655 

Total___._ 2 eee 3 319,088 284,878 

, Metals (crude and scrap): 
281 Iron ores and concentrates_..-.__.........-..-.---.------. | 67,899 479 ,380 282 Iron and steel] serap___-_---.-...-.-.----2--- ee 447,368 13,551 
283 Ores and concentrates of nonferrous base metals____.________ 234,527 586,231 
284 _ Nonferrous metal scrap... ._......-...-----------__--___- 163 , 474 51,408 285 Platinum and platinum-group metal ores and concentrates____ 24,683 18,985 286 Uranium and thorium ores and concentrates.__.__.___._______ 288 427 

Total. ___..-. 2-2 eee. 938,239 21,099,983 

Mineral energy resources and related products: . 
321 Coal, coke, and briquets (including peat)_..._____.________._ 1,044,069 17,583 331 Petroleum, crude and partly refined___....._..._.._....____ 18, 450 1,425,583 
332 Petroleum products, except chemicals_______________°_..__. 468 , 867 1,307,798 
841 Gas, natural and manufactured____________...______._.___. 62 , 702 293 , 182 

Total. _...----------------eeeee--------- 1, 594,088 3,044,146 

Chemicals: 
Inorganic chemicals: — 

513 Elements, oxides, and halogen salts......_.___.._______ 286,708 © 306, 785 514 Other inorganic chemicals_.___._...-_._______.______. 141,366 68 , 518 
. 515 Radioactive and associated materials except uranium and . 

thorium._....2-2 2-2-2 eee 144,798 32,179 
521 Mineral tar, crude chemicals from coal, petroleum, and natural 

gas__------ eee. 49,794 8,387 

Total___.------..------o-eeeeeeee 622 , 666 410,869 | 

Minerals, nonmetallic (manufactured): 
661 Lime, cement, and fabricated building materials, except glass 

and clay___-_-....--_-_-__- oe eee 15,107 68 , 579 
662 Clay and refractory construction materials._____.____.___.____ 70,241 37,071 
663 Mineral manufactures, not elsewhere specified____.___________ 79,085 30,116 

Total___-.-.-.--2---- eee 164 , 433 135,766 

- Metals (manufactured): . — 
671 Pig iron, spiegeleisen, sponge iron, iron and steel powder 

and shot, and ferroalloys___..._.___...___.._____._____. 80,527 76,3832 - 
672 Iron or steel ingots and other primary forms______._________ 322 ,2738 30,041 
673 Iron or steel bars, rods, angles, shapes, and sections__________ 117,310 485,736 
674 Iron or steel universals, plates, or sheets..____..____________ 335,218 908 , 123 
675 Iron or steel hoops and strips. .......--.--_-_-_ 2 73,296 46,550 
676 Iron or steel rails and railway track construction materials____ 15,866 4,312 
677 Iron or steel wire (excluding wire rod)_..._____.____________ 18,490 118,919 
678 Iron or steel tubes, pipes, and fittings_._____.__________.____ 225,658 349,818 “8 
679 Iron or steel castings or forgings, unworked_________________ 86,471 11,042 

' 681 Silver, platinum, and platinum-group metals___.____________ 71,333 151,065 
682 Copper and copper alloys__-._.....-.-.-.------__-_.--____ 357,941 528 ,617 
683 Nickel and nickel alloys._.......-..----_ 2-22 66,631 316 , 906 
684 Aluminum and aluminum alloys___._.-__._..._______ 358,331 238 , 069 
685 Lead and lead alloys____..._..---- 2 - ee. 4,757 74,543 
686 Zine and zine alloys._..............--_-_-- ~~ , 6,922 77,807 
687 Tin and tin alloys. __.._.-__...22 2 ee 16,425 190,380 
688 Uranium and thorium metals and alloys___..._._.___.______ 86 ween eeee 
689 © Miscellaneous nonferrous base metals___..__.........______ 81,448 72,580 

Total. ...-.-.--------- +--+. = 2,283,978 33,680,841 

| Grand total_.....--..---.------.--.---..-------------- 5,872,492 8,656,483 eee O0tntn ee eee 
1 Data in this table are for the indicated SITC numbers only, and therefore may not correspond to the 

figures classified by commodity in the “Statistical Summary”’ chapter of this volume. 
2 Standard Industrial Trade Classification. 
3 Data may not add to total shown because of independent rounding. 

Source: U.S. Department of Commerce, Bureau of the Census. U.S. Imports General and Consumption. 
FT 135, December 1970, table 1. U.S. Exports, Commodity and Country. FT 410, December 1970, table 1.
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Table 21.—Percentage distribution of imports of principal minerals and mineral 
| fuels and related products by area of origin, 1970 

SITC Commodity North South Europe Asia Africa Oceania Soviet code 1 America America bloc 2 
OTTO 

NS 

2713000 Phosphates, crude and apatite.__ 99 -. 1 -- -- -- -- 2732100 Gypsum_..._.._--------_____. = 99 (3) 1 () -- _- .- 2743000 = =Sulfur______.__.._.____________. 100 -- (3) = -- -- -- 2752400 Natural abrasives_____.________ 2 (0) 98 (3) (3) (3) (3) | 2762220 Graphite, natural_....._........ 34 -- 31 14 21 -- -- 
2762500 Magnesia, refractory and caustic 

calcined, and crude magnesite__ 2 -- V7 7 -- 1 13 
2763000 =Salt___-.-_-.._._-__-____..__.__. 84 11 1 -- 3 -- 1 
2764000 Asbestos_.___._._...-._._..__. 98 -- () (3) 7 _- (3) 2765200 Mica, including scrap___........ (3) 29 2 60 9 -- -- 2765420 =Fluorspar_______--...-..-.-.... 69 1 29 -- 1 -- -- | 
2769300 Barite, crude____._.______-____. 30 25 40 (3) 5 -- -- _ 2769500 Tale.____-- 2 ee 9 -- 72 19 -- -- -- 2810000 Iron ore and concentrates__.__.. 62 32 (3) (3) 4 2 -- 2820000 = Iron and steel scrap___.._..._... 99 -- 1 (3) (3) -- -- 2831100 Copper ores and concentrates__._. 20 28 (8) 50 -- 2 (3) 2833000 Bauxite... 22-72 28 (3) _- (8) _- -- 2834000 Lead ores and concentrates__.... 57 25 (?) -- (3) 18 -- 2835000 Zinc ores and concentrates__...__ 83 13 2 (8) 1 1 -- 2836000 Tin ores and concentrates__._... __ 100 -- -- -- -- -- 2837000 Manganese ores and concentrates. 3 34 2 4 53 4 -- 2839100 Chrome ores__....---.-------.. 8 -. 23 19 15 -- 43 2839200 Tungsten ores and concentrates._ 95 5 -- -- -- -- -- 
2839310 Tantalum, molybdenum, and 

vanadium ores and concen- 
trates_....222-- eee 22 qT 1 18 1 -- 

3B89830; Titanium ores and concentrates__ 2 _- _- -. q 91 -- 
2839340 Zirconium ore__..._..-__.______ 3 Le 5 -~ 4 88 -- 2839910 Antimony ores and needles_._... _ 18 36 (8) (3) 46. -- -- 2839920 Beryllium ores and concentrates..  __ 79 1 -- 18 2 - (3) 2839980 Columbium oresand concentrates. 15 56 6 3 20 -- -- 2840200 Copper waste and scrap___._.__.. 92 2 6 -- -- -- -- 2840300 Nickel waste and scrap_._.._.... 80 -- 20 (3) -- (3) -- 2840400 Aluminum waste and scrap_____. 82 -- 15 1 -- -- 2 2840500 Magnesium waste and scrap..... 41 - 40 10 7 2 -- 2840600 Lead waste and scrap_..._._._.. 97 -- 8 -- -- -~- -~ 2840700 Zinc waste and scrap_._.._....___ 100 _ (8) - -- -- _- -- 2840900 ‘Tin waste and scrap.__.__...__. 92 -- ~- 2 -- § -- 
2850140\ Platinum-group metals, ores, 
2850240 concentrates, and waste__._.__. 28 4 29 23 qT 9 -- 2860000 Thorium ores and concentrates...  __ -- -- 41 -- 59 -- 3214000 
8218000; Coal, coke, and briquetes._...... 81 -- 19 (3) -- -- -- 8219000 
3310000 Petroleum, crude and partly 

refined____..-2..--.----.-.. 52 28 1 12 q (8) -- 3320000 Petroleum products, except ; 
chemicals__._.....-.--._...... 47 42 9 1 (3) (8) 1 8410000 Gases, natural and manufactured. 98 1 (3) (9) 1 -- -- 

51382500 Mercury, including waste and 
scrap.__.-- 2. eel.) 883 (3) 17 -- _ -- -- 51386500 Alumina_____._._._-_____._.___. 37 14 4 3 -- 42 -- 5210000 Mineral tar and crude chemicgls | 
from coal, petroleum, and 
natural gas___...._.._....... 14 -_-. 82 2 ~- -- 2 

5613000 Potassic fertilizers and fertilizer 
materials........-- 2. -_----.. 694 -- 3 a 1 -- -- 

1 Standard International Trade Classification. 
2U.S.S.R., Bulgaria, East Germany, Albania, Czechoslovakia, Hungary, Poland, Romania, mainland China, North Korea, North Vietnam, and Yugoslavia. , 
3 Less than }4 unit. 

Source: U.S. Department of Commerce, Bureau of the Census. U.S. Imports, FT135, December 1970, table 2,
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Table 23.—Electrical energy sales to ultimate consumers 
(Million kilowatt-hours) 

Total Industrial Total Industrial 
consump- Residential and consump- Residential and 

Region tion commercial tion  — commercial 

1966 1967 
nn UU EEE EEEEIEEE SESE 

New England_-_..------------- 40,184 13 , 883 24,877 43,361 15,437 26,496 

Middle Atlantic_.....----.----- 156,302 42 ,088 104,153 164,125 45,410 108 , 184 

East North-Central_._........... 207,521 57,005 142 ,858 219,554 61,238 149,630 

West North-Central___...__.-.- 66,030 25,303 38,579 71,481 27,138 ' 41,950 

South Atlantic. _......-.--.---- 148, 757 50,920 92 , 723 161,567 55,692 99,916 

East South-Central..........--- 112,594 29, 589 81,463 115,851 31,166 83 , 027 

West South-Central_.........--. 102,760 29, 753 68,071 113,125 32 ,.739 74,872 

| Mountain... ----1--.--.------- 47,198 12,318 33,100 49 ,342 13,157 33,774 

Pacifie_...-.-----_-_._----.---- 154,302 44 ,502 103 , 093 164,998 48,210 108 , 502 

Alaska and Hawaii_._----.-.--- 3,834 1,216 — 2,038 3,619 1,338 2,184 

Total United States_...... 1,088,982 306,572 690,955 1,107,023 831,525 728 , 535 

1968 | 1969 

New England_......-.-----.---- 47,386 16,970 28 ,946 51,373 18,789 81,040 

Middle Atlantie.........-...-.. 176,158. 49,854 115,301 190 , 582 54,405 124,633 

East North-Central_........---- 238,138 67,080 161,679 256,212 73,409 172 ,953 

West North-Central__....-.---- 17,624 29 ,644 45,375 84,125 82 ,436 48,909 

South Atlantic. _........-:------ 180,468 63 , 790 109, 589 199 ,257 72,253 118,360 

East South-Central.._..-----.-- | 122,608 86 , 033 84,770 129,601 39,331 88 , 308 

West South-Central............. 126,160 37,070 83 , 202 141,610 43 ,068 92 ,037 

Mountain___---...------------ 53,157 14,164 36,513 59 , 067 15,700 40,638 

Pacific. .--.,------------------ 176,682 © 51,640 116 , 230 190,979 56,940 124,373 

Alaska and Hawaii___.._..----- 3,945 1,447 2,380 - 4,372 1,591 2,655 

Total United States..._... 1,202,321 867 , 692 783,985 1,307,178 407 , 922 ‘843 , 906 
ee 

— - - = " - — 

Source: Edison Electric Institute. Statistical Yearbook of the Electrical Utility Industry. 1966 through 1969. | 

Table 24.—Total employment in selected mitral industries 
. (Thousands) 

| | . 1966 1967 1968 1969 1970 

MINING : , , 
Metals: 

Tron. ._..2.--------+-2-- n-ne eee ee--- 26.8 27.5 25.7 25.4 26.2 

; Copper_._.-.----------------------------------- 31.7 23.8 30.3 87.2 37.0 

. Total 1....--_------s2-+-----+----------------- 86.5 79.1 84.2 92.2 94.8 

Nonmetal mining and quarrying---..------------------ 120.8 120.9 121.8 118.2 116.0 

Fuels: 
Bituminous__.___..-.--------------------------- 129.9 185.0 182.9 129.8 188.8 

Other coal__._.___---_-------------------------- 7.8 7.0 6.2 6.3 5.6 

Crude Petroleum and natural gas fields.......-.---- 152.4 149.8 148.1 144.3 141.7 
Oil and gas field services__._....----------------- 127.4 120.7 131.7 137.3 125.2 

Total... -ecccce cc eecec cece cecceeceeeceee-e-- 417.5 412.5 418.9 417.7 411.8 

Total mining_......-.---.--------------------- 624.8 612.5 624.9 628.1 622.1 

MANUFACTURING 
Minerals: . 

Fertilizers, complete and mixing only__......-.---- 40.7 40.6 39.1 88.4 40.5 

Cement, Kydraulic__.._._.--.--------.......-.--- 98.0 86.5 35.6 35.1 84.1 
Blast furnaces, steelworks, and rolling mills_._._..... 571.3 553.1 553.4 563.5 549.6 

Nonferrous smelting and refining--.......---.----- 78.1 15.5 19.7 87.8 86.3 
Sn 

Total... -----neneeceeccceceeeeceeeee------- 1728.1 705.7 = 707.8 = 724.8 = 710.5 
—r Oo ——————————————————— 

Fuels: 
Petroleum refining_.._.......-...-.-.....-.-----. 149.6 152.8 150.5 146.3 158.4 

Other petroleum and coal products__._--.--...--.- 36.4 36.6 36.2 37.5 38.5 
Sane 

Total 2....._.-.----_--.----------------------- 186.0 189.4 186.7 183.8 191.9 

Total manufacturing___.__.._....-_-------------- 914.1 | 895.1 894.5 908 .6 902.4 
an eterna nO 

1 Includes other metal mining not shown separately. 
2 Standard Industrial Classification 295, paving and roofiing materials, included in total. 

Source: U.S. Department of Labor, Bureau of Labor Statistics, Employment and Earnings Statistics for the 

United States, 1909-1967. Bull. 1312-5, October 1967, 851 pp. Employment and Earnings Statistics. V. 16, 

No. 9, March 1970, table B-2; v. 17, No. 9, March 1971, table B-2.
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Table 25.—Average hours and gross earnings of production and related workers 
- in the mineral and mineral fuels industries 

1966 1967 1968 * 1969 1970 

MINING 
Metals: 

~ Tron ores: - a 
Weekly earnings.........--------.. $138.09 $138 .60 $144.70 $153.18 $162 .99 
‘Weekly hours_........------------ 42.1! 42.0 41.7 41.4 41.9 
Hourly earnings......-..---------- $3.28 $3 .30 $3.47 $3.70 $3.89 

Copper ores: . 
eekly earnings._._-.....-----.---- $140.07 $140.51 $162 .37 $169.00 $175.67 

Weekly hours. _.......------------ 43.5 43.1 47.2 46.3 44.7 
Tot Hourly earnings_.......------.--_- $3 .22 $3.26 $3.44 $3.65 $3 .93 

otal: 
Weekly earnings....__.....----.---. $183.77 $136 .83 $148 .77 $157.61 $165.68 
Weekly hours_._......------------ 42.2 42.1 43.5 43.3 42.7 
Hourly earnings... -_._.------------- $3.17 $3 .25 — $3.42 $3.64 $3.88. 

Nonmetallic mining and quarrying: . 
Weekly earnings_..-......------------- $123.39 $128 .65 $136.35 $149.44 $155.56 
Weekly hours__..._...---.------------ 45.7 45.3 45.0 45.7 44.7 

Fu Hourly earnings._....-.--------------- $2.70 $2.84 $3.03 $3.27 $3.48 
els: 
Total coal mining: 

Weekly earnings._._.._......-.----. $145.95 $150.93 $151.59 | $165.95 $183 .96 
Weekly hours..___-.-------------- 240.3 240.5 239.7 40.0 40.7 
Hourly earnings.......--..-------- 2 $3.62 2 $3.72 ‘2 $3.80 $4.17 $4 . 52 

Bituminous coal: _ a 
Weekly earnings._.__............-.. $148.44 $153.09 $153.16 $168.46 $186 .46 
Weekly hours..__....---.--------- 740.6 240.7 239.8 40.2 40.8 
Hourly earnings....._..-..-..----.  2$3.65 2 $3.75 2 $3.83 $4.21 $4.57 

Crude petroleum and natural gas: — . 
Weekly earnings._.............--.. $122.69 $130.66 $137.71 $147.19 $155.88 

. Weekly hours........------------. _ 42.6 42.7 42.9 41.0 40.7 
Hourly earnings._-......---------- $2.88 $3 .06 $3.21 $3.59 $3 .83 

Total fuels: 3 
Weekly earnings___.-......._...... $131.55 $138 .83 $143.08 $155.97 $166 .35 
Weekly hours.._....-.-.-..----.-- 41.7 41.8 41.7 42.4 42.1 
Hourly earnings..._..-.-.--------- $3.16 $3.33 $3 .44 $3.70 $3.97 

Total mining: * - . 
Weekly earnings____..-..-.------------ $127.73 $131.85 $141.35 $152 .98 $160.07 
Weekly hours. ._---------------------- 44.2 44.0 44.4 44.7. 44.8 
Hourly earnings-_-~...----------------- $2.90 $3.00 $3.18 $3.43 $3.66 

MANUFACTURING 
Fertilizers, complete and mixing only: 

Weekly earnings.........-.--.----.---- $101.38 $104 .98 $108 .97 $116.14 $123 .68 
Weekly hours.._...-.----------------- 43.7 43 .2 42.4 42.7 42.5 
Hourly earnings. _..._----------------- $2.32 $2.43 $2.57 $2.72 $2.91 

Cement, hydraulic: 
. Weekly earnings.......--.------------- $182.61 $133 .40 $144.35 $155.87 $176.81 

Weekly hours_.__.-.-------.---------- 41.7 41.3 41.6 41.9 41.8 
Hourly earnings._....---.------------- $3.18 $3 .23 $3.47 $3.72 $4.23 - 

Blast furnaces, steel, and rolling mills: 
Weekly earnings___.__.--.-----------.-- $145.71 $145.16 $155.86 $168.51 $168 .38 
Weekly hours._...-..---.------------- 40.7 . 40.1 40.8 41.2 39.9 
Hourly earnings_......-.-------------- $3 .58 $3 .62 $3.82 $4.09 $4.22 

Nonferrous smelting and refining: 
Weekly earnings._.....-----.-----.---- $129.98 $134.30 $144.08 $151.79 $157.63 
Weekly hours. _....-.----.-.---------- 42.2 42.1 42.5 42.4 41.7 

_ Hourly earnings_.--...-.-.------------ $3.08 $3.19 $3.39 $3.58 $3.78 . 
- Petroleum refining and related industries: 

Weekly earnings._--..-..-.----.-----.. $144.58. $152.87 $159 .38 $170.83 $182 .33 
Weekly hours.__.--.------------------ 42.4 42.7 42.5 42.6 42.7 
Hourly earnings_......--...----------- $3.41 $3.58 $3.75 $4.01 $4.27 

Petroleum refining: 
Weekly earnings....._.......-. $151.56. $159.09 $166 .27 $178.08 $189 .93 
Weekly hours.._....-.....---- 42.1 . 42.2 42.2 42.1 42.3 | 
Hourly earnings__.........---- $3.60 $3.77 $3.94 $4.23 $4.49 

Other petroleum and coal products: 
eekly earnings__.......-----. $120.22 $129.51 $135.91 $147.19 $157.52 

Weekly hours. ._..-..-.-.----- 43.4 44,2 43.7 44.2 44.0 
Hourly earnings.._...-...--.-- $2.77 $2.93 $3.11 $3.33 $3.58 

Total manufacturing: ° . 
Weekly earnings._____.....-...-.----.. $141.83 $142 .96 $153.76 $165.48 $168.76 
Weekly hours__.......---.----.------- 41.2 40.9 41.3 41.6 40.5 
Hourly earnings._....-.....-.-.------- $3.44 $3.51 $3.74 $3.99 $4.16 
er 

1 Includes other metal mining not shown. 
2 11-month average. 
3 Weighted average of data computed using figures for production workers as weights. 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings for the United 

States 1909-1967. Bull. 1312-5, October 1967, 852 pp. Employment and Earnings. V. 15, No. 9, March 1969, 

v. 16, No. 9, March 1970, and v. 17, No. 9, March 1971, table C-2.
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| ‘Table 26.—Average labor-turnover rates in selected mineral industries 1 

. (Per thousand employees) 

Blast Petro- 
fur- Non- leum 

Manu- Cement, naces, ferrous Metal Iron Copper refining Petro- Coal 
Rates and year factur- hy- steel smelting mining ores ores and leum _ mining 

ing draulic and and | related refining 
rolling refining indus- 
mills tries 2 . 

Total accession 
rate: 

1968...-.... 46 28 30 35 34 28 29 24 18 18 
1969._...... 47 24 33 34 88 34 32 26 17 20 
1970._.._... 40 21 27 26 38 31 37 23 16 21 

Total separation . 
rate: 

1968........ 46 25 _ 85 30 | 35 36 27 24 17 17 
1969........ 49 24 28 33 33 31 24 26 17 18 
1970........ 48 32 33 —s 80 37 36 29 26 18 16 

Layoff rate: 
1968._...... 12 10 14 3 8 18 5 6. 4 5 
1969........ 12 7 4 3 3 8 1 4 3 3 
1970___..... 18 16 12 5 6 15 1 q 5 2 

1 Monthly rates are available in Employment and Earnings as indicated in source. 
2 Standard Industrial Classification 295, paving and roofing materials, included in total. 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings. V. 15, No. 10, 
April 1969; v. 16, No. 9, March 1970; and v. 17, No. 9, March 1971, table D-2. 

Table 27.—Wages, salaries, and average annual earnings in the United States 

Percent change 
| 1968 1969 19707 0 

1968-69 1969-70 

Wages and salaries: | 
All industries, total.__..__millions.. * $464,862 $509,575 $541,400 +9.6 +6.2 
Mining__._._....--.---._-..do_._- 4,874 5,387 5, 826 +10.5 +8.1 

. Manufacturing._..__.......do___- 145,874 157 , 562 158 ,314 +8.0 +.5 
Average earnings per full-time employee: 

All industries, total_........-._.- ™ 6,657 7,095 7,564 '  +6.6 +6.6 
Mining_..___..---..-..---------- 7,964 8,619 9,262 +8.2 +7.5 
Manufacturing__..........---_--- 7,347 7,775 8,150 +5.8 +4.8 

Pp Preliminary. r Revised. 

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 51, 
No. 7, July 1971, table 6.
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Table 28.—Labor-productivity indexes for selected minerals 

(1957-59 =100) | | 

Copper, crude ore mined per— - Iron, crude ore mined per— ; 

Year Production Production Production Production 
Employee worker worker Employee worker worker 

man-hour man-hour 

1965____.----. 2-8 e 146.0 136.1 129.1. —- 183.0 176.9 162.6 
1966__.....2.- ~~. ~~ 2s: 148 .2 138 .6 131.1 186.6 183.1 163.5 
1967.22 eee 126.5 129.3 123.7 190.8 188.2 168.4 
1968__.2- 22 eens ees 152.8 154.9 135.7 206.5 205.4 185.2 
1969 P_.o eee eee 168.0 161.8 143.9 | 215.5 . 217.1 197.1 

Copper, recoverable metal mined per— Iron, usable ore mined per— 

Production Production | Production Production 
Employee worker worker Employee worker _ worker 

man-hour ; | man-hour 

1965__..----2. 2-2 eee 135.3 126.2 119.6 143.2 . 188.5 127.3 
1966_______-___-. 2 _ Le 134.8 126.0 119.2 147.0 144.3 128.9 
1967.22.22 112.5 115.0. 110.0 139.5 - 1387.5 123.1 
1968.-_22-.-- 22 - Le 127.9 129.6 113.6 144.2 148.5 129.4 
1969 Pe 137.4 182.5 117.8 1465 147.6 184.0 

Petroleum, refined per— Bituminous coal and lignite a, 

: | mined per— 
| Production Production _ Production Production 
Emiployee worker worker Employeé worker worker 

: man-hour . - man-hour _ 

1965...--..----2- 2 ae 163.7 166.8 167.3 176.7 176.5 154.2 
1966_.__...-2--2- 2 eee 177.2 180.9 180.4 187.3 188.8 162.5 
1967_.2..22- 22 --ee 183.9 189.6 185.1 190.4 191.6 r 165.3 
1968... 2-2 ee 192.7 200.0 194.0 195.9 198.7 173.9 
1969 PL. 205.9 222 .2 215.6 195.2 197.7 174.2 

P Preliminary. t Revised. . 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Index of Output per Man-hour Selected . 
Industries 1939 and 1947-69. BLS Bull. 1680, 1970, 112 pp. ) | 

Table 29.—Index of average unit mine value of minerals produced 1966-70 | 

(1967 =100) . 

1966 1967 1968 1969 1970 P 

METALS 
Ferrous. ._.--...--2----_ seek 95.7 100.0 102.0 104.1 109.4 

Nonferrous: . OO 
Base_.._..---.--.--_---eee 98.9 100.0 106.3 119.8 141.5 
Monetary. ____--___-__.__-___-_______- ee 91.6 100.0 125.4 118.0 109.2 
Other_..-.. 2-2 -- eee 106.7 100.0 100.8 95.4 129.2 

Average.__...----- 222-2 99.6 100.0 (107.4 115.0 135.7 

Average, all metals_______.___________.___ 97.5 100.0 104.5 109.1 121.5 

NONMETALS | 
Construction.__.....---- 2 eee 98.2 100.0 101.5 103.5 107.8 
Chemical_.._....-..-22.22-- 22-2 eee 95.6 100.0 102.9 97.9 87.3 
Other..-... 2-2-2 eee 94.5 100.0 103 .3 111.2 108.6 

Average_......______----_-_-_-- eee 97.4 100.0 101.9 102 .6 103 .2 

FUELS 

Coal___---_--.-- 22 98.1 100.0 101.3 108 .0 134.2 
Crude oil and natural gas__________._______.____ 98.8 100.0 101.4 107.9 106.3 

Average______-. 202-2 98.5 100.0 100.4 106.1 109.9 

Overall average_________________________. 98.2 100.0 101.1 105.6 109.3 
en eenee 

P Preliminary.
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: Table 30.—Index of implicit unit value of minerals produced 
. . (1967 =100) 

oe 1966 / 1967 - 1968 1969 1970 P 

- Se _ METALS 
Ferrous, __..---+------------------------------ 95.7 100.0 101.9 104.1 109.1 

Nonferrous: | | oa a OS i 
’ Base._._._-------------~.------------------ 96.8 100.0 106.7 120.4 143.4 
Monetary..--------------..---------------- 91.4 100.0 125.1 118.0 109.5 
Other. ...----,---=-----.------------------ 105.1 100.0 100.4 95.6 129.7 

Average-_.------------------------------ 97.1 100.0 107.2 117.7. 189.8 

Average, all metals__....----------------- 96.5 100.0 105.0 112.4 128.7 

7 NONMETALS _ , | 
Construction____._...._ = 2---- eee eee 98.1 100.0 101.0 103 .0 107.2 
Chemical.__. eee eee eee 95.4 100.0 102.4 97.8 87.4 

Other... _-..--_._------------------------------ 94.3 100.0 97.5 111.0 108 .9 

Average.........--.--------------------- 97.3 100.0 101.4 102.3 103.0 

Coagl_.__---- 2 eee eee 98.1 100.0 101.2 108.0 134.2 
Crude oil and natural gas__--.------------------- 98.8 100.0 101.4 107.9 106.3 

Average_..--.--------------------------- 98.5 «100.0. 100.4 106.0 109.8 

Overall average. ____.--_-.--_.----------. | 98.0 100.0 101.1 105.9 110.5 
em er At Si es SS iP SA SN 

. P Preliminary. oo , . - 

: Table 31.—Price indexes for selected metals, minerals, and fuels 
(1967 =100 unless otherwise stated) 

elec pn PoP tir PP Sts SS i St i 

a ro se Annual average Percent . 
Commodity —_—____———————-_ change 

1969 1970 from - 
| a | . | | 1969 

Metals and metal products. __________._---.---__--- uu -------------- |: 108.5 116.7 +7.6 
' Tron and steel___._-_______- eee eee 107.0 115.1 +7.6 

Tron ore______.___ eee eee eee eee 98.1 100.1 +2.0 
Iron and steel scrap____.-_-_-_--___-.-__-__--1---2-------------- 110.8 138.9 +25.4 
Semifinished steel products___________.____i._-.---------.------- 107:0 112.2 +4.9 
Finished steel products.___________:-.-_--_---------------------- 107.3 114.2 +6.4 
Foundry and forge shop products___..._._/---_------------------- 106.1 112.1 +5.7 
Pig iron and ferroalloys____._.____--.---L._-l----.-------------- 102.1 114.6 +12.2 
Nonferrous metals___.__...------------------------------------- 113.5 125.0 +10.1 
Primary metal refinery shapes_____.....-._----------------------- 114.2 128.1 +12.2 
Aluminum ingot___..-_______ eee eee ------ 108.4 115.2 +6.3 

Lead, pig, common_-_____.._._--------------------------------- 106.5 112.1 +5.3 
| Zine, slab, prime western___..____.....__----_------------------- 105.5 110.3 +4.5 

Nonferrous scrap_._____.._.....---_---------------------------- 127.4 124.8 —2.0 
Nonmetallic mineral products________-...--__-.---------------------- 107.7 113.3 +5.2 

Concrete ingredients___....__._______--_-__---------_-------+--- 106.7 114.6 © +7.4 
Sand, gravel, and crushed storie_________________----------------- | 107.8 113.5 +5.3 
Structural clay products__________________--._-----------.-------- 106.2 109.8 +3.4 

Gypsum products_____._._.___.-__..-___.2--------------------- 103.6 100.0 —3.5 
Other nonmetallic minerals. -___._____________-__-_--------------- 107.0 112.2 +4.9 
Building lime____-_____-_._.___________u_ ieee eee 105.3 110.5 +4.9 
Insulation materials______________-____- eee 115.4 123.1 +6.7 
Bituminous binders !1___.____._______________ ue eee 101.0 104.1 +3.1 
Fertilizer materials________________________ eee eee eee 79.2 74.9 —5.4 
Nitrogenates_______________.__________ eee eee 72.0 69.3 —3.7 
Phosphates____.__________________-___-_-_--- eee ------- 92.2 80.0 —13.2— 

Phosphate rock________.__-----_-_-_-_-------------------------- 100.0 89.9 —10.1 
Potash....______________.___ eee 69.1 97.7 +41.4 

Muriate, domestic_____________-____-_-_---------------------- 66.1 96.3 +45.7 
Sulfate.__._____...____._.. eee 842 104.4 +24.0 

Fuels and related products and power_.__._._-.-_-.-------------------- 100.9 105.9 +5.0 
Coal_.__.___._ eee 112.6 150.0 +33 .2 

Anthracite__._________________ eee 117.0 131.3 +12.2 
Bituminous______________________ eee 112.3 151.5 +34.9 

Coke___..____._____.___._. ee 108.9 127.4 +17.0 
Gas fuels1__.______...____ eee 124.7 138.1 +10.7 
Electric power !__________________.-____--_--------------------- 2 102.5 105.5 +2.9 
Petroleum products, refined______.___________---_-_--------------- 99.6 101.1 +1.5 
Crude petroleum___________________-___-___----------- +--+ ----- 105.2 106.1 +.9 

All commodities other than farm and food____________-__.___-_-_--_----- 106.0 110.0 +3.8 
All commodities______.____________. eee eee 106.5 110.4 +3.7 

r Revised. 
1 January 1958 =100. 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes. January— 
December 1970, tables 2 and 2—A; January 1971, tables 4 and 6—A, and pp. 106-107 for rebasing data.
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Table 32.—Comparative mineral energy resource prices 

Fuel 1968 1969 1970 

Bituminous coal: Average prices, cost of coal at merchant coke ovens 
. dollars per net ton_. $10.58 $10.75 $12.28 

Anthracite, average sales realization per net ton at preparation plants, ex- 
- cluding dredge coal: 7 . 

Chestnut... _..-.-..---.----------------------------.---dollars.. 13.02 14.12 15.67 
Pea_.._-_...-.--5--~-------- oe eee en 0 10.80 12.14 13.87 
Buckwheat, No. 1__...-_..--..--.--.,.---.,---------------d0_._. 10.13 11.53 13.26 

Petroleum and petroleum products: 
Crude petroleum, average price per barrel at well___________._do____ 2.94 3.09 3.18 
Gasoline, average dealers’ net price (excluding taxes) of gasoline in 7 

55 USS. cities 1___./.-----.---------..--_...__cents per gallon__ 16.51 17.11 17.68 
Residual] fuel oil: : . 

No. 6 fuel, ‘maximum 1 percent sulfur, at Philadelphia ! 
dollars per barrel (refinery) __ 2.38 2.32 3.16 

Bunker C, average price for all Gulf ports !___......._~._do____ 1.67 1.47 2.44 
‘Distillate fuel oil: SO . | : 

' No. 2 distillate, average of high and low prices at Philadelphia ! . 
: OO ‘  eents per gallon (refinery) _- 10.90 10.90 11.08 

No. 2 distillate, average price for all Gulf ports!_______..do___- °9.40 9.24 9.41 
Natural gas: © co oe 7 
_' Average U.S. value at well..._--....-cents per thousand cubic feet__ 16.4 16.7 17.1 

Average U.S. value at point of consumption... _.._.._-.....__do____ 50.4 51.5 53.6 

1 Platt’s Oil Price Handbook. | 

: Table 33.—Cost of fuel in steam-electrical power generation 

(Cents per million Btu) . 
ae ‘ . ae _ - . — 

sre — 
TD . - 

° . "1967 1968 oo 1969 . 
Region SSS 

| Coal Oil Gas Coal Oil Gas _—_— Coal Oil Gas 

New England_.._.._..._. 84.8 °° 30.5 32.2 34.3 29.4 $32.0 86.9 28.3 33.7 
Middle Atlantic._.._..... 27.8 33.2 35.4 28.3 35.0 35.8 30.0 33.6 35.6 

- East North Central__..... 24.7 62.9 26.7 25.2 64.6 28.0: 26.4 62.0 31.6 
West North Central___... 25.6 51.6 24.0 25.1 52.6 24.5 26.2 51.8 24.9 
South Atlanti¢__.-....... 26.6 32.5 31.7 27.0 32.3 31.6 28.4 80.4 31.6 
East South Central._..... 20.1 53.2 23.4 20.1 55.2 23.9 21.1 51.1 24.3 
West South Central-_.-.-_ _____- 42.4 19.9 21.5 38.2 20.1 31.1 - 36.9 20.5 
Mountain-'..2-......_--. 20.1 26.1 26.2 20.4 26.8 25.9 20.6 27. 27.3 
Pacific. ....-.- 22 Lee Lele $1.4 80.8 LL. 32.0 30.7 __..... 84.5 31.2 

United States...... 25.2 32.2 24.7 25.5 32.8 25.1 26.6 31.95 25.4 

Source: National Coal Association. Steam-Electric Plant Factors. 1967 through 1969, table 2. 

Table 34.—Cost of electrical energy 

(Cents per kilowatt hour) 

SR tS ere nreresersspesassssghssnp> 

1967 '° 1968 1969 

Com- Com- Com- 
Region Resi- mercial Resi- mercial Resi- mercial 

Total dential and Total dential and Total dential and. 
indus- indus- 7 indus- 

. trial trial trial 
cee ae enema eee 

New England.__._.__._.- 2.3 2.9 1.9 2.2 2.7 1.9 2.2 2.6 1.8 
Middle Atlantic._........ 1.8 2.6 1.5 1.9 2.6 1.5 1.8 2.5 1.5 
East North-Central___.__. 1.6 2.4 1.3 1.6 2.3 1.3 1.6 2.3 1.4 
West North-Central. _____ 2.0 2.5 1.7 1.9 2.4 1.6 1.9 2.4 1.6 
South Atlantic__._.._____ 1.6 2.0 1.3 1.5 2.0 1.3 1.5 1.9 1.8 
East South-Central______- 9 1.3 7 9 1.3 8 1.0 1.3 8 
West South-Central_.___._ 1.5 2.3 1.2 1.5 2.2 1:2 1.5 2.2 1.2 
Mountain. ______.- 22.8. 1.5 2.2 1.3 1.5 2.2 1.2 1.5 2.1 1.2 
Pacific. _.........-- -___. 1.2 1.7 1.0 1.2 1.7 1:0 1.2 1.6 1.0 
Alaska and Hawaii-_-__.__- 2.5 2.9 2.2 2.4 2.9 2.2 2.4 2.8 2.1 

United States_____- 1.6 2.2 1.3 1.5 2.1 1.3 1.5 2.1 1.3 
eee 

Source: Edison Electric Institute. Statistical Yearbook of the Electric Utilities Industry. 1967 through 1969.
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Table 35.—Price index of principal metal mining expenses 1 | 

(1957-59 = 100) 

Year Total Labor Supplies Fuel Electrical 
: energy 

1966____-__-.-..---------.--.----------------- 104 103 105 101 100 

1967____.._---.-.-------~- eee --- 109 111 107 104 101 

1968____-_-_.--.----.-.----..-.-..------------- 110 113 109 102 102 

1969____._.---.-...-.----- eee 114 116 113 105 103 

1970 p___.__--_--.--.----_--- ++ --- 119 122 118 110 106 
- 

p Preliminary. . : . . 

1 Indexes constructed using the following weights derived from the 1963 Census of Mineral Industries: Labor, 

54.11; explosives, 2.35; steel mill shapes and forms, 6.40; all other supplies, 26.75; fuels, 4:86; electric energy, 

5.53; and data from U.S. Department of Labor, Bureau of Labor Statistics, Wholesale Prices and Price Indexes. 

The index is computed for iron and copper ores only because sufficient data are not available for other mining 

sectors. 

Table 36.—Index of major input expenses for bituminous coal and crude petroleum 
and natural gas mining 1 

. (1957-59 =100) 

| Bituminous Crude | Bituminous Crude — 
Year coal petroleum and Year coal petroleum and 

natural gas natural gas 

1966___....-_------- 86 100 1969_____.---------- NA NA © 
1967___--.-----..--- 87 100 1970___..-_.-------- NA NA 

1968..__-..-----.--- NA NA 

NA Not available. 
1 Indexes constructed by using data from the U.S. Department of Labor, Bureau of Labor Statistics, Whole- 

sale Prices and Price Indexes, annual and monthly, and weights derived from data shown in the 1963 Census 

: of Mineral Industries, U.S. Department of Commerce, Bureau of the Census. Weights used are as follows: 

Bituminous coal—labor, 62.98; explosives, 1.77; steel mill shapes and forms, 3.88; all other supplies, 24.92; 

fuels, 1.76; electric energy, 4.69; crude petroleum and natural gas—labor, 46.3; fuel, 2.6; electric energy, 3.5; 

and all other 47.6. 

Table 37.—Indexes of relative costs and productivity for iron ore, copper, 

: bituminous coal, and petroleum mining 1 
(1957-59 =100) 

. . 

Year Iron ore 2 Copper ? Bituminous coal Petroleum 

: INDEX OF LABOR COSTS PER UNIT OF OUTPUT 
. . - NL - 

1966____._.....-.--.-------- 93 112 15 94 | 

1967_.......----------------_ 97 123 47 93 

1968___..__....-..---------- 98 126 NA NA 

1969___..-.._..------------- 101 129 NA NA | 

1970 P___.ww + ------ 108 134 NA NA 
i 

A 

INDEX OF VALUE OF PRODUCT PER MAN-PERIOD 
ec 

CE 
. 

1966___-.-...--.-.---------- 120 148 151 136 

1967___._-_._..------------- 115 146 163 147 

1968_____....--.-.-.-------- 121 165 NA NA 

. 1969__-....__-.---..-------- 125 194 NA NA 

1970 P____-_i wi ---------- 126 245 NA NA 
; 

INDEX OF LABOR COSTS PER DOLLAR OF PRODUCT 
ne 

1966___..-_-_..-.----------- 100 91 82 98 

1967__._-.------------------- 105 93 79 95 

1968___..-_----------------- 105 87 NA NA 

1969___..---.--.-.--------+-- 108 78 NA NA 

1970 P_____--_--- +--+ +--+ 113 67 NA NA 

P Preliminary. NA Not available. 
1 Index of labor costs per unit of output: Iron ore and copper indexes are computed from data found in U.S. 

Department of Labor, Employment and Earnings and Wholesale Price Indexes. Bituminous coal index based 

upon net tons per man per day (see chapter on Bituminous Coal) and index of average earnings derived from 

Bureau of Labor Statistics data on hourly earnings; petroleum index based on barrels per year (see chapter on 

Petroleum) and Bureau of Employment Security data on total wages in petroleum pro duction. . 

Index of value of product per man-period: Iron ore and copper indexes are computed from data found in 

U.S. Department of Labor, Employment and Earnings and Wholesale Price Indexes. Bituminous coal index 

based on net tons per man per day and mine value of production; petroleum index based on average employ- 

ment and total value of production. 
Index of labor costs per dollar of product: Iron ore and copper indexes are computed from data found in U.S. 

Department of Labor, Employment and Earnings and Wholesale Price Indexes. Bituminous coal index based 

on index of value per man per day and index of average earnings; petroleum index based on total value of 

production and total wages. 
2 Indexes are for recoverable metal.
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Table 38.—Price indexes for selected cost items in minerals and mineral fuels production 
(1967 =100, unless otherwise specified) . 

. ~ 1970 Change Annual average Change 
‘Commodity ———__—_——————. from 93 ————————__ from 

January December January 1969 1970 1969 
(percent) (percent) 

Coal... eee) «121.4 175.8 +44.8 112.6 150.0 +33 .2 
Coke____...--2-- 2-2 eee ee) «118.8 145.9 +28 .8 108.9 127.4 +17.0 
Gas fuels (January 1958 =100)_.__...__..... 182.4 143.7 +8.5 1124.7 138.1. +10.7 
Petroleum products, refined___._.._._.._.-.-_. 98.8 107.5 +8.8 99.6 101.1 +1.5 
Industrial chemicals___...........-.-..... 100.5 101.4 +.9 100.3 100.9 +.6 
Lumber. ......-..-------.-.-.--.-------- 117.1 111.1 —5.1 181.6 113.7 —13.6 
Explosives___.......---.....--..-...-.--. 105.4 106.9 +1.4 104.1 106.1 +1.9 
Construction machinery and equipment__-.. 113.8 119.6 +5.1 110.4 115.5 +4.6 

r Revised. 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes, March 
and December 1970, table 2; January 1971, table 6-A, January—-December 1970 issues, table 2, used to figure 
annual average for explosives. 

| Table 39.—Price indexes for mining, construction, and material handling machinery 
and equipment 

. (1967 =100) 

Con- Mining Power Special- 
struction machin- Oilfield cranes, ized Portable Scrapers Mixers, Tractors 

Year machin- eryand machin-_ drag- con- air com- and pavers, other 
. ery and equip- ery and lines, struction pressors graders spreaders, than 

equip- ment tools shovels, machin- etc. farm 
ment etc. ery . 

1966__.....-.-. 96.5 97.1 96.5 96.7 97.9 99.2 97.5 96.3 95.8 
1967_......-.... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
1968_.....-.--. 105.7 103.4 106.4 104.9 105.2 97.0 105.3 104.4 106.8 
1969__......... 110.4 106.6 112.7 109.0 110.2 91.8 110.1 109.1 112.5 
1970_...-..---. 115.5 110.5 118.4 114.0 117.4 93.7 115.2 116.0 ‘116.7 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes. January 
1971, table 6~A, and in previous years, table 2-A. 

Table 40.—National income originated in the mineral industries 

Income, millions Change 
Industry ——_————— _——_——————__ from 1969 

1968 1969 1970 » (percent) 

Mining..........-.-.--.----2- eee $6,702 $6,781 $7 , 448 +9.8 
Metal mining__-__-___.-._._.___--- 888 973 1,113 +14.4 
Coal mining. .....--....--._--____- 1,429 1,513 1,944 428.5 | 
Crude petroleum and natural gas-__-_ 3,153 3,045 3,140 +3.1 
Mining and quarrying of nonmetallic 
minerals.___...-.-..-__-_--__-.- 1,232 1,250 1,251 +.1 

Manufacturing_._...._----.--_---- eee 212 ,672 221,947 217,735 —1.9 
Chemicals and allied products___.__. . 15,614 16,023 16,113 +.6 
Petroleum refining and related in- 

dustries_............--....----- 6,680 . 6,359 6,357 — (4) 
Stone, clay, and glass products-__-___-_ 6,328 6 , 936 6,920 —.2 
Primary metal industries__...____.- 15,871 16 ,366 16,209 —1.0 

All industries. .....22--22 22202 711,140 763 ,660 795,887 +4.2 

> Preliminary. 
1 Less than }% unit. 

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 51, 
No. 7, July 1971, table 1.12.
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Table 41.—Annual average profit rates on shareholders’ equity, after taxes, and total 
dividends, selected mineral manufacturing corporations 

a 

. Annual profit rate (percent) Total dividends (millions) 

Industry — Change oe Change 
1969 1970 from 1969 1969 1970 from 1969 

(percent) 

Tree eee eee SS — 

All manufacturing !_-..._..... 11.5 9.3 —2.2 $15,058 $15,070 +0.1 
Primary metals____.-.-._-_-- 9.5 7.0 —2.5 1,195 1,197 + .2 

Primary iron and steel____ 7.6 4.3 —3.3 615 596 —3.1 
Primary nonferrous metals. 12.2 10.7 —1.5 579 602 +4.0 

Stone, clay, and glass products_ 9.2 6.9 —2.3 852 342 —2.8 
_Chemicals and allied products.. 12.8 11.5 —1.3 1,890 1,925 +1.9 
Petroleum refining and related 

industries_................. 11.7 11.0 —.7 8 , 082 3,177 +3.1 
. Petroleum refining..._..... 11.7 11.0 —.7 3,076 3,159  +2.7 

1 Except newspapers. . 

Source: Federal Trade Commission, Securities and Exchange Commission, Quarterly Financial Report for 
Manufacturing Corporations, 1st Quarter and 4th Quarter, 1970, tables 4 and 8. 

Table 42.—Industrial and commercial failures and liabilities in mining 
: and manufacturing . 

- Industry . 1968 1969 1970 

Mining: ! 
Number of failures__._..-._..-_.-.------- 57 34 54 
Current liabilities_._..........._thousands. $28 , 773 $15,104 $59 , 046 

Manufacturing: 
Number of failures__.__....._.------------ 1,456 1,459 1,981 

_ Current liabilities.._._....__._.thousands__ $262 ,927 $391 ,846 $758,795 
All industrial and commercial] industries: . 

Number of failures_____...._____-.------.- 9,636 9,154 10,748 
Current liabilities_____._-.-----thousands_. $940 , 996 $1,142,113 $1,887, 754 

1 Including fuels. 

Source: Dun & Bradstreet, Inc., Business Economics Department. Monthly Failure Report, K-12, No. 
12, Jan. 27, 1971, 4 pp. 

Table 43.—Expenditures for new plant and equipment by firms in 
mining and selected mineral manufacturing industries 

(Billions) 

eer en PS sts GS fs GSS SpA 

Industry 1968 1969 1970 
en 

Mining !_____._..__.-.-.-------..~----------- $1.63 $1.86 $1.89 
Manufacturing: 

Primary iron and steel_____._....-..--.---- 2.00 1.83 1.68 
Primary nonferrous metals__.........-..---- 1.09 1.10 1.24 
Stone, clay, and glass products.___...__..--_- . 86 1.07 .99 
Chemical and allied products. _____..------- 2.83 3.10 3.44 
Petroleum and coal products___._.......---- 5.25 5.63 5.62 

All manufacturing_-_.._._-.-..----_---.-------- 28.37 31.68 31.95 
TE 

1 Including fuels. 

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 50, 
No. 1, January 1970, p. 29, table 1; v. 51, No. 3, March 1971, p. 20, table 6.
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Table 44.—Plant and equipment expenditures of foreign affiliates of U.S. 
| companies by area and industry 

(Millions) 

1968 1969 1970 1 
Area and 9 —————______—————— ss eee 
country Mining  Petro- Manu- Mining  Petro- Manu- Mining  Petro- Manu- 

and leum factur- and leum factur- and leum factur- 
smelting ing smelting ing smelting ing 

. ene . ‘ — TT TS eT SSS re SSS Sst rein rssSSSSSS 

Canada. ___._._ $340 $669 r $854 $340 $629 $1,036 $429 $742 $1,310 
Latin America__ 456 r 405 r 575 497 511 602 489 571 770 
Europe_____.._- 10 r 851 2,012 11 876 2,539 11 1,045 3,848 
All other areas_- 230 *1,386 r 749 284 1,634 784 422 1,636 1,114 - 

Total2_.. 1,085 +'3,811 74,191 1,131 . 3,650 4,960 1,351 3,994 7,042 
LT ES SS SST SSS TA SS vr SS PGFs SPs sh rw Sse 

t Revised. | 
1 Estimated in June 1970. 
2 Data may not add to totals shown because of independent rounding. 

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 50>» 
No. 9, September 1970, p. 28. | 

Table 45.—Estimated gross proceeds of new corporate securities offered for cash in 1970 1 - 

. ‘Total corporate Manufacturing Extractive 2 
Type of security eee 

Millions Percent Millions Percent Millions Percent 

Bonds___-.-...--.-.-.-.--.---.-----. $80,264 77.7 $9,191 87.4 $299 14.4 
Preferred stock___........-.-------__-_ 1,388 3.6 51 5 4 2 
Common stock._..------------------- 7,292 18.7 1,271 12.1 1,779 85.4 

Total... 2-22 ee --_-. = 88, 944 100.0 10,513 100.0 2,082 100.0 

1 Substantially all new issues of securities offered for cash sale in the United States in amounts over $100,000 
and with terms of maturity of more than 1 year are covered in these data. 

2 Including fuels. 

Source: U.S, Securities and Exchange Commission. Statistical Bulletin. V. 80, No. 4, April 1971, p. 12.
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Table 47.—Uses of funds for direct foreign investment by U.S. mining and 
smelting industries 

(Millions) 

eee 

Property, plant, Inventories Receivables ; 
Area and equipment 

| 1965 1967 1968 1965 1967 1968 1965 1967 1968 
eee 

Canada-____-_-__---.--.---_---_..-_____._. 212 279 322 43 26 14 16 17 18 
Latin American Republics and other Western 

Hemisphere___.-_--..-.-.2-...-.-_..-_-_. 180 211 . 376 26 18 19 8 —22 3 Europe: 
European Economic Community (EEC)... ____  ____ 1 | 2 —2 wae Other Europe including United Kingdom__ 4 5 qT 1 1 —1 LLL. —2 1 Other areas____.----.----_.-_-_-_________. 227 223 206 14 23 17 13 21 24 

eee 
Total }__ eee eee_----. 3573 717 = 911 84 68 49 40 12 45 

ee een 
Other assets Income paid out Total uses 

1965 1967 1968 1965 1967 1968 1965 1967 1968 | 

Canada___________-_____-___-__.____._ 43 -63 214 182 159 170 445 418 737 
Latin American Republics and other Western 
Hemisphere______-_-..--222------ ene. 19 71 91 1384 306 812 317 584 801 Europe: . 

European Economic Community (EEC)___ ____ 2 Leek eee tLe 3 ___- - J Other Europe including United Kingdom_._ 2 2 5 8 2 6 15 8 17 Other areas_____._.-__----.- 22 eee.) 56 48 41 77 =101 82 388 416 369 
ES 

Total }____.----_-_---- 2-2 eee 120 60 350 351 568 570 1,168 1,426 1,925 
re 

1 Data may not add to totals shown because of independent rounding. -_ 
Source: U.S. Department of Commerce, Office of Business Economies. Survey of Current Business. V. 50, No. 11, November 1970. pp. 16-17. ;
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Table 49.—Direct private investments of the United States in foreign mining and 
' smelting industries in 1969p 

(Millions) 

Undis- 
Book Net tributed 

value at capital earnings Earnings! Income? 
yearend outflows of sub- 

. sidiaries 

Developed countries. _........-.--..--.---...-_-. $3,315 $75 $96 $330 $224 
Canada. ___----- 2 eee 2,764 50 V7 233 152 
Europe-__-_.-..-...-.-------- 72 6 5 10 5 
Japan___..-_---_----- ++ eee Lee eee eee eee eee eee 
Australia, New Zealand, and Republic of 

South Africa___.....-.2-.22.. 222-22 A479 19 14 87 67 
Australia... 222-2 395 18 42 50 37 
South Africa, Republic of............___- 84 1 2 36 29 

Less developed countries___......_-------------- 2,321 —23 72 513 439 
Latin American Republics, total__........__-_ 1,346 —87 42 334 287 

Mexico____ eee 136 18 11 18 6 
Panama.___. 2 eee 19 (3) wee eee Ce eee Lee 
Brazil_.._..-22--22.-2 oe 99 (4) (4) (4) — (4) 
Chile_._ 2.2222 et 452 —142 26 141 . 108 
Peru____._-.-_--2 ee 443 21 2. 104 102 

Other Western Hemisphere. _______..-._.____ 576 56 1 +116 116 
Other Africa._...-_----- = eee 343 (3) 29 67 39 : 
Middle East... 8 (3) (?) (8) eae eee 
Other Asia and Pacific. __..._____.-_ 2 2 53 8 1 —3 —4 

International, unallocated. __._.__2_-.-----_- eee Lee eee eee eee LeeLee 

Total, all areas §_..-......-.-_--------_--. 5,685 52 168 844 664 

P Preliminary. 
1 Earnings is the sum of the U.S. share in net earnings of subsidiaries and branch profits. 
2 Income is the sum of dividends, interest, and branch profits. 
3 Less than % unit. 
4 Combined in ‘‘other”’ industries in source reference. 
5 Data may not add to totals shown because of independent rounding. 

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 50, 
No. 10, October 1970, pp. 28-29. | 

Table 50.—Value of foreign direct investments in the United States 
(Millions) 

Industry 1965 1966 1967 1968 1969 > 

Total. __._-------.-------------.-------------. $8,797 $9,054 +$9,923 $10,815 $11,818 
Petroleum __ ~~ ----.---------------------------- 1,710 1,740 1,885 2,261 2,493 

P Preliminary. r Revised. 

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 50, 
No. 10, October 1970, p. 35.
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Table 51.—Railroad and water transportation of selected minerals and mineral ; 

energy products in the United States 
. . (Thousand short tons) 

ee 

Rail ! Water 2 

Products Change Change | 
1968 1969 from 1968 1968 1969 from 1968 

(percent) (percent) 
NESTS ed 

Metals and minerals except fuels: 
Jron ore and concentrates.__.-._.-. 94,096 104,701 +11.3 69 , 002 78,881 +14.3 

Iron and steel scrap__.._...---.---. 26,716 29 ,673 +11.1 1,577 1,869 ~ +18.5 
Pig iron_..-......--.------------ 4,296 4,609 +7.3 648 591 —8.8 
Iron and steel ingot, plates, bars, 

rods, tubing, and other primary 
. products_.__._.._..----------- 54,291 52,726 —2.9 8,184 7,892 —3.6 

Bauxite and other aluminum ores 
and concentrates_____._..------ 4,060 4,271 . +5.2 904 674 —25.4 

Other nonferrous ores and concen- . 
- trates..._..__--__-_------.----. 18,515 17,464 +29 .2 438 1,363 +211.2 

Nonferrous metals and alloys. - .—_-- 9,508 10 ,238 +7.7 631 642 +1.7 

Nonferrous metal scrap. ---.------ 3,201 3,605 +12.6 46 57 +23.9 
Slag oo ange TTT aed gu eee 18 465 524 +12.7 
and and gravel___..._-.-.------- , 966 8, —. 

Stone, crushed and broken_...-.-..- 68,202 66,310 44:9 \ 72,291 82,8938 +14.7 
Limestone flux and calcareous stone. _--.-... -------- -------- 33 , 520 33 , 224 —.9 
Cement, building._...._...-.----- 25,309 24,207 —4,4 10,658 10, 820 +1.5 
Lime____...-.-.----------------- 5,548 6,391 +15.2 355 503 +41.7 
Phosphate rock____.--..--------- 32,978 30,870 . —6.4 4,763 5,380 +13.0 
Clays, ceramic and refractory ma- So 
P terials_—----------------------- 3,202 3,372 +5.3 2,156 1,966 130 
ulfur, dry_...-.---------------- _ .0 

Sulfur, Gry goccccicccco} 8,160 = 2,891 8.5 { 8,485 8,021 —5.5 
Gypsum and plaster rock____------ 749 635 —15.2 765 808 +5.6 
Other nonmetallic minerals except 

fuels_....._..----------------- 8,405 8,377. —.3 5,898 6,879 +16 .6 
Fertilizer and fertilizer materials.__.. 18,382 18,479 +.5 3,673 4,266 +16.1 

Total. ____.---_--_-.----__---_ ' 481,626 449,642 +4.2 224,558 247,357 +10.2 

Mineral energy resources and related 
products: . 

coals h 471 6,956 6.9 nthracite__-___--_--.------- 7, , —6. _ 
Bituminous and lignite..__-.._ 371,654 376,336 +441.3 \ 156,103 153,035 2.0 

Coke___._._.-------..----------- 262 1,787 +582.1 483 615 +27.3 
Crude petroleum. ____...--------- 566 552 —2.5 103 ,010 109 883 + .5 
asoline____.-.-_-.--...--------- , 120 85,36 3.2 

Gaspline.-----------2---27-----77} 2,777 = 2,401 —18.5 { 12/566 14,417 414.7 
Kerosine____._.-.----.---------- 253 232 —8.3 8,539 7,451 . —12.7 
Distillate fuel oil. ....-.-----_---- 1,748 1,616 + +£—7.6 74,612 17,839 +4.3 
Residual fuel oil_____...----------. 4,456 4,637 +4.1 55,599 64,331 - +15.7 
Asphalt, tar, and pitches________~- 2,933 2,755 —6.1 8,207 8,087 —1.5 
Liquefied petroleum gases and coal 

gaseS_____.._-.._.....-.-..-.--- 6,998 7,590 +8.5 1,036 1,342 +29.5 
Other petroleum and coal products 3_ 9,468 13 , 563 +43 .3 10,713 10,350 —3.4 

Total_______..--._-.---------. 408,586 418,425 +2.4 517,588 582,518 +2.9 

Total mineral products___.._.._. ™ 840,212 868,067 +3.3 1° 742,146 779,870 +5.1 

Grand total, all commodities. ____1,430,441 1,472,619 +2.9 887,889 927,399 +4.4 

Mineral products, percent of grand total: 
Metals and minerals except fuels_ ___ r 30.2 30.5 +1.0 25.3 26.7 +5.5 
Mineral energy resources and re- 

lated products. _____._._._-.- 28.6 28.4 —.7 58.3 57.4 —1.5 

Total mineral products._....___- r 58.8 58.9 +.2 83.6 84.1 +.6 
nee 

r Revised. 
1 Revenue freight originated on respondent’s road and terminated on line by originating carrier or delivered 

to connecting carrier. 
2 Domestic traffic includes all commercial movements between points in the United States, Puerto Rico, 

and the Virgin Islands. 
3 Includes lubricants, naphtha, and other petroleum solvents, and miscellaneous petroleum and coal products. 

Sources: Interstate Commerce Commission, Bureau of Accounts. Freight Commodity Statistics, Class I 
Railroads in the United States for the Years Ended Dec. 31, 1968 and 1969. Statement No. 69100-A. Issue 
for 1969 carries no statement number. Department of the Army, Corps of Engineers. Waterborne Commerce 
of the United States, Part 5. National Summaries, Calendar Years 1968 and 1969, table 2.
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Table 52.—Percentage distribution of mine shipments of bituminous coal and 
lignite by method of shipment and mine use 

eee 

Shipped by Shipped by Trucked to ; 
Year rail and water and final Used at Total 

trucked to trucked to destination mines 1 production 
rail water 

— ——  eerer 

1966_____-_- ee 72.5 11.6 12.6 3.3 100.0 
1967... eee 73.2. 12.1 11.2 3.5 100.0 
1968... ee 72.7 12.3 11.3 3.7 100.0 
1969______ eee 71.0 12.7 11.8 4.5 100.0 
1970_____2 ee 68.1 13.5 12.0 6.4 100.0 
TL 

1 Includes coal used at mine for power and heat, made into beehive coke at mine, used by mine employees, 
used for all other purposes at mine, and transported from mine to point of use by conveyor, tram, or pipeline. 

Table 53.—Miles of utility gas main by type of gas and by type of main 1 
eee 

. Type of gas and type of main 1965 1966 1967 1968 1969 
LC CC A ee ener 

All types: 
Field and gathering_..._.____...._.____-._.. 61, 760 62,980 63,710 64 ,440 64,914 

' Transmission... ___-____.-.--___. 211,240 216,980 225,360 234,450 248 ,071 
Distribution__-_______-___.__ 494 , 520 519,610 539,200 562,750 578 ,639 

— 8 8 Bota. ot 2 eee. ---------. 767,520 799,570 828,270 861,640 891,624 
Natural gas: oo 

Field and gathering.___..__________________. 61,760 62 ,980 63 , 710 64 ,440 64,914 
Transmission. ____---.........._......-----_. 210,660 216,410 224,790 233,940 247,559 
Distribution_________.--_ 484 ,260 509 , 840 529 ,340 554 , 030 569 ,999 

. _ Total___.--_- 22 eee ----_----- 756,680 789,230 817,840 852,410 882 ,472 

Manufactured gas: . 7 
-Transmission_____-._..___.________________ 10 Leelee Lee Lee LLL 

_ Distribution. ____.--_- 2 ee 1,420 1,180 1,140 1,070 914 

. Total___.--- ee 1,430 1,180 1,140 1,070 914 

Mixed gas: 
Transmission. _____.___2_.___.-_.__..__.__. 570 570 570 510 510 
Distribution. ___..----_-- ee 7,810 7,800 7,950 6,980 7,105 

Total____.- 2 ee 8,380 8,370 8,520 7,490 7,615 7 

Liquefied petroleum gas: 
Transmission. ____......-_-.----------- eee Lee eee eee eee ee eee (2) 2 
Distribution. _.._-.-_.______________ 1,030 790 770 670 621 

Total___._--_-- ee -1,080 790 770 670 623 
ESE ES 

excludes service pipe. Data not adjusted to common denominator equivalent. Mileage shown as of end of 
each year. 

2 Less than 5 miles. 

Source: American Gas Association. Gas Facts, a Statistical Record of the Gas Utility Industry in 1969, p. 61. 
For earlier years, see Historical Statistics of the Gas Industry. 

Table 54.—Petroleum pipelines, selected years 
(Miles) 

eee 

Trunklines 
Year —_ Gathering lines Total 

Crude Products 
eee 

1956___._ 22 78,594 36 , 420 73,526 188 , 540 
1959_ 2 70,317 44,483 75,182 189 , 982 
1962_________ Le 70,355 53,200 16,988 200, 543 
1965___-______-_-______- 12 ,383 61,443 717,041 210,867 
1968__._-_- 70,825 64,529 74,124 209 , 478 meee I, gw w};}] +>, 2EE, ERD
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- Table 55.—Research and development activity 

| (Millions) 

| | Funds expended oe 

| Total | Company - Federal Government 

| 1967 1968 P 1967 | 1968> | 1967 1968 P 

Petroleum refining and extraction ____ $455 $538 $409 $463 $46 $75 

Percent of all industries. ______-- 2.8 3.1 6.1 . §.8 0.5 0.9 

Chemicals and allied products____.__. $1,569 $1,640 $1,357 $1,440 $211 $201 

.. Percent of all industries._......... 9.6 9.4 16.9 16.2 2.5 2.8 
All industries. .......-...-----.---. $16,415 $17 , 435 $8 ,020 $8,876 $8,395 $8,559 | 

> Preliminary. | a | 

_ Source: National Science Foundation. Research and Development in Industry 1968. NSF 70-29, July 1970, 
tables 6, 8, 44, 45. 

Table 56.—Federal obligated funds for metallurgy and material research 

. (Thousands) 

| : - ss“ Fiseal year 1970 ¢ ' Fiscal year 1971 ° . 
Federal agency -_—_—OO ora eT 

Basic | Applied Total. ., Basic. Applied Total. 

og. : . research research research research . research research | 

| Department of Defense_.___..-_ $20,987 $44,123 $65,110 $23,229 $58,384 . $81,613 
Atomic Energy Commission....- 12,152 15,876 28, 028 11,909 15,701 27,610 

National Aeronautics and Space at : oe Dae a, 

Administration__......-.--.-. © 16,408 9,286 25,694 15,590 9;101 24,691 

Bureau of Mines___.._..------- 1,782 12 ,356 14,138 2,280 14,230 16,510 

National Science Foundation_-__- 2,385 417 2,802 2,257 «628 2,880 

Department of Agriculture.-__.. -----.-- ~o-eeee ~oe eee eee eee eee dae ~o ee ee 

Department of Commerce. -_._-- 1,465 1,072 2,537 1,520 4,182 2,702 
Federal Highway Administration_ 1,350 - 5,955 7,305 1,800 10,580 12,380 

Other__...-.------------------ 25 136 761 80. 1,067 | 1,097 
OOO 

— ... Total... -------- 56,554 89,821 146,375 . 58,615 110,868 169 , 483 . 
eee 

e Estimate. so 

. Source: National Science Foundation. Federal Funds for Research, Development, and other Scientific 
Activities. NSF 70-38, v. 19, September 1970, tables C-24, C-25, C-43, C-44, C-62, C-63. | | 

. Table 57.—Bureau of Mines obligations for mining and mineral research and development 

_ (Thousands) . 

. Fiscal year Applied research Basic research Development . Total 
i 
1967_..---.---_-- $23 , 148 $4,841 $4,423 $32 , 412 
1968_..-.-----_-- 24,215 4,893 5,136 84,244 
1969___-.___-___. 25,934 4,051 5,033 35,018 
1970___--._-__--- 27,646 6,248 12,563 46,457 

1971 e___--_2-- ee 31,599 6,457 19,993 58 , 049 
eee 

e Estimate. 

Table 58.—Bureau of Mines obligations for total research, by field of science 

(Thousands) 

a 
Fiscal year 

. 1969 1970 1971 e 

Engineering sciences_-_--------------------- $19 , 547 $24,040 $27,411 
Physical sciences_......--------------------- 8,192 7,462 7,355 
Mathematical sciences____...--...---.-----_ 689 571 750 
Environmental sciences____--_-------------- 1,557 1,821 2,540 

a 

Total___..-_-.---------------------- 29,985 33,894 38 , 056 

e Estimate.
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Table $9.-Summary of governnient inventories of strategic and critical materials _ 
December 31, 1970 | | 

Loe we, . sabe ~ . . : ° . - cos Poet Dk : 

| Acquisition cost — _ Market value ! 
. “ ase : be . a . ; Loe : 1 a boas : ; ne 

Total inventories: | - a | og — 
‘ National stockpile___....2.-.--------------- $4 , 247,835,600 $5,080, 712 , 000 

Supplemental stockpile--.-_.-------------1-- | 1,420, 581,700 1,587,296 , 600 
Defense Production Act_.....--.------------ 704,821,500 436,806,700 _ 
Commodity Credit Corporation___..__.--.-.- | 44,300 / | 43,500 

Total on hand______--------------------- 6, 878,288,100 7,104, 858, 800 
On order_____-_------ ee eee eee See eee eee a - 
Inventories within objective: Total on hand___- ~~ - 8,602,049, 300 4,386 ,237,100 
Inventories excess to objective: Tota] on hand_.- _- 2,771,233, 800 2,718,621, 700 

. ; . , : . : : oe - A , Mo - 

1 Market values are estimated from prices at which similar materials are being traded; or in the absence of 
trading data, at an estimate of the price which would prevail in the market. ‘Prices used are unadjusted for 
normal premiums and discounts relating to contained qualities or for normal freight allowances. The market 
values do not necessarily reflect the amount that would be realized at time of sale. Stockpile value is based on 
inventories in storage and includes quantities sold but not shipped. — - 

Source: Executive Office of the President, Office of Emergency Preparedness. Stockpile Report to the Con- 
gress, July-December 1970, p. 4.
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Table 60.—U.S. Government stockpile disposal of mineral commodities, 1970 

7 | Sales commitments 

Quantity Sales value 

NATIONAL AND SUPPLEMENTAL STOCKPILE OBJECTIVES 
Aluminum.____-_----+.-..--___.______._-_short tons_- 17,168 $9,630, 754 
Aluminum oxide. -_.--_.--2 2-222 - do. 50 ' 4,175 
Asbestos, amosite__-_-__-._..-.-..-._.--._..---do___- 1,540 272 ,840 
Asbestos; chrysotile.......--2-- eee do_-_. 1,677 291,992 
Asbestos, crocidolite____...........2.........--do_--_- 8 , 092 1,519,674 
Bauxite, Surinam...._..............__-long dry tons_- 123 , 529 2,367,499 
Beryl ore... ..--.---...___.__..___.___.-_-short tons-- 2,026 — 851,605 
Bismuth. _._..--...............---....-..--pounds__ 2,113,565 8,385,925 
Cadmium. --_----.-....--._----------------.--do_--- 6,200 18 ,820 
Chromite, chemical___........_._.______short dry tons_- 676 ,225 9,637 ,381 
Chromite, metallurgical. _....._._...-.-....__...do_--_- 39 ,240 1,906,315 
Chromite, refractory.._.-...-...._.--....-.-.---do_-.- 20,582 575,150 
Cobalt_...-_--..----- ee ------_-pounds_- 114,954 248 ,376 
Corundum___._._.......---..----------.-short tons_- ~ . 4,964 ‘89,051 
Diamond stones_______...-_...-......_._..---carats_. 1,500,000 | 4,878,750 
Fluorspar, acid-grade__............._.-short dry tons_- ~ 100,159 5,999 ,205 
Graphite, natural, Malagasy. __..........—-short tons_- 330 40,227 
Graphite, natural, Ceylon____...._....._.......do_..- 386 121 ,973 
Lead. ....---------.-------------------------d0_-_- 12,181 3,222 ,277 
Magnesium.__.-...-.----1 ee dole 15,472 9,871,094 

_ Manganese, battery grade, synthetic dioxide — 
' ghort dry tons_- 1,001 343 , 332 

Manganese, metallurgical. _.._-.........._....-.do_..- 41,093 778,870 
Mica, n.e.c_.----.-----------------.--------pounds_- 36 ,837 67 , 724 
Mica, muscovite block__......--..-.-.---_.--_-do___- 362,814 223,811 
Mica, muscovite film.____..........-.-...-----do____ 3,453 2,504 ; 
Mica, muscovite, splittings. ._...............---do_._- 337 , 800 119 ,992 : 
Mica, phlogopite splittings____.__..........-.-.-do___. 19 ,384 6 ,807 fe 
Molybdenum. ._____....--....-..-.--.-.--.-.-do___- 3,445,271 6,121,622 . 

_ Nickel_....-------------------------_-_------do_._- (1) 8,551,158 
- Quartz crystals__._._.--_--..---.-.----..-----do_._- 93 ,955 375 , 032 
Rare earths. ___....._.._.....-...._.-short dry tons_- 182—; . 92,102 
Tale___.__-----.....-..----.-.---.--...--short tons_- 26 4,358 

- Thorium_........-..-.-.-.-----------------pounds-_ 5,000 9,650 f 
Tin__~.-.-------- 2 ~~ long tons_- 3,074 11,692 , 938 ; 
Tungsten__._.._-..----...-----_----.-.--.--pounds_- 397 , 892 1,343 ,961 \ 
Vanadium. __-_._......-.----.-----------short tons_- 1,604 29,248,789 J 
Zine_._..._...-...-------.--------------.-.-.-d0.___ 20,075 6,423 , 748 
Zirconium ore, baddeleyite._..........-short dry tons_- 390 7,722 : 

Total__.. 2 eee wenn enna ne 95,297,203 

DEFENSE PRODUCTION ACT (DPA) INVENTORY 
Aluminum. _...-.2------.-.-.-.--------.~-short tons_. 1,527 856,913 
Asbestos, chrysotile......._........-...........do___- 305 56,425 

_ Chromite, metallurgical__.............-short dry tons__ 900 , 778 6,491,077 | 
Cobalt__.........-........------.._----..--pounds_-_ 2,350,330 5,179,679 

. Columbium..._.._...-.---.-------------------d0-_-. | 616 ,698 1,242 ,480 
Copper.._..-.-------------------.-.---.-short tons_- 3 667 798 ,334 . 
Manganese, metallurgical. __..........-short dry tons_. 6,884 74,159 
Mica, muscovite block__.......-...-_-----..-pounds.- 518 ,273 495 ,645 : 
Titanium___._._._....-.-.------..-------short tons_- —536 4 —1,124,857 - 
Tungsten.__..._._._-_..--.._--..--_....-.--pounds__ 14,758,395 45,367,253 : 

Total DPA__.__.....-.- 2 wan-n-eee ee 59 , 437,108 

OTHER : 
Bauxite._.__...-_..-.-.-.__-_._._..._long dry tons__ 110, 000 500 , 000 
Copper.___..-.-----.---_.-.-------------short tons_- won en nnnee 56,287 % 
Mercury._.____-_._..-...-.-_-.-------.--.-_..-flasks_- 8,403 1,287 , 460 4 
Silver (fine)__........-.-.....-..--------troy. ounces__ woe ee eee 6 30,738 ,919 ; 

Total____..-_...--.- 2. eee wane ene 32 , 532 , 666 : 

Grand total_.....-_-_------------------------- wnneneenee 187 ,266 , 977 

1 Government use. 
2 Includes negative sales figure of $5,573 representing adjustment of earlier disposal contracts. 
3 Represents that portion of copper made available to the U.S. mint for coinage purposes. 
4 Negative sales figure represents adjustment of sales contract made in a previous report period. 
5 Represents that portion of sales proceeds of Treasury silver copper alloy in excess of $0.4215 per pound. 

Some 454,840 pounds of Treasury copper were sold at an average price of $0.44 per pound. 
¢ Represents that portion of the total proceeds in excess of the U.S. monetary value based on $1.2929 per 

ounce. Some 34,623,905 ounces of silver were sold at an average price of $1.75 per ounce, and 32,491,283 ounces 
were sold at an average price of $1.73 per ounce. 

Source: Executive Office of the President, Office of Emergency Preparedness. Stockpile Report to the Con- 
gress. January-June 1970, pp. 21-22; July-December 1970, pp. 14-15.
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. _ Table 61.—United Nations indexes of world 1 mineral industry production 
te (1963 =100) 

: ; . _ 1970 by quarters 
Industry sector and geographic area 1968 1969 1970 ——————__—_ 

: | . Ist 2nd 3rd 4th 

8 EXTRACTIVE INDUSTRIES . 
. Metals: - 
e Non-Communist world__._-_.--------....-.....---.. 121 126 184 126 188 188 135 
ge Industrialized countries 2____.._..-..........-.-. 122 124 185 125° 140 -189 136 
a United States and Canada____.__.___..__...._ 123 124 141 181 147 147 141 
A Europe. _____-.-----..-------------.------- 116 120 120 107 129 116 128 
“ European Economie Community %__..._._. 95 96 ° 90 93 90 84 91 

* European Free Trade Association 4.____.. 184 1385 181 105 151 123 147 
e Australia and New Zealand _-_--_____2_-=_2_ 159 ~184° «#194 9171 °°-197 205 °° 203° °° 
‘ Less industrialized countries 5___.__...._........_ 121 180 183 129 184 187 131 
\, Latin America ¢____._-.--.-___...._.____._._.. 124. -183 186 184 188 189 134 

if Asia 7_____.------------------......_.-.--. 120 126 188 128 186 145 144 
: Communist Europe 8____..__..._._..__......___._._. 160 167 181 182 179 182 #180 

Coal World_____.-------------------------..--..---- 180 185 145 189 147 148 145. 
oal: . _ | 

: Non-Communist world______..----2---.-_._.....__._. 91 89 89 90 90 85 °° #£«91 
. Industrialized countries ?___--_...-.......__._..-. 89 87 86 =—s- BT 87 82 89 
* United States and Canada_____.._..._._._._... 114 114 124 116 126 120. 182 
ie Europe.-___-_-_----------------.-.._....--. 80 17 74 77 TA 69 | 75 

ai European Economic Community?_._._..._. 80 79 77 78 6 T4 80 
e European Free Trade Association 4_______ 77 71 66 73 10 58 . 63 

be Australia and New Zealand_______...._..___._ 151 168 182 158 186 199 181 
ie Less industrialized countries 5__._................ 114 120 120 .120 121 116 121 
L Latin America 6___...-_.--_._...__.._.._._.__ 181 185 188 NA. NA NA NA 
# Asia 7___...-----------------.-----.------- 114 119 118 120 121 118 119 

i : Communist Europe 8_________2----.....2__._-.-_..-.. 112 -116 121 120 118 #119 126 
* World__.----.----_------ +e eee e------ 100 101 1038 108 = 102. 99 106 
: Crude petroleum and natural gas: — oF : 

Non-Communist world____._._._..-......_.._....--. 186 147 159 156 156 6.157 . 165 
— Industrialized countries 2. ...._____.._._._._.._..._. 119 124 131 131 .©128 127. 136 
- United States and Canada_______________.___ 120 123 180 129 126 126 . 185 

Europe.______...--- eee leet. 181 148 158 165 151 148 169 
i European Economic Community 3?.___.__. 183 147 164 173 157. 152 177 
He European Free Trade Association 4___._.. NA NA -NA NA NA NA NA 
ve Australia and New Zealand___...._____._.__... NA NA NA NA. NA NA NA 
7 Less industrialized countries 5__.__......_...__... 158 177 196 189 194. 196 204 

: Latin America ¢____._._--_--__---_-_i=______. 117 118 -121 120 120 = 122 123 
: Asia 7__-_--------.---------.-.------_-----. 155 173 191 1838 ..187 192- 201 

Communist Europe §___......_....-......--..__..---. 155 162 174 176 176 174. 169 
ih World___-.--------.----.------------_---_.---. 140 150. 162 160 160 160 -166 
bos Total extractive industry: ms 
5 Non-Communist world__._.......-...-.....-....-...-. 124 -181. 140 187 189 189 145 
te Industrialized countries 2_______._.._.___..._____._.. 115 117 124 122 123 122: 128 
7 United States and Canada_____._.__......_._.._ 120 123 181 127 1380 180 135 
: Europe_.__..._....-.-___.-_-.------.-_---. 101 108 108 112 106 101 114 
Bs European Economic Community ®______._. 105 111 120 127 118 110 129 

. European Free Trade Association 4._._._._... 90 86 83 83 88 TT 81 
o Australia and New Zealand___.-______._._._... 149 .166 175 154 179 188 180 

Less industrialized countries 5___................. 147 1638 177 171 176 = 177 183 
~ Latin America 6__..__-----_---.______-_._... 119 128 126 124 125 128 127 

; Asia 7___....----..-_-..-__.---___---....... 149 165 180 174 178 180 189 | 
: Communist Europe 8___.........._.__-.-______....._. 188 142 151 151 152 #150 151 

World.___.-_--- 2 eee ee__------ 129 185 148 142 143 = 142 147 
PROCESSING INDUSTRIES 

Base metals: | 
Non-Communist world_........._.__..--_______.-_... 184 148 150 1538 155 145 145 

Industrialized countries 2_________........_.__... 183 148 149 1538 155 1438 ‘144 
United States and Canada_____.._._..._____..__ 122 182 126 181 183 122 117 

: BUR Coo oan gg oon anna 180 142 146 151 152 136 144 
, uropean Economic Community %_____.__ 183 148 151 157 159 144 147 

European Free Trade Association 4._.__._.. 117 128 124 181 129 110 127 
Australia and New Zealand____._._._..__._.-.. 186 148 150 144 149 153 155 

: Less industrialized countries 5.___.__......._...... 189 157 160 154 155 164 167 
| Latin America ¢______._._._.--............. 140 164 168 154 163 178 178 

: Asia 7__.. 2-22 eee ---. 189 151 150 157 147) = 145 154 
Communist Europe §______________._.--..._._..--.-. 147 155 165 165 165 165 166 
World___-_.---- 2 eee ___-_--. 188 150 154 157 158 = 151 152 

2 Nonmetallic mineral products: 
Non-Communist world_......_.______-.--__.-------.. 181 141 144 129 149 1651 148 

Industrialized countries 2___..____-_._......----.. 180 189 141 125 145 148 144 
United States and Canada___._.............. 124 182 128 120 1382 184 127 

: ea es peti fe = eect Feet ea 129 187 142 119 149 152 150 
uropean Economic Community %__._..... 125 183 140 111 148 153 147 

European Free Trade Association 4._...... 180 186 185 123 140 135 140 
| Australia and New Zealand___...._.____----.. 182 147 151 140 153 158 151 

Less industrialized countries 5___._._.._____.____-_. 143 157 172 161 177 173 178 
Latin America 6§___._____.___.-_.__.-_--.... 144 152 166 155 # £166 168 173 

. Asia 7.0.22 eee ee_----. 141 163 181 167 188 = =185 183 
Communist Europe 8___.__._____.__.__.-...._-----_. 1538 164 182 180 184 180 185 
World__...-_-_-_-_- eee e__---. 140 150 159 149 163 = 162 162 

See footnotes at end of table.
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Table 61.—United Nations indexes of world 1 mineral industry production—Continued 
(1963 =100) . 

, 1970 by quarters 
. Industry sector and geographic area 1968 1969 1970 —————————_—_—_- 7 

— 1st 2nd 3rd 4th . 
i 

_ PROCESSING INDUSTRIES—Continued . . i 
Chemicals, petroleum and coal products: / 2 

Non-Communist world___-....._.___.__------------- 154 168 178 176 180 176 182 af 
Industrialized countries 2______.____._._-_--------. 155 169 179 177 180 176 182 ss 

United States and Canada_____.------------- 146 157 158 158 160 157 159 
EBurope____--_-__-_._-_._.._---._------------- 161 178 194 192 197 188 199 *. 

European Economic Community ’_.-._.--- 166 184 201 201 204 196 204 
European Free Trade Association*..__.--. 145 159 171 167 175 + 163 176 “ 

. Australia and New Zealand__.____-_.--------_ 147 159 174 159 176 177 ~=8 184 : 
7 Less industrialized countries 5____...-__---------- 147 160 174 170 171 177 179 ¥ 

Latin America 6_......_____.__-__-----.---- 146 159 176 NA NA NA NA 
oe Asia 7__22 0-2 eee ------------- 147 160 172 165 167 = 178 182 

. Communist Europe 8__-_.-..-.._..._.....------------- 177 199 212 2038 209 211 225 : 
World____.-------------___-_--.--------------- 159 175 185 182 186 183 8 191 

OVERALL INDUSTRIAL PRODUCTION 
Non-Communist world______-___-_..__..-_-------------- 185 145 150 148 151 146 152 . 

Industrialized countries 2____..__._______.-_-.._-----. 184 144 148 147 150 = 148 150 i, 
United States and Canada_._.__.-_-------------- 183 189 1386 1388 138 134 183 * 

a Burope___...-__--.---_i___-----_-------------- 128. 189 .146 144 149 1387 154 ~ 
- European Economic Community *_.-.-.------ 128. 141 150 .148 152 140 158 
European Free Trade Association 4___._------- 123 129 183 182 185 128 140 

' Australia and New Zealand._._.._.__..._.--------. 186 146 154 145 154 156 160 | 
. Less industrialized countries 5.___.__.____._.-.-.-----. 142 155 165 159 165 166 170 . 

. Latin America *______.___..-------------------- 186 145 154 NA NA NA NA 
Asia 7.207 eee __-e---__--------- 144 158 169 165 167 169 176 

Communist Europe 8__......_.__-----_-------------- 151 162 177 177 178 178 179 
. World___..----- 2. eee e--_-------------- 140 150 157 156 159 153 =. 160 ; 

eget i 

NA Not available. . . 
: _ 1 Excludes a number of countries of the Near East and Africa as well as mainland China, North Korea, and 

North Vietnam. a . . - oe 
2 All countries having a per capita value added in manufacturing in 1958 equivalent to US$125 or more. 
3 Belgium, France, West Germany, Italy, Luxembourg, and the Netherlands. . 

' 4 Austria, Denmark, Norway, Portugal, Sweden, Switzerland, and United Kingdom. _ 
5 Countries having a per capita value added in manufacturing in 1958 of less than US$125. 
6 Central and South America and the Caribbean Islands. . 
7 Afghanistan, Brunei, Burma, Ceylon, Hong Kong, India, Indonesia, Iran, South Korea, Malaysia (exclud- 

. ing Sabah), Mongolia, Pakistan, Philippines, Singapore, Taiwan, Thailand, and South Vietnam. 
8 Albania, Bulgaria, Czechoslovakia, East Germany, Hungary, Poland, Romania, and the US.S.R. 

Source: United Nations. Monthly Bulletin of Statistics. August 1971, pp. x—xxiii.
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Table 62.—Comparisons of world and U.S. production and U.S. imports of principal 
minerals and mineral fuels in 1970 

World Total U.S. Total U.S. 
production U.S. produc- U.S.imports production production 

Mineral (thousand tion (per- (percentage and imports and imports 
: shorttons centage of of world (percentage (percentage 

unlessother- world total) production) of world of world 
wise stated) P total) 1970 total) 1969 © 

METALLIC ORES AND CONCENTRATES woe a , 
Bauxite___......._thousand long tons__ 57 , 072 3.6 22.1 25.7 27.0 
Chromite___....-.------------------- 6,517 ---------. — - 21.6... 21.6 ------ 18.8 oo 

~~ ~ Copper (content of ore and concentrate) _ 6,527 26.3 4.4 30.8 28.8 
Iron ore. ___.._...thousand long tons__ 754,298 11.9 5.9 17.8 | — 18.3 — 
Lead (content of ore and concentrate) ____ 3, 750 15.3 1.1 -- 16.4 17.5 
Mercury _ ~_..thousand 76-pound flasks_- 284 9.6 7.7 17.3 21.2 
Molybdenum (content of ore and con- : — 

centrates)____.___.__.._.___short tons__ | 81, 824 68.0 —Y. 68.1 70.0 
Nickel (content of ore and concentrates) _ 685 2.3 . 22.8 25.1 27.4 
Platinum group (Pt, Pd, etc.) . - oS 

; thousand troy ounces--_ 4,216 Q@) . 18.7 19.1 23.1 
Silver......--.--------------.-do_-.. | 301, 740 14.9 20.6 © 35.6 39.2 
Titanium concentrates: : . 

Ilmenite 2._._-.- ~~ ee 3, 942 22.0 6.6. 28.7 37.6 
Rutile 2___._-_---- 461 _________- 52.8 52.8 46.9 

Tungsten concentrate (60-percent tung- 
__sten dioxide)___._.__...-short tons__ 37,009 11.0 1.7 — 42.7 11.9 
Zinc (content of ore and concentrate) _ __ 6,060 8.8 7.4 16.2 18.9 

METALS, SMELTER BASIS 
Aluminum ____ eee 10,655 37.3 4.4 41.7 ‘43.8 
Copper__......---_-_-- 2 eee 6,877 23.3 1.9 25.3 - 23.0 

_ Tron, pig.___--.--_--- 2 -_- eee 479,000 19.3 1 19.3 20.7 
Lead__...___-.-__------_-_-_--_-_---_- 3,637 18.3 6.8 25.2 26.0 
Magnesium___________________-__ ee 243 — 46.0 1.2 47.2 46.6 
Steel ingots and castings. _______.__-_- 654,000 . 20.1 2.1 22.2 24.5 
Tin. .._._._...._._thousand long tons_- 222 _______-_- 24.8 24.8 24.7 
Uranium oxide 2___________short tons__ 23 , 997 53.8 2.5 56.3 56.9 
Zine... eee 5,407 17.6 5.0 22.6 26.2 

NONMETALS 
Asbestos. ___ 2 eee 3,826 3.3 17.0 20.3 22.6 
Cement___thousand 376-pound barrels__ 3,350,142 12.1 4 12.2 © 18.1 
Diamond____._.._.____thousand carats__ 42,355  -_-_-___- 41.6 41.6 45.9 
Feldspar_.._....._thousand long tons__ 2,308 28.1 9.7 37.8 30.7 
Fluorspar._____.-.. 2-2 ---- ee 4,600 5.9 23.7 29.6 81.5 

- Gypsum... 2 eee 55, 583 17.0 11.0 28.0 27.9 
Mica (including serap).__-....--------- | ' 174 - 68.4 8.4 71.8 18.4 
Nitrogen, agricultural §4__......._._-_. 42,747 25.6 5.8 31.4 31.8 
Phosphate rock_______---_-------_- 93,858 41.3. 1 41.4 42.0 
Potash (K20 equivalent). ___......__._. 20,443 13.3 12.8 26.1 27.3 
Salt 3_. 2 eee 156,365 © 29.8 2.3 32.1 32.0 
Sulfur, elemental__.thousand long tons_- 21,748 43.9 7.1 51.0 54.0 

MINERAL ENERGY RESOURCES 
. Crude petroleum_____thousand barrels__ 16,689,672 21.1 2.9 24.0 25.5 

Natural gas______._million cubic feet__ 37,820,609 58.0 2.2 60.1 62.4 
Bituminous coal and lignite__._.._._...... 3,086,447 19.5 (1) 19.5 18.8 
Anthracite____...02 22 ee 201,629 4.8 Loon u ale 4.8 5.3 

r Revised. P Preliminary. 
1 Less than % unit. . 

. 2 World total exclusive of the U.S.S.R. 
3 Including Puerto Rico. 
4 Year ended June 30 of year stated.
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| Table 63.—Value of world export trade in major mineral commodity groups 
, uo (Million U.S. dollars) 

Commodity group ! 1965 1966 1967 1968 1969 

Metals: OO . 
All ores, concentrates and scrap -__-_-_ 4,580 4,770 5,050 r 5,590 6,410 
Iron and steel___..-...-_-_--____- 9,700 9,670 10,330 r11,430 13,690 
Nonferrous metals..._-..2-2--- Le 6,690 8,020 8,030 r9,470 10,890 

Subtotal_..-.---22 2 20,970 22 ,460 23 ,410 r 26,490 ~ 30,990 
Nonmetals (crude only)__._...._-_.__- 1,760 1,900 2,010 r2,180 2,260 
Mineral fuels... 2-2-2 2- ee 17,920 © 18,890 20,660 r 23,120 24,930 

Total._-.--------_-.---------- 40,650 43,250 46,080 = 51,790 58,180 
- All commodities__......-_-.- ~~ _- ee 186 ,390 203 ,400 214,190 t 239,140 272,710 

tT Revised. Oo . . 
1 Data presented are for selected major commodity groups of the Standard International Trade Classifica- 

7 tion—Revised (SITC-R) and as such exclude some mineral commodities classified in that data array together 
with other (nonmineral) commodities. SITC-—R categories included are as follows: ores, concentrates and 
scrap—SITC. Division 28; iron and steel—SITC Division 67; nonferrous metals—SITC Division 68; nonmetals 
(crude only)—SITC Division 27; mineral: fuels—SITC Section 3. Major items not included are the metals, 
metalloids, and metal oxides of SITC Group 513; mineral tar and crude chemicals from coal, petroleum, and 
natural gas of SITC Division 52; manufactured fertilizers of SITC Division 56; and nonmetallic mineral 
manufactures of SITC Groups 661, 662, 663, and 667. 

Table 64.—Mineral commodity export price indexes 
. : (1963 =100) | 

Year and quarter Metal ores Fuels All crude 
minerals 

1968__.-.-_----.---_-_-_ eee 108 100 102 
1969__.. eee | 114 100 104 
1970: 

_ First quarter_.._._-.------------------------------------- 124 103 108 
Second quarter.....-__--.-.----__-.--- ~~ 2 eee 122 104 — 108 
Third quarter_..._.__.-.-_.-___ ue eee 121 106 110 
Fourth quarter__....._-.-__-.-__-------u eee 121 108 110. 

| Annual average. -_-----------------+------------------- 122 105 109 

Source: United Nations. Monthly Bulletin of Statistics. New York, September 1971, p. 13. 

Table 65.—Analysis of export price indexes 
(1963 =100) 

Developed areas Less developed areas 

Year and quarter Total Nonferrous Total Nonferrous 
minerals base minerals base 

metals metals 

1968__.----_----- eee 404 142 102 165 
1969_..--__. ~~~ +e eee 107 158 103 187 
1970: 

First quarter........-...-.-._._--_-__-2- eee 118 176 104 211 
Second quarter_........--._-____ ~~~ -eeee 120 174 104 205 
Third quarter__.___._.-..---__-- ee 124 162 104 181 
Fourth quarter__._.._.._..--_- .--_-__-_ eee 126 154 104 166 

Annual average_____.--_----__-_-_-- eae 122 167 104 191 

Source: United Nations. Monthly Bulletin of Statistics. New York, September 1971, p. 13.
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echnologic Trends in 

~ the Mi tri 1e Mineral Industries 

(Metals and Nonmetals Except Fuels) 

- By John L. Morning! _ | 

| MINING TRENDS | 

: The metals and nonmetals mineral in- dustry in 1968 was estimated to total 3.7 
| dustries had a good year despite an off- trillion gallons.2 The Bureau of Census 

| year for the national economy; value of survey was limited to those establishments 
production in 1970 increased nearly 8 per- that used more than 20 million gallons an- 
cent to $9.64 billion. To accomplish this, nually, and covered over 1,700 plants. In a 
over 4 billion tons of material was han- more comprehensive study conducted by 
dled in producing nearly 2.7 billion tons the Bureau of Mines for the- year 1962, 
of crude ore. Surface mining continued to with over 15,000 respondents, water usage 

dominate output of both material handled _ totaled 3.4 trillion gallons. Based on value 
and crude ore, as output of ore at under- of total mineral output in 1970 dollars, 
ground operations droppéd significantly over 3.9 trillion gallons were probably 
compared with that of 1969. Exploration used in the mineral industry in 1968, and : 
and development work decreased compared 4.2 trillion gallons in 1970. : 
with that of 1969, but total footage re- Materials Handled.<In 1970, output of 
ported was the second highest on record. © ore and waste at metal and nonmetal 

The Market Research Department of the mines in the United States totaled 4,087 
Engineering and Mining Journal in the million tons, an ‘increase of 3 percent over 
past several years has conducted surveys to that of 1969. In 1960: and 1965 output was 
gain insight into the number and types.of 2,783 and 3,213 million tons, respectively. 
equipment used in the mineral] industry. In 1970 crude ore output totaled 2,677 
During 1970, a survey was published on million tons, compared with 2,030 million 

front-end loaders and bulldozers along tons in 1960 and 2,402 million tons in 
with a survey on mineral processing equip- 1965. In 1970 metal mines accounted for 
ment. Both were for metal and nonmetal 586 million tons of crude ore, compared 
mining. Also published, were market re- with 421 million tons in 1960 and 477 mil- 
ports for lubricating oil, grease, diesel fuel, lion tons in 1965. Copper and iron ore ac- 
and hydraulic fluid for both the metal counted for 85 percent of metal crude ore 
and nonmetal mining industries, and for production, whereas phosphate rock, sand 
the coal industry. A market report on and gravel, and stone accounted for 93 
manual values was also published. In May, percent of the nonmetal mine crude ore 
domestic and Candian readers of Engineer- output. On a comparison basis, the per- 
ing and Mining Journal were invited to centages for these selected commodities for 
join a panel that would be asked to re- 1960 were 74 percent and 90 percent, re- 
spond to one survey per month for a pe- 7 Physical scientist. Divis ¢ Ferrous Metals 

riod of 1 year. 2Bureau of the Census. 1967 Census of Min- 
Total quantity of water used (including eral Industries. Water Use in the Minerals Indus- 

recirculated or reused) by the minerals in- roo preliminary report MIC67(P)-3, October 

| 61
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spectively, and for 1965, 79 percent and 92 material and 60 percent of total waste 

| percent, respectively. handled. 

- ‘Waste handled in 1970 totaled 1,410 mil- Three metal commodities—antimony, 

lion tons, a 6-percent increase over that of ead, and manganese ore—and three non- 

1969. Metal mines accounted for 69 percent metal -commodities—potassium salts, so- 

and nonmetal mines 31 percent of total dium carbonate, and wollastonite—were 

waste handled. | mined entirely by underground methods. 

Nine States reported handling more than Eight metal commodities and three nonme- 

100 million tons of material during the tal commodities were mined entirely by 

year. Ohio, Montana, and Wyoming _ surface methods. 

: dropped from the. list of States and Texas | Underground mining continued. to ac- | 
was added. Five States indicated output of unt for substantial percentages of crude 

between 90 and 100 million tons. Arizona count for . P nas : 
. . . ore handled in the following five States: 

and Florida continued to lead the Nation Gojorado. 41 - New Mexi : 
. . | . . , percent; New Mexico, 32 per 
in total material handled and California ong: . . 

So . es cent; Missouri, 30 percent; Wyoming, 23 

and Minnesota led in output of ore. percent; and Tennessee, 21 percent. Eleven 

| Magnitude of the Mining Industry.— States reported no underground activity. 
Excluding sand and gravel operations, a . 

total of 8,346 mines reported crude ore |. Ratio of Ore to Marketable Product.— 

| production during the year compared with The ratio of ore to marketable product 

8,596 mines in 1969; sand and gravel oper- varies with the mineral commodity and de- 

ations totaled 8,808. Excluding stone and ends on ‘grade of ore and type of valua- 

sand and gravel operations, metal mines ble mineral content. The ratio for most 

accounted for 32 percent, and nonmetal metal mineral commodities with respect to 

‘mines accounted for 68 percent of the op- time indicates rising ratios as grade of ore 

| erating mines. Excluding clay, sand and  @éclines. For many nonmetal commodities, 
gravel, and stone operations, 18 mines. re- the ratio is 1 to 1. No discernable trend 

| ported treating more than 10 million tons 8 evident in 1970 ‘because many ratios 

of crude ore; one more mine than in 1969. remained virtually unchanged, and com- 

Copper led the list with -eight mines, fol-— modity ratios that increased were offset by 
lowed by iron ore with five, phosphate those that decreased. The ratio of material 

rock with four, and molybdenum with one. handled to marketable product also varies 

The Utah Copper Co. mine of Kennecott with the mineral commodity and is mainly 

Copper Corp. was the leader in both out- affected by the amount of development 

put of ore and total material handled for work and content of the valuable marketa- 
metal mines. The Fort Mead mine of Ple material. The 1970 ratios tended to de- 

Mobil Chemical Co., treating phosphate ‘T©4S¢ for metal mines and to increase for 
rock, was the leader in output of crude nonmetal operations compared with those 

ore; the Kingsford phosphate rock mine of of 1969. | 

_ International Minerals and Chemical Co. Exploration and Development.—Explora- 

was the leader in total materials handled tion and development work declined in 

for nonmetal mines. : 1970, the first time since 1966, but was the 

Comparison of Production From Surface second. highest footage reported since 

and Underground Mines.—Surface mining collection of data was initiated in 1958. 

contributed 94 percent of crude ore and 96 The data is comparable with that of 1969, 

percent of total material handled in 1970. but does not include clay and stone mines 

Both percentages were unchanged from reported in previous years. For metal 

those of 1969, although there were some mines, significant decreases were recorded 

minor shifts among the various commodi- for copper and uranium and for nonmetal 

ties. Crude ore and waste handled at sur- mines, phosphate rock. Significant increases 

face metal mines were 19 percent of total were noted for lead, silver, and zinc com- 

ore and 69 percent of total waste handled pared with those of 1969. Rotary drilling 

compared with 17 percent and 68 percent accounted for most of the decrease footage 

respectively in 1960 and 16 percent and 62 reported and most was accounted for in 

percent in 1965. Crude nonmetal material copper and uranium, although gypsum 

and waste material handled from surface and phosphate rock footage was notably 

mines were 91 percent of total nonmetal down.
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Six States each reported over 1 million total was 14 percent higher than in 1968 
feet of exploration and development work. and broke the record high that was estab- 
Wyoming led with 25 percent of the total, lished in 1966. Coal mining accounted for 
followed by Texas, 18 percent; New Mex- 37 percent, metal mining, 21 percent, and 
ico, 17 percent; and Arizona, 11 percent. nonmetal mining, 20 percent. The mining 
Rotary drilling accounted for 73 percent of industry accounted for over 1.7 billion 
total activity. Shaft and winze sinking, rais- pounds of. the explosives used. Over 74 
ing, and diamond drilling indicated in- percent of the total used was ammonium 
creased activity, but other categories indi- nitrate, the use of which continued to 
cated decreases compared with 1969 dominate explosives used in mining. —=s_—© a 

oO activity. BO The five top ranking States in order of 
Stripping activities in phosphate rock ac- total quality of explosives and_ blasting 

counted for 43 percent of the total mate- agents consumed were as follows: Kentucky, 
| rial produced by exploration and develop- Pennsylvania, Ohio, Indiana, and Arizona. 

ment activities. Total tonnage produced Kentucky replaced Pennsylvania, which was 
decreased 22 percent compared with that the 1968 leader. In 1969, the ranking States | 
of 1969. Arizona was the only State report- consumed 857 million pounds of the in- : 
ing over 100 million tons of material han- dustrial explosives or 39 percent of the 
dled from exploration and development ac- total. Fight States reported consumption of 

: tivities. : over 100 million pounds of explosives. 
| Explosives.—Explosives statistics for 1970 More detailed explosive information is 

| were released too late for incorporation published by the Bureau of Mines in the : 
_ into this chapter. Over 2.2 billion pounds Annual Explosive issue of Mineral Industry 

_ Of industrial explosives were reported con- Surveys prepared by the Office of Accident 
sumed in the United States in 1969. The Analysis. oe
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Table 4.—Crude ore and total material handled at surface and underground mines, 
by commodities, in 1970 

(Percent) 

Crude Total Crude Total 
RS ore material ore material 

mo Sur- Under- Sur- Under- Sur- Under- Sur- Under- 
“ t . '-" faee ground face ground : face ground face ground 

; . COMMODITY . oe ; ee ee 

- NONMETALS— . — 
METALS Continued . 7 

Antimony-_..--.---.  --. 100 72. 28. Barite__._..-__-..... 97 3 98 2 
Bauxite. _-----..---- 1100 WwW 100 W Boron minerals_..._._. 100 _-- 100 --- 
Beryllium..--...-.-. 97 3 97 8. Clays___-__--._.-.--. 98 2 98 2 
Copper.._--.---.---. 90 10 97 3. Diatomite........... 100 --- 100 ~-- 
Gold: - | Feldspar._..._-.-.-. 100 --- 100 --- 

Lode_..-....---. 48 52 81 19 Fluorspar___._..--_-- 4 96 8 92 
Placer_.._....---. 100 — 100 --. Graphite._._...-..... 100 --- 100 _-- 

Tron ore..__.-.------- 94 6 96 4 Greensand marl._.... 100 =. 100 Le 
Lead__-.--------.-+-- --- 100 --- 100 Gypsum__._.._--._-. 76 24 90 10 
Magnesium__....-_-. 100 wae 100 --. Kyanite_.._..._._... 100 ne 100 --. | 
Manganese ore__----. --- 100 a -100 . Lithium minerals__.._. 100 —_— 100 ee 
Manganiferrous ore... 100. --- 100 .-. Magnesite__.__.._.... 100 -. + 100 --- 
Mereury___..--.---- 60 40 91 'Q9 Miea_..-.-_--._-.._-. 100 _-- 100 _-- 
Molybdenum___.-.-. 24 76  %6 24 Olivine___._....--... 100 _-- 100. LL 
Nickel_....--.-----. 100 --- 100 --. Perlite__._..__.....-. 99 1 99 1 
Platinum-group Phosphate rock_._..-- 100 --- 100. Lee . 

metals__.-.-..---. 100 --- 100 --. Potassium salts......  --- 100 -=- 100 
Rare-earth metals_... 100 _-- 100 --. Pumice___._-._....-. 100 =e 100 a-- 
Silver._.-..--...---- 2 98 15 85 Pyrites._.....__...... 100 --- 100 --- 

_ Tin__...__....._--.. 100 wae 100 --. Salt... -.-._--._-. 28 72 28 §=§=%2 
Titanium: Ilmenite_.. 100 --- 100 --. Sand and gravel__.._. 100 --- 100: --- 
Tungsten._....._---- 3 97 3 - 97 Sodium carbonate oe 
Uranium._......-.--. 44 56 95 5 (natural)..._-..-.-. --- 100. --- 100 | 
Vanadium_.-....---. 100 ane 100 + _._ Stone: . pe 
Zine___-..------.--- 4 96 a) 95 Crushed and 

—— broken....---. 96 4 96 4 
Total metals... 85 15 94 6 Dimension__._..-. 99 1 99 1 
— «= Sulfur: Frasch . 

process mines.___.. 100 --- 100 wee 
Tale, soapstone, 

pyrophyllite_____-. 55 45 76 24 
NONMETALS Vermiculite_..-...-- 100 --- 100. ---. . 

Abrasives: Wollastonite-_.-...--  --- 100. ke. 100 
Emery..._...--- 100 --- 100 --- —— 
Garnet_.._._..-- 100 --- 100 --- Total 
Tripoli-.....--.. 41 59s AT 53. nonmetals._._ 96 4 97 3 - 

Aplite...._.......... 100 a 100 a ——————————— 

Asbestos_.........-. 99 1 99 1 Grand total__.. 94 6 95 5 

W Withheld to avoid disclosing individual company confidential data. 
1 Includes underground; Bureau of Mines not at liberty to publish separately.
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Table 5.—Crude ore and total material handled at surface and underground mines, 
_ by States, in 1970 

(Percent) . 

Crude Total : - _ Crude Total 
. ore material - ore material 

. _ Sur- Under- Sur- Under- | Sur- Under- Sur- Under- 
. . face ground face ground face ground face ground 

STATE 

Alabama._--...---.. 94 6 96 . 4 Nebraska.....-...--- 100 --. 100 --- 
Alaska_------..---.. 100 --- 100 --. Nevada__-.-.-...--- 100 --. 100 --- 
Arizona__----.------ 90 10 97 | 38 New Hampshire_..... 100 --- 100 --- 
Arkansas...._._....... 97 3 98 2. New Jersey_._..---.-- 100 --- 100 --- 
California.._........ 99 1 99 1 New Mexico_--.-..-- 68 32 89 ~—ssd:dL 
Colorado._--....-.... 59 41 58 42 New York__---.-.--- 98 7 93 4 
Connecticut.__..._.... 100 --- 100 --. North Carolina.__._-- 100 --. 100 oe 
Delaware._........_. 100 --- 100 .-. North Dakota._-._.- 100 --- 100 --- 
Florida__._..._........ 100 _— 100 --- Ohio.___.-_.--....-- 94 6 94 6 
Georgia_..._....-.-. 98 2 98 - 2 Oklahoma._.--.----- 96 4 97 3 
Hawaii_-......-.---- 100 --- 100 --. Oregon...-.------.-- 100 --- 100 --- 
Idaho._-...-...----. 98 | 7 95 5. Pennsylvania_..-.--. 92 8 92 8 
IHlinois_...........-. 97 3 97 8. Rhode Island.___.... 100 --- 100 --- 
Indiana__........-_. 98 2 98 _ 2 South Carolina._..... 100 --- 100 --- 
Towa.....--.--..-.-. 96 | 96 4 South Dakota........ 90 10 92 8 | 
Kansas_...._.-..-_-. 91 | 9 91 9 Tennessee.___.....--. 79 21 81 19 
Kentucky.-......-.. 86 14 86 14 Texas_.........-..-. 99 1 99 1 1|\1 
Louisiana........... 84 16 84 16 Utah__..--...._-.... 98 2 99 1 
Maine__.........-.-. 100 --- 100 --.. Vermont._..--....-- 97 3 97 3 
Maryland........... 100 --- 100 --. Virginia.._........... 94 6 . 93 7 
Massachusetts.__._.... 100 --- 100 --. Washington.__._..... 99 1 99 1 
Michigan._.-.....-.. 91 °* 9 92 8 West Virginia........ 84 16 84 16 
Minnesota._-...-----. 100  —--_ 100 --. Wisconsin._....._..-. 99 1 99 1 
Mississippi.......... 100 --- 100 --. Wyoming..__...-..-. 77 23 92 +=8 
Missouri.........-.. 70 30 69 31 ——_—— 
Montana........-... 99 1 99 1 Total._..-.... 94 6 95 5
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Table 6.—Number of domestic metal and nonmetal mines in 1970, by commodity 
and magnitude of crude ore production 

ASA his sh ss SSS a SSS ise 

Total Less 1,000 10,000 100,000 1,000,000 More 
Commodity number than . to to to to than . 

. of 1,000 10,000 100,000 1,000,000 10,000,000 10,000,000 
mines tons tons tons tons ~ tons tons 

ee 

METALS , , 
Bauxite___...._.--. 26 —_— 1 19 5. 1 ioe 
Gopper------------- 105 89 10 14 7 27 | 8 
Gold: . 

a -Lodewi2s.-2255-- 37 —-- B1- --- - Be 'D oo Qe Qo ee He 
Placer.....-.--. . 60 38 12 9 ~-- 1 --- 

Iron ore...---.---.-- 74 --. q 6 25 31 5 
Lead_...----------- V7 50 9 3 12 3 ~-- 
Mercury... .------- 80 46 20 14 --- --- --- . 

. Molybdenum... -_-_-. 3 --- _-- ane -<- 2 1 
Nickel. ...-.-.----. 1 --- ~-- --- --- 1 _— 
Silver........----.. 94 56 a) 4 2 --- ~-- 
Titanium: Ilmenite - _ 6 a --- ~-- 1 5 ~-- 
Tungsten._...-.._.- 36 14 23 1 1 --- --- 
Uranium... 2.2.2... 286 76 122 62 26 oe --- 
Zine....-..._------ 72 15 - 9 24 24 --- --- ; 
Other 1... 22022222. 27 15 4 2 4 2 ~-- 

Total metals__ 984 377 247 162 109 75 14. 

NONMETALS 
Abrasives 2......... 20 13 3 3 1 --- --- 
Asbestos......-._.- 9 3 1 2 3 --- wns 
Barite_._........-.- 36 3 5 : 17 10 1 --- 
Boron minerals__---~- 3 1 --- --- wns 2 -~-- 
Diatomite_.......-- 18 3 3 6 1 --- -~-- 
Feldspar.......-.-. 63 36 14 7 6 --- --- 
Fluorspar__-.--.---- 15 1 7 4 3 --- --- 
Gypsum.......-._-. 66 1 5 24 36 --- --- 
Mica....-.----.---- 17 q q 2 1 --- wae 
Perlite. ..-..--...-- 15 1 6 6 2 a --- 
Phosphate rock. .— —- 60 --- 7 10 23 16 4 
Potassium salts... .- 10 --- --- --- 4 6 --- 
Pumice....--..-..-. 115 21 38 43 18 ~-- --- 
Salt_.....2---222- 2. 58 2 q 16 26 7 --- 
Sodium carbonate ' 

(natural) -....__.. 3 --- eae --- 1 2 --. 
Sulfur: Frasch- 

process mines... .. 19 --- 1 5 10 3 --- 
Tale, soapstone, , 

pyrophyllite.._.._ 64 16 24 23 1 -~-- _— 
Vermiculite..2...... 4 1 1 woe 1 1 ~-- 
Other %_._-222 2... 18 3 4 5 5 1 --- 

Total non- . 
metals..... 4608 112 133 1738 147 39 4 

Grand total... 1,592 489 ~ 380 335 256 114 18 

1 Antimony, beryllium, magnesium, manganese ore, manganiferrous ore, platinum-group metals, rare-earth 
metals, tin, and vanadium. 

2 Emery, garnet, and tripoli. . 
* Aplite, graphite, greensand marl, iron oxide pigments (crude), kyanite, lithium minerals, magnesite, 

olivine, wollastonite, and zeolite. 
4 In addition, there were 1,523 clay mines, 8,808 sand and gravel operations, 4,600 crushed and broken stone 

operations, and 631 dimension stone operations, but specific data on these operations are not available.
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| Table:7.—Twenty-five leading metal and nonmetal mines in the United States | 

a in 1970, in order of output of crude ore 

oo a - Mining 

"Mine State Operator Commodity method 

ee errr REL 

Utah Copper..---------- Utah........ Kennecott Copper Corp------ Copper_.....-.-. Open pit. 

Peter Mitchell...._.-... Minn__-... Reserve Mining Co-..-.--.-. Iron ore_-------- Do. — 

Hoyt Lake...---------- -----do..-. Pickands Mather & Co-_--.--- .~---.d0._..----- Do. 

Minntac_...------------ -.---do..-. United States Steel Corp_.--. -----do--------- Do. 

Berkeley Pit....-_.-.---- Mont_-.... The Anaconda Company_.-.- Copper__-------- Do, 

Morenci_....----------. Ariz...---.- Phelps Dodge Corp_-...----- -----do_-------- Do. 

San Manuel__._-..----- -----do._.. Magma Copper Co_----.----- -----d0_.------- Caving. 

. Pima..........-------- -----do.... Pima Mining Co__-----_---- -----do....-.--. Open pit. — 

Climax.....-------.---- Colo_...... American Metal Climax, Inc-_. Molybdenum._-. Caving. | 

Sierrita.....------------ Ariz....--.- Duval Sierrita Corp...-----. Copper.--------- Open pit. . 

Eagle Mountain._....... Calif._...... Kaiser Steel Corp-..-------- Iron ore_------~- — Do. 

Ray Pit....---....--.-. Ariz..-..-. Kennecott Copper Corp..---. Copper...----.-- Do. 

Empire.-...------------ Mich..---- Cleveland-Clifis Iron Co------ Iron ore_.-.-.--- Do. | 

New Cornelia_......---. Ariz....... Phelps Dodge Corp_-.-..---.- Copper_---------- Do. 

Inspiration...---------- -----do.-.- Inspiration Consolidated -----d0..------- Do. ... 
Copper Co. . mo 

| | Tyrone.....------------ N.Mex_...- Phelps Dodge Corp_-------.-- ~-2--d0__.------ | Do. 

Butler._.......-.-.---. Minn___... The Hanna Mining Co--..--- Iron ore_-------- Do. 

Republic.._---:--._---- Mich....-- Cleveland-Cliffs Iron Co_...-. --.-.do..-----.- Do. 

Twin Buttes........---. Ariz....... The Anaconda Co_-_---.--.--. Copper_-_------- . Do. 

Chino........---------- N.Mex.-.. Kennecott Copper Corp..---. -----do--.------ Do. 

Yerington.....------.-. Nev-..---- The Anaconda Co-_.--_------ ~----do0__..----- Do. 

Mission....------------ Afriz_....-. American Smelting and ~---.d0_...-.--- Do. | 

. Refining Co. . 

Highland_....--.------- Fla--...---- ET du Pont de Nemours Ilmenite.....-... Dredging. 
o., Inc. . 

White Pine_...___...___ Mich._.... White Pine Copper Co.--.--. Copper_.....----- . Open stopes. 

Trail Ridge._..----.--.. Fla.------- E.I. du Pont de Nemours Ilmenite......--- Dredging. 

. Co., Ine. 

eee eer cP EPS 
es 

NONMETALS 

er 
———————— . 

Ft. Meade........_----. Fla_.-----. Mobil Chemical Co.-..--..-.- Phosphate rock... Open pit. 

Suwannee_....--.-.---.- -----do..-. Occidental Chemical Co_---.. -----do--------- - Do. 

Kingsford....---------- -----do-... International Minerals & -----do..------- Do. 
Chemical Co. 

Noralyn__-_....-------- -----do._-- ---.-do..--.--------------- ~----d0_-------- Do. 

Payne Creek__..-------- -----do-.-- Agrico Chemical Co--------- ~----d0_--------) - Do. 

. Paimetto......--_------ -----do.... -----do_..-.------_--------  -----d0--------- Do. — 

Rockland........------- -----do_... U.S.S. Agri-Chemicals Inc....  -----do.-------- Do. 

Chieora.._.....-------- -----do_... American Cyanamid Co_--.-- -----do_-------- Do. — 

Silver City...-.-------.  -----do---- Swift Agricultural Chemical ----.do.-----..- Do. 
orp. 

Saddle Creek.....-----. -----do---._ Agrico Chemical Co--..----- -----do.--.----- Do. 

Bonny Lake__..-------- -----do-.-. W. R. Grace & Co___-------- ~---.d0___.----- Do. 

Clear Spring.....-..---. -----do.--_ International Minerals & ~----d0__.------ Do. 
_ Chemical Co. 

Tampa Agricultural _....do.... Cities Service Co......------ -----do.-----.-- Do. 

_ Chemical Operation. . 
Tenoroc_..-....-.------ -----do.... Borden Chemical Co-..-----.  -----do..------- Do. 

_ Bartow_.........------- -----do.... U.S.S. Agri-Chemicals, Inc... -----do_-------- Do. 

Lee Creek........---.-. N.C__..-.. Texas Gulf Sulphur Co__.--.. ~----do--------- Do. 

Retsof___.._...-------- N.Y¥_.----_ International Salt Co__.----- Salt_..---------- Open stopes. 

Shafts I......-.-------. N.Mex.--. Southwest Potash Co.....--. Potassium salts_-- Do. 

Watson_._.------------ Fla-----_-- Swift Agricultural Chemicals Phosphate rock... Open pit. 
orp. 

PCA____.........-----. N.Mex.--- Potash Co. of America._.---- Potassium salts... Open stopes. 

International_._...._.._.. -..--do--.. International Minerals & ...--do_.------- Do. 
Chemical Co. 

Hobbs......----------- -----do.... Kerr-McGee Corp----------- -----do_----~--- Do. 

Boron___.-.------------ Calif.....-. United States Borax & Boron minerals... Open pit. 
Chemical Corp. 

Westvaco__-.-..-------- Wyo.------ FMC Corp., Inorganic Sodium Stoping. 
Chemicals Division. compounds, 

Belle Isle......--------- a-----.--- Cargill, Inc-.--.---.-------- Salt-.......----- Open stopes. 
ns 

1 Clay, sand and gravel, stone, brines, and materials from wells excepted.
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Table 8.—Twenty-five leading metal and nonmetal 1 mines in the United. States | 
in 1970, in order of output of total materials handled 

SSNS 

Mining Mines State Operator Commodity method . 
eS 

METALS 
a 

Utah Copper__.___...... Utah____.__ Kennecott Copper Corp...__. Copper_..._.____- Open pit. . Twin Buttes_........... Ariz______. The Anaconda Company...-.  .____do_________ Do. Sierrita._.......-....-.. .._..do.... Duval Sierrita Corp__.------  ~---.do________- Do. ee _— _ Eagle Mountain_........  Calif_.-..._ Kaiser Steel Corp_-_......_. Iron ore__._ 2” Do. oo Hoyt Lake_____--..._... Minn______ Pickands Mather & Co__.---- do. ____ Do. Berkeley Pit_.._-........ Mont_._._._ The Anaconda Company__-... Copper__________ Do. Questa___._......._.._. N. Mex_.__ Molybdenum Corp of Molybdenum _._ __ Do. 
America. ; Morenci__....-...-.--.. Ariz.._.... Phelps Dodge Corp__---_.-.. Copper__________ Do. Peter Mitchell._........ Minn______ Reserve Mining Co_____._._. Iron ore__.______ Do. Tyrone_.--...._...._.._._. N. Mex___- Phelps Dodge Corp__._.._._... Copper______.___ Do. Pima_____..........._. Ariz._.._.. Pima Mining Co___--_._-... ____.do____..___ Do. Ray Pit_-_-.--_-_..-..-._.  _____do___- Kennecott Copper Corp____.__ ___..do_________ Do. _ Minntac___-............ Minn____._ United States Steel Corp..._. Iron ore_________ Do. Chino__-__.....__._._._. N.Mex__.. Kennecott Copper Corp__._.. Copper__._______ Do. Inspiration____.___..._. Ariz.______ Inspiration Consolidated ----.d0._._-_ _-_- Do. 
Copper Co. 

Mission. ___._...._..... ___..do__.. American Smelting and -~----do____ 2 __ Do. 
Refining Co. 

New Cornelia__.-......_ ____.do__.. Phelps Dodge Corp___.__.__. ____-do_________ Do. Copper Cities Unit__.... __...do____ Cities Service Co___-.------.) _____do___ Do. North Walker_._._....... Wyo ___._.. Kerr-McGee Corp.__-.-..--. Uranium_______. Do. Yerington__..._.._._-.. Nev_._.... The Anaconda Company._... Copper__._______ Do. Lavender_______.._._-_. Ariz_______ Phelps Dodge Corp__.-__.-_._ ____.do________.. Do. Sherman_______._...... Minn______ United States Steel Corp._.-_ Iron ore__.______ Do. Dave Group___-_...---. Wyo__..... Getty Oil Co_............_.. Uranium_______- Do. San Manuel___..-._.-_. Ariz_.._... Magma Copper Corp_._____- Copper._.._.___.+ Caving. Climax.__.--........... Colo___...._ American Metal Climax, Inc_. Molybdenum_.__ Do. 
eee 

NONMETALS . 
a 

Kingsford.__.._...._.... Fla___..___. International Minerals & Phosphate rock... Open pit. 
Chemical Co. 

Ft. Meade__.._..--_.... -....do_... Mobil Chemical Co_____.___. ---.-do.-.- 2 _- Do. Payne Creek___.__....__. _____do.__-_ Agrico Chemical Co______-_. ____.do___.__._. Do. Palmetto__.-__..--..... __...do___. __...do_....__............. ---.--d0_...-___- Do. Noralyn____.._...--.... _....do___. International Minerals & ~----d0__._-____ Do. 
Chemical Co. 

Suwannee___._..--..... __...do__.. Occidental Chemical Co_____. ~---.d0_..--___-_ Do. Rockland............... _.._..do_... U.S.S. Agri-Chemicals, Inc__. ____.do____.___. Do. — Boron______-_-.-.._....  Calif....... United States Borax & Boron minerals___ Do. 
Chemical Corp. 

Bonny Lake_____-.._-... Fla__.._._.. W.R. Grace & Co___._..___. Phosphate rock__-_ Do. Saddle Creek___.___--_. -....do.... Agrico Chemical Co________. ~----do_.2. 2 __ Do. Lee Creek_..._......... N.C ___.___ Texas Gulf Sulphur Co_..-.._.  _____do_________ Do. Bartow___-....-.._...... Fla._.____. U.SS. Agri-Chemicals Inc___. ___._do_________ Do. Chicora__-.......----..  ----.do_... American Cyanamid Co._____ -----do..---_-_- Do. Tenoroe__---.-.----..-. -----do_... Borden Chemical Co.._.___.. _-...do......... Do. Silber City.._.....-...-. _____do____ Swift Agricultural Chemicals -~----d0_ 2 - Do. 
orp. 

Tampa Agricultural -----do.... Cities Service Co.._.._..--.. _____do___._____ Do. Chemical Operations. 
Gay__................. Idaho_.__... J. R. Simplot Co__._....._..  -__._.do_________ Do. Clear Spring.-__........ Fla__._.__. International Minerals & ----.d0_.._. __- Do. 

Chemical Co. 
Watson____.___._--__.-_ __.._do___. Swift Agricultural Chemicals -----do._______- Do. 

orp. 
Sydney_.....-....---..-. _....do__.. Ameriean Cyanamid Co____.. _____do___._____ Do. Westvaco._.....---.--.. Wyo__...... FMC Corp.,; Inorganic Sodium com- Stoping. 

Chemicals Division. pounds. 
Henry____-_-........__.. Idaho._.._.. Monsanto Co___..._._...___. Phosphate rock... Open pit. Williamson County Mine. Tenn___._. __...do__.______...._____.. -----do_..__ ___ Do. Retsof..----.._.---.... N.Y__.._.. International Salt Co________ Salt_._.......... Open stopes. Shafts I__.............. N. Mex____. Southwest Potash Co__.____. Potassium salts___ Do. ————qoayy— eee 

1 Clay, sand and gravel, stone, brines, and materials from wells, excepted.
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Table 9.—Kind of surface mining operation, by commodities and States, in 1970 

oa (Percent of crude ore) . 

Strip and Multiple Strip and Multiple 

. . single bench single bench 

. bench bench 
A 

_ COMMODITY 

a 

=. METALS NONMETALS—Continued 

. Antimony.._-------------- 100 _-- Asbestos._.-..------------ 99 “1 

Bauxite__....-------------- TA 26__—sO@C‘Barite___.._.-_------------ 89 jl 

Beryllium_..-------------- 100 _-- Boron minerals__.--.------- _—— 100 

Copper___.._-----------+--  . 27 13 Clays._..----------------- 98 2 

Gold: ° _ Diatomite_____...--------- 87 13 

Lode___.-..----.------ _-- 100 Feldspar____.------------- 15 25 

Placer_....-......--.- |. 100 _... . Fluorspar____-------------- 19 81 

Iron ore____:---.---------- 20 80: Graphite.__._------------- 100 ---) 

Lead_____-__-.-_--_..----. 100 _-- Greensand marl. ..--------- 100 --- 

Manganiferrous ore___-.---- 100 _— Gypsum_.___.-.----------- 85 15 

Mercury____--------------. 43 57 Kyanite_.._...-.-.-------- 48 52 

Molybdenum___...-.------ _— 100 Lithium minerals_...------- --- 100 

Nickel___..__-.------------ © --- 100 | Magnesite..._.------------ 100 --- 

Rare-earth minerals__._...---. _ --- 100 Mica__._.-_..-.--------+-- 100 a 

Silver_____..--..-._------- 100 —_— Olivine__._...-_----------- 100 _-- 

Titanium: Ilmenite___--.--- 28 712. Perlite_._..__------------- 91 a) 

Tungsten_._..__..--------- 100 oe Phosphate rock___._------- 99 1 

Uranium _______-_--------- 24 16 Potassium salts__.....----- 100 ---) 

Vanadium.___.__-..-.------ --- 100 Pumice______...----------- 97 3 

Zine. _.._------------------ 4 96 Salt___.-_.____------------- 100 nee 

: Sand and gravel__...--.---- 100 _-- 

_ _NONMETALS Stone: 

Abrasives: Crushed and broken- --- 99 1 

Emery...-.-----------. . 100 --- Dimension___.-----.--- 100 --- 

Garnet___._---.------- 3 97 Tale, soapstone, pyro- 

- ‘Pripoli.....-.--------- 100 aan phyllite___...----------- 51 49 

Aplite.........--.--------- 100 _-- Vermiculite___...--...-.--- 12 88 

nn ITENT 

Strip and Multiple Strip and Multiple 

single bench single bench 

. bench bench 
RS 

STATE 
SET 

Alabama___.--.-.--------- 100 _-- Montana_._._------------- 94 — 6 

Alaska__----_-_-.-_-------- 100 --- Nebraska__._.------------- 100 ane 

Arizona___..-__------------ 19 81 Nevada___---------------- 32 68 

Arkansas___._---.--------- 90 10 New Hampshire.....------- 100 --- 

California__.......--------- 78 22 New Jersey_.-------------- 100 ~-- 

Colorado_._.._--.--------- 100 _a- New Mexico.-__------------ 45 55 

Connecticut___._----------- 100 --- New York__._------------- 90 10 

Delaware_____..----------- 100 _-- North Carolina__.._-.------ 98 2 

Florida__...._..-..-_-------- 100 --- North Dakota__..--.------ 100 --- 

Georgia. _._..-..---------- 100 _-- Ohio__-___--.------------- 99 1 

Hawali___..-._.------.---- 99 1 Oklahoma___..------------ 99 1 

Idaho___.__--------------- 89 11 Oregon__.__--------------- 95 5 

Tilinois__...._---.--------- 100 --- Pennsylvania__.---.------- 100 a=. 

Indiana___._____-_-------- 100 _-- Rhode Island____-.-------- 100 _-- 

Jowa____._---------------- 96 4 South Carolina_.....-.----- 94 6 

Kansas___.....-...-_------ 100 uae South Dakota__.....-_------ 100 --- 

Kentucky____------------- 100 --- Tennessee. __.___-_-------- 98 2 

Louisiana___.__..._.-------- 100 _-- Texas_.________-----.------ 98 2 

Maine_______-.----------- 92 8 Utah___.--__.------------- 16 

Maryland_.__..-_--------- 100 — Vermont... ____.--.-------- 100 _- 

Massachusetts_-_-.--------- 100 --- Virginia__._..__------------ 100 --- 

Michigan__.--..----------- 81 19 Washington___..-.--------- 96 4 

Minnesota__._.._---------- 23 77 West Virginia__.._--------- 91 9 

Mississippi__._.----------- 100 _-- Wisconsin. _.__------------ 100 --- 

Missouri____----.--------- 100 --- Wyoming_._.__--.--------- 28 42 

en



TE C TRE 

wR SS
 

a 

THE 
MI 

| 

ar
 

vii
 

IN
E 

cue
s 

Ise 
wit 

RA 

om s
ee
s 

© 
oe md ent 

eed od 

L IN 

Bagg
y 

re Soca
aas 

DUS 

- 
32 sa 

a BEER
 SA

REE
 

TRIES
 

g 

Bo Gh 
ce CU 

Be 
eae 

wet oto 

wer) 

3+ 

nue
 

710 
. 

wich 
at emt ood

 

« 

& 
: 

Wt SB
Rk
 

{B
S 

rot ri
 rt 

— 

o 

arUN
 

onl 
oe 

Or 
s° ed ro

t vo 

73 

HD 
~ 

ra 

<i 
03 adr

 
BED

S 
Se 

se 
Qe 

riri
cy 

a AAS
 wont r

iot 

ro 
31 

$83 
nN 

oner
 oro 

4a 
oo 

g 
eH 

go's
 

oo 
12 RE

 BE 

Cnn
HN 

BeU
sSe

 

om 

43
 § 

. 
a 

OQ 
CS S
eS
nR
 

rt AI 
. SA

SS
 

ee 

moet 

| is 

a) 
Ciao

 
10 

aris 

io 0] 

a 

_#
e 

. 
WN 

MD
D 

OeS
 

~ 

o8e 
00 

re 
* RO

 A StS
 

pgs 
«82 

B33 

BO SBS
 an od 

& 

Cot 
1 BSe

nsa
s 

sores 
> F210 

SSA
RSZ

 

ao 

en Sd 
- B
NR
 eas

e 

oe 
ogc

 
BI
S 

OR 

% 

ra 
Ye} 

Hoo
 Be a

VS 
< 

x 
NNo

A 
nN 

N 

oO 
- 

oO 

of 

oO 

ie) 

, 

wa 

aoa 
(UT 

29 
mes

an 

6O 
- 

& 

@ ae 

nN 
Boo

 
aee

ens
se 

w es
e 

Ne 
ae 

SES
S 2

5Ss
 

S 

S6
2 

0 
- 

SRA
FEE

S 

ou 
.) 

=~ 

NH 
= 

sto
 « S

ste
ux 

oses
s 

4 on 

ss 
7 

SES
ERA

EN 

z 

Soa
es 

1D owed todd 
ot 

ros) 
‘S A

AR 
b= 83.5

9 90 0
0 

gee
e 

rere) 
* SAI

C 
a 

ter 

1S S09 
OR 

- Bogs
 NO

 

- lg Be ee 
° ede 

13 ice 
- 

an ag” Sein
 

oS} 

we ted 

oO 
t 

+ 
~ 

t 
N 

e 

° 
. 

oe 
ie 

Bh 
18 

® 

coe 
oe 18 

Aa 
|S tedeet 

| 

0 
“ 

coe 

= 

5 
2 

a 

' 

' 
ign

 
Hy 

' 4 ‘aaa
 

tte 
Ima

 

a 
Bb 

& 

= 

! 
\ 

, 
ir 

1° 
a) 

‘oe
 tet 

i 
$38

 

2 
19 

‘ 
1 

‘ 
mt oo 

1 
' > 

ie 
i 

; 

=| 
sy 

O48 

sS 
8 1DR

O 

' 
' 

t 
er 

= 
i 

mito 

“5g 

0 ea"
 lets 

1 
tos 

ars
 BES

S! 

. 

A 
wh 

' we 
| o> 00

 

t 
t 

1 

\ 
i™® 

7 
10o

 
' 

SS 

~ 
is 

1G
 

IN 
\ 

‘ed 
wo 

\ 
t 

' 
‘ 

mir
 

tree 
t 

5 

is igh 
aig 91

8 
ee 

CS 

3 

' 
int 

1S 
1 % Tt] 

' 
1 

‘ 
' 

o 
39 

nn 
me GIN 

SE 
ob 

Q 

os 
zs 

, 

tr | 
(a 

Se 
it 

1D 

i 

ae 
Bae 

S Lis 

tt 
iO 

28 
is nN 

~* 

OB?
 

on 
S 

we
e 

\ 
' 

’ 
! 

~ 1 
10 

to oF
 IMO

 

on 

gk 

. 
1 r

t 
it~ 

' 
t 

t 
’ 

N 
ie 

toe 
oO 

1 
a 

I 

: 

5 

~ 
~ 1 

+ 
Ie 

109 O>
 

t 
! 

' 

t 
In 

- 
i) 

‘ 

ml 

- 

Qi 
N 

o + 
it 

isn 
- 

’ 
' 

on 

! 

2a 

! 

oc 

t 

a 

wo 
i 

180 
0 

ns 

t 

' 

a) 

i= 
i 

io« 

oO 
1o 

1 
t 

oO 
' 

' 

25 
ee 

i 105 
SIZ 

ie 
ie 

to 

sE°
oS 

' 
' 

\ 

‘oO 
e roo 

ng 

' 
' 

, 

~ 
eS 

SS 
a's

 
<e 

' 
\ 

is 
' 

1 
os 

ii
 

\ 
1 

on 
se 

eas 
neo 

OD 
beet wed vod o

ot 

tt 
\ 1 

wo ne 1 
3° 

12 & \ 

353 
soda

 
= 

aaa 
gnee

aq 

tot 
Cus

 i 
@ a

 

ae 
gee”

 
= 

Qn 
Ane

Ee 
dete

 
14 

! 
OO 

' 

© 

iNte
 

191
5 

6 

ca 
set

 rot
 rot

 

\ 
t 

t 

1 

a 

i 

N 

we 
OQ 

cutee
 8 = 

1 

‘ 

. 

x & 
a 

24s 

\ 
<< 

ON 
SEN

SSa
aS 

‘ 
' 

2 8 
— 

833
 

SB 
o 

Se 
cisi

nigi
nein

e 
tetei

et 
| 

i 

S ° 
5 

20'S
 

out 
One 

ri ae 
iOS

 1 omtete
 

oD 
wa 

a 
- 

iS 
1S 

on 
2! 

Sos 
mie 

Vv 
~~ 

HOR
S 

a 
« 

1 
ted 

Oe
 

ire
t 

\ 
mu
ec
 

- 

a 

eo 

re 

t 
rt 

<= 
ocd?

 

1 
re 

. 
oO 

@ oe 

wh 

sO
 

- 

~ 
| 

N 

oO 

1 

t 
wd 

o 
ow
 

s 

=i 
Se 

sweat 
! 

| ridin
 

@ 

' 

ASS
SRa

An 

1 

E 
22 

! 

SER A
NM SE

SS 
: 

os 
o fs 

ifr 

8 
7 BS ines 

& 

P| | ee | cg s35°R 
angy wea | agee* : 

~ > 

~ 

= 

: 
ge | 

28 SR RRR ELE 

fig 
| BEIERS 

|Z 

+ 

we SF 
ve 

= 
ot 

1 
a 

ea 

ret 

oO t& 
Mw 

' 
ee 

SAI
S 

a | 2 

” 
. 

N 
a 

ae 
RB B

S oo 

oy 
% ° 

& 

AN 

"0
 

| 

or
 

do 
° 

a, 
. 

% 

it 

ones 
ot Se

is 
100 

as 

3 

' t 
‘ , 4 

wt lO
 

- 
8 CO oO 

‘Sa
w 

t 

as 

og 

l ' 
t 1 3 i io 

: 
& 

a 10
0 

i) 
eo
n 

® a 
: 

S 

5 

1g 
Pt 

t i \ 1 i ! ta 

<= 
io 

~ « ' 
SS
RB
AS
 

6 

wn 

a 
Bia 

pee
 ! 

No 
Sep 

| 
wee 

ay 
> S 

| 

eo 

5m
 

3° 
oO 

1 ri 
1 \ on 

14 
' 

toy 

reo
 

= 
t 

en 
a 

1 
< 

aa
 

+ 

mR 

we) 

s~
 

S 
ia 

12
s 

1 
' 

' 1 ' a | 

t 
a 

i) 
opi

 

~ 
3 

#2 

? 
3 (BS 

of 
| 

ree
ds 

1 

1 
1 ©” 

+ 
as 

ie 
da 

be 
B88 

88 

Phra
 

Oo 

< 

) 

ae 

( 
‘S5

8 
tot 

! 
te 

sas
 

rte
 

rt 

1 

Ss 

Ds 

om 
Bs ‘roe 

BE 
Pi 

rit
 it 

Pia
n 

prot 

oa2 

5 

a7 
° igs 

> Ow 
ri 

rit 
! te 

tt 
ryt 

prt 

os 

z 

ms 

as 
pig

EEE
ES 

| 

a
p
 

crn 

=o 

Pc} 

B 

ae 
5 Sge

e5s
 | | 

Ou
 

br
ia
n 

39 

a 

ans 
qi 

iq
ue
 

4 
to 

' te
? 

‘ 
~ 

rt
e 

1 
S 

14 
too. 

te 
aa 

’ 
gr
 

Y 

£ 

3 3 
ae 

q 
ao
d 

tl) 
Pot

t 
iw
eb
 
B
B
s
 

riot
 

iy¢ 

P= 

isa
aas

 
i 
e
e
e
 

tigi 

SP 

~~ 

6° 
Bs 

3 
ggg

g..
 

OE
E 

EE
E 

i1a
g 

i 
me 

aS 
oS ! 3 

Seca
 

iit 
tea 

rio
d 

hk, f 
4 

\ 
ics

 

° 
33 

0° 

' 
toe 

' 
t 

ao 
i 

on
 

1 

o 

w 

fe 
2 dee 

Bh 

o
a
 

a
l
 

i 

2 
BA
SS
EE
 | | 

L
i
a
 
A
c
e
 

ta
e 

Benn 

0 

choo 
noe

ee 
rs 

S88
8 

hase
 

' ‘Cy 
rit 

to 
'e eg to 

el 

{ 

it 
crt 

Bit 
ea
d 

eae
|ac

as 
Be 

tt 
a 

° 

1! 
' 

Vid 

i! 
1 

4+9Q 
1 aro 

Baa
d 

1 

orn 
5 

. 

—) 

1 it 
Po
ni
es
 

Pi
gg
 

ii)
 
Be
e 

i ig
eg 

|! 
m0 

vo 

ry 
PE
EL
E 

EE
 

1 
S

a

v

e

 

ji
e 

e 
ae
 

. 

v 
> 

7 
EERE 

EY 
Peg 

Shiga
 bi hs $3gas

e 3 3 

= 

2 

1! 
4 

rn 
ar 

| 
tot 

rit
 ' 

& foo
t 

' 3
35%

 

2 

<a 

tt 
i 

14 
tt 

tot 

t 
i. 

tee 
tot 

sot 
' 

t 
°} 

’ 
a 

1 
\ 

| td 
‘tet 

t 
14 

+e 
11 

ea ree
 

tou 
i | at 

ot 
' ‘ 

cnt 

cS 

° 

t ! 
' ria

 
tot 

\ wet 
' 

\ ‘ t bot 
ios 

\ toa 
on 

tot 

' ii E
s 

1 ' 
og 

bal 

8 

EE
E 
E
E
E
 

tt 
it | 

es 

E 
Si 

EEEE
ELE 

PH
AT
E 

tide
 Qs 

° 

i 
to 

rn 
ta 

y rou 
ria 

to 
ter

t 
toto 

yin
 ioe 

3 

0 

U

a

 

7 
ELL

Y 
S
E
 

ig ds a8 

 ! 
ra
t 

1 
1 1o 

1 1 

t 
| te

t 
| 

nr 
| 

| 
ot if 

t 1 
trea 

tou 
am 

ry 
tah

 
4 igs 

1 
r,t 

rr 
i 

iid 
4 it 

iD 
sot 

Lar 
\ 

fQ 

ti P
eta

 
p
a
 

gi ie
s 2a 

Sy sig 
iki izes 
a
a
a
 

gist
! ES 

(AB
, 

GE 
a
p
y
 

Biigt
: = 2 

aoo
 

Be
ga
 

U
H
U
R
U
 

fr
ie
 

5 

MOO 
sEsas

aes 
ao
a 

S 
Biig 

i! 
. 

SRS
Sze

ee 
Wb
 

di
a 

Sec
g 

is 
a 

bea 

. 
m 

a 
wf
 

et 

ta 

° 
' 

aeSS 
gen 

bSESG 
gelled 

seas ic lds 

N 
a8 

a 
oe 

aa 
(ig

o 
a 

ria 
3 

T
E
S
S
 

see
 

iS 
Rn 

bag
 bG

kte
 Eas 

Be 
pe
e 

a 
a @ 

H
a
g
a
n
 

av 

Ay 
see 

a5 § 
4 28

 
ao 

ee
t 

3 
2 

oO a 
‘3 

sage 
5 Sse 

[ae 

” 
ish

 
ar} 

Ae
e>
 

om



St 

sya 

M 

Beaes 

INER 

eo 

ssuuets 

a 

AL 

fa 
BO 

$3 

ae 

S 

| 
s 

3B 
#es 

ae 

YE 

§ 

E54: 

5 

crac 

cEARBO 

wn 

= 

® 
& 6. 

10 
4 
ieee 

O 

8 | 

a 

~* 
m4 6310 

5 

Ge 

K, 
1 

cS 

} 

ous 

. 

cektetctot 

970 

3 
eB} 

£82 

nescence 

‘S 

283 

nN 

= 
eos 

win 

< 

N 

So 

ee 

_ 

| 

aa” 

OR 
1 

o3 

aa 

y 

™ 

ee 
09 60 

Been 

eas 

g 

"85% 

waa taace 

‘ed 

. 
_ 

3 

— 

Samis 

. 

oo 
(Sms 

| 
Suse 

© 

IO 
A 

wo 

wi 
hes 

| 

£9 

ag 

oO" 

miGNS 

Ss 

geen 

e 

| 

gz 

8S 

Ree 

NO 

. 
ae 

i 

sau 

3° 

a 

rateieiae 

g 

| 
fae 

ms 

qo 
i 

1 © st 

acanee 

4 

. 

#465 

10 
rt 

mo 

4 

AISOS 

may 

aan 

& 

eel 

ee 

< 

BBD 

nN 
ae 

Cd 

a 

to 

BSB 

- 
ah 

rico 

iow 

Ssg5 

® 

~° 
Nore 

53 00 
50 

ed 

MOI 
O010 

n 
is 

re 

opal 

BR 

Sy 

_ 

at 

JS 

os 

Do 

r= 

. 

osarees 

Sean 

eens 

~ 18 
3 § 

08 

D 

a 
| 

pasa 

a 

Ssirt 
rts 

sanSse 

i 

a§ 

i 
Lo! 

ae 

018 
NS 

8 

oo 
Toren 

oD 

SD 

s 

B's 

8 

. 
© 

io! 

- 
NO 

oo 

Roe 

BE 
oF 

cS Rae 

AERE 
RASS 

Baz 
eaeee 

o 

é 
, 

Oe 

ne 

0 

ory 

~* 

© 

zz 

bo 

Q, 

“ 

_ 
2 e9 

ind 

eae 

iSeBes 

ga 
1S 

OR 

3 

BBs 

\ 
rd 

lo 
110 

60 

< 
PRBS 

ro 

5 

43'S 

be 
00 

' 

t 
‘So 

etre 

N 

Basses 

acon 

~ 

} 
78 

ay 

o~ 

3 HO 

, 

= 

s 
A 

ql 
Ne) 

ql 

BS 

g5° 

a 
~ 

S 

2 

BID 

i 

<t 
mg 

37 
weer 

wan 

© 
Ine 

4 
1 

eat 

ORO 

GN 60 
69 ca 

ok 

sigue 

1p 

lag 

12 

' 

Re 

led 

tot 

gee 

> 
9 

: 

Ss 

Beegs 

ia 35 

ot 
a SSS 

a 1s 

, 

-_ 

CRE 

9 

! 

1c 
4 

on 

' 
1 

H rt 
He) 

s 

a 
~ 

es 

' 

iret 

- 

1 

‘ 

1 

rm 

v7! 

a 

a as 

t 

oe 

& 

rot 
Sr 

id 
18 

S 

88 

Ql 
No 

' 

t 
1S 

t 

' 

‘i: 
io 

4 

~ 

16 
! 

’ 
' 

1S 
' 

' 

im 

to 

SC 

“Cel 

ee 

oO 

= 

laa 

' 

tre 

;o 

t 

. 

! 

lal 

oo 

1 

~ 
g 

Sua 

a 

N 
PT 

See 

ih 

tet 

an 
in 

' 
ric 

Ss 

\ 

. 

am 

1° 

oS 

‘3 
g Sq 

al 
1S 

1S 

iN 
NS 

1 

Sem 

S28 

38 

ie 

1a 
ioe 

' 
' 

tet 

85 

rie 

1 

3% 

as 

a 
x 

i 

ial 

to 

ia 

oS 
1B 

4 

S3ais 

' 

' 
jen 

rt 

' 

' 
wo 

i 

1 
1 

= 

3 § 
BOs 

hy: 

i 
ited 

xe 

tot 

h 1% 
© 

| 

SEX 

me 

a 

' 
ite 

So 

' 
’ 

no 

1 

Qu 

agae 

10 

—d my 

i 
1 

re 

- 
iN 

' 

i 
' 

leo 
1x 

ON 

' 

E 

g 

a 
a 5 

tO 

moe 

tr 
[b= 

rs 

' 

ied 
i ~ 

os? 

Tor) 

| 

& 
§ 

3 
2 

g™ 

YQ 
8 

mom 

(Ts 
mio) 

ind 

IBS 

ee 
oO 

> 

rQ 

A 
10 

6 
16 

ee 

toed 
; 

& 
4 

\ 
' 

00 

im 

' 

By 

at 

ge 

1 
see 

' 

' 
is 

' 
oo 

' 

t 

| 
Sz 

a 
és 

ASSESSES 

Ho 
iB 

as 
: 

Yo 

5 

Bee 

ise 

sO 

i 
4 

iN 
' 

Wis 
I 

! 

wi 

ra 

= 

a 

As 

00 
° 

~ 

' 

\ 
i 

1D 

1 

' 

i 

oa 

ee 

oO 

‘ 

Sx 

. 

ml 

' 

> 
1d 

= 

' 

1 

£5 

ex 
° 

“3 

Sag 

14 

~ 
i 

> 

q 

si om 

~ 
S20 

© 
ii 

ena 

1 
4 

Php 
te 

O20 

& 

ae 

me0 

ere 

acs 

i 

aco 
’ 

; 

! 

aa 

SS 

AAS 

SES 

isis 

° 
12 o 

pd 

. 

° 

. 

4 

~ 

Cie 

_8Ue 

a 
i 

Ho 

nN 
10 

SS 
mt to 

1 
f 

2 

me 

! 

3 

ge 
@ 

BN 

© 

SIAN 
TES 

en 

~ 

a2 
ES 

a 

aS” 

aaee4 

5 
| 

! 

om 

e 
8 

gs 

+ 

I! 

oO 

oO 

° 

ara 

' 

I 

f~} 

od 

Bae 

1 

~ 

or 

re 

° 

aS 

' 

t 

S825 

ss 

t 

<o 

GID 
ob 

m 
t 11S 

1 

' 
.! 

S26 

00 
So 

NS 
HBR 

rts 

( 
eo 

' 

. 

a 

ont 

af 
<H! 

16 

AAs 

aS 

eS 

2 

ay 
SEa3S8 

S618 

oo 

i 

wiglcet 

: 
3 

“ 
EAEIE 

nea (Be 
: 

o 

=| 

® 

, 

t 
! 

ot 

=H 
CO 

‘ 
. 

n~ 
163 

© 
Sg 

XS 

ae 

2960 

SINB 

S ieee 

= 

& 

ao 

it 
rt 

NSS 

109 1d 
at 

ne 

of 

a 

m 
2 

n 
\ 

1 
| 

ee 
ASN 

oo 

Bons 

~~ 

E 

az 
© 

rng 

Se 
Am 

er 

oe 

° 

Oo 

t 

' 
5 

oO 
~ 

ae 

' 

~~ 

~ 

wo 

ts 

8s 
Bi tg 

! 

me 
Sx 

$ 
6S 

SNS 
3 

ot 

35 

* 
a 

ion 
tr 

i 

aon 

~ 
OB 

Se 

a0 
cand 

oo | 
° 

. 

m 

/ 

ns 

we 

3 
1ag 

ta 
1 

1 
i 

t 

4 
N 

OS 
O9& 

as 
© 

N 

ae 

om 

ome 

a5 

° 
‘S68 

ia 

g 
pa 

! 

SS 

100 

pS 

g 

s 

ge 

b> 

ee 

geez 

t 
' 

f 

nN 

oO 
iss 

a3 

~ 

—™ 
7 

pt 
ok 

gee 

rae 

NX 

IBS 

ee 

& 

soko) 
Seite 

bens 

5 
Ra 

| 

os 

& 

¢ 

§ 
| 

° 

o 
io 

ia 

if 

oO 
1 

> D> 
i 

< 

ee 

= 

ae 

ro! 
igeas 

) 
i~ 

1 
ra 

i 
| 

roa 
! 
oe 

1 
sen 

fon 

“3 
a 

' 
nos 

by 
& 

14 

t 
' 

' 
i 

( 
' 

rot 

1 

CO 
! 
SSas 

ga 

j 

43 

a 
rou 

& 2.2 

it 

i 
4 

' 
' 

‘ 
' 

' 
t 

I 

= 
1 
See 

e 

5 

—_ 

sg 

Hii 

Wg 

a 

een 

Ne 

S 

! 

I 

> 

. 

— 

Ee 

ne 

aad 

' 
a”? 

mo 

> 
235 

52 

3 

a 

oS 

t 
! 

' 
' 

Be 

tos 
‘ 

! 
\ 

! 
' 

1 

wo 

os 

Y 

' 

= 
ioe 

3 

ao 

I 
! 

s 
ou 

i 
1 

tol 
1 

t 
! 

i 
1 

& 
a, 

— 

1 
’ 

(BAi25 

ps 

t 
! 

t 
tao 

a] 
i 

ig 
a 

1 
( 

I 

5 

QQ 

14 

' 

EE: 

it 
rt 

igs 

rt 
14 

a 
ryt 

rot 

a8 

{ 
1 

\ 
1 

Eps85: 

' 
‘ 
i 

1 os 

\ 
1 
‘Ss 

' 
ra 

tot 
t 

3° 

S 

> 

! 
‘ 

1 
' 

oo 

Seee 

88 

' 
' 

' 
mn 

' 
‘ 

t 
1 

' 
i 

t 
' 

; 
{ 

' 
i 

1 

> 

= 

14 
tt 

rd 

aoe 

SS 
' (od 

tt 
' 

ook 
pad 

' 
4 itt 

\ 
2° 

oO 

4 
tt 

rit 

! 

& 

‘ 
SS 

1& 

an ' ‘eg 

tag 

i 
i 

144 

' 
35 

5 

it 
it 

tot 
ra 

14 
8g 

88 
tt 

11 Os 
tat 

too 
14 & 

14 
52 

s 

' ' 
rt 

tt 
tt 

ot 
m1 

iad 

i 338 

' i ion 
2 

i] 
i 

1 
§ 

tt 
oie 

Hn 

rot 
1 

1 
' 

' 
it 

' 
\ 

a4 

! 
agcs 

1 
gg 

\ 
' 

‘ 
; 

1 
‘ge 

tt 

2 

£ 

B 
i 

1 

' 
’ 

t 
1 

4 
I 

| 
to¢ 

t 

! 

1 
' 

12 

Soe 

8: 

' 
\ 

I 
! 

' 
1 

4 

' 
t 

on 

° 

a 
; 

rt 
ra 

4 to 
' 

it 

fai 
tt 

Saa 

ta 
1 

\ 1 MS 
rs 

aS 

0 

eS 
1 

5 
i 

if 
ros 

‘ 
ro 

\ 
' 

\ 
I 

4 
Ea 

' 
1 

t 
5 

} 

ot 
' 

' 
i 

S 
! 

i 
mt 

a> 

a 
14 

ii 
tu 

ta 

ty 

ia 
tte 

tt 
! Base 

i 

1 
1 OG 

4 
ws 

t 
' 

! 
! 

to 
t 

| 
4 

' 
' 

5 
‘ 

' 
' 

' 
pod 

‘ 
' 
‘Se 

8.3.2 

{ 
1 

wm 
! 

§ 
a= 

s 
} ‘ 

7 ro 
i 

ro 
rt 

foros 

t faut 

t 
ee 

vot 
oS 

' tory 

tt 

Oo 

! 

‘ 
t 

i 
! 

' 
t 

I 

t 
to 

5 
t 

tou 
I 

' 

> 
\ 

1 
t 

def 

1 
t 

2 
® 

' 
‘ 

t 
‘i 

tot 

1 
’ 

1 

t 
l 

t 
( 

\ 
, 

toe 

1 

toy 

t 
{ 

‘ 
ssis 

t 
l 

2a 

' 
i 

1 
1 

toe 

l 
! 

1 
_! 

t 
( 

1 
{ 

roe 

1 
rf 

t 
r 

t 
4 

1 

ts 

' 
1 

1 

a 

1 
1 

oom 

I 
t 

1 
' 

tot 

t 
t 

12 

' 
' 

te 9] 
t 

‘ 
t 

4 
’ 

' 

1 
t 

! 

1 
1 

' 
' 

1 
I 

Bg 

1 
2S 

1 

it 
' 

i 
ie] 

' 
a! 

rt 

it 
‘ 

i 
rit 

' 

! 

io 
oe 

os 

+f 

ry 

' 

1 
<i 

4 ’ 
i 

' 
i 4 

it 
' 

' 
ag 

‘tt 

@ 

1 fe 

i? 
! 

1s 
\ 

eB 
' 

it 
' 

i 
' 

iy 

it 
i 

‘ 
iS 

' 

bam 

Qu 

ov 

ii 
! 

' 
® 

! 
' 

5 
‘ 

t 
! 

pot 
i 

! 
ro 

‘ 
i 

t 
' 

' 

if 

i 
' 

ry 
O 

xo 

me 

ol 
t 

! 
1g 

i 
! 

Gl 
t 

1 
zt 

l 
lot 

1 
i 

to. 
t 

t 
qo 

t 
t 

' 

ex 
\ 

t 
om 

Mead 

ad 

ee 
Se 

giles 

[by 
tote 

1 
Be 

tt 
ri 

ta 
rt 

tt 
1 

oo 
rt 

tt 
' 

oO 

gaa 

° 
the 

' 
on 

to 

Oo 
‘ 

' 
i 

t 
to 

I 
' 

to4 

1 
‘ 

to 

t 
im 

i 
toy 

' 
j 

2 

sto) 
APE 

ue 

Hg 

2B 

eyes 

1S 
E 

' 

t 
is 

| 
it 

tos 

tt 
t 

tt 

‘ 
' 

I be 

tos 

1@ 

i 
\ 

a 

EL 

Bs 
ja 

t 

1 
1% 

\ 
1 

t 
' 

i 
' 

to 
I 

t 
ios 

i2 

i! 
iw 

\ 
i 

zo 

HS 

BSEa 

! 

4 

4 ' 

4 ' 

t 
is 

a! 

ot 

' 

oo 

o> 

S 

@ 

£38 

al 

i} 

i 

i 

8 
o 

! im 

1 

ss 

Ze 
+ 

{ 

° 
ia 

ot | 
tt 

it 
' 

rt 

| 
od 

iP 
' 

an 

are 

Q 

~ 

'§ 

12 

I 
t 

t 
' 

I 
tad 

' 
' 

t 
re 

o 
U 
a 

t 
i] 

a 
8 

nee 

my 
@ 

i 
1 

' 
' 

' 
' 

Be) 
{ 

! 
' 

fe 
io 

' 
! 

se 

es 

Ris 
& 

' 
2m 

i ' 
18 

' 12 
a 

t 
a! 

iis 

N 

On 

rasa 

i 
! 

On 

' 
~~ 

It 
10 

\ 
1 

eS 

ESsgaee 

ri 
1 
in’ 

' 
ro 

8 
cS 

1 
{ 

t 

hull! 

SIIB 

E 

§ 

stiles 

a 
Ge 

ge 

ze 

hulle 

Bead 

|| 

Ee 

tal 

ggg 
i! 

mY 

Fy 

ie 
=O 

a 

' 

Bade 

2208 
| 

3 

Heh 

38 

jem 

3 

Ss 
. oes 

ie 

8 

Spaas 

3OO 

3 

wo 

Sse 

y 
828 

® 

aD 

BGS 

gv 

“a 
2S 

Bo 

BEES 

as 

> 
om



TECHNOLOGIC TRENDS IN THE MINERAL INDUSTRIES 7 5 

Table 12.—-Mining methods used in open-pit mining, by commodities, in 1970 
(Percent) 

Total material handled Total material handled 

Preceded Not Preceded Not 
Commodity by drilling preceded Commodity by drilling preceded 

and by drilling and by drilling 
blasting and blasting and 

blasting blasting 

METALS NONMETALS—Continued 
7 _ Antimony.$..-...-..------- 12 28 .... Boron minerals... 2. _2~- -400.--  --  Lee - 

Bauxite______.-_-.---.---- 82 18 Clays_._.-.--.------------ --- 100 
Beryllium___--._---------- 1 99 Diatomite__.___-..-------- --- 100 
Copper__...--.-------.---- 91 9 Emery ___----------------- 100 _-- 
Gold: Feldspar___..._--.-------- 53 47 

Lode__.._.._--..-_---- 100 a Fluorspar_.___..-..----_--- 89 11 
Placer__.-.._--.--__--. 3 97 Graphite___....-..--.----- 100 a 

Iron ore__._.--..--_--..--- 82 18 Greensand marl_____.._---- _-- 100 
Lead__....- 22 ee 63 37 Gypsum_____._.-__--.----- 93 q 
Mercury. _._--__-.-------- 33 67 Kyanite._......-...-_----- 100 = 
Molybdenum_-___.__--__--- 100 --- Magnesite____.___._-__----- 100 ae 
Nickel__~--_- 2 eee 17 83 Miea______-- 2 2 98 
Platinum-group metals__._-- en 100 Olivine.___..-_.-..--.--.-- 100 _— 
Rare-earth metals___._____- 100 --- Perlite. __.-.......-_------- 53 AT 
Silver._..__.-..------~----- 44 56 Phosphate rock___..-.----- 2 98 
Titanium: Ilmenite__._____- 22 — 78 Pumice___.__..-_-.--.--_.-- 3 97. 
Uranium. __..._.---------- 28 72 Sand and gravel____.__-_--- —_— 100 
Vanadium_.___._.___...-_- 20 | 80 Stone: 
Zine_.-.-..--.-----.------- 100 _— Crushed and broken. _._- 3 97 

Dimension__.__.__----- _— 100 
NONMETALS Tale, soapstone, pyrophyllite_ 49 51 

Aplite.....---- 22 18 82 Vermiculite______..-.__-.-- 66 34 
Asbestos__._____...---_--- 89 11 _— 
Barite._...._-...-_._------ 9 91 Total. _...-_.--_---- 33 67 

Table 13.—Exploration and development activity in the United States, by methods 

Metals Nonmetals Total 
Method Ne a 

Feet Percent Feet — Percent Feet Percent 
of total of total - of total 

1969 

Shaft and winze sinking. _______- 23 , 708 0.1 2,469 0.3 26,177 0.1 
Raising___..---.-..--.---..--- 183 , 671 .6 11,612 r1.3 195 ,283 .6 
Drifting and crosscutting. ___.-_- 870 ,558 2.8 24 ,922 2.8 895 ,480 2.8 
Diamond drilling_........--.-..-- 2,155,272 7.0 88 ,905 9.9 2,244,177 7.1 
Churn drilling-.__..__.___..---- 462 ,689 1.5 cL. ee eee Leite 462 ,689 1.5 . 
Rotary drilling.._......._....... 23,442,268 76.1 608 ,978 68.1 24,051,246 75.8 
Percussion drilling__......_....-. 3,485,209 11.1 147,480 16.5 3,582,689 11.3 
Trenching_....__.-_--.-------- 101 , 099 3 689 1 101 ,788 3 
Other... --__---_--_---- 141,181 5 9,242 1.0 150 ,423 5 

Total_____._.........__. 30,815,655 | 100.0 894,297 100.0 31,709,952 100.0 

1970 

Shaft and winze sinking._____.-_- 29 ,943 0.1 2,628 0.3 32,571 0.1 
Raising. ......._.-..--__-.----- 188 , 720 7 7,521 1.0 196 ,241 7 
Drifting and crosscutting__-_-__-- 787 ,994 2.8 21,537 2.7 809 ,531 2.8 
Diamond drilling....._._......._. 2,318,116 8.3 130 ,095 16.4 2,448,211 8.5 
Churn drilling........._..__.-_- 125 , 492 4 16 , 753 2.1 142 ,245 5 
Rotary drilling_._.__.__.____..___.. 20,619,313 73.7 390 ,212 49.2 21,009 ,525 73.0 
Percussion drilling....._...__._... 3,067,783 11.0 186 , 848 23.6 3,254,631 11.3 
Trenching___.........._-___--- 66 ,853 .2 16 , 242 2.0 83 ,095 3 
Other. ._..-.---.--_-.-_--_.--- 769 ,480 2.8 21 , 262 2.7 790 , 742 2.8 

Total. ....-......__..-_. 27,973,694 100.0 793 ,098 100.0 28,766,792 100.0. 

r Revised.
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Table 16.—Total material (ore and waste) produced by exploration and development 
in the United States, by commodities and States, in 1970 

(Thousand short tons) 
EE 

Shaft and Drifting 
winze Raising and Trenching Stripping Total 
sinking crosscutting 
et A 

COMMODITIES , 
a 

METALS 
Antimony. -...--------- a 1 1 6 12 20 

'  Bauxite.-._-_._.--.---- a a 33 — 4,762 4,795 

Copper. -.------------- 114 122 267 6 144 ,335 144,844 

old: 
Lode____-.-.------ 1 19 66 3 12 101 

Placer....._..-_---- _-- _-- _-- 3 74 17 

Iron ore_....___-----_-- a 23 574 1 99 ,758 100 ,356 

Lead___.._._-.--_-_--- 10 27 228 63 4 332 

Mereury__..-__-__--_-- _— 5 14 —_— 1,781 1,800 

Molybdenum________-- 33 1 332 —_— ae neuee 366 

Silver__...._.-.---_--- 11 18 79 17 104 229 

Tungsten________..__-- _-- 5 54 3 waonuee 62 

. Uranium___._.-----_-- 19 18 471 83 64,330 64,921 

Zine____..___-_------- 4 25 517 3 245 194 

Other 1__.-_-____._-_--- _— 1 76 --- 2,083 2,160 

Total metals 2____ 194 262 2,713 189 317 ,502 320 , 860 
—————— eee eEeEeaeaooaooooeeeE—————————————— 

NONMETALS . 
Barite_._-.__._._._--_- _-- 1 . 7. 9 127 144 . 

Fluorspar_._..._._-..-- eo \ 3 12 --- 18 28 

Gypsum._______._-.--- 2 —_ 29 --- 13 ,974 14,005 

Phosphate rock. ___.--- — 2 _-- 4 257 ,308 257 ,314 

Tale, soapstone, 
_ pyrophyllite____.__-- 13 7 25 — 697 . 742 
Other ?___..-_--------- —_— _— 2 5 2,522 2,529 

Total non- 
metals 2______- 15 13 75 19 274,640 274,762 

————— ee eeeeaeaeaaeaaoaeaaaeeeeaeeeeeuaoaoaoaououoaoaoauaeeeeeeeeeeeeeeeyyUSSSooeom 

. Grand total 2____- 209 277 2,788 209 592,144 595 ,627 

STATE . 
mm 

Alabama. _______-_-.-_- —_— _-- — a 432 . 432 

Alaska__..-.-.-_-_---- —_— _— 1 2 262 265 

Arizona_._._.-_----.-- 114 16 175 6 67 ,938 68 ,309 

Arkansas_.__._.--_---- _-- 1 - 40 _-- 6,249 6.,290 

_ California___..-..----- 13 15 120 1 3,732 3,881 

Colorado.__.__.___-_-- 42 16 © 496 53 15 622 

Florida________-.-_---- _-- oe _-- _— 220 ,942 220 ,942 

Georgia..._._...-.---- _-- _-- ee — 49 49 

Idaho__-_...-__------- 13 29 114 3 14,474 14,633 

Illinois......-..--.-.-- —_— 3 10 — ween eee 13 
Indiana___________-_-- 2 aoe _— _— 835 37 
Towa___-_-2---__-----. ee _-- —_— _-- 5,966 5 ,966 

Kentucky____._._----- _-- ee 2 _-- 1 3 

Michigan___._....----- _-- 5 52 oe 16, 062 16,119 

Minnesota_____..___.-- — _— -oe _— 84,857 84,857 

Missouri_______.__---- 2 11 544 67 wae ueee 624 

Montana_____..-_.-.-.- _— 25 61 12 5 103 

Nevada__._____-.----- 1 2 13 17 33 ,635 33 ,668 

New Jersey__.___.----- --- 1 1 ee 234 236 

New Mexico._._------- 1 38 453 2 47,465 47 ,959 

New York__._____-_--- _-- 14 18 _-- -eoeeee 32 

North Carolina_______-_ _— 1 10 _-- 10 ,932 10 ,943 
Pennsylvania______-_-- 1 —_— 51 a 951 1,003 
South Carolina__._____- _-- _— _— oe 5 5 
South Dakota____.__--- — 17 51 1 4,646 4,715 

Tennessee___._-_-_---- 1 4 398 _-- 8,831 9,234 

Texas_.._...---------- _-- _-- 1 a 8,240 8,241 

Utah___-.- eee 16 15 57 5 1,712 1,805 
Vermont. _________-_-- 2 1 3 — ~------ 6 
Virginia___.._..__----- —— 2 38 a 8 48 
Washington___...__.--- _— 1 19 _-- 607 627 
Wisconsin. ___.___----- _— —_ 27 a ~oaueee 27 
Wyoming______--_----- 1 — 32 39 47 ,453 47 ,525 

Other 4_._____--------- --- oe 1 1 6,406 6,408 
a 

Total__._--_--.-- 209 277 2,788 209 592 ,144 595 ,627 
ne EE 

1 Beryllium, ilmenite, manganiferrous ore, rare-earth metals, and vanadium. 
2 Data may not add to totals shown because of independent rounding. 
3 Asbestos, diatomite, feldspar, graphite, mica, perlite, pumice, and salt. 
4 Connecticut, Maine, Oklahoma, and Oregon.
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| Table 17.—U.S. consumption of industrial explosives , | 
. (Thousand pounds) 

' Black blasting | High - Blasting 
powder explosives agents 

—_— Ss Liquid 
Ammonium oxygen Total 

Granular Pellets Permissible Other than nitrate, explosives 
permissible processed and 

unprocessed 

1965_...... 464 372 - 76,040 542,318 | 1,260,107 5,598 |. 1,884,899 . 
me ~ -1966__...-. 240 223 94,527 1538 ,968 1,343 ,104 13 ,094 1,970,156 

1967___._.. 242 182 68 , 770 1 537 ,997 1,287 ,506 10,017 1,904,714 
1968._..... 257 170 64,130 1535 ,364 1,347,816 eee ee 1,947 ,737 
1969__..... 209 61 60,364 1 541,279 1,624,564 we neee 2,226,477 

1 Includes blasting agents, rigidly cartridged, and water gels and slurries. 

Table 18.—U.S. consumption of explosives in the minerals industry 
(Thousand pounds) . a 

- Year Coal mining Metal mining Quarrying and Total 
. nonmetal mining 

PERMISSIBLE EXPLOSIVES 

1965......-....--. 78,564 79 1,520 75,168 | 
1966_....-__-___-_- 71,091 95 1,957 73,143 
1967_____.._..___- 65 , 284 161 2,238 67 ,683 | 
1968__.._...-.___- 60 ,943 267 —. 1,394 62 ,604 
1969__-..--------- 57 ,528 58 1,193 58,779 

. OTHER HIGH EXPLOSIVES ! 

1965__._....-.__.- 22 ,090 123 , 862 141,050 287 ,002 
1966__._..._-.___- 19,591 118 ,900 141,117. 279 ,608 
1967___._...--__-- 30 ,942 161,181 146,018 338 ,141 
1968_..._..._--._-- 29 , 482 195 ,315 144 ,663 _ 369,460 
1969___._._______- 30,904 205 ,841 151 ,478 388 ,223 

AMMONIUM NITRATE BLASTING AGENTS . 

1965_.._..._..-_-- 498 ,571 232,770 228 284 954 ,625 
1966__......-.._-- 514,549 234 ,336 252 , 794 1,001 ,679 
1967___._.._--__-_- 555 , 3038 166 , 250 261,145 982 ,698 
1968_._._____..__-- 593 ,741 207 , 859 251 , 832 1,053 , 432 
1969_____.__..__-- 731,679 264 ,892 286 , 003 1,282 ,574 

PELLET BLACK BLASTING POWDER 

1965___...-------- 126 a 61 187 
1966.._._....-__-- 77 wae nee 25 102 
1967___._.._..__.- 32 1 23 56 
1968___.._._..__.- wa --ee wae---e 11 11 
1969___._...--___- 2 wau---e 21 23 

. GRANULAR BLACK BLASTING POWDER 

1965_..--.-_--.__- 15 4 120 139 
1966_____....____- 245 woenee 390 635 
1967_._...---..__. 3 3 101 107 
1968....-.-.-..2-- we -eee 3 98 101 
1969__._.-...-.__. 1 w------ 94 95 

TOTAL EXPLOSIVES 

1965_._..------.-- 589 ,366 356 , 715 371 ,035 1,317,116 
1966__....-.------ 605 , 553 353 ,331 396 ,283 1 ,355 , 167 
1967___._.....---- 651 , 564 327 , 596 409 ,525 1,388 ,685 
1968___._...---.-- 684 , 166 403 , 444 397 ,998 1,485 ,608 
1969___.___..-___- 820,114 470,791 438 , 789 1,729 ,694 

1 Includes blasting agents, rigidly cartridged, and water gels and slurries.



80 MINERALS YEARBOOK, 1970 . 

| FLOTATION TRENDS * 

The growth in beneficiation of ore by Research on flotation of metal oxide, 
flotation methods was shown in 1970, by a carbonate, and nonmetal ores is expected 
record 405 million tons of ore processed. to continue during the next decade, and 
This is compared with 279 million tons the development and improvement in 
processed in 1965 and 198 million tons processes for treating these types of ore ac- 
processed in 1960. Most of the growth was celerated. An example of what can occur 
in the large-volume commodities such as with increased technology was shown in 
copper, copper-molvbdenum, iron ore, and iron ore during the past 5-year interval. 
phosphate rock. Sulfide ore treatment con- The quantity of crude iron ore that was 
tinued to dominate the statistics, but treat- treated nearly doubled. The grade of con- 

ment of other ores have shown higher  centrate rose 5 percent and recovery of 
growth rates. : iron values rose 11 percent. At the same 

A major advance in flotation equipment time, great economies were made in re- 
in the past 5 years has been the develop- agent consumption, which declined 0.369 
ment and .use of larger flotation cells, pound per ton and nearly 4 cents in value 
thereby keeping pace with increasing size per ton of ore treated. . 

of other processing equipment. Cell sizes of = \fagnitude of Flotation—The number 
300 to 500 cubic feet in volume were being of flotation plants reporting operations in 
installed at a rapid rate throughout the the United States during 1970 totaled 240, 

_ world, and at least one installation em- 4g decrease of 15 from that of 1965. Despite 

ployed cells of up to 2,000 cubic feet in the reduced: number of plants reporting, 
volume. Larger cells provide the advantage oye tyeated rose to a record high of 405 

of lower operating and maintenance costs, million tons, from 279 million tons in 1965 
| and lower capital investment per ton of and 198 million tons in 1960. Concentrates 

| ore processed. Reports have been made  pyoduced rose to 54.1 million tons, from 
that larger cells now outperform smaller 387 million tons in 1965 and 215 million — 
cells because of a reduction in reagent con- tons in 1960. Capacity rose significantly 
sumption, better recovery, and lower horse- from 900,000 tons per day in 1965, to 

power consumption per unit volume. An pearly 1.4 million tons per day in 1970. 
additional advantage of these larger cells Ores were processed by froth flotation meth- — 
is the reduction in the number of instru- ods to recover various ferrous, nonferrous, 
ments required for automatic control. AU- and nonmetallic ores and. coal. Twenty- 
tomatic control for flotation circuits is yine different commodities were recovered. 

growing rapidly and allows continous mon- = bution. of Flotation Plants.—The 
itoring and on-line analysis of the flotation 240 reporting flotation plants were located 

Process __ in 38. States. West Virginia led with 34, 
Research on various aspects of flotation roiowed by Arizona (21), New Mexico 

was prolific during the 5-year period and 7) Florid 17). Colorado (15 d 
| is summarized annually in trade journals. (17), onda ( ), Colorado ( >) » an 

| The Annual Review issue of World Min- Pennsylvania (15). Plants located in West — 
ing (London) published by the Mining Virginia and Pennsylvania primarily re- 

Journal devotes considerable space to flota- flected a high level of activity in coal; 
tion developments. The Dow Chemical Co. those in Florida, phosphate rock; those in 

_ annually prepares a literature index on Arizona, copper; and those in New Mexico 
worldwide flotation papers. and Colorado, base metals. The number of 

A considerable portion of published re- 
search concerns applied research for indi- ~ 
vidual commodities and flotation reagents, ’ Prepared by John L. _Morning and Gertrude 
but basic research on surface chemistry greenspoon, im ineral specialist, Division of Non- 
and kinetics is not neglected. Two English * Glembotskii, V. A., G. M. Dmitrieva, and M. 
translations of Soviet material, partially 1. 5970Kin, Non Ore ovate fram Bets. tah. 
sponsored by the Department of the Inte- nical Information Services, Springfield, Va., TT70- 

rior, were published during 1970 and indi- me Solnyshkin, VL. Flotation Agents and Effects. 
cate the interest of Soviet researchers in flo- (Translated from Russian, Available from Nation- 
tation processes. al Technical Information Services, Springfield, Va.,
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States reporting 10 or more plants in- 1,244 million pounds in 1965 and 849 
creased to nine, compared with ‘seven million pounds in 1960. The average con- 
States in 1965. A number of plants sumption of reagents per ton of ore 
changed categories from 1965 when flota- treated rose from 4.297 * pounds in 1960 
tion circuits were added to recover byprod- and _ 4.507 pounds in 1965, to 5.114 pounds 
uct or coproduct materials. in 1970. Most categories of reagents indi- 
| Consumption of Energy, Water, and cated an increase in usage per ton of ore 
Grinding Media, Including Mill Liners— treated, however, the use of frothers de- 
Energy consumption in the operation of creased slightly and the use of flocculants 

, flotation plants increased significantly ris- decreased nearly 50 percent. © 
ing to over 5.9 billion kilowatt-hours in  ~ Value of reagents consumed during the 
1970, from 4.1 billion kilowatt-hours in vear totaled $50.9 million, compared with 
1965. A small part of the increase in total $31.0 million in 1963, and $21.8 million in 
energy requirements was the result of bet- 1960. The average cost of reagents per ton 
ter reporting, but most was accounted for of total ore treated was $0.126, compared 
by the growth in treating large-volume with $0.112 in 1965 and S0.110 in 1960. 
commodities such as copper, copper-molvb- The following classification of reagents is 
enum, iron ore, and phosphate rock. En- used in this chapter: | 

ergy used per ton of ore treated ranged Modifiers—Reagents used to control al- 
from 8.2 kilowatt-hours to 64.1 Kilowatt-  \alinity and to eliminate harmful effects of 
hours, with an average of 15.3 kilowatt- colloidal material and soluble salts. | 
hours for total ore treated. This compares Activators—Reagents used to assist or 
with an average of 15-4 kilowatt-hours re- improve the flotation of minerals that do 
ported in 1965. Energy consumption in- 116, respond to a simple collector-froth | cluded all that Was consumed by processes combination. | | 
P receding OF following flotation, such as Depressants.—Reagents used to improve a 
crushing, filtering, and material-handling. he selective separation of minerals by low- ! Flotation plants used ‘nearly 488 billion m he float Pl - of ific mineral : 
gallons of water in processing ore, a signif. “8 me 08 ab uaty OF speci muineras: 
icant increase from 322 billion gallons re- | Collectors.—Reagents used to provide a ported in 1965, and 222 billion gallons in water-repellent surface on the mineral to : 
1960. Consumption, per ton of ore treated, be floated so as to improve adherence of . . ! 
ranged from 3,359 gallons in the phos- the mineral to air bubbles. | 
phate rock industry to 285 gallons in the Frothers —Reagents used to produce a : 
potash industry. Average consumption for roth of adequate durability to permit re- | 
total ore treated was 1,310 gallons in 1970, ™oval of mineral-carrying bubbles from | 
compared with 1,240 gallons in 1965, and the flotation machine. 
1,140 gallons in 1960. Phosphate rock ac- a ulants<—Reagents used to poeculate 
counted for nearly 50 percent of water Solids in aqueous suspension and thereby 

used. Total quantities reported included facilitate thickening and filtering opera- 
recirculated and new or makeup water. tions. 

The use of grinding media in prepara- Whenever possible, the chemical names 
tion of ores for flotation increased nearly rather than the trade names of reagents 
in direct proportion to the quantity of ore are reported. For those reagents whose 
treated when compared with 1965. Total chemical compositions are unkown or too 
consumption for the industry during the complex for simple presentation, the trade 
year was rods, 72.9 million pounds; balls, names are shown. Included in those cate- 
301 million pounds; and liners 32.0 million gories are Aero Depressants, Aerofloats, 
pounds. On a per-ton-of-ore-treated basis, Aerofroths, Aero Promoters, Aeroflocs, and 
consumption was rods, 0.539 pound; balls, Superflocs (products of American Cy- 
1.095 pounds; and liners, 0.143 pound; anamid Co.). Dowfroth, Dow—Z-200, and 
compared with 1965 consumption of rods, Separan (products of The Dow Chemical 
0.549 pound; balls, 1.088 pounds; and lin- Co.); Minerec (product of Minerec Corp.) 
ers 0.138 pound. and Nalco (product of Nalco Chemical 
Consumption of Reagents.—Total con- Co.). Also, to avoid disclosing confidential 

sumption ar flotation reagents in 1970 in- information, some reagents are not identi- 
creased to over 2,067 million pounds, from fied, but are included under “‘other’’, or in-
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- formation on two or more reagents is com- duction in use on a per-ton-of-ore-treated 
bined. oe | basis. —— 

Sulfide Ores.—Flotation plants treating Nonmetallic Ores.—Capacity of plants 
sulfide ores decreased from 108 in 1965, to treating nonmetallic ore nearly doubled . 

105 in 1970; however, daily capacity rose compared with that of 1965, despite a re- 

39 percent. In continuing the past trend, duction in the number of plants reporting, 
ore treated and concentrate produced in- from 64 in 1965 to 56 in 1970. Ore treated 
creased 40 percent and 23 percent, respec- rose 54 percent, and concentrated produced 
tively, over that of 1965. In comparison, rose 37 percent. Most of the increase was 
the increase reported for 1965 over that of accounted for by the phosphate rock in- 
1960 was 29 percent and 23 percent, re- dustrv. The quantity of ore treated during 
spectively. Sulfide ore treated during the the vear represented 20 percent of total 
vear respresented 70 percent of total ore ore processed, compared with 19 percent in 
treated, compared with 72 percent in 1965, 1965 and 18 percent in 1960. Concentrate | 
and 78 percent in 1960. Also, concentrate produced was 44 percent of total concen- 
produced represented 16 percent of total trate recovered, compared with 45 percent 
concentrate recovered, compared with 19 in 1965 and 55 percent in 1960. Ratio of 
percent in 1965, and 27 percent in 1960. Al- concentration increased to 3.4 to 1, com- 
though there has been a sustained growth pared with 3.0 to 1 reported in 1965 and 
in treatment of sulfide ores during the 1960. . | a | 
past decade, flotation treatment of other Reagents consumption increased sharply | 
ores have shown higher growth rates. | for this classification of ores and rose 72 | 

Reflecting the continued decline in grade percent on a_per-ton-of-ore-treated basis 
| of copper-bearing ores, ratio of concentra- compared with that of 1965. Nearly all of 

. tion increased, rising to 31.8 to 1 in 1970, the increase was the result of increased 
from 27.8 to 1, in 1965, and 26.5 to 1 in usage of modifiers and collectors in the 

: 1960. Reagents consumption during the phosphate rock industry. | | 
past decade increased over 1 pound per Solid Mineral Fuels——The number of re- 

| ton of ore treated, rising to 4.556 pounds porting plants treating bituminous and an- 
per ton of ore. Most of the increase was in thracite coal decreased from 69 in 1965 to 
modifiers. ; 66 in 1970. Despite the decrease in number 

| Metal Oxides and Carbonates.—This of plants, daily tonnage capacity increased 
group includes iron oxide, tungsten, il- 33 percent. During the 5-year interval, the 

_ menite, and limestone. Although the num- quantity of raw coal treated rose 37 per- 
. ber of plants in the group decreased by cent, and the quantity of clean coal pro- 

one compared with that of 1965, the daily duced increased 20 percent. Although the 
average capacity increased 36 percent, growth rate for raw coal treated was sig- 
owing primarily to increased capacity at nificant, it was well below that for the pe- 
iron ore plants. Ore treated and produc- riod of 1960-65. Solid fuels accounted for 
tion of concentrate both rose 84 percent 3 percent of total material handled, the 
compared with that of 1965, and the ratio same as in 1965, but was 2 percent higher 

| of concentration remained at 2.3 to 1. The than in 1960. Clean coal recovered 
quantity of ore treated during the year dropped to 16 percent of total material re- 
represented 7 percent of total material covered from 18 percent reported in 1965. 
processed, compared with 6 percent in Consumption of reagents on a per ton of 
1965, and over 1 percent in 1960. Concen- coal processed basis increased 36 percent 
trate recovered as a percent of total con- compared with that of 1965. The use of 
centrate produced, rose to 24 percent, com- modifiers increased substantially, whereas 
pared with 18 percent in 1965, and 4 _ flocculant usage decreased sharply. Collec- 
percent in 1960. tors accounted for more than half of total 

Reagent consumption per ton of ore reagents consumed. 
- treated continued to decrease compared Copper.—Seventeen flotation plants re- 

with previous vears by decreasing to 2.244 ported treating copper ore in 1970, com- 
pounds per ton of ore, compared with pared with 16 plants in 1965. During the 
2.614 pounds in 1965 and 12.036 pounds in 5-year interval, four plants became inactive 
1960. With the exception of modifiers, and six new plants initiated operations. 
other reagents indicated a substantial re- Three plants changed categories when flota-
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tion circuits were either deleted or added_ totaled 15 in 1970, an increase of one 
for molybdenum recovery. Plant capacity from that of 1965. Capacity rose to 40,200 
rose 27 percent over that of 1965, and ore tons per day in 1970, from 30,000 tons per | treated increased more than 24 million day in 1965. Along with the increase in ca- 
tons. Production of concentrate increased pacity, ore treated in 1970 increased 10 

_ 564,000 tons. Grade of ore treated de- percent, rising to 9.4 million tons; concen- 
creased to 0.87-percent copper in 1970, trate produced rose 91 percent to 656,000 
from 0.92 percent copper reported in 1965 tons compared with that of 1965. The 
and 1960. Recovery of copper dropped large increase in concentrate production 

*  from.84 percent-in 1965 and 1960, to 80 was primarily accounted for by the ine —_ oe percent in 1970. Coproduct gold and silver crease in grade of ore treated. Although 
recovery was about the same as in 1965, al- _ the copper content of ores treated re- 
though the average grade in 1970 was mained at the same level as in 1965, the 

, slightly higher. Despite a reagent consump- lead content rose to 4.21 percent in 1970, 
tion increase of nearly 0.7 pound per ton from 2.62 percent in 1965; zinc content of ore treated compared with that of 1965, nearly doubled, rising to 1.20 percent from value of reagents consumed per ton was 0.66 percent. Recovery of metal values ap- about the same. Plants treating copper ore proximated those reported in 1965. Aver- were located in Arizona (six), New Mexico age reagent consumption per ton of ore | (four), Montana (two), Nevada (two), treated decreased nearly 0.8 pound, but av- Oklahoma (one), Michigan (one), and erage cost increased nearly 3 cents per Utah (one). — pound compared with that of 1965. | 
_Copper-Molybdenum.—Plants | treating Plants treating copper-lead-zinc ores 
copper-molybdenum ore increased to 16, were located in six States, led by Missouri 
compared with 13 in 1965. Daily capacity (five), followed by Colorado (three) , increased 53 percent, rising to 465,000 tons Idaho (three), New Mexico (two), Ari- 
per day as two new mines entered produc- zona (one), and Maine (one). : 
tion and two mines installed molybdenum Copper-Zinc-Iron Sulfide.—Four plants, circuits. During the 5-year interval, one with a combined capacity of 11,000 tons 
mine shut down its molybdenum circuit. per day, treated copper-zinc-iron sulfide 
Ore treated rose from 107 million tons in ore in 1970; the same as in 1965. Ore treated 1965, to nearly 156 million tons in 1970, as dropped 8 percent compared with that of | the average grade of ore declined from 1965, but concentrate produced increased 0.79 percent copper to 0.68. percent in 3 percent owing primarily to a reduction in 1970. Concentrate produced rose to over grade of concentrate produced. In 1970 3.5 million tons in, 1970, from 2.8 million average grade of ore treated compared with 
tons in 1965, of which 99 percent repre- that.of 1965 remained the same for copper, — 
sented copper concentrate. Recovery of — increased 0.3 percent for zinc, and decreased 
copper values increased slightly to 84 per- 2.8 percent for iron sulfide. Average re- 
cent in 1970, from 83 percent in 1965: gold coveries of copper, zinc, and iron sulfide de- 
values recovered dropped to 64 percent, creased 2, 7, and 3 percent, respectively, 
from 77 percent in 1965; and silver values from that of 1965. Reagent consumption 
recovered increased to 76 percent in 1970 per ton of ore treated increased 2.846 
from 73 percent in 1965. Molybdenum pounds and nearly 4 cents in value com- 
values recovered were not reported in 1965, pared with that of 1965. Two plants in 
but totaled 59 percent in 1970. The in- Pennsylvania and one each in Arizona and 
dustry continued to make improvements in Tennessee reported treating copper-zinc- 
economies as reagent consumption decreased _ iron sulfide ores in 1970. 
0.6 pound per ton of ore treated in quan- Gold-Silver.—Four plants reported treat- tity and 1 cent in value compared with that ing gold-silver ores in 1970, compared with 
of 1965. seven in 1965. Daily capacity continued a Arizona led in number of plants treating downward trend, dropping to 700 tons per 
copper-molybdenum ore with 12, followed day in 1970, from 1,600 tons per day in by Utah (two), Nevada (one), and New 1960 and 1,100 tons per day in 1965. Ore 
Mexico (one). treated decreased 44 percent and concen-. 
Copper-Lead-Zinc.—The number of flota- trate produced dropped 62 percent com- 

tion plants treating copper-lead-zinc ore pared with that of 1965. However, operat-
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ing plants increased the ratio of owing to the increase in the grade of ore 

concentration and, as a result, grade of treated, which rose to 4.4 percent lead in 

concentrate produced increased signifi- 1970, from 2.9 percent lead in 1965. At the 

cantly. Recovery of gold and silver values same time, recovery of lead values de- 

rose 16 and 22 percent, respectively, indi- creased from 90 percent in 1965 to 87 per- 

cating improved operating performance. In cent in 1970. Output of zinc concentrate 

addition to improved recoveries, improved declined 28 percent despite an increase in 

economies were made in average consump-_ grade of ore from 4.9 percent zinc in 1965 

tion of reagent and’ costs per ton of ore to 6.08 percent in 1970. Recovery of values 

treated, which decreased from 2.545 dropped from 87 percent in 1965 to 82 

pounds and $0.169, respectively, in 1965 to percent in 1970. Reagent consumption re- 

= 9224 pounds and $0.088 respectively, in ported was not strictly comparable with 

1970. Although grade of ore for gold in- that of 1965, but data indicated that quan- 

: creased slightly, silver values more than tity and cost per ‘ton of ore treated in- 

doubled. creased. Plants reporting treatment of 

One plant each from California, Mon- lead-zinc-silver ore were located in Colo- 

tana, Nevada, and Washington reported rado: (seven), Idaho (six), Utah (three), 

treating gold-silver ore. New Mexico (two), Washington (two), 

| Lead-Zinc.—Lead-zinc ore was treated and one each in Arizona and California. 

at 11 flotation plants in’ 1970, compared Zinc.—Flotation plants treating zinc ore | 

with 10 in 1965. Daily capacity nearly dou- decreased from 10 in 1965 to eight in 1970. | 

bled in the past 5 years, rising to 19,700 Despite the reduction in number of plants, 

tons. In addition to increased Capacity, the capacity increased to 16,100 tons per day 

quantity of ore treated rose 60 percent to in 1970, from 15,000 tons per day in 1965. 

over 4.1 million tons, Production of lead The quantity of ore treated was about the 

concentrate increased to 175,000 tons com- same as in 1965, but concentrate produced 

pared with 27,000 tons in 1965; output of declined slightly; recovery of values de- | 

zinc concentrate decreased slightly from creased from 95 percent in 1965, to 93 per- 

229,000 tons in 1965 to 220,000 tons in cent in 1970. Average grade: of ore treated | 

1970. The large increase in output of lead remained at nearly 5 percent zinc, the 

concentrate was accounted for by a shift in Same as in 1965, but was down from the 

average grade of ore treated—lead content nearly 6 percent reported in 1960. Average 

rose to 3.65 percent in 1970, compared consumption of reagents dropped from 

with 1.04 percent in 1965. Zinc content 1.036 in 1965, to 0.840 pound in 1970, but. 

dropped from 5.79 percent in 1965 to 3.40 average cost rose 1 cent ‘per ton. Most of 

in 1970. Average lead recovery rose to 97 the plants treating zinc ore were in Ten- 

percent in 1970, from 93 percent in 1965; nessee (five), with one each in Kentucky, 

zinc recovery decreased from 89 percent in New York, and Pennsylvania. | 

1965 to 87 percent in 1970. There was lit- Feldspar, Mica, and Quartz.—Data on 

tle change in average consumption of re- these commodities were combined to avoid 

agents per ton of ore, but average cost rose disclosing individual company confidential 

4 cents per ton of ore treated. information. Flotation plants treating ores 

Wisconsin had four plants treating lead- of these minerals in 1970 decreased to 14, 

zinc ore, followed by Missouri, with two from 18 reporting in 1965, but capacity de- 

and one plant each operated in Colorado, creased only slightly to 10,000 tons per 

Illinois, New York, Oklahoma, and Vir- day. The quantity of ore treated increased 

ginia. | 154,400 tons and concentrate produced in- 

Lead-Zinc-Silver—Twenty-two flotation creased by 148,451 tons compared with 

plants reported treating lead-zinc-silver ore 1965. Most of the increased output was ac- 

in 1970; down nine plants from the 31 re- counted for by quartz, which rose 186,680 

ported in 1965. As a result, capacity de- tons, followed by feldspar, 41,406 tons; out- 

creased from 30,000 tons per day in 1965, put of mica decreased 17,477 tons, and 

to 15,800 tons per day in 1970. Also, the other products declined 62,158 tons. 

quantity of ore treated declined 38 per- Fluorspar—Four plants reported treat- 

cent, to 3.235 million tons in 1970. Despite ing fluorspar ore during the year com- 

the decrease in ore treated, output of lead pared with six plants in 1965. As a result, 

concentrate was about the same as in 1965 plant capacity, ore treated, and output of
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concentrate and recovery of byproducts de- from 11 million tons in 1965 to 18.6 mil- 
creased. Recovery of fluorspar dropped to lion tons in 1970. With the vast quantity 
84 percent in 1970, compared with 92 per- of ore _ treated, grade of ore decreased from : 
cent in 1965, but was higher than the 77 14.7 percent P2O5 in 1965, to 12.1 percent 
percent recovered in 1960. Average total in 1970. Other changes include average 
consumption of reagents increased, rising grade of concentrate produced which de- 
to 19.498 pounds per ton of ore treated clined to 32.9 percent P2Os in 1970, from _ 
compared with 14.834 pounds per ton in 34.3 percent POs in 1965, and recovery of 
1965, and 7.011 pounds per ton in 1960. values decreased from 80 percent in 1965 

. Three reporting plants were located in to 78 percent. Reagent consumption - in- an 
Illinois and one was located in Colorado. creased 3.102 pounds per ton of ore 
Heavy media preconcentration of ore was treated over that of 1965, returning to the 
reported by three plants. level of that consumed in 1960. Of the 19 
Tron—In 1970 the number of iron ore reporting plants treating phosphate mate- 

flotation plants remained at six, the same rial, 17 were in Florida and one each was 
as that of 1965, but Capacity increased in North Carolina and Utah. ; 
from 40,000 tons per day to 55,700 tons Potash.—Flotation plants treating potash 
per day. Great strides were made during ore in 1970 decreased to eight from nine 
the 5-year interval as ore treated nearly reporting in 1965, but capacity increased 
doubled. More significant was the increase to 52,200 tons per day from 50,000 tons 
in iron content of concentrate produced per day. Despite the slight increase in ca- 
which rose to 63.9 percent in 1970, com- pacity, quantity of ore processed: declined | 
pared with 58.8 percent in 1965. Also, re- 27 percent, to nearly 12 million tons owing 
ported recovery of iron rose from 72 per- to development of new mines in Canada 
cent in 1965, to 83. percent in 1970. Along that produce lower cost potash. Grade of 
with these accomplishments, reagent con- ore treated increased 1.5 percent, to 18.76 
sumption dropped from 2.230 pounds per percent potassium oxide (K2O) from the 
ton of ore treated in 1965, to 1.861 pounds 17.28 percent reported in 1965. As a result . 
per ton of ore in 1970, and value of re- of the higher grade ore treated, concen- 
agents consumed decreased from $0.121 to trate production dropped only 23 percent, 
$0.086 per ton of ore treated. Although and grade of concentrate remained at 57 . 
modifiers increased both in quantity and percent potassium oxide. Recovery of val- | 
value per ton of ore treated, increased ues decreased to 85 percent, compared with 
effectiveness in usage of collectors ac- 87 percent in 1965. Total reagent con- 
counted for decreased total reagent con- sumption rose to 2.089 pounds per ton of 

° sumption. Plants treating iron ore by flota- ore treated in 1970, from 0.959 pound in 
tion were located in Michigan, (four), 1965; cost per ton increased from $0.136 in 
Missouri, (one) , and New York, (one) . - 1965 to $0.204 in 1970. Reporting plants 

Limestone and Magnesite—Because of were located in New Mexico (six) and 
the similar reagents used in the flotation Utah (two). 
of limestone and magnesite and to avoid Anthracite——Four flotation plants re- 
disclosing confidential information, the ported treating anthracite in 1970, com- 
data from these operations have been com- pared with five in 1965 and 1960. Raw 
bined. The number of plants processing coal treated rose 66 percent, to 1.236 mil- 
these materials in 1970 declined from five lion tons, but clean coal produced dropped 
in 1965 to four in 1970; daily capacity, ore 13 percent to 355,000 tons compared with 
treated, and concentrate produced rose that of 1965. Much of the recovered coal 
slightly. Reagent data are not comparable was the result of salvaging operations in 
with 1965 and 1960 data. Plants were located treating material such as river silt bank 
in California, (one), Maryland, (one), fines. Reagent consumption per ton of raw 
Nevada, (one), and Texas, (one). coal treated rose 0.493 pound and 1 cent 
Phosphate.—Plants treating phosphate in value, to 3.156 pounds and 10.3 cents, 

materials by flotation in 1970 increased by respectively, compared with that of 1965. 
one, but daily capacity increased 214 times All plants treating anthracite were in 
that of 1965. Ore treated rose from 32 mil- Pennsylvania. | 
lion tons in 1965 to nearly 65 million tons Bituminous Coal.—Reporting bituminous 
in 1970; concentrate produced increased coal flotation plants dropped to 62 in 1970
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| from 64 in 1965, but capacity increased to avoid disclosing company confidential in- 

58.400. tons per day from 42,000 tons per formation. Also, because of dissimilarity of | 

day. Corresponding with the increased ca- data for various plants, it would be inap- 

pacity, total raw coal treated rose 34 per- propriate to combine the data. However, 

cent, and clean coal produced increased 22 the data have been included in the totals 

percent compared with those of 1965; raw to present complete information on flota- 

coal reached to 11.8 million tons, and _ tion in the minerals industry. 

treated coal reached 8.1 million tons. Re- Flotation plants for which data have 

agent consumption per ton of raw coal been handled in this manner included the 

treated rose 0.254 pound in quantity and following: | 

nearly 3 cents in value compared with that | |©° ——_________ 

of 1965. Similar to anthracite, many of the Commodity Number and State 

producers used flotation for salvaging coal  antimony_-....---.---------- 1 in Idaho. 

values from washer-plant water or recovery Barite-----------------------_ 2 in Arkansas. 
7 . Do__.--.---------------- 1 in Georgia. 

of values from extremely fine material. Bastnaesite.........--------- 1 im California. 
Sroini ; Garnet___.-_-_-------------- 1 im New York. 

West Virginia led in number of plants Timenite. 222222227772 1 in New York. 

treating bituminous coal with 34, followed K Do__._____-------------- 1 in Virginia. | 
* ons v7 : : yanite_.___...------------- 1 in Georgia. 

by Virginia (nine) , Pennsylvania (eight) , Do TTT 2 in Virginia. 

Kentucky (five), Alabama (three), and Mereury———----------7---777- 4 in Alaska. 
. : olybdenum._....---.-------- in Colorado. 

Colorado, New Mexico, and Utah with Do 2777772 «Lin New Mexico. 

one each. Tale.......-.---------------- 1 in Alabama. 

| Miscellaneous—Data for some flotation qungotoy 222202020TUTTITIT. 1 im California 
operations are not shown separately to Vermiculite------------------ 1 in Montana. 

Table 19.—Froth flotation plants in 1970, by States 

a 
State Number State Number. 

a 
Alabama__.______----------------- | 4 New Jersey____-_------------------ 2 

Alaska....-.---------------------- 4 New Mexico-_---------------------- 17 

. Arizona_____-.-_------------------ 21 New York____..------------------- 5 

Arkansas_......------------------- | 2 North Carolina___.----------------- 4 

California. __.__.------------------ 8 Ohio.__..------------------------- 1 

Colorado._..-.-------+------------ 15 Oklahoma. .----------------------- 2 

Florida_.....:.-.-_---------------- 17 Pennsylvania. ._...---------------- 15 

Georgia..._...--_----------------- 3 South Carolina____.....-_---------- - 1 

Idaho__._..--..------------------- 10 Tennessee. __---------------------- 6 

Illinois......-.-------------------- 4 Texas__.._------------------------ 1 

Kentucky_.__..------------------- 6 Utah___.__-_.---.----------------- 10 

Maine____...--------------------- 1 Vermont. _._---------------------- 1 

Maryland____--------------------- 1 Virginia_.....--------------------- 13 

Michigan._.._...------------------ 5 Washington__._.__-_--------------- 3 

Missouri___._..-.----------------- 8 West Virginia__..._..-------------- 34 

Montana...__--------------------- 4 Wisconsin _..-_-------------------- 4 

Nevada._.-..--------------------- 5 ———_—-— 
Total__.-.-.---------------- 240 

Se
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Table 22.—Froth flotation of sulfide ores | | 

Operating data 1960 1965 - 1970 

Plants: 
Number_____..-_..--.----- 2 --- 95 108 105 
Capacity_.__...__short tons per day _-_ 545,700 622 ,300 861 ,900 

Ore treated____.___._._.____ short tons__ 155 ,125 ,000 200 , 754,000 281 ,660 ,000 
Concentrates produced_._._..-...--do___- 5 , 855,000 7,213,000 8,863,000 . 
Ratio of concentration..........----.--_- 26.5:1 27.8:1 31.8:1 | 

CONSUMPTION OF REAGENTS | 

Total (pounds) Pounds per ton 
Type Icon RR ED URE eeneeet 

1960 1965 1970 1960 1965 1970 

Modifier___............ 489,706,448 165 ,676 ,534 1,198 , 742 ,990 3.710 4.114 4.408 
Activator.__.....-____- 7,858 , 889 8 988 ,098 8 ,487 , 774 353 = 281 371 
Depressant___._......- 6 ,3838 , 230 10 , 863 , 482 17 ,061 ,189 .089 .101 .104 
Collector__...._._....... 25,346,078 23 ,982 , 758 32,132,931 .163 .120 .114 
Frother__._.....-..... 12,411,044 15,501 ,516 20,612 ,413 _ .080 .077 .073 
Flocculant_..__...._..- 1,129 , 430 551,362 2,623 ,618 .026 . 007 .018 
Other_......-..._-_--- ----------- 112 ,349 ,217 136 ,100 ae 4.867 .014 

Total.........-. 542,790,119 937 ,907 ,962 1,279 , 797,015 3.499 4.684 4.556 — 

Fable 23.—Froth flotation of metallic carbonate and oxide ores 

Operating data 1960 1965 | 1970 

Plants: | 
‘Number._...--.------.------.--------- 13 14 13 
Capacity..........--short tons per day.. | 13 ,600 47 ,500 64,800 

Ore treated__.__._..._...._._..-_short tons__ 2,854 ,000 16 ,079 ,000 29 ,625 ,000 
Concentrates produced_._.......-....-do.-.- 941 ,000 7,086,000 13 ,040 ,000 
Ratio of concentrates. ____.._...-..-..---.-- 3.0:1 2.3:1 2.3:1 

CONSUMPTION OF REAGENTS 

T Total (pounds) Pounds per ton 
ype eee 

1960 1965 1970 1960 1965 1970 | 

Modifier.__......-.-...--... 6,689,418 15,279 ,991 31 ,685 ,105 2.368 3.444 4.713 
Activator___.....-....--.... 1,280,205 we nee e ee wee eeeee- 5.000 _au-- ~---- 
Depressant__.....-...---.-- 609 , 809 1,588 ,578 © 2 ,626 ,525 .320 1.466 1.276 
Collector._........-.....-.. 22,572,698 28,694,707 31,818 ,552 8.049 1.479 1.074 
Frother__..-.....--._...--. 1,344,778 864 ,657 164,497 1.3383 .090 .046 
Flocculant_...........------ 1,806,029 458 ,285 220,271 1.618 . 250 .016 

Total__......-..-.-.. 33,752,937 41 ,886 ,218 66,464,950 12.036 2.614 2.244
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Table 24.—Froth flotation of nonmetallic ores | 

Operating data — ° 1960 1965 1970 

Plants: 
Number__._.-----------------_--_----_- 55 64. 56 
Capacity___-..------short tons per day_- 148,500 191 , 400 - 377,800 

Ore treated_._-._---.-----------short tons... 36,191,000 52 ,653 ,000 80 ,963 ,000_ . 
Concentrates produced___.__...___.___do___- 11 ,888 ,000 17 ,876 ,000 23 ,823 ,000 - 
Ratio of concentration.._......-_____._____- 3.0:1 8.0: °° | 3.4: 

CONSUMPTION OF REAGENTS 

Total (pounds) Pounds per ton 
Type SS 

1960 1965 1970 1960 1965 1970 

Modifier__.....-......... 82,;455,910 54,889,380 | 163,243,386 3.566 1.278 2.178 
Activator_._..2-.-_._-__- 2 ,987 ,585 511,677 484,139 _.887 1.0388 — .820 
Depressant__._._.___-___- 9 ,231 ,057 4,346 ,025 9 249 ,364 . 755 .451 .870 
Collector_..__....-_..-.-- 163,967,377 188,118,763 528,668,853 4.576 3.741 6.585 
Frother_-_.... 22-2 2 2,475,037 4,869 ,852 — 2,863 ,584 .166 -219 ~— 119 
Flocculant.__.._-...---__- 874,974 3 ,206 , 689 750,719 .129 -187 .062 

Total____-----_-..- 261,991,940 255,942,386 | 705,260,045 7.311 5.089 8.749 

Table 25.—Froth flotation of anthracite and bituminous coal 

Operating data 1960 — (1965 1970 

- Plants: | . | 
Number.___--_.----_.---.------------- 31 69 66 
Capacity___........_short tons per day_-_ 26 ,500 47,000 62 , 400 

Raw coal treated_____.______.__-_short tons__- 4,112,000 9,500,000 13 ,006 , 000 
Clean coal produced __._.-_.----------do_-_- 2,795 ,000 - — 7,083,000 8,418,000 

_ 

CONSUMPTION OF REAGENTS . 
LT A RR EPP enemas . 

Total (pounds) Pounds per ton 
Type Ss 

1960 1965 1970 1960 1965 1970 
eee re 
Modifier__...........--..... 1,609,352 298 ,274 2,716,208 8.841 1.922 2.861 
Collector. _-....- 2-2 eee 8,142,058 $4,055,306 7,771,721 3.015 1.988 2.039 
Frother__...--.---._.-.-_- 584,798 1,554,801 2,563 ,974 175 .166 204 
Flocculant.._..--..- 2-2-2 - 393 , 885 2,301,001 2,204,030 .332 .365 — .209 

Total. .....--__------ 10, 730 , 093 8,209 ,382 15 ,255 ,933 2.610 . 864 1.173
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| Table 26.—Froth flotation of copper ores in 1970 

OPERATING DATA 
a ea eta 

Plants: Water used, gallons: 
Number._.---.-------- 2-2 17 Total___.....-.-....__.-millions__ 59,8038.5 . 
Capacity_.___-short tons per day_- 230,000 Per ton. ...------ 22 eee 750 — 

Ore treated: — Rod consumption, pounds: 
Short tons_......-......-.--.---.. 79,828,000 Total___.--------.-.-.-.-..-..--_ 11,359 ,333 ; 
Grade: Per ton__----------------------- 0.344 . 

Copper. ......-....-percent.- 0.87 Ball consumption, pounds: 
Gold__.--..-.-ounce per ton-. 0.0026 Total__..-.----.-...-..-.---.-._. 64,564,580 

: - . Silver....-.--.22.5-...do..2. 0.1325 -- Per toneos ccceeeecec cette ete eee 0.992. - oe ves 

Energy used, kilowatt-hours: Liner consumption, pounds: 
Total__...--..-._.._.....-millions_- 1,270.5 Total__.......----.._......_.... 38,848,676 
Per ton____.-..----2.2- eee (16.0 Per ton_--..-------------------- 0.112 

| | | CONCENTRATES PRODUCED . 

| - Grade Recovery (percent) 
Quantity ————_________ 

. Type (short Copper Gold Silver 
. tons) (percent) (ounce (ounces Copper Gold Silver 

per ton) per ton) 

Copper.......----.. 2,386,447 23.34 0.0608 3.3138 80 71 83 

, CONSUMPTION OF FLOTATION REAGENTS ! 

| : | Function and name . Total —— Per ton 

Modifier: Calgon, lime, Naleo, phosphates, sulfuric acid: . 
Pounds _._....2---- +e eee - 640,370,297 8.063 
Value......------ 2 eee eee eee = 34,815, 523 $0 .054 

Activator: Sodium sulfide: 
Pounds... .....--.-. ~~ ee en nn en ee ne ne eee eee 158 ,388 0.078 
Value__._---- eee ee ee eee ee eee ee $12 , 482 $0 .006 

Depressant: 
Pounds..___..-.----.-2- 2-2 en en en en ee eee ee 63 , 229 0.006 

- Walue_.-------.------- 2+ eee ee $5,691 $0 .0005 
Collector: Aerofloat 31, Aerofloat 244, Aero Promoter 404, Aero Promoter 3501, 
Dow Z-200, Minerec, potassium amyl xanthate, sodium isobutyl xanthate, 
sodium isopropyl xanthate, Thiocarbamate: . . - 
Pounds..__.---.--------------.----------- +--+ -----e-------- = 6, 958, 885 0.087 
Value. _.....--.------------------ ee --------- = $2, 828, 987 $0.035 

. Frother: Aerofroth 65, cresylic acid, Dowfroth 250, methyl] isobutyl carbinol, pine 
oil: 
Pounds......---.------------------ ee ene ee een ee eeee--, = 3, 799, 912 0.048 

- Malue....... 22 ee eee eee $805 , 883 $0.010 
Flocculant: Nalco, Separan: 

Pounds____......------- 2-2-2 ee ee eee 337 ,308 0.006 
Value.._.-.-----~-------------------------------- +--+ +o eee $283 , 246 $0.005 

Total reagents: . 
Pounds._.......---..-.-.-.--------------- +--+ -----. 651,683,019 8.169 

— Value... ee eee =8, 251, 762 $0.103 
a ssi cP PS rh SSS sh SSS SSS SPS Ss SERS 

1 Based on 14 operations,
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Table 27.—Froth flotation of copper-molybdenum ores in 1970 
i 

OPERATING DATA 
a 

Plants: . Water used, gallons: 
Number___.-------------------- 16 Total___.-...--------_millions.._ 111, 501.9 

-  Capacity.----short tons per day-- 465 ,000 Per ton___.-..-----+------------- ~ 715 
Ore treated: Rod consumption, pounds: 

Short tons___._...-.._...------. 155,939,200 Total__.....----.------------_. 37,988,608 
Grade: Per ton____--.----------------- 0.614 

Copper_---.-----.--percent_- 0.68 Ball consumption, percent: 
Gold___...-._ounce per ton_. 0.0052 Total___.._._-_--------._------- 191,602,876 

Silver__._.....___._-_do__..- 0.0558 Per ton______-.---------------- 1.304 
Molybdenum. -.----_percent-- 0.020 Liner consumption, pounds: . . 

Energy used, kilowatt-hours: Total_._....._------------------ 21,410,426 
Total_.._...._.._._._._-_millions_- 2,281.7 Per ton_____--.---------------- 0.151 
Per ton___.----_-.-.----------- 14.6 
ne 

. CONCENTRATES PRODUCED 
Ee 

. Grade Recovery (percent) 
Quantity ——__— OO: eee 

Type (short Copper Gold Silver Molyb- Molyb- 
tons) (percent) (ounce (ounces denum Copper Gold Silver denum 

perton) perton) (percent) 
reer SS SSS SS 

Copper.__..------ 3,486,509 25.27 0.18738 2.3067 -_----- 84 64 76 ..-...- 

Molybdenite- - - - -- 81,584 _-.--. ------. ------- 58.78 .---. ------ ------. 159 

: , CONSUMPTION OF FLOTATION REAGENTS 
ee 

a , _ Function and name Total Per ton 
OE 

Modifier: Calgon, lime, Nalco, phosphates, sodium carbonate, sodium hydroxide, 
sodium silicate, sulfuric acid, other: 
Pounds__....._____---------- eee ee ene ne nee enn ene -- 497,176,970 3.188 
Value_____________--_-- eee eee eee eee eee ---- «= 4,351, 750 $0 .028 

Depressant: Dextrine, Nokes Reagent, phosphorus pentasulfide, sodium cyanide, 
sodium ferrocyanide, sodium hydrosulfide: 

Pounds...._.____-__------------------ een eee eee ee----- «= 6 , 185, 882 0.054 
Value_______.._____---- eee nee eee ee en ee eee $490, 837 $0.004 

Collector: Aerofloat 235, Aerofloat 238, Aerofloat 3302, Aero Promoter 404, burner 
oil, Dow Z-200, fuel oil, kerosine, Minerec, potassium amyl xanthate, Sodium 
Aerofloat, sodium ethyl xanthate, sodium isopropy] xanthate, Stepanflote, stove 
oil, xanthate: — 
Pounds_____._._____------------------ ee eee eee eee ee--- 9, 911,184 0.064 
Value_...__.______--------- eee ee eee eee eee -- 2, 079, T27 $0.013 . 

Frother: Aerofroth 65, Aerofroth 71, Aerofroth 73, creosote, cresylic acid, Dow- 
froth, methyl] isobutyl carbinol, pine oil, Shellfroth: 
Pounds____...___.------- 1 een ene ee ene ee eee nee eee eee =: 12, 718, 876 0.082 
Value_......---------------------------+------ ee eee eee eee = 98,121, 877 $0.014 

Floeeulant: Aerofloc 550, Nalco, Polyhall M-59, Separan: 
Pounds____.______--------------- ee ee eee enn nnn eee ----- 2,154,075 0.028 
Value.___________--- eee ene ene ne eee een een eee ---- «$2,822,936 $0 .037 

Other: 
Pounds..__.____-=----------- +--+ en en en ee ne nn ee ene 26,690 0.003 
Value__________-____-_-.--------------------------- +--+ ee $5,909 $0.001 

Total reagents: 
; Pounds_____._._-___--_------------------------------------------------ 528,123,127 3.387 

Value_._..-.-------_----------- ee ee en eee = $11, 878 , 086 $0.076 
A 

1 Based on 15 operations.
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Table 28.—Froth flotation of copper-lead-zinc ores in 1970 

OPERATING DATA 

Plants: . Water used, gallons: 
Number__..._.._._-..-------~---- - 45 Total__........._._......-_millions.. 4,812.6 
Capacity.......short tons per day_- 40,200 Per ton_____...____-------------- 510 

Ore treated: Rod consumption, pounds: . 
Short tons_..........-----..-.---. 9,448,600 Total___....-...__..------------- 1,528,187 
Grade: Per ton_____._-_-__-------------- 0.198 

Copper__......_--.--pereent.. 0.40 Ball consumption, pounds: 
Lead__._.-.-----------.do_-_. 4.21 Total___...-.-.-_----_-.-----.---- 2,596,678 
Zine__.__.--.---.--.-.-do_-.- 1.20 Per ton_.....----.---.------------ 0.287 
Gold__.....- ounce per ton_- ~ 0.0187 Liner consumption, pounds: = : ~ 

_ Silver__-.-----ounces per ton-- 5.2023 — Total___------------------------- 691,135 
Energy used, kilowatt-hours: Per ton_____--.--.-.------------- 0.097 

Total___._.....-_......-_millions~- 159.7 
Per ton____.---.----------------- 16.9 

CONGENTRATES PRODUCED 

Grade Reeovery (percent) 
Quantity ——_—_—__<_—  _-O 

Type (short Copper Lead Zinc Gold Silver 
tons) (per- (per- -_ (per- (ounce (ounces Copper Lead Zine Gold Silver 

cent) cent) cent) perton) per ton) . . 

Copper_.---. 117,092 25.47 6.20 6.038 0.1658 185.4593 17 1 6 40 87 
Lead_....... 485,858 - .88 72.83 1.60 .5090 4.0184 3 95 3 27 8 
Zine...-...-. 103,277 1.06 1.79 54.40 .0452 8.7967 1 _.-- 70 5 2 

CONSUMPTION OF FLOTATION REAGENTS ! 

. Function and name — . Total Per ton 

Modifier: Lime, sulfuric acid, other: | 
Pounds____._.------------------------ ee eee ee eee) =, 487,768. 1.000 
Value___...- ne ee ee eee $78 ,510 $0.014 

Activator: Copper sulfate, sodium sulfide: . 
Pounds____.......-----..------- ee nee eee 941,291 | 0.110 
Value_.._...-.-.-------_- eee ------ «= - 191, 556 $0 .022 

Depressant: Santosite, sodium cyanide, sodium dichromate, sodium hydroxide, 
sodium sulfite, starch, sulfur dioxide, zine sulfate: 

Pounds__-_-.---------------------------------------------------------- 5,827,811 0.626 
Value______---- eee eee ----- «= 8440, 164, $0 .047 

Collector: Aerofloat 31, Aerofloat 242, Aero Promoter 404, Aero Promoter 3477, Aero 
~ Promoter 3501, Dow Z-200, potassium amy] xanthate, potassium ethy] xanthate, 

Sodium Aerofloat, sodium isopropyl xanthate, other: - 
Pounds_____...-.-..-..-.-------------------------------- =~ ------- =: 1, 089 , 490 0.116 

 Walue_____..--- eee ee ---------- «=: $420, 899 $0 .045 
Hrother: Aerofroth 65, Aerofroth 71, Barrett oil, Dowfroth, methyl isobutyl carbinol, | 
pine oil: 

Pounds.___...-.---------- + ee enn en nee neers 375 ,550 0.040 
Value... eee eee eee ee eee $66 ,073 $0 .007 

Flocculant: Aerosol, Separan, other: 
Pounds__....-.---- ee nn ener 28 ,062 0.012 
Value_____-___ ee eee ee $7 , 768 $0 .003 

Total reagents: 
Pounds___......-....---.---.-.---------------------- + --- ~~~ 18,699 , 967 1.464 
Value____..------ eee --- «$1,204,970 $0.129 

1 Based on 18 operations accounting for 99 percent of total ore.
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Table 29.—Froth flotation of copper-zinc-iron sulfide ores in 1970 

OPERATING DATA 

Plants: Water used, gallons: . 
Number__--------------------__-- 4 Total___..--------------_millions_. 2,573.3 
Capacity_...---_short tons per day_- 11,000 Per ton.__-------.--------------- 805 

Ore treated: Rod consumption, pounds: 
Short tons__..._...---_..---.._.__ 3,193,000 Total__---.---------------------- 868,520 
Grade, percent: Per ton_____------.---------+--2- 0.280 

Copper....--.-..- -____- -_-_-- 0.82 Ball consumption, pounds: 
Zine. __.----- eee 1.89 Total___________-.--.___-_.---.-. 1,978,114 
Iron sulfide.____-___________u_- 33.28 Per ton_________.-----------.---- 0.620 

Energy used, kilowatt-hours: 
Total____---.__.________millions_- 69.2 
Per ton_. ~~~ ee 21.7 

CONCENTRATES PRODUCED 

Grade Recovery (percent) 
Quantity —__—_ SO 

Type (short Gold Silver Copper . Zine Iron 
tons) (ounce (ounces (percent) (percent) sulfide Copper Zine Tron 

per ton) per ton) (percent) . 

Copper...--. 116,682 0.0096 1.1288 18.64... _--.-.-- 90 _----- _-.---- 
Zine__-.---- 40,644  -.--...20 Lee eee Loe ee 50.65 .-.----. ------ - re 
Tron___...-. 904,550 ---2-- 2. wee ee eee Lee eee el Lee 91.22 _..... © _-----  . 80 

CONSUMPTION OF FLOTATION REAGENTS 

Function and name . Total . Perton 

Modifier: Lime, sodium silicate, sulfur dioxide, sulfuric acid: , 
Pounds....-.-...-...----.--.------------ ee -- 26,605 , 068 9.098 
Value____-_--.--.--..-------------e- =: $242,378 $0.083 

‘Activator: Copper sulfate: - 
Pounds____.._..----------.-------------------------------------------- 1,268,488 0.716 
Value. __.------------------------- eee) = 3182, 461 $0.075 

Depressant: Guar, sodium cyanide, zinc sulfate: | 
Pounds________--------- +2. ee eee 332,523  -— 0.191 
Value__..-_--------- +--+ eee $59 , 876 $0. 034 

Collector: Aero Promoter 404, potassium amyl xanthate, sodium ethyl xanthate, 
sodium isopropyl xanthate, sodium secondary-buty] xanthate: 

Pounds__..------------------------------------------ +--+ 990,692 0.310 
Value__.__---------_---------.--------- +++ ------. = $119 , 356 $0. 037 

Frother: Cresylic acid, Dowfroth 250, methyl] isobutyl] carbinol, pine oil: oo 
Pounds. ____..-..----------------- eee 306 , 432 0.096 
Value____.__.---.-.---.---- +--+ --e--e- $62,203 $0.019 

Flocculant: Aerofloc 550, Nalco, Separan: 
Pounds__.__.-..-.-------------- ee eee 13 ,813 0.005 
Value____-..--------. +--+ eee $13 ,177 ‘$0.005 

Total reagents: , 
Pounds..._.------------------------.-.----------- ee ------- 29,516,961 9.244 
Value____.------------------ eee ----. «= 3629, 446 $0.197
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Table 30.—Froth flotation of gold-silver ores in 1970 | 

a OPERATING DATA 

Plants: | | . Ball consumption: 
- Number______.__--- ee 4. Total___.---..-.__...____...-pounds_. 28,403 
Capacity___.__._.-short tons per day-- 700 Per ton.__.---____-__-.-.--____---_. 0.808 

Ore treated: . Liner consumption: 
Short tons____.........-...---___._._ 97,700 Total____._--.....-..__.__._pounds_. 1,749 
_Grade, ounces per ton: . Per ton_____-.-_-__---_-___--___.-.. 0.022 © 

Gold___-..---------------+------ 0.6065 
Silver__--.--.----------.-------- 5.4575 

‘CONCENTRATES PRODUCED . . 

. - Co, a Quantity (Grade (ounces per ton) Recovery (percent) 
Type (short tons) ————_————_—_ —s 

’ ~” Gold Silver Gold Silver 

Gold-Silver - ----------------.-------- 961 57.8913 510.9938 94 92 

. CONSUMPTION OF FLOTATION REAGENTS ! | 
se sp ier ees repped 

- . Function and name © . Total Per ton 

Modifier: . , . 
—  Pounds__._-_--- 2-22 --- 187,810 2.495 

Value .-...-----~--------------2-------eeeeeeee------ $2,997 $0.040 
Collector: Aerofloat 31, Aerofloat 208, Aero Promoter 404, Dow Z-200, sodium secondary- 

butyl xanthate: 
Pounds.__-..-.---------------- eo eee eee) = 25 524 0.268 
 Value_---.----.----------- 2 eee eee --- $8,736 $0.039 

Frother: . _ 
Pounds. __._..-------------------------- eee ee 742 0.040 . 
.Walue_...2-1 ++ eeeeeeeeeeeeeeeeeeeeeeee ee $139 $0.007 

Flocculant: . 
Pounds____..----------------------------- eee e-------- = 2,102: 00..028 

-  . Value_....------------------------- +e eee eee eee $1,682 $0.022 

-Total reagents: | oo 
. “Pounds. ......--------------------------.----------- ee -- 215,678 2.224 

. Value_-_-.-.------------------ +--+ eee eee eee ------ $8,554 $0.088 

1 Based on 3 operations accounting for 99 percent of total ore. i: | |
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Table 31.—Froth flotation of lead-zinc ores in 1970 | 

i 

OPERATING DATA 
a 

Plants: Water used, gallons: 
Number__-_----------_------------ 11 Total_____.-.-----------millions.. 3,007.6 
Capacity__.----short tons per day -- 19 ,700- Per ton_.__---------------------- 725 

Ore treated: Rod consumption, pounds: 
Short tons___.....---_..-.-.------- 4,153,000 Total_____.--_-.----------------- 1,006,739 
Grade, percent: Per ton_____--------.------------- 0.279 

Lead___.__-----.-.----------- 3.65 Ball consumption, pounds: 
. Zine__.......-..-._-_-------- 3.40 Total__...----------------------- 968,612 

Energy used, kilowatt-hours: Per ton__.__--------.--..--------- 0.248 
' Total.._.._.-...._._-.---millions_~ - 88.2 Liner consumption, pounds: 
Per ton_____._______------------- 19.5 Total. __...-----.-..---_-.------- 17 ,356 

Per ton. .__------.-.------~------ 0.051 
et 

. CONCENTRATES PRODUCED 
a 

Grade Recovery (percent) 
Quantity —___—— OO 

Type (short tons) Lead - Zine Silver 
(percent) (percent) (ounces Lead _ Zine 

per ton) 

Lead___...--..-_-------- 175 , 423 74.80 _ _...---- 1.2898 | 97 __.__-...-.- 
Zine___-...-------3----- 219,698 _..--.--.- 56.83 9.6782 _..----... 87 
mt Tt 

CONSUMPTION OF FLOTATION REAGENTS ! 
meen 

Function and name _ Total Per ton 
meme 

. Modifier: Lime, soda ash: 7 
Pounds_._._.__--_----_---- =~ ee eee ee ne en een eee ----- 2,964,458 0.885 
Value________.___-____--------- eee eee ene ne nee e-------- «= - 84, 476 = $0..010 

Activator: Copper sulfate: 
Pounds___.___._..-_--_-__--_---------- ee eee eee eee enn eee --- 1,664,698 0.414 
Value_____.2_._..-__ eee eee eee ee ne ee ee eee een ene eee ------ $380,368 $0.095 

Depressant: Calcium cyanide, sodium cyanide, zine sulfate: - 
Pounds._______________--_----- eee eee en nee ee eee eee ----- 1,079,914 0.269 
Value__.________ eee ee en nnn eee ene eee eee eee nen nee eee ---- $142,746 $0.036 

Collector: Aerofloat 31, Aerofloat 211, Aerofloat 242, Aero Promoter 404, Dow Z-200, 
Sodium Aerofloat, sodium ethyl xanthate, sodium isopropyl xanthate, sodium second- 
ary-butyl xanthate, xanthate: 
Total_..__._____----- ene eee een eee ee eee eee eee eee ween ee---- = 6004, 7990.1 
Value____..______-------- nn ee eee eee eee eee eee e------ = 182,687 90.045 

Frother: Aerofroth 65, Aerofroth 70, methy] isobutyl carbinol, pine oil: 
Pounds______..____-____ eee ee en nee ee ne eee ee eee eee een nneneee---- = 3354,029 0.088 
Value...___.___-__- ee ene eee eee eee eee eee eee eee nen en--- «59, 616 30.015 

Flocculant: Aerofioc 550, Separan, Superfloc: 
Pounds____...____------------ een ne ne en nn ee en eee 14,077 0.007 
Value__._____--_----- eee ee nee en en eee eee eee een nenee----- =: $16, 630 = $0..008 

Other: 
Pounds._.....___----_------- + en nn ne nn nn ne eens 90,625 0.060 
Value_______ ee ee ee eee eee eee ee eee eee nnn enee-- 18, 524 90.012 

Total reagents: 
Pounds.___....__---_-_--_--------- ~~~ eee eee nee nee eee -- 6,772,600 1.685 
Value_________------ nen nn nee ee eee nen ee nnn een nn---- $834,997 $0.208 

ee 

1 Based on 10 operations accounting for 97 percent of total ore.
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Table 32.—Froth flotation of lead-zinc-silver ores in 1970 

OPERATING DATA 

Plants: Water used, gallons: 
Number.__.__._--.--_-----_.-_---+-- 22 Total____.._-_...__-.-.-millions_. 2,624.7 
Capacity.....__short tons per day-- 15,800 Per ton_____---_..----------2---- 810 

Ore treated: Rod consumption, pounds: 
Short tons____.__....._.-.-...-_-. 3,235,000 Total___...-.----.----_-_-____- 738 ,149 
Grade: Per ton____.--------------.------ 0.864 

Lead_._..----..-----pereent-_ 4.40 Ball consumption, pounds: 
a _ Zine__---------------pereent._ 6.08 i Total..-------------------------- 4,444,150 

Copper-__...--.------percent__ 0.35 _ Per ton____---------------------- 1.545. a 
Gold.___.--.--ounces per ton. - 0.0733 Liner consumption, pounds: 
Silver. ._....--ounces per ton-.- 4.9449 Total___._.. 2-2-2 eee 448,112 

Energy used, kilowatt-hours: Per ton____._---__ 2 eee 0.228 
Total___._------...-.-.-millions~. 86.2 
Per ton___._.---.--..---_.------- 26.6 

. CONCENTRATES PRODUCED 
e 

Grade Recovery (percent) 
Quantity ——_—_—___—_————_—_ cml ———_—m———_—————_— 

Type (short Copper Lead Zine Gold Silver . 
tons) (per- (per- (per- (ounces (ounces Copper Lead Zine Gold Silver 

cent) cent) cent) per ton) per ton) 

Lead... 218,005 3.10 57.48 7.41 0.5941 47.3821 70 87 9 79 83 
Zine... 293,215 0.65 4.00 58.22 0.0614 3.7643 14 8 82 6 8 

CONSUMPTION OF FLOTATION REAGENTS ! 

Function and name Total Per ton 
etn Sh SS 

Modifier: Lime, soda ash: 
Pounds__.__......------------------------ eee eee ee -------- «5,814,197 2.081 
Value._...---..----- ee en eee eee nee $93,012 $0.036 

Activator: Copper sulfate, sodium hydrosulfide: 
-Pounds____..-..-.,...------- eee eee) = 2, 584,263 0.938 
Value_.........--..-------------- eee ----- «= $487, 867 = 30.177 

Depressant: Aero Depressant 610, Aero Depressant 633, sodium cyanide, sodium sul- 
fite, zine sulfate: 

Pounds__._._......-...--..---------------.----------_-------------------- 1,553,862 0.564 
Value._...-...---------------------.-------- ~~ ----- «= 3176, 841 $0.064 

Collector: Aerofloat 25, Aerofloat 31, Aerofloat 130, Aerofloat 208, Aerofloat 238, Aero- 
float 242, Aero Promoter 404, Dow Z-—200, Minerec, potassium amyl xanthate, po- 
tassium ethyl xanthate, Sodium Aerofloat, sodium ethyl xanthate, sodium isopropyl a 
xanthate, Thiocarbanilide: 

Pounds__._...-......-.----------------- ee ee ee eee 760,455 0.274 
Value_____- ee ------------ «= 285, 500 = $0. 085 

Frother: Aerofroth 65, Aerofroth 71, Barrett oil, cresylic acid, Dowfroth, methyl iso- 
butyl carbinol, pine oil: 

Pounds__...._.-....----.--------- ee ene eee eee 495,397 0.178 
Value. ...--------- ee ee ee eee eee ee eee $98,955 $0.036 

Floeculant: Aerosol, Guar, Separan, Superfloc: . 
Pounds__..----.--_--_-_o oe ee ene eee eee eee 21,219 0.014 
Value_._._------- eee eee $14,960 $0.010 

Other: 
Pounds_____-.-_----- 2 ee en ee ee eee 18,785 0.080 
Value... 0 ee ee ee ee eee eee $1,574 $0.007 

Total reagents: 
Pounds__._._____------.---_-_-------------------- ~~~ 10,748,178 3.870 
Value______--_---- eee eee ee ---- $1,108,709 $0,399 

Based on 16 operations accounting for 86 percent of total ore.
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Table 33.—Froth flotation of zinc ores in 1970 

a 

OPERATING DATA 
eee 

Plants: Rod consumption, pounds: . 
Number____..--.--------- ee 8 Total_.---------.---------------.-- 890,964 
Capacity_.....-short tons per day.- 16,100 Per ton____------------i---------3.) (0.241 

Ore treated: . Ball consumption, pounds: 
Short tons__--.....-.---....-.-_-. 3,751,000 Total___------------.----------_--. 652,849 
Zine___.----------------.-pereent-. 4.99 Per ton___---------------..-------. (0,201 

Energy used, kilowatt-hours: Liner consumption, pounds: 
Total___._--------------millions___ 58.6 Total_._-_------.---...___-_._-._-.. 105,364 

. Per ton_.....-_------- 2 ee 14.3 Per ton.._---------_-.-.....--.-.-.. 0.044 
Water used, gallons: , - , 

Total.._-_..--._-.--------millions.. 1,872.4 , 
Per ton_______.____---- eee 500 , 

CONCENTRATES PRODUCED 
meee 

Quantity..__.-...---------------- eee eee ---------short tons_- 285,601 
Zine..-.-.------------------+---------------- =e e------ zpercent._ ~ 61.02 
Recovery___------------------------- eee eee eee ee dO 93 

eee 

CONSUMPTION OF FLOTATION REAGENTS . oo 
eee 

Function and name oe Total Per ton 
mr 

Modifier: Lime: | 
Pounds.__......-------------------------------- eee ------ = 798,165 3.869 
Value. _.-------.--------------------- 2 eee eee --- «= $10, 613» $0..045 

Activator: Copper sulfate: a 
Pounds__.._..-.-------2---------------------- eee 1,854,761 0.494 
Value___--....----------------------- +--+ eee ---- = $385,790 = $0.108 © 

Depressant: . 
Pounds___.__._---.------------------ +--+ eee e------ = 28,248 0.070 
Value___----------------------------------- eee eee $5,085 $0.013 

Collector: Aerofloat 211, Dow Z-200, Sodium Aerofloat, sodium ethyl xanthate: _ 
Pounds___..-.-------------------------- +--+ --------- 250,072 0.067 
Value_.._--_------------------------------------- +22 $77,683 $0.021 

Frother: Aerofroth 65, Dowfroth 250, Dowfroth 1012, pine oil: _ 
Pounds_________-----------------2--------e- eee e--------- «=. 220,766 = 0.059 
Value......---------------------- eee -------- »=— $64, 480 = $0.017 

. _ Total reagents: 
Pounds____.____---.------------------------ +e ------ 3,152,012 0.840 
Value_._..--_------------------ ee eeeeeeee------- = 548,651 $0.145 

eee
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Table 34.—Froth flotation of feldspar, mica, and quartz ores in 1970 

- OPERATING DATA 

Plants: Water used, gallons: . 
Number.__....--2 eee 14 Total___._._._..-...-_-.-_millions._._ 5,558.6 

- Capacity.......short tons per day-- 10,000 Per ton......-------..--..------. 2,350.0 
Ore treated __......_--.----short tons._ 2,365,400 Rod consumption, pounds: 
Energy used, kilowatt-hours: Total__...--------------.----.-.. 999,710 

Total....---...--.-.--._millions~-_ 44.5 Per ton_....---------------.---.- 0.812 
Per ton_.._.---------.----------- 18.8 Liner consumption, pounds: 

- co ne mn ~ Total. --2 2 Leelee lee. (124,486 oe 
. | Per ton___-._.-------------------- 0.108 

CONCENTRATES PRODUCED, SHORT TONS . 

Feldspar.......-------------------- +--+ ee eee eee «= 492, 768 
Mica.__.----.-------------- +--+ nn ne eee 33 , 887 
Quartz ......------------- +e ee een eee = 785, 656 
Other. -.-.--...---------- 2 eee ee eee =: 106, 000 

CONSUMPTION OF FLOTATION REAGENTS ! 

Function and name | Total Per ton 

Modifier: Alum, hydrofluoric acid, lime, sodium hydroxide, sulfuric acid: | 
Pounds_._.-----------.----------- ee eee eee ~~~ 8, 098, 208 3.953 
Value__.--------- eee --- = 3475, 840 $0 .2382 

Depressant: 
Pounds _......-..-----.------------ 2 eee eee 301,500 0.900 — 
‘Value ._..-------------- ee en nee eee $75 ,375 $0.225 

Collector: Aero Promoter 801, Aero Promoter 825, amines, fatty acids, fuel oil, 
, petroleum sulfonate, other: 

-Pounds-...--.----.-.------------- eee eee ee eee «68,547,776 1.664 
Value__..--_-------...---------------------- ee ---- = 8405, 492 $0.190 

Frother: Aerofroth 65, pine oil, other: 
_ Pounds....---..--.-.- en en en ee eee eee eee 353 , 823 0.264 

Value. ___----- ee eee $80 ,381 -$0.060 
Flocculant: . : 

Pounds...........------------ eee 26,761 0.059 
Value......----------------------- +e ee eee $11 , 430 $0 .025 

Total reagents: 
Pounds___......-------------- 22 en nn nnn ne ee eee nnn neue 12,323,068 5.779 
Value. -....---.------------ ee eee ~~ $1,048,018 -$0.491 

1 Based on 13 operations accounting for 90 percent of total ore.
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Table 35.—Froth flotation of fluorspar ores in 1970 | 

OPERATING DATA 

Plants: Water used, gallons: 
Number__.---------.------------- 4 Total____._--...--..--.._millions_- 652.7 
Capacity._.----short tons per day -- 1,750 Per ton_.___-----.-------.-------- 1,560 

Ore treated: . Ball consumption: 
Short tons__........_._.--_--_---_. 418,500 Total____._._._.....-.-..---pounds_. 338,799 
Fluorspar____-...._..._--_percent_-_ 43.21 Per ton______----.---------------- 0.810 

Energy used, kilowatt-hours: Liner consumption: 
Total___.._.-....._._..___-_millions.. . 26.8 Total___..._.._._._..-.---.--pounds.. 108,265 
Per ton____------_--------------- 64.1 Per ton____--.------------------- 0.285 

. CONCENTRATES PRODUCED | | 

Fluorspar Lead | | Zine 

Quantity Grade Recovery Quantity _ Grade ' Quantity — Grade 
(short tons) (percent) (percent) (short tons) (percent) (short tons) (percent) 

160,019 94.28 84 1,568 70.84 17, 625 61.32 

_ | CONSUMPTION ‘OF FLOTATION REAGENTS - 

| | Function and name  -—s——is . | | Total | Per ton 

Modifier: Salt, Nalco, soda ash, sodiam hydroxide, sodium pyrophosphate, sodium | 
silicate: . 

. Pounds__...------------------------------------ ++ ----- = 6, 207, 827 14.835 
'  WValue.___---------2----_---------.-- + ---------- =. 87, 761 $0 .210 

Activator: Copper sulfate: ee . 
Pounds_._....._....------------.-.-----2 ++ ee ee eee 365, 588 0.946 
Value___-_...--.-.-----_--------------- ~~ ee +e $91 ,976 $0 .238 

Depressant: Aero Depressant 633, Quebracho, sodium cyanide, starch, zine hydro- 
sulfite: 

Pounds___._.--_- 2 eee) «1, 041,121 2.695 
Value._.-__.-.-._----_-.-----------_---- ee -------- = $178,, 857 $0 .463 

Collector: Aerofloat 31, Aerofloat 211, fatty acids, potassium amyl xanthate, potas- 
sium ethyl xanthate, Sodium Aerofloat: 

Pounds__..________.__.---------..------------------- +--+ eee 419 , 652 1.0038 
Value_______._.-.--_--------------- ee eee eee eee $84 , 635 $0 .202 

Frother: Methyl isobutyl carbinol, pine oil: : 
Pounds._._._...------------------------- +e ---  eee 124,376 0.322 
Value_____- ee ee eee $21,075 $0 .055 

Flocculant: 
Pounds_____________.--.2---------e eeeeee 968 0.030 
Value___._. 1-2 eee eee eee $1, 478 $0 .046 

Total reagents: 
Pounds____.____.--------- eee) = 88, 159, 527 19.498 
Value__.______--------.--.-_----------------------------- +--+ ---- «= 3465, 782 $1.113
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Table 36.—Froth flotation of iron ores in 1970 

OPERATING DATA 

Plants: - Rod consumption, pounds: 
Number__...._-_._---.------------ 6 Total___----_.-___.____-_-__---- 14,296,675 
Capacity.....-short tons per day--_ 55,700 Per ton__.------...------------- 0.928 

Ore treated: Ball consumption, pounds: 
Short tons___........_....------. 27,286,100 Total___.--__--.-_.____._._.---. 21,937, 656 

. Tron_.__----.---..-...--percent-- 33.7 Per ton_._._-.-------_--_-_------ 1.426 
_ Energy used, kilowatt-hours: Liner consumption, pounds: 

Total ___.__..--.--------millions_- 195.7 Total__._-_.---.----._____..---. 4,686,630 
~ --Per-tONs 2 2 2occcceecciiereresceres: mee ~-29.2--—-- --Per ton—.===.--22-222sc22: wueeos 9174 fo 

Water used, gallons: 
Total_......._._..-......-millions.. 53, 450.0 
Per ton__...-------------------- 1,960 

CONCENTRATES PRODUCED . 

. Quantity.._....---.------------------ +--+ ee ~~ --- short tons... 11,927,496 
Tron.__..----------.-------------- +--+ ee ee percent... 63.9 
Recovery._..---------------------- 2-2 nn nn nn ne en ee ne ee OL 83 

CONSUMPTION OF FLOTATION REAGENTS 

. . Function and name . Total Per ton 

Modifier: Sodium silicate, sulfuric acid: 
Pounds__......----.------- eee eee 23, 680, 257 4.379 : 
Value____- eee eee ---------- «= $802, 784 $0 .056 

Depressant: Sodium fluoride: 
Pounds_____...-----------. eee ee eee eee eee 210,518 0.343 
Value__-.-.-------m---- ee ee ee $49 , 817 $0.081 

Collector: Aero Promoter 899, amine, Arosurf, fatty acids, fuel oil: 
Pounds____....-..--------.---- oe ee ee eee = 26,672 , 577 0.978 
Value_._...-----2- eee ------ $1,771, 006 $0.065 

Frother: 
Pounds._.......-.---.------------------ -ee eee 51,811 0.024 
Value... --.---- ee ee ee nee ne ee eee eee eee $6,995 $0 .003 

Flocculant: Nalco, polyacrylamide, Superfloc: 
Pounds____....-----.------.---- ee ee ee eee eee 205 ,029 0.016 — 
Value______ eee eee ----- «= $204, 870 $0.016 

Total reagents: 
Pounds___..__._.....----.---------.--- 50,770,192 1.861 
Value...._------------------------------ eee ---- $2,835, 472 $0 .086
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. Table 37.—Froth flotation of limestone-magnesite ores in 1970 

OPERATING DATA 

Plants: 
Number_...-.-----.---------- eee i nn en nn ee eee ee 4 
Capacity....--.....---------.--------------- ~~ ----------8hort tons per day_. 4,600 

Ore treated__.-.---.------..---------------~- +--+ ------------Sshort tons... 1,094,400 
Concentrate produced_......-.._--._....-..------.--------- ~~ - dL. 863 , 621 

CONSUMPTION OF FLOTATION REAGENTS . . 

Function and name ~ Total Per ton. 

Modifier: 
Pounds____..22-- 2 nn ee eee eee 888 , 853 4.441 
Value__.2 22-2 eee ee eee eee $30 ,004 $0.150 | 

Depressant: 
Pounds_.._....-..------------- +--+ ee en nee eee ee 993,730 4.965 
Value___.----.-.-.---------- ee eee ----) 585, 774 $0.179 

Collector: Adogen, fatty acids, fuel oil: ro 
Pounds__..-...-..-.----...--------- 1 eee eee) =, 171, 029 2.898 
Value___._----------.---.-------------------- +--+ ---- = 212,319 $0.194 

Frother: Igepal, pine oil: 
Pounds__....--+--.- ee ee ee ne ewe 59 ,342 . 0.219 

. Value... ---.-------- eee eee $14,099 $0 .052 
Flocculant: Separan: 

Pounds___.........-.--------.----------------------------------------- 15 ,242 0.015 
Value__..--..------ ee ee ee enn eee) 21, 944. $0.021 

Total reagents: 
Pounds____......-.---.---.---- +e ee eee) «5,128,196 4.686 
Value... 2-2 Lee = 9814, 140 $0.287 . 

Table 38.—Froth flotation of phosphate ores in 1970 | 

OPERATING DATA | 

Plants Ore treated Energy used . _ Water used 
. (kilowatt-hours) | (gallons) 

Capacity | 
Number (short tons Quantity P205 Total Total 

per day) — (short tons) (percent) (millions) Per ton (millions) Per ton 

19 305,900 64,790,900 12.1 529.3 8.2 234,119.1 3,615 r 

, CONCENTRATES PRODUCED 

Quantity. ......------------------- +--+ ee + - ~~~ ---Short tons.. 18,559,945 
P2Os content. ___.--.-.-------------.-------- ee percent... 32.9 
Recovery......----------------------- +--+ ee ee ee de 78.0 

CONSUMPTION OF FLOTATION REAGENTS 

Function and name Total Per ton 

Modifier: Ammonia, sodium hydroxide, sulfuric acid: 
Pounds__._....-.-....------------------ eee «184,346,171 2.150 
Value_..._.-.------.----------------------- +--+ ------------- = 1, 797, 221 $0 .029 

Collector: Amine, fatty acid, fuel oil, kerosine: 
Pounds.____.-..------------------------------------------------------ 515,594,226 7.958 
Value__...------------------------ +--+ --------- ~$10, 845, 540 $0.167 

Frother: Pine oil: 
Pounds__.....----------------------------------- eee ee 688 , 683 0.069 
Value._....-.---.----------------- ee ee ------ —s«d31838 , 462 $0.014 

Flocculant: 
Pounds.._.-------------- 2 enn en nn eee eee 28,000 0.056 
Value__...-------..--------------- +--+ eee ee $26 ,600 $0.053 

Total reagents: 
Pounds_...._...-----------------------------------------------------. 650,657,080 10.042 
Value_____._..----------------------------- + -- -----_ -$12, 802 , 823 $0.198
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Table 39.—Froth flotation of potash ores in 1970 

OPERATING DATA . 

Plants Ore treated Energy used Water used 
(kilowatt-hours) (gallons) 

ae Capacity Quantity.  K20 Total Total 
Number (short tons (short tons) (percent) (millions) Per ton (millions) Per ton 

per day) | - , 

~ 8  —- 2,200: 11,702,000: 18.76 =: 184.0 15.7 8,848.5 285 . 

CONCENTRATES PRODUCED . 

Quantity.......----.--------..--------------------------------------------short tons... 3,271,965 
K2O_.---------------------- eee percent. 57.20 
K2O recovery ...-----.-.--------------------------------------- +--+ 0 85 

a | CONSUMPTION OF FLOTATION REAGENTS 

Function and name Total Per ton . 

Modifier: Ammonia, hydrochloric acid, phosphates, sodium hydroxide: 
Pounds__..--.__--.----------------- ee eee -- 10,888,518 1.200 
Value____- 2.2 ee eee eee eee $331 ,570 $0 .037 

Depressant: Starch, other: 
Pounds.__.....------.--.--- 2 ee ee ee eee eee. 6,220,460 0.641 

_ Value___..--------- ee eee ------- «= 400, 755 $0 .041 
Collector: Amine, fuel oil: ; 

. Pounds___.....--..---------.-2--- +--+ ------ «5,021,954 . 0.429 
Value...._-...---------2--- eee --- $1,078, 699 . $0.092 

Frother: Barrett oil, methyl isobutyl carbinol, pentasol: . 
Pounds_....-_.-.......------------------ eee eee ee) =1, 670,258 0.143 
Value__...--.-..--..---_-.---.---~---- ee ---------------- «= $186, 010 $0.016 

Floceulant: Guar, Separan, Superfloc: 
Pounds____.-.------------------------------- +e eee 646 ,314 0.063 
Value__..------.--- eee. «=: 885,261 $0 .037 

Total reagents: . 
Pounds._......-....-...--------- +--+ 24,447, 499 2.089 
Value___.--_..--------- ee -- ~ $2,382,295 $0 .204
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| , Table 40.—Froth flotation of anthracite in 1970 

OPERATING DATA ; 

Plants: 
Number._..-.------------------------ ++ ee nnn nn nn nee 4 
Capacity_._.---.------------------------------------------------short tons per day. 4,000 

Raw coal treated_-----------------------------------------------------------short tons_. 1,286,000 
Clean coal produced -_------------------------------------ e+ -------------do_... 355,000 . 

| CONSUMPTION OF FLOTATION REAGENTS _ - 7 
- Function and name Total Per ton 

Collector: Fuel oil, kerosine: 
Pounds. _____-...------------------------ +--+ ------------- 3,505,729 2.886 
Value_.__------------- +e ee ------ «= $64,159 9 $0.052 

Frother: Aerofroth 65, pine oil: 
Pounds__-_-..-.-------------------------------- = --------- «= 95,019 =: 0.820 
Value-..-.--.------------------------------------------------------------- $68,382 $0.051 

Total reagents: | | | 
Pounds.....-.---------------------------------------- +--+ +--+ ------ 8,900,748 38.156 
Value_._..---------- +--+ eee ---- )=—$127,541 $0.108 

Table. 41.—Froth flotation of bituminous coal in 1970 

| OPERATING DATA _ | 

Plants: . =. 
Number...._----.------------ nn nn nn nn ee eee eee eee 62 

-  Capacity.-..-------------------------..------------------------short tons per day_- 58 , 400 
Raw coal treated_.-.-__-------------------------.--------------------------short tons._ 11,770,200 
Clean coal produced. .-..-...----------------------------------------------------d0...- 8,068 ,200 

CONSUMPTION OF FLOTATION REAGENTS. : | . 

: - Function and name Total Per ton 

Modifier: Lime, sulfuric acid, other: 
- Pounds._....--..----------------- ee en eee ne) 2,716,208 2.861 
Value_......--------------- ee en ne enn nee eee $93,174 $0.098 

Collector: Fuel oil, kerosine: 
Pounds.___._.--------------------------------------------------+---------- 4,265,992 1.657 
Value.._...-_-------------------- eee ee $82,088. $0.032 

Frother: Aerofroth 71, Aerofroth 77, methyl] isobutyl carbinol, pine oil, other: 
Pounds______..-_---------------------------------- ~~) 2,168,955 = 0.192 
Value_....-.----------------- =e --- = 868,240 $0.038 

Flocculant: Aerofloc, alum, Calgon, Dowall, Naleo, Pereol, Polyhall 8-295, Separan, / 
starch, Steinhall, sulfuric acid, Superfloc: 
Pounds.._.__.-.------------------------ en ee ------- «2,204,080 0.209 
Value_._.-.---.------------- ee ----- $1,208,988 30.114 

Total reagents: 
Pounds._.___-..---------------------------------------------------------- 11,355,185 0.965 
Value __.-----------_--------------------------- ee $1, 747,490 $0.148



Statistical Sumr 

By Mary E. Daugherty and Nellie W. Fahrney ! 

This chapter summarizes mineral produc- Because of inadequacies in the statistics 
tion in the United States, its island posses- available, some series deviate from the fore- 
sions, the Canal Zone, and the Common- going definition. The quantities of gold, 
wealth of Puerto Rico. Tables showing the silver, copper, lead, zinc, and tin are re- 
principal minerals exported from and im- corded on a mine basis (as the recoverable 
ported into the United States, and com- content of ore sold or treated). The values _ 
paring world and U.S. mineral production assigned to these quantities, however, are 
also are included. Further details are con- _ based on the average selling price of refined 
tained in the commodity chapters of volume _ metal, not the mine value. Mercury is mea- 
I and the area chapters of volume II. sured as recovered metal and valued at the | 

Mineral production may be measured at average New York price for metal. 
any of several stages of extraction and proc- The weight or volume units shown are 
essing. The stage of measurement used those customary in the particular indus- 
in the chapter is normally what is termed tries producing the respective commodities. 

_ “mine output.” It usually refers to minerals No adjustment has been made in dollar 
in the form in which they are first extracted values for changes in purchasing power of 
from the ground, but customarily includes the dollar. | 
for some minerals the product of auxiliary 

processing operations at or near mines. 1 Statistical assistant, Minerals Yearbook. 

Table 1.—Value of mineral production 1 in the United States, by mineral groups 

| (Millions) — 
SSS 

Year Mineral fuels Nonmetals Metals Total 2 
(except fuels) 

eee 
1966_.-.-..-------- eee $15 , 088 $5,176 $2,703 $22 ,968 
OY 16,195 5,200 2,333 23 , 729 
1968... 22-2 eee 16,820 5,448 2,703 24,971 
1969__.-- eee 17 ,965 5,624 r 3,332 t 26,921 
1970_... 2-2 20,153 5,711 3,926 29 , 790 

LS LL Pere eaesennnsnnnservetenrtnrvpenasneate epee 

r Revised. 
1 duos as measured by mine shipments, sales, or marketable production (including consumption by 

producers). 
? Data may not add to totals shown because of independent rounding. 
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Table 3.—Minerals produced in the United States and 
principal producing States in 1970 © 

Mineral Principal producing States, Other producing States 
in order of quantity 

Antimony___....--.-----.----. Idaho, Alaska, Nevada_.__.....-- Calif., Mont. 
Aplite____..------------------- Va. 
Asbestos. .....---------------- Calif., Vt., Ariz., N.C. 
Asphalt__.....--.-.-------..-. Tex., Utah, Ala., Mo. 
Barite_.......__.._--_.--_.....-.. Mo., Nev., Ark., Ga__._._........ Alaska, Calif., Tenn. 
Bauxite. _..._.-....--------.... Ark., Ala., Ga__...--._......... Oreg., Wash. 
Beryllium._._........-........ Utah, S. Dak., Colo., Maine. 

_ Boron..-..-----.-----------.-- Calif. . 
Bromine_....-......-..-........ Ark., Mich., Calif... : 
Brucite__.............-.-----.. Nev. . 7 
Calcium-magnesium chloride._... Mich., Calif. 
Carbon dioxide__............... N. Mex., Calif., Colo., Utah. . 
Cement. _..-.........-._..---. Calif., Pa., Tex., Mich_.._....-.. Ala., Ariz., Ark., Colo., Fla., Ga., 

Hawaii, Idaho, Ill., Ind., Iowa, 
Kans., Ky., La., Maine, Md., 

. Minn., Miss., Mo., Mont., Nebr., 
o Nev., N. Mex., N.Y., N.C., Ohio, . 

. | Okla., Oreg., S.C., S. Dak., Tenn., 
| Utah, Va., Wash., W. Va., Wisc., 

Wyo. 
Clays_...........-..---------- Ga., Tex., Ohio, N.C__-_--.-..-- AM other States except Alaska and 

Coal...._...---.--.----------- W. Va., Ky., Pa., Il__..-...-... Ala., Alaska, Ariz., Ark., Colo., Ind., 
Iowa, Kans., Md., Mo., Mont., 

an N. Mex., N. Dak., Ohio, Okla., 
- - Tenn., Utah, Va., Wash., Wyo. 
. Cobalt__......-..-----..._-._._ Pa. ot 

Copper._..............-..---... Ariz., Utah, N. Mex., Mont__... Calif., Colo., Idaho, Maine, Mich., 
Mo., Nev., Okla., Oreg., Pa., 
Tenn., Wash. 

Diatomite___..__.....-......... Calif., Nev., Wash., Ariz._.-...-. Oreg. 
Emery...........-...-_--.-._. N.Y. — 
Feldspar_.__.....-...-...-.--. N.C., Calif., Conn., S.C......... Ariz., Colo., Ga., Maine, S. Dak., Va. 
Fluorspar._.......-......--.--- IIl., Colo., Utah, Mont.....-.._.. Ky., Nev., N. Mex. 
Garnet, abrasive..._......_-.... N.Y., Idaho. oo 
Gold____-...-.-.--.--.__...... 8S. Dak., Nev., Utah, Ariz_....... Alaska, Calif., Colo., Idaho, Mont., 

N. Mex., Oreg., Pa., Tenn., Wash. . 
Graphite_..._.-........--..... Tex. 
Gypsum......__..._......-.... Mich., Tex., Iowa, Calif......... Ariz., Ark., Colo., Ind., Kans., La., 

. Mont., Nev., N. Mex., N.Y., Ohio, 
Okla., S. Dak., Utah, Va., Wyo. 

Helium._....-....._---...-.... Kans., Tex., Okla., Ariz......... N. Mex. © 
Todine___......_.-..--...-..-. Mich. 
Iron Ore_____..._....-.-.-..-- Minn., Mich., Calif., Mo........  Ala., Ariz., Colo., Ga., Idaho, Mont., 

Nev., N. Mex., N.Y., N.C., Pa., 
. Tex., Utah, Wisc., Wyo. , 

Kyanite_............-..------. Va., Ga., Fla. . 
Lead__._.-....--.-_.--_...-.-. Mo., Idaho, Utah, Colo._..._... Ariz., Calif., Ill., Kans., Mont., Nev., 

N. Mex., N.Y., Okla., Oreg., S. 
Dak., Va., Wash., Wis. 

Lime___....-.--..--.--..------ Ohio, Pa., Mo., Tex.....-.---.-- Alla., Ariz., Ark., Calif., Colo., Conn., 
Fla., Hawaii, Idaho, Ili., Ind., 
Iowa, Kans., La., Md., Mass., 
Mich., Minn., Miss., Mont., Nebr., 
Nev., N.J.. N. Mex., N.Y., N. 
Dak., Okla., Oreg., S. Dak., Tenn., 

. Utah, Va., Wash., W. Va., Wis., 
Wyo. 

Lithium.._...........---------. N.C., Nev., Calif. 
Magnesite_.__.._-.---..------. Nev. . 
Magnesium Chloride._._.._._...... Tex. 
Magnesium Compounds.__....._. Mich., Tex., Calif., N.J_._.--..-- Fla., Miss., Utah. 
Manganese ore___.-.--.-------- N.Mex., Mont. 
Manganiferous ore_............. Minn., N. Mex., Utah. 
Manganiferous residuum__._.._._._ N.J. 
Marl, greensand......._...-...-. N.J., Md. 
Mercury._....----.------------ Calif., Nev., Alaska, Idaho___... Ark., N.Y., Oreg., Tex., Wash. 
Mica: Serap___..-..--.----.--- N.C., Ala., Ga., S.C__..._.-.... Ariz., Colo., Conn., N.H., N. Mex., 

Pa., S. Dak. 
Molybdenum.-__.-.-.---------. Colo., Ariz., Utah, N. Mex__..-. Calif., Nev. 
Natural gas..............-..--. Tex., La., Okla., N. Mex__._..... Ala., Alaska, Ariz., Ark., Calif., 

Colo., Ill., Ind., Kans., Ky., Md., 
Mich., Miss., Mo.,. Mont., Nebr., 
N.Y., N. Dak., Ohio, Pa., Tenn., 
Utah, Va., W. Va., Wyo. 

Natural gas liquids.__........-. Tex., La., Okla., N. Mex__.-..-. Ala., Ark., Calif., Colo., Fla., IIL, 
Kans., Ky., Mich., Miss., Mont., 
Nebr., N. Dak., Pa., Utah, W. Va., 
Wyo. 

Nickel__._.._..-..-...-.-..--. Oreg. 
Olivine_............._...-.---. Wash., N.C.



STATISTICAL SUMMARY .- 109 

: Table 3.—Minerals produced in the United States and 
principal producing States in 1970—Continued 

Mineral Principal producing States, Other producing States 
. in order of quantity 

Peat_.....-...-2---.----------  Mich., IL, Fla., N.J_-----------  Calif., Colo., Idaho, Ind., Iowa, 
Maine, Md., Mass., Minn., Mont., 

/ N. Mex., N.Y., N. Dak., Ohio, 
Pa., S.C., Vt., Wash., Wis. . 

Perlite. _._...-..--------.--... N.Mex., Ariz., Calif., Nev_._...-.. Colo., Idaho, Utah. 
/ Petroleum. -....--------------. Tex., La., Calif., Okla........... Ala., Alaska, Ariz., Ark., Colo., Fla, == _- 

. Til., Ind., Kans., Ky., Mich., Miss., 
Mo., Mont., Nebr., Nev., N. Mex., 

| N.Y., N. Dak., Ohio, Pa., S. Dak., 
. . Tenn., Utah, Va., W. Va., Wyo. 

Phosphate rock....-..........--  Fla., Idaho, Tenn., N.C__._.-.-. Ala., Calif., Mont., Utah, Wyo. 
Platinum-group metals__._....... Alaska. 
Potassium salts__..-........... N. Mex., Calif., Utah...._........ Md., Mich. 
Pumice...-......-.---.-------- Oreg., Ariz., Calif., Hawaii...... Colo., Idaho, Kans., Nebr., Nev., 

N. Mex., N. Dak., Okla., Tex., 
. Utah, Wash. 

Pyrites...--..-.--.-...........  Tex., Pa., Colo., Nev_____..-_.. Ariz. . 
Rare-earth metals__............ Calif.,Ga. | 
Salt__.....----------.-.-----. La, Tex., N.Y., Ohio_..........  Ala., Calif., Colo., Hawaii, Kans., 

oo Mich., Nev., N. Mex., N. Dak., 
Okla., Utah, Va., W. Va. 

Sand and gravel__.............. Calif., Mich., Minn., Ili__._..__.._ All other States. 
Silver_......--------+.---.--.. Idaho, Ariz., Utah, Mont__...... Alaska, Calif., Colo., Maine, Mich., : 

. Mo., Nev., N. Mex., N.Y., Okla., 
. Oreg., Pa., S. Dak., Tenn., Wash. 

Sodium carbonate._-........._.. Wyo., Calif. 
Sodium sulfate_._...........-..  Calif., Tex.........-_...._..... Utah, Wyo. 
Staurolite...._..-.-.-.-...-... Fa. . 
Stone____--_..---------.-.---.  Pa., IIll., Ohio, Calif............_ .All other States except Del. 
Sulfur (Frasch)................. lLa., Tex. 
Tale, soapstone, pyrophyllite__._.. N.Y., Calif., Vt., Tex........... Ala., Ark., Ga., Md., Mont., Nev., 

N.C., Oreg., Pa., Va., Wash. 
Tin_.-..--.-..---------------- Colo., Alaska. 
Titanium__.__.-....---.-.-.... N.Y., Fla. N.J., Ga_........... Va. 
Tripoli........-..2-..-......... IIL, Okla., Ark., Pa.» . 
Tungsten_._......---------.... Calif., Colo., Nev., N.C_........ Ariz., Idaho, Mont., Utah. 
Uranium. -.-_.-...----......--.. N. Mex., Wyo., Colo., Utah__._.. S. Dak., Tex., Wash. 
Vanadium.-.__.-.-----.---.---. Colo., Ark., Idaho, Utah___._... N. Mex., S. Dak. . 
Vermiculite.................... Mont., S.C. 
Wollastonite_...............-.. N.Y. oe 
Zine_...---------------------.- Tenn., N.Y., Colo., Mo.._....._ Ariz., Calif.,. Idaho, Ill., Kans., Ky., 

Maine, Mont., Nev., N.J., N. 
Mex., Okla., Pa., S. Dak., Utah, 
Va., Wash., Wis. 

Zirconium._.._................. Fla., Ga.
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Table 4.—Value of mineral production in the United States and 
‘ _ principal minerals produced in 1970 

: Value ~ Pereent 
State _ (thousands). Rank of US. Principal minerals, in order of value 

tota oS 

Alabama___.------_° $823,245 21 1.09 Coal, cement, stone, petroleum. 
Alaska_.-.--------- 338 ,271 20 1.14 Petroleum, sand and gravel, natural gas, stone. 

 Arizona_.---------- 1,166,767 5 3.92 Copper, molybdenum, sand and gravel, cement. 
Arkansas...-.-----. = 225,622 27 -76 Petroleum, bromine and bromine compounds, natural 

gas, bauxite. 
California..._-._._--. 1,897,136 3 6.37 Petroleum, natural gas, sand and gravel, cement. 
Colorado..__.....--- 389 , 789 18 1.31 Molybdenum, petroleum, coal, sand and gravel. 
Connecticut. _.._---: 28 ,383 45 .10 Stone, sand and gravel, feldspar, lime. 
Delaware--....----. | 1,615 50 .01 Sand and gravel, clays, gem stones. — 
Florida_............ 300,042 23 1.01 Phosphate rock, stone, cement, sand and gravel. 
Georgia_.._...-___- 203 , 225 29 .68 Clays, stone, cement, sand and gravel. 
Hawaii_.-.__.__.___ 28 ,965 44 .10 Stone, cement, sand and gravel, pumice. 
Idaho_.-_.2..---..._ 119,748 32 -40 Silver, phosphate rock, lead, zinc: 
Illinois. _..-_______- 688 , 697 11 2.31 Coal, petroleum, stone, sand and gravel. 
Indiana____._____-_ 255 , 786 25 .86 Coal, cement, stone, sand and gravel. 
Jowa____-.-__.-__-- 120 , 822° 31 .40 Cement, stone, sand and gravel, gypsum. . 
Kansas__.._.--..--- 586 ,161 16 1.97 Petroleum, natural gas, natural gas liquids, helium. — 
Kentucky. ___.--_.- 847 ; 465 - 9 2.84 Coal, stone, petroleum, natural gas. 
Louisiana....__...... 5,102,321 2 17.13 Petroleum, natural gas, natural gas liquids, sulfur. 
Maine_____-_.----. ° 238,780 47 08 Cement, sand and gravel, stone, copper. _ 
Maryland___.______ 88,216 - 37 .380 ‘Stone, cement, sand and gravel, coal. ne 

+ Massachusetts______ - 50,360 43 .17 Stone, sand and gravel, lime, clays. 
Michigan.____._____ 670,729 12 2.25 Iron ore, cement, copper, sand and gravel. 
Minnesota_____--_._ 633 , 006 13 2.12 Iron ore, sand and gravel, stone, cement. —_ 
Mississippi. ____.___ 249 ,973 26 .84 Petroleum, natural gas, sand and gravel, clays. . 
Missouri... ___-____ 392 ,996 17 1.32 Lead, cement, stone, iron ore. 
Montana.____-_..-- 313,016 © 22 1.05 Petroleum, copper, sand and gravel, cement. 
Nebraska.___..--_-- 72,657 39 '.24 Petroleum, cement, sand and gravel, stone. oo 
Nevada. _______-._- 186 ,349 30 .62 Copper, gold, sand and gravel, diatomite. _ 
New Hampshire-.-_-_ 8,730 48 .03 Sand and gravel, stone, clays, gem stones. 
New Jersey.__-.---- 89 ,281 36 .30 Stone, sand and gravel, zinc, magnesium compounds. — 
New Mexico____..-. 1,060,358 © 8 3.56 Petroleum, copper, natural gas, potassium salts. 
New York...__..... | 299,564 © 24 1.01 Cement, stone, salt, sand and gravel. 
North Carolina______ 98 ,365 33 .83 Stone, sand and gravel, cement, phosphate rock. . 
North Dakota___-_-_-_ 96,047 . 34  .82 Petroleum, coal, sand and gravel, natural gas. 
Ohio__..---2 2 612,166 14 2.05. Coal, stone, lime, sand and gravel. - 
Oklahoma__._--.... 1,137,267 6 3.82 Petroleum, natural gas, natural gas liquids, stone. 
Oregon__.._._.-_._- 68,101 40 .23 Sand and gravel, stone, cement, nickel. —_ . 
Pennsylvania___..._. 1,095,743 7 3.68 Coal, cement, stone, sand and gravel. : 
Rhode Island _____-_ 4,386 49 -01 Sand and gravel, stone, gem stones. 

. South Carolina_..--. 56,365 42 -19 Cement, stone, clays, sand and gravel. 
South Dakota__..... 61,576 41 .21 Gold, sand and gravel, stone, cement. 
Tennessee__.__._-__ 220 , 465 28 .74 Stone, coal, zinc, cement. 
Texas___...._._.._.. 6,402,462 1 21.49 Petroleum, natural gas, natural gas liquids, cement. 
Utah__-.-.2 Le 601,997 ‘15. 2.02 Copper, petroleum, coal, molybdenum. 
Vermont_________-- 27 , 843 46 .09 Stone, sand and gravel, asbestos, talc. 
Virginia_._.__..--__ 374 ,321 19 1.26 Coal, stone, cement, sand and gravel. 
Washington_________ 90 ,922 35 .30 Sand and gravel, cement, stone, uranium. 
West Virginia____... 1,285,364 4 4.31 Coal, natural gas, stone, cement. 
Wisconsin. ______.__ 87,670 38 .29 Sand and gravel, stone, iron ore, zine. 
Wyoming.__________ 705 , 533 10 2.37 Petroleum, natural gas, sodium salts, uranium. 

-Total__.._...__ 29,789,668 __.... 100.00
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Table 8.—U.S. exports of principal minerals and products 
nc nSNEOOT 

1969 1970 
Mineral —— — 

Quantity Value Quantity Value 
(thousands) (thousands) 

en IEE 

METALS 
Aluminum: 

Ingots, slabs, crude__..----------------short tons__ 344,414 $172,137 408,452 $214,780 

Serap__.._._.-----------------------------d0_.-- 86,255 833 , 827 57,159 20,945 

Plates, sheets, bars, etc____-----------------do_-.. | 185, 707 99 ,596 137,675 106 , 913 

Castings and forgings___.-.-----------------do_-__- 4,360 10,473 3,438 9,068 

Ho Antimony: Metals and alloys, crude__.._...--..---do-.-- 207 216 _ 544 634 i 

Bauxite, including bauxite concentrates 
thousand long tons. - 5 456 3 245 

Aluminum sulfate______...-.----------short tons__ 12,274 867 17,726 . 578 

Other aluminum compounds. ----------------do-_--- 1,038,680 85,850 1,134,707 92 ,633 

Beryllium. _.___...--..----------------------pounds__ 28,951 630 41,353 1,021 

Bismuth: Metals and alloys_.....----------------do_--. 447,931 1,515 910,275 2,332 

Cadmium______-_..--........-------thousand pounds-. — 1,085 8,254 373 997 

Chrome: 
Ore and concentrates: 

Exports___....._.....----thousand short tons-- 49 1,915 41 2,582 

Reexports_.__.__...--.----------------d0..~- 150 5,806 73 2,572 

Ferrochrome___________..-.----------------d0o-__-_- 25 5,679 28 8,259 

Cobalt. __...-..-------_-_-----------thousand pounds_- 8,257 5,951 2,699 5,798 

Columbium metals, alloys and other forms 
do___- 41 ~ 601 46 562 

Copper: 
Ore, concentrate, composition metal and unrefined 

(copper content)__.__....-_----------short tons__ 5,517 5,113 69 ,343 65, 869 
Refined copper and semimanufactures.__-short tons__ 236,914 303 ,386 249 ,217 370,388 

Other copper manufactures. ___._------------do_.~- 4,602 6,160 6,057 8,568 

Copper sulfate or blue vitriol.__.--.---short tons---- 3,127 2,385 2,485 - 1,543 

Copper base alloys___.---------------------d0-_-. 94,803 111,048 127 , 593 138 ,327 

Ferroalloys: 
Ferrosilicon_____.._-.----------------------do_.-_. 6,487 1,666 44,694 11,887 

G ae errOPhosPhorows..- ---------22--—--nennn---GO---- 87,351 912 33,106 1,199 . 

old: 
Ore and base bullion_._..__.-----.---_.troy ounces__- 58 , 867 2,434 106,117 3,903 

Bullion, refined___._.----------------------do--.. 279, 434 9,853 968 ,108 33 , 887 

Tron ore________-.._---------------thousand long tons__ 5,160 62,310 5,492 67,898 

Iron and steel: 
Pig iron____.....--------.------------short tons_- 43,961 2,647 809 , 746 18,339 

Iron and steel products (major): . 
Semimanufactures___.__._...._-_-------_-_-do____'4,809,469 °*641,559 6,584,610 846 , 518 
Manufactured steel mill products..._._....do---. 705,579 322 , 826 767,140 381,695 

Iron and steel scrap: Ferrous scrap, including re- 
Lead rolling materials._.....---thousand short tons_- 9,177 *302,707 10,364 447 ,369 

ead: 
Pigs, bars, anodes___._...-.------------short tons__ 4,968 3,913 7,747 4,757 

Serap__....-----------------------------.-d0-..- 2,340 505 4,214 1,056 : 

Magnesium: Metal and alloys and semimanufactured 
forms, n.e.c___-...----------------------8short tons.. 27,872 17,961 35,732 22,542 

Manganese: 
re and concentrate________...-------------do.._. 19,796 r 1,589 20,294 2,461 

Ferromanganese___._..--.------------------d0-_-- 1,759 483 21,747 4,356 

Mercury: 
Exports_...._..------------------76-pound flasks__ 507 294 4,653 2,183 

Reexports__...--.-------------------------do_... 108 57 50 19 

Molybdenum: 
Ore and concentrates (molybdenum content) 

thousand pounds... _* 57,575 99 ,055 55,737 95,246 
Metals and alloys, crude and scrap 

do___- 21 70 671 802 

Wire_________..______._----__.------------do-_-- 61 1,083 107 1,252 

Semifabricated forms, n.e.c__..-.-------------d0---- 229 682 133 643 

Powder.___....__--------------------------d0_~.- r 44 168 329 528 

Ferromolybdenum_.____.-.------------------d0---- 1,455 2,381 2,014 3,088 

Nickel: 
Alloys and scrap (including monel metal), ingots, bars, 

sheets, etc_____.-_.-._-----..--------short tons_-_ 29 ,240 64,420 26 ,007 64 , 830 

Catalysts__.._.____..-_.-------------------do-~-- 3,592 7,581 2,524 6,451 

Nickel-chrome electric resistance wire__.....-do__-- 746 3,630 870 5,642 

Semifabricated forms, n.e.c___--.------------do-_--- 1,180 6,487 2,055 9,001 
Platinum: 

Ore, concentrate, metal and alloys in ingots, bars, 
sheets, anodes, and other forms, including scrap 

troy ounces... 223,569 30,356 270,584 32,978 
Palladium, rhodium, iridium, osmiridium, ruthenium, 

and osmium (metal and alloys including scrap) 
troy ounces.. 277,495 16 ,355 148 ,182 10,034 

Platinum group manufactures, except jewelry-_------ NA 4,310 NA 5,727 

Rare-earths: Cerium ore, metal, alloys and lighter flints 
pounds._ 103,169 351 17,523 275 

See footnotes at end of table.
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Table 8.—U.S. exports of principal minerals and products—Continued 

tetera es Ee 

1969 1970 
Mineral ——_— 

Quantity Value Quantity Value 
(thousands) (thousands) 

a a a 

METALS—Continued 
Silver: 

Ore, concentrates, waste and sweepings 
a thousand troy ounces-_. 30,952 53 , 334 - 10,375 18,102 

Bullion, refined. ___-...-.------------------do____ 57,957 103 , 386 17,239 31,037 
Tantalum: © 

Ore, metal, and other forms_..._--thousand pounds- - 209 2,652 762 3, 884 
Powder______..----.-.---.+-.-------------do___- 100 2,952 139 4,367 

Tin: 
Ingots, pigs, bars, etc: 

Exports. _._._......--.---.--------long tons_-_ . 2,362 8,459 - 4,009 15,222 
Reexports__._._._.--_-...-------------do___- | 541 1,927 443 1,701 

Tin scrap and other tin-bearing material except tin- . 
plate serap____-..--.-..-------------long tons-_- 5,369 4,825 2,756 2,466 

Titanium: 
Ore and concentrate___-_...._.__.-.--.--short tons... 1,424 183 1,100 — 297 
Sponge (including iodide titanium and scrap) , 

do__.. 2,802 1,936 2,892 2,583 
Intermediate mill shapes and mill products, n.e.c 

do._.- 1,773 9,206 1,740 10,435 
-_-Dioxide and pigments__........--.----------do---_- 24,507 7,510 26,183 7,944 
Tungsten ore and concentrates: 

Exports___.._....---.----------thousand pounds. - r7,151 19 , 829 19,470 61,131 
Reexports. __......-.-_--------------------dO-___ --------2 0 -------+- 1&8 341 

Vanadium ore and concentrate, pentoxide, etc. (vanadium 
Zien tent) ------- +n oon noo nn === = thousand pounds... 516 1,300 1,946 5, 808 
ine: 
'. Slabs, pigs, or blocks_..--.--.---------~-short tons_- 9,298 2,612 288 114 

Sheets, plates, strips, or other forms, n.e.c 
; do____ 2,714 1,746 1,412 1,173 

' Serap (zine content)_........--.------------do_-_- 1,989 716 8,112 1,049 
Semifabricated forms, n.e.c___......--_-..---do_---~ 28,810 6,321 25,528 5,635 . 

Zirconium: 
- Ore and concentrate__..__._.-._--__=.------do_--- 2,698 295 4,380 591 

Metals and alloys and other forms_._........pounds_. 443,462 5,911 600 , 035 6,284 
. NONMETALS 

Abrasives: 
Dust and powder of precious or semiprecious stones, 

including diamond dust and powder 
thousand carats__ 8,122 21,599 7,258 18,711 

Crushing bort___....-....-----.--.--.------do__-_- 45 265 33 154 
Industrial diamonds___........____....-._.--do_-__.. 345 1,634 339 1,838 

. Diamond grinding wheels_____._.-.--.._.--..do___- 699 3,560 614 3,117 
Other natural and artificial, metallic abrasives and 

products. ____...--.--------------------------- NA r 43,596 NA 40,518 
Asbestos, unmanufactured: 

Exports______.-_.---.-----.-----------short tons_- 34,522 4,626 38 ,235 5,340 
Reexports____.-----.-.--------------------do_--- 1,651 353 8,350 1,656 

Boron: Boric acid, borates, crude and refined_____..do_._._. 283,650 24,004 2338 ,200 25,680 
Cement. ------------------thousand 376-pound barrels _- 589 3,189 847 5,211 

ays: 
Kaolin or china clay____...-.----------short tons... 477,674 14,789 816 , 284 27,294 
Fire clay__..___..-.----_------------------do__.. 162,557 2,621 167,308 3,464 
Other clays_..__..__..----.-.-----------.--do__._ 930,237 128,256 1,071,087 35,358 

Fluorspar_.___.____---------------------------do____ 3,605 213 14,952 1,145 
Graphite____._____----------------------------do___- 5,655 682 5, 783 701 
Gypsum: 

Crude, crushed or calcined ___._thousand short tons__ 40 2,003 41 1,915 
Manufactures, n.e.c___....------------------------ NA 1,443 NA 1,560 

Kyanite and allied minerals_____.._._.__.-_----short tons__ 19,696 1,353 24,024 1,622 
Lime__________-_-___-_..-----------------..---do___- 51,006 1,153 53,876 1,391 
Mica sheet, waste and scrap and ground________pounds__11, 810,008 1,274 17,459,607 1,422 
Mica, manufactured___.....-.-.---------------------- 638,830 1,834 1,260,780 3,310 
Mineral-earth pigments: Iron oxide, natural and manu- 

factured__.._._____-.-_..........---..--short tons_. 3,992 1,489 4,565 1,621 
Nitrogen compounds (major)..._.__..thousand short tons_. T4,009 +1*184,098 3,421 150, 735 
Phosphate rock_____-...-----------------------do__-- 11,369 87,418 11,738 89,898 
Phosphatic fertilizers (superphosphates) 

do___- 847 33 , 922 774 28,645 
Pigments and compounds (lead and zinc): 

Lead pigments__._.__.-_-----------_-~--short tons_- 1,688 686 1,516 649 
Zinc pigments_______----------------------do__-_- 4,865 1,641 7,867 2,866 

Potash: 
Fertilizer__.__.__....-------------------..-do____ 1,232,636 33,061 966,410 28,490 
Chemical____..-.--------------------------do---- 26 , 620 4,712 80,377 8,450 

Quartz, natural, quartzite, cryolite and chiolite — 
do___- 794 165 671 108 

See footnotes at end of table.
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- Table 8.—U.S. exports of principal minerals and. products—Continued 

1969 1970 
Mineral —— 

Quantity Value Quantity Value 
(thousands) (thousands) 

NONMETALS—Continued . 
Salt: 

Crude and refined___._......-. thousand short tons_- 716 4,486 423 3,657 
Shipments to noncontiguous Territories 

do___- 14 1,200 16 969 
Sodium and sodium compounds: a a. a ss See 

Sodium sulfate____......--..-.--_.--_--....do__-- 91 2,644 55 1,668 
5 Sodium carbonate___._........----------...do____ 324 10,326 336 12,007 
tone: 

Dolomite, block_._._._._--...------.-.---...do___- 93 1,809 q7 1,454 
Limestone, crushed, ground, broken 

do____ 1,382 3,189 1,755 3,459 
. Marble and other building and monumental 

thousand cubic feet__ NA 863 NA 877 
Stone, crushed, ground, broken__thousand short tons__ 284 3,569 388 3,288 
Manufactures of stone_________------_--_-_ 2 __- NA 793 NA 1,318 

Sulfur: 
Crude_._....--...........-..-thousand long tons_-_ r1,549 57,449 1,429 33 , 096 
Crushed, ground, flowers of___._______._..._.do____ r2 r $34 4 955 

Tale, crude and ground_____.___.____-._.-__-short tons_-_ 69 , 022 © 3,713 104,946 5,738 
MINERAL FUELS . 

Carbon black___...------..--.-...--thousand pounds._ 196,208 22,915 192,636 24,505, 
oal: 

Anthracite___......._......._thousand short tons__ 627 8,420 789 11,215 
Bituminous_____.-__-___ 2 doi. 56,234 585,452 70,908 950, 232 
Briquets__.._.._-----.------_-..---__-_..__do____ 73 3,952 69 3, 736 
Coke____-...-.----------------------~-----do____ 1,629 38,510 2,514 78,885 

Petroleum: 
Crude___..___....__.._.___._.-._thousand barrels__ 1,436 3,694 4,991 17,225 
Gasoline_______._..--.--_--- ~~~ eee dole. r1,874 r14,475 1,049 10,362 . 
Jet___-- eee doe t 326 r1,323 63 228 
Naphtha_-____._____-_------------------.--do_.._. 8,224  +24,6388 2,052 19,249 
Kerosine___.___._-.------.-----_-...---...do.___ r151 r1,312 118 973 
Distillate oil...........--.-..._..-.__.____.do____ r 2,403 r 8,849 1,631 5,555 
Residual oil__._......___......-_._.._-.....do___. "16,766 r 34,005 19,801 45,734 
Lubricating oil__.._._...._.........-.._._....do____ 16,089 1'186,814 15, 712 189 ,374 
Asphalt__....-._-._--------- ~~~. -_do__e_ 413 3,615 399 4,668 
Liquefied petroleum gases____........_.._.....do__.. 112,781 134,297 9,932 31,674 
Wax____-- ee e-- do r1,616 32,724 1,783 40,862 
Coke____-.__.-_-__-_--__-- - ---___--_-do____ 28,028 74,176 30,515 97,654 
Petrochemical feedstocks_____._..__..__..._._.do___- r3,829 18,170 3,754 19, 856 
Miscellaneous___..__--___..---_--____-__._-do___- r908 18,651 1,061 21,331 

Total____._-.____-- 2 eee XX ° 4,412,016 XX 5,455,967 

r Revised. NA Not available. XX Not applicable.
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Table 9.—U.S. imports for consumption of principal minerals and products 

. ~ 1969 — 1970 
Mineral — 

Quantity Value Quantity Value 
(thousands) (thousands) 

METALS 
Aluminum: 

. Metal____...-._-...-..-....---short tons_. 468 , 236 $214,845 350,060 $164,227 
Serap_._.--.--.----.---------------do____ 28 , 850 11,003 36,779 12,979 
Plates, sheets, bars, etc____....-...-_do____ tr 57,168 ~—* 38,437 78,660 53 , 836 
Aluminum oxide (alumina)__._..-....do_..__ 1,912,474 106 , 333 2,554,807 152 , 5387 

Antimony: : 
Ore (antimony content)_.____----....do____ 12,098 5,248 13,820 12,733 
Needle or liquated_______........----do___. 62 51 18 54 
Metal....___..__._..-.._.---..--.-.do____ 980 888 1,290 3,493 
Oxide__._.-.-_..__..---+---.-------do__-- _ . 4,715 3,852 4,256 10,023 

Arsenic: White (As2O; content)___._.-_.-_do____ 18,171 2,064 (18,763 2,089 
Bauxite: Crude__________._._thousand long tons__ r12,160 r 165,639 12,620 156 , 362 
Beryllium ore______...__._.._..~..-short tons_~ 6,422 2,648 4,942 1,912 
Bismuth____._.--__..__.-....--.--..-pounds__ t 894,804 r3,712 997,924 5,636 
Boron carbide__-___.._.....-...-.----.._do___. 422,133 883 52,652 166 
Cadmium: 

Metal_____._____._._..._thousand pounds_. 1,078 3,166 2,492 7,800 
Flue dust (cadmium content). ...-..-.do____ 1,115 1,495 1,111 2,438 

Calcium: 
Metal__._.._._..._.--.-.---..----pounds-_ T 662 ,200 619 164, 769 141 

_ Chlioride.._........_-.......---_short tons_-_ 9,226 350 8,280 359 
Chromate: . / 

Ore and concentrates (Cr 203 content) . 
thousand short tons__ 506 20,030 647 31,805 

Ferrochrome____..__..2._.-.---.--_.do____ r 37 r12,394 26 9,620 
~ Metal__.._-__...-.-_.._._.-.------_do____ 1 12,072 2 3,052 

Cobalt: 
Metal___...-.-.-.-.-----.thousand pounds_. 12,037 21,725 11,873 26 ,020 

- Oxide (gross weight)_...._._..._.....do___- 1,175 2,023 710 1,394 
Salts and compounds (gross weight) 

thousand pounds__ 131 67 157 92 
Columbium ore. ___...._....------------do____ 4,161 2,681 5,719 4,345 

. Copper: (copper content): 
Ore and concentrates__.__.__...--_short tons__ 3,588 3,274 64,540 77,367 
Regulus, black, coarse___....._....._do____ 6 17 247 346 

' Unrefined, black, blister...._....-....do____ 241,712 233 ,265 224,289. 245,778 
Refined in ingots, ete__....-.......-.do___-_ 131,171 132 573 132 , 143 146,093 

_ Old and scrap___..._----.----------.do____ r§,692 r 5,183 2,308 2,044 
Ferroalloys: Ferrosilicon (silicon content) 
Gold ~ do. _e 16,944 4,577 10,060 4,117 

old: 
Ore and base bullion_........__troy ounces__ 236 , 738 9,064 286 , 988 9,992 
Bullion........-.-.-.-.-..--.-.-.---do_... 5,624,649 227 , 842 6,365,380 227,472 

Iron ore__................_thousand long tons__- tr 40,732 r 402,178 44,876 479,380 
Iron and steel: 

Pig iron. __..........-.-....-._short tons__ r 404,888 18,445 249 ,241 13,729 
Iron and steel products (major): _ 

Iron products_._--..-...-.----.--do__.. 35,012 9,604 28,609 9, 886 
Steel products___.-..._........-..do___. 18,983,804 1,758,171 18,809,116 2,362,493 

Scrap_..---.--.--------.-.------.--do____ 311,350 r12,571 279 , 586 10,609 
Tinplate___......-..-...-..-----.--.do____ 23 , 849 917 21,707 591 

Lead: 
Ore, flue dust, matte (lead content) 

do____ 115,286 22,697 42,606 8,360 
Base bullion (lead content)___..._.....do____ 1,993 699 1,177 448 
Pigs and bars. (lead content)____.___..do___ 278,873 72,104 244,623. 73,397 
Reclaimed scrap, etc. (lead content) 

do____ 6,682 1,513 2,981 798 
Sheets, pipe and shot_______-.-..._..do____ 518 174 513 241 

Magnesium: 
Metallic and scrap___....._..-........do___-_ 3,515 1,913 2,948 1,566 
Alloys (magnesium content). __..._...do____ 467 1,175 122 . 306 
Sheets, tubing, ribbons, wire, other forms 

(magnesium content) _....._._._short tons__ r 334 1,168 225 637 
Manganese: 

Ore (85 percent or more manganese) (man- 
ganese content)_____..__._._.-_short tons__ + 979,708 39,1386 846, 706 34,263 

Ferromanganese (manganese content) 
do__-_- r 239,144 r 32,281 226,979 31,563 

Mercury: 
Compounds__.-_.._---------------pounds__ r13,510 r16 196 3 
Metal___.-.-.---.-----..-76-pound flasks__ 31,924 15,207 21,972 9,101 

Minor metals: Selenium and salts___._._pounds__ t 564,266 r 3,380 461,974 4,329 
ickel: 

Pigs, ingots, shot, cathodes______-_short tons__ 199,656 tr 209,476 117,371 302 , 821 
Scrap_....-------------------------do_.-_. 3,184 8,077 2,149 4,485 
Oxide_.._..-.---------------------_do____ 4,013 6,524 6,423 12,611 

See footnotes at end of table.
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Table 9.—U.S. imports for consumption of principal minerals and products—Continued 
PS 

. 1969 1970 
Mineral ———-.-$-- Se 

Quantity Value Quantity Value 
(thousands) (thousands) 

eee 

METALS—Continued 
Platinum group: 

Unwrought: . 
Grains and nuggets (platinum) 

troy ounces__ 67,560 9,741 28 , 937 3,828 
Sponge (platinum).__............do____ 272,794 33,665 346,069. -- -39,585 — 
Sweepings, waste and scrap 

troy ounces__ 127,053 5,422 64,096 6,578 
Tridium._ 2222 do____ 5,938 1,027 . 8,459 1,239 
Palladium..____-_______________.do____ 249 ,389 r 10,410 270,134 9,896 
Rhodium.________._.__.___--=_-..do.___ 38 ,077 8,615 38 , 626 7,541 
Ruthenium_______________....._do____ 7,566 391 20,816 984 
Other platinum group metals 

do. ___ 11,602 1,696 9,242 495 
Semimanufactured: 

Platinum___._..-_2--_._-.___.-_.do___. 58,249 8,018 124,867 16 , 323 
Palladium._....-..---.._-__..---do___- r 382,783 14,280 508 , 822 17, 532 
Rhodium_________--_-__....-_-..do____ 3,387 444 4,986 428 

: Other platinum group metals 
do___. 1,453 190 3,036 442 

Radium: Radioactive substitutes__._..._________ NA 4,697 NA 3,472 © 
Rare-earths: Ferrocerium and other cerium alloys 

pounds__ 17,328 91 9,373 «+654 
Silver: 

Ore and base bullion__thousand troy ounces __ 32 , 332 48,115 29 , 246 45,040 
Bullion. _____.._-.___.._.___.____._._do____ 89 , 544 71,247 29,569 52,637 

Jantalum ore._.....-........thousand pounds__ 975 3,196 1,046 3,231 
in: 

Ore (tin content)_.._....._.._____long tons__ __.__._..._ __-________ 4,667 13 , 987 
Blocks, pigs, grains, ete_______.__..._.do____ 54,950 185,037 50, 554 187,662 
Dross, skimmings, scrap, residues and tin 

alloys, n.s.p.f_._._......._.___long tons_. 948 1,052 776 275 
Tin foil, powder, flitters, ete. _..._.__._..._- NA 3,458 NA | 4,311 

Titanium: 
Ilmenite !1__._._____........_.._short tons__ r 398 , 9038 r9,453 261,683 6,812 
Rutile. __-2.--- 2 -_____do____ 204,907 16,207 243 ,269 19,813 
Metal___-_......................-pounds._ 13,211,214 ™11,785 14,190,209 13,480 
Ferrotitanium...._..................do-.._. 1,103,148 259 146,300 48 
Compounds and mixtures____.._._..-do____" 107,157,550 719,410 121,000,983 | 22,566 

Tungsten: (tungsten content): 
Ore and concentrates__.._.thousand pounds-_ 1,503 3,445 1,284 3,176 
Metal___..__-.-_-_______ i _do____ r 33 65 35 173 

zi Other alloys___.____.___-__._._._._.do____ r 830 r 552 190. 1,560 
inc: . : 

Ore (zinc content)__.._......-_ short tons_. 565,284 79 ,242 450,770 67,164 
Blocks, pigs, slabs_._...........-._..do.___ r 324,758 r 84,617 260, 182 73,695 

; Sheets__.__-__..._-._____-.._______._do___. r 840 r 380 692 419 
Old, dross, skimmings._..._._._....__do____ 2,486 322 1,915 284 
Dust___--.2-- 2 do _- 8,251 2,652 9,359 3,161 
Manufactures____.______.__________.__-__- NA r 489 NA 1,276 

Zirconium: Ore, including zirconium sand 
do._.. 95,414 3,858 94,759 3,704 

NONMETALS 
Abrasives: Diamonds (industrial) 

thousand carats_- 14,076 52,821 13,365 49,037 
Asbestos... .-----.~-----------~-~-short tons__ 694, 558 76 ,422 649 , 402 75,146 

arite: 
Crude and ground____________.____-_-do__.- 616,573 5,783 707,028 6,360 

Witherite__.... ee _do____ 459 22 182 35 
Chemicals__.__.._.__._......--._._.do-___- r6,952 11,154 7,238 1,173 

Cement... --.----..thousand 876-pound barrels- - 9,687 24,376 13,812 34,176 
ays: 
Raw. _-........._._._._._-...-short tons_- 76 ,698 1,541 81,393 1,610 
Manufactured. _______.._.__...._...do.__- 5,190 209 5,147 192 

Cryolite._._....- 2 _._--i-___-_-_.-do____ 20,406 4,251 21,377 4,666 
Feldspar: Crude_______..____.._-____long tons__ 46 7 225 23 
Fluorspar___..__...............----_short tons_. 1,149,546 32,818 1,092,318 32, 758 

_ Gem stones: 
‘ _Diamonds_______.___.____thousand carats__ 4,690 504,647 4,275 424,897 

Emeralds_.___..____..._._._.._._...do____ 309 9,175 326 7,715 
Other___..__--_____--__ ee NA 52,871 NA 53,431 

Graphite___.........._..__._.._____short tons__ t 58,459 2,419 66 , 449 3,027 
Gypsum: 

Crude, ground, ‘calcined 
thousand short tons_- 5,860 12,481 6,130 13,829 

Manufactures___________.._.______________ NA r2,121 NA 2,684 
Iodine, crude__._._........-..thousand pounds_ 5,705 5,753 5,905 6,819 
Kyanite.....____.._..__._.._______short tons__ 2,088 88 1,179 56 

See footnotes at end of table.
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Table 9.—U.S. imports for consumption of principal minerals and products—Continued 

a a nel 

° 1969 1970 
Mineral ee 

Quantity Value Quantity Value 
(thousands) (thousands) 

NONMETALS—Continued 
Lime: 

Hydrated__._...-----.---------short tons__ 39 ,270 $542 34,158 $479 
Other__...-------------------------do____ 144,471 1,911 167 , 432 1,946 

Magnesium compounds: 
Crude magnesite. __.._....-_.-.--.-.do___-_ r18 r (2) 21 (2) 
Lump, ground, caustic calcined magnesia . 

short tons__ 15,238 983 11,476 702 
Refractory magnesia, dead-burned, fused mag- 

nesite, dead-burned dolomite_-_-_short tons_- 197,335 6,481 128,193 9,032 
Mi Compounds._...._.-.-.---.---------do--__ 48,719 -1,251 39,876 1,336 

ica: 
Uncut sheet and punch..._thousand pounds-__ 1,601 1,695 875 966 
Serap.__....-----------------------do__-_- 3,078 74 6,048 136 
Manufactures_____________.__-_...._do___- 5,520 3,060 4,530 2,549 

Mineral-earth pigments, Iron oxide pigments: 
Natural____...._._........------short tons-__ 2,736 225 2,115 155 
Synthetic___..._.....---.-.---------do__-- 22,555 4,390 24,138 . 5,264 

. Ocher, crude and refined. ___.....-..-do_-_- 87 6 62 4 
Siennas, crude and refined___._.......do___- 1,341 146 1,051 115 
Umber, crude and refined.__..........do_._- 6,240 235 4,883 171 
Vandyke brown___._...-.--..---.---do__-- A72 42 435 50 

Nitrogen compounds (major), including urea . 
- thousand short tons_- t 1,803 r 88, 733 2,495 119,176 

Phosphate, crude__._....-.--------------do_-_-- 140 3,554 136 3,790 
Phosphatic fertilizers_.___......----------do__-_- 83 3,976 _ 110 5,679 
Pigments and salts: 

Lead pigments and compounds-.-_short tons_- 32,473 7,984 22,591 5,845 
Zine pigments and compounds-__-__.....do__-- 23,518 4,476 20,766 4,106 

Potash___..----..----_--.------------_.-do____ 13,978,422 67,094 4,418,064 101,337 
Pumice: 

Crude or unmanufactured__......_....do___- 8,424 r 60 10,639 74 
Wholly or partly manufactured____._.do__-- 375, 861 819 354,681 902 
Manufactures, n.s.p.f___--__--------------- NA 61 NA 29 

Quartz crystal (Brazillian pebble)_..._._.__.pounds__ 1,291,003 AT7 975,679 421 
Salt_____..-_...._..._._._thousand short tons-_- 3,302 11,990 3,536 13 , 329 
Sand and gravel: 

Glass sand_____......._._.-._._.....do___. 43 194 64 262 
Other sand and gravel____.____.__.-.do___-_ r 855 1,253 815 1,338 

Sodium sulfate_._.......-----.-----..-..do___- 286 4,808 269 4,753 
Stone and whiting_._.......--.---------------- NA t 30,548 NA 35,674 
Strontium: Mineral. _...........----short tons _ 27,803 595 37,254 827 
Sulfur and pyrites: . 

Sulfur ore and other forms n.e.s. . 
thousand long tons_- r1,675 57,222 1,537 34,149 

Pyrites.._..__......-..-.------------do___~_ 99 322 197 662 
Tale: Unmanufactured____...__._.--short tons__ 20,358 749 29 ,988 1,294 

MINERAL FUELS 
Carbon black: 

Acetylene___...-_-.-----.-.-.----pounds__ 7,097,186 1,220 5,876,221 1,103 
C Gas black and carbon black_______...do___~_ 1,129,280 165 168 , 997 39 

oal: 
Bituminous, slack, culm, lignite__.short tons_. r 108,904 1,081 36 , 441 457 
Briquets_.___.....--.---------------do___- 1,351 18 3,208 93 

P Coke____.--.----------------------do____ 173 , 052 3,354 152,879 3,531 
eat: 

Fertilizer grade_..._______._--.--....do____ 297 ,364 18,631 281,429 13,398 
Poultry and stable grade______..__.__do___- 2,633 121 1,782 104 

Petroleum: 
Crude oil. ______..__..__..thousand barrels __ r 514,114 1,120,191 483 , 293 1,048 , 746 
Gasoline_______.____..__..---....-.do___-_ 22,709 87,203 24,320 101,658 
Special naphtha_________.----------.do___.- 3,191 ‘8,288 2,111 5,193 
Kerosine_______.-..------------.-..do___- 965 2,567 1,451 4,614 
Distillate fuel oil. ...._.__._.___.._.._do____ 78,275 223 , 867 79,510 218,653 
Residual fuel oil__-........--...____.do____ 461,611 987 , 848. 557, 845 1,227,259 
Military jet fuel____._..______.______do___-_ 5,134 15,813 7,060 21,745 
Commercial jet fuel_______.-__-.......do____ 40,405 124,447 44,992 163,771 
Liquefied gases__....._------.-----..do____ 12,651 20,373 21,419 39,625 
Asphalt____..---------------------.do____ 4,761 10 , 284 6,201 13 ,394 
Unfinished oil__..-_--------------.-.do____ r 38,766 87,798 39,261 110,323 
Lubricants____-..-----------------.do___-_ 163 1,585 224 2,110 
Wax._____._--------------------.-.do____ 158 799 117 591 
Petrochemical feed stocks. ____..._...do____ 40 106 5,195 13 , 766 

Total_______.__-----.-------------_---- XX +*8,304,493 xx 9,435,163 
a 

T Revised. NA Not available. XX Not applicable. 
1 Includes titanium slag averaging about 70 percent TiO. For detail see Titanium Chapter, table 9. 
2 Less than 1% unit.
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Table 10.—Comparison of world and United States production of principal 
metals and minerals 

LL LL TL CTA ees SG SSD 

1969 1970 P 

Mineral World «1 United States World ! United States 

Thousand short tons Percent Thousand short tons Percent . 
(unless otherwise stated) of world (unless otherwise stated) of world 

eee eee Een 
MINERAL FUELS 

Ggarbon black__.thousand pounds._ 5,703,294 2,963,261 52 5,878,769 2,931,153 50 
oal: 

_ Bituminous__._......._...___ 22,184,471. 555,493 26. 22,218,464 -- §96,970.----- - 27 --- ~ 
Lignite_-_...-..- ~~ 837,472 5,012 1 867 , 984 5,963 1 
Pennsylvania anthracite_______ 199, 020 10,473 5 201, 622 9,729 5 

Coke (excluding breeze): 
Gashouse 3___.__- ee - 29,857 _____ ie NA 27,619 _.--_--ee Le 
Oven and beehive____________ 366 , 210 64,757 18 382,510 66 , 525 17 

Natural gas (marketable) , 
million cubic feet_. 84,325,102 20,698,240 60 37,820,609 21,920,642 58 

Peat_....------- ee 208 , 536 572 (4) 217,471 517 (4) 
Petroleum (crude) 

thousand barrels_. 15,214,088 3,371,752 22 16,689,617. 3,517,450 21 
NONMETALS 

Asbestos____ 2-22 eee - 3,640 126 3 3,826 125 3 
Barite__.....2-..22- ee 4,235 1,077 25 4,221 854 — 20 
Cement. 

thousand 376-pound barrels... 3,179,863 5 416,652 138 3,350,142 5406, 721 12 
China clay__....-....---------___. 13 , 847 64,739 34 14,390 64,926 34 
Corundum...___ 2 To woe eee ne 8 Luu een nee Lee 
Diamonds__-_..__thousand carats__ 40,863 ____-_._-__. ___LLe 42,3855 pull LLL ee 
Diatomite....~___ 22 1, 785 598 34 1,783 598 34 
Feldspar____..thousand long tons_-_ 2,845 674 _ 29 2,298 648 28 
Fluorspar__...-..-...-._...------ 4,229 183 4 4,600 .. 269 6 
Graphite___.____-.-2 22 ee 424 WwW NA 417 wW NA 
Gypsum____2__- 56,481 9,905 18 55,581 9,486 17 
Lime (sold or used by producers) ___ 99,067 5 20,250 20 105, 829 519,788 19 
Magnesite___._-____._-- 12,670 W NA. 13, 847 W NA 
Mica (including scrap) . 

. thousand pounds_. 351,655 266,115 76 347,426 238, 000 69 
Nitrogen, agricultural 7_.__________ 31,649 57,869 25 33 , 730 58,413 25 
Phosphate rock____-.....-..__--- 90, 062 37,725 42 93 , 858 38, 739 Al : 
Potash (K20 equivalent)_._._____- 18,810 2,804 15 20,443 2,729 13 
Pumice 8___ eee 16,279 3,609 22 16,036 3,134 20 
Pyrites___....thousand long tons__ 20,599 WwW NA 21,810 WwW NA 
Salt__..-..--..2-----e 148 , 789 544,277 30 156,365 545,836 “29 
Strontium 8________2-2 5 : : 
Sulfur, elemental 

thousand long tons__ 20,771 8,560 41 21,748 8,531 39 . 
Tale, pyrophyllite, and soapstone_ __ 5,187 1,029 20 5,306 1,028 19 
Vermiculite 8____- 466 310 67 432 285 66 

METALS, MINE BASIS 

Antimony (content of ore and con- 
centrate)__________-_short tons__ 73,044 938 1 73,152 1,130 2 

Arsenic, white §______._-____._____ 56 WwW NA 56 WwW NA 
Bauxite_._____ thousand long tons__ 51,803 91,843 4 57,072 2,082 4 
Beryllium concentrate__short tons__ 8,834 WwW NA 8,197 WwW NA 
Bismuth___..._..thousand pounds... 8,460 WwW NA 8,918 W NA 
Cadmium_-______._____.____do____ 38 ,653 1012 ,646 33 35,245 109,465 27 
Chromite___________..__________. 5,896 _____-._-..) LLL. 6,527 _.-------. Leek 
Cobalt (contained) ._______________ 22 WwW NA 26 WwW NA 
Columbium-tantalum concentrates & 

thousand pounds__ 34,557 WwW NA 43 , 898 W NA 
Copper (content of ore and concen- 
1: -) cr 6,213 11,545 25 6,527 11,720 26 

Gold___._._thousand troy ounces__ 46 , 526 1,733 4 47,356 1,743 4 
Iron ore__.._.thousand long tons__ 707,183 12 88,328 12 754,299 12 89, 760 12 
Lead (content of ore and concen- 
trate)... 3,569 11 509 14 3,751 1572 15 

Manganese ore (35 percent or more 
Mn)-_....-_.-____- ee 19,196 6 (4) 20,390 5 (4) 

Mercury 
thousand 76-pound flasks__ 290 30 10 284 27 10 

Molybdenum (content of ore and 
concentrate) __ thousand pounds__ 142 ,639 99,807 70 163 , 648 111,352 68 

Nickel (content of ore and concen- 
trate)... 2 533 16 3 685 15 2 

Platinum groups (Pt., Pd., etc.) 
thousand troy ounces... 3,431 22 (4) 4,216 17 (4) 

Silver__.._......_.__.__.__do____ 290 , 469 41,906 14 301, 740 45,006 15 
Tin (content of ore and concen- 

trate)......._.....__long tons__ 224,079 WwW NA 226,569 WwW NA 
Titanium concentrates: 

Ilmenite §_______._-_-_________ 3,542 931 26 3,942 868 22 
Rutile 8__ 222 437 ___ LLL e NA 460 ___--2 Lee NA 

See footnotes at end of table.
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Table 10.—Comparison of world and United States production of principal 

metals and minerals—Continued 
SssEnnn TnI nnn 

1969 1970 Pp 

Mineral World *1 United States World 1 United States 

Thousand short tons Percent Thousand short tons Percent 

: (unless otherwise stated) of world (unless otherwise stated) of world 
nnn EEUU EEEEEEES ET 

METALS, MINE BASIS—Continued 
Tungsten concentrate (contained . 

tungsten)_._..__.._--short tons_- 35,375 3,452 10 37,009 4,053 11° 

Vanadium (content of ore and con- 
centrate) 8__._.__...-short tons_- 14,830 5,577 38 16 , 448 5,319 32 

Zine (content of ore and concen- 
trate)..._...-..-.------------- 5, 892 553 9 6,061 534 9 

METALS, SMELTER BASIS 
Aluminum_______.-.------------- 9,932 3,793 38 10,655 3,976 37 

Copper_..---.------------------- 6,622 131,585 24 6,877 131,641 24 

Iron, pig (including ferroalloys) - - - - 456,577 97,632 21 479,151 94,808 . 20 

Lead___.._.____--.-------------- 3,561 14 639 18 3,637 667 18 

Magnesium. _._...-.--short tons-_- 221,748 99 , 887 45 243 , 250 112 ,007 46 

Selenium 8____._thousand pounds-. 2,789 1,247 45 2,392 1,005 42 

Steel ingots and castings_ --_------- 632 ,010 15 41,262 22 652 , 735 15 131,514 20 

Tellurium 8___._thousand pounds-. - 395 234 59 357 158 44 

Tin 16_______________--long tons_- 223 , 426 345 (4) 222 ,296 NA NA. 

Uranium oxide (U 303) 8_- 
short tons_- 23 , 056 12,281 «+68 23,707 © 12,768 54 

Zine. ____-...------------------- 5,472 1,041 19 5,407 878 16 
eee in 

P Preliminary. r Revised. NA Not available. W Withheld to avoid disclosing individual com- 

pany confidential data. 
1 Total is not strictly comparable with previous years because it does not represent total world production. 

Confidential U.S. data are excluded. The data include reported figures and reasonable estimates in some in- 

stances where data were not available, no reasonable estimate could be made and none has been included except 

. for gold, silver, and pyrites. 
2 Includes small quantities of lignite for mainland China, Mongolia, North Korea, and Pakistan, and anthra- 

cite for Colombia. 
3 Includes low- and medium-temperature and gashouse coke. 

4Lessthan 14 unit. mS , . 

5 Includes Puerto Rico. - 

6 Kaolin sold or used by producers. 
7 Year ended June 30 of year stated (United Nations). 
8 World total exclusive of U.S.S.R. 
9 Dry bauxite equivalent of crude ore. 
10 Includes secondary. 
11 Recoverable. 
12 Tron-nickel ore. 
13 Smelter output from domestic and foreign ores, exclusive of scrap. Production from domestic ores only, 

exclusive of scrap, was a8 follows: 1968, 1,233,951; 1969, 1,547,494. 
14 Lead refined from domestic and foreign ores, excludes lead refined from imported base bullion. 

15 Data from American Iron and Steel Institute. Excludes production of castings by companies that do not 

produce steel ingots. 
16 Includes tin content of alloys made directly from ores.



Inj W orkti Injury Experience and Worktime 
e t e S tri 

in the Mineral Industries 

By Forrest T. Moyer! — 

Injury experience in the mineral-extract- killed seven men. No major disasters were 
ing and mineral processing industries reported in the mineral industries during 
worsened during 1970. The frequency and 1969. 
severity rates for all injuries retrogressed The safety records of the separate min- 
5 and 7 percent, respectively, from the 1969 yal industries varied, as summarized in the 
data. Overall operating activity, as meas- ater text and detailed in the tables of this 
ured by man-hours worked, was 2 percent chapter. | 

higher than that of 1969. Mine Safety Legislation and Regulations. 
The fatality-frequency rate of 0.30 per Under the Federal Coal Mine Health 

million man-hours for all mineral-extract- and Safety Act of 1969 (Public Law 91-173) : 
Ing and mineral-processing industries in of December 30, 1969, mandatory health 

1970 was 11 percent higher than in 1969, and safety standards for underground work- 
primarily because of the sharply worsened ings of coal mines were developed and _ 
fatality experience in the coal and the oil published in the Federal Register through- 
and gas industries. The total of 34,515 non- gut 1970. Regulations prescribing the re- 

fatal injuries in 1970 was 2,275 more than quirements for coal operators to notify and 
occurred during the proceeding year, and report injuries and accidents to the Bureau 
the frequency rate of 17.88 increased 5 per- of Mines became effective December 31, 
cent over that of 1969. 1970. These regulations expanded and con- 

The injury-severity rate increased 7 per- tinued the mandatory reporting require- . 
cent to 2,593 days lost per million man- ments that had been in effect since 1942. 
hours of worktime for all injuries, com- As required by the Act, standards for sur- 
pared with 2,431 in 1969. There were 573 face mines and surface work areas of un- 
work fatalities reported for 1970, 63 more derground mines were developed and pub- 
than in the previous year. Four major dis- lished as proposed rulemaking near the 
asters (a single accident which results in end of the year.2 All activities of the Fed- 
the death of five or more persons) claimed eral government in the field of coal mine 
55 lives in the mineral industries during health and safety were expanded sharply 
1970. In the coal industry, a dust explosion during 1970 and this acceleration was at | 
at the Finley Coal Co. bituminous coal mine its highest rate at the close of the year. 

in Kentucky killed 38 men. In the oil and The Act established coal workers’ pneu- 
gas industries, a premature detonation of moconiosis (black lung) as a compensable 
experimental explosives at the research de- occupational disease and part B of title IV 
partment site of Pan American Petroleum of the act provided for monthly benefit 

Corp. in Oklahoma claimed the lives of payments to coal miners totally disabled 
five company employees (in addition, four que to pneumoconiosis and to widows of 
employees from other industries were coal miners who died from the disease. By 
killed) , an- oil well blowout at a drilling 

department site of Sturm Drilling Co. in 1 Supervisory survey statistician, Office of Acci- 
Texas killed five men, and the rupturing dent nnaysis. Office of Deputy Director for 

of a liquid-full vessel at the base of a frac- = Department Of the Interior. Towards Improved 
tionator tower at the Point Breeze refinery, Health and Safety for America’s Coal. Miners, 
Atlantic Richfield Co., in Pennsylvania oer Deeb TTD, 29 Oe Secretary of the In- 

141
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December 31, 1970 more than 247,000 claims maintenance, repair, and force-account con- 

for compensation had been filed, and by _ struction work, including supervisory and 

April 30, 1971, the total had reached technical personnel, and working partners 

| 286,000.38 Of the claims completed by April at mineral-producing and mineral-proces- 

30, 1971, 120,000 were allowances (68,000 sing establishments in the United States. 

| miners and 52,000 widows) and 125,000 Data concerning officeworkers are excluded 

were denials (96,000: miners and 29,000 except for the oil and gas industry, for 

widows). By April 30, 1971, total cumula- which such data are not separable. _ 

tive Federal disbursements since enactment The coverage of all industries is com- 

of the program were over $273 million, and _ plete except for oil and gas, in which cover- 

monthly recurring payments were over $21 age varies from year to year, particularly 

million. with respect to small companies. All injury 

, As prescribed by the Federal Metal and rates were calculated from unrounded data 

Nonmetallic Mine Safety Act (Public Law and in some instances, the rates cannot be 

89-577) of September 16, 1966, the manda- reproduced from the rounded data shown 

tory and advisory health and safety stan- in the tables. : 

dards became effective on July 31, 1970, 1 Most of the information was reported by 

| year after their first publication in the Fed- the producer or operator, but to obtain 

eral Register. Through 1970, the health complete coverage it was necessary to esti- 

and safety activities of the Federal govern- mate some worktime data for nonreporting 

ment in this area were increased.4 plants with information from other sources. 

| Scope of Report.—The statistics in this Injury experience for these nonreporters 

chapter comprise the disabling injury and was not estimated but was projected from 

work experience of all personnel engaged the aggregate injury experience of reporters 

. in production, exploration, development, in the same industry. | 

| : MINERALS 

| METAL MINES AND MILLS All general measures of safety performance 

Fatality experience in 1970 in the metal at iron. mines and mulls . mpared unfavor- 
nanay a ‘line ind lichtl ably with the corresponding data for 1969. 

mining and mulling industry was slighty At lead-zinc mines and mills, the number 

better, but the nonfatal injury record was and the frequency rate of fatal injuries were 

moony worse than that a ee. hee unchanged from 1969, but the nonfatal 

that of 1969 2 h eatali ree oe 039 injury record worsened slightly in 1970. The 

aro » and the fatality rate of ¥. severity rate for all injuries at these opera- 

in 1970 was 9 percent better than that of tions was virtually unchanged in 1970. The 

the preceding year. Owing largely to the general measures of injury experience in the 

imp roved record of fatal INJUTIES, the sever- uranium industry were sharply better than 

ity rate of 3,514 for all injuries in 1970 in 1969. Similarly, there was moderate im- 

was 7 percent better from that of 1969. provement in the safety record in 1970 at 

However, the total of 4,165 nonfatal injur- miscellaneous metal (bauxite, mercury, 

ies was 434 higher than m 1969 and the titanium, etc.) operations. The detailed 

frequency rate of 25.21 in 1970 was 7 per- injury experience and worktime for the 

cent worse than a 1969. metal mining industries are given for mines 
Fatality experience at copper MANES and in table 1 and for mills in table 2. 

mills was better but the nonfatal injury 
record worsened in 1970. Owing largely to NONFERROUS SMELTING AND 
the better fatality record, the severity rate REFINING INDUSTRY 
for all injuries declined. Although the num- All 1 f inj “ence 
ber of fatal injuries at gold-silver mines genera’ measures OF injury expenses 
and mills was the same in both 1970 and were better at nonferrous smelting, reduc- 

1969, the fatality frequency rate decreased 3 Committee on Education and Labor, House 

slightly in 1970. However, the number of First Annual Report on Pait B of Title IV of the 
nonfatal injuries was higher and the fre- Federal Coal Mine Health and Safety Act of 1969. 

quency rate for these injuries worsened in Jap Seomtment bt the Interior. Administration of 
1970. The severity rate for all injuries at the Federal Metal and Nonmetallic Mine Safety 

gold-silver operations was improved in 1970. Interior January 1971 60 or the Secretary of the
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ing, and refining plants in 1970. The eight _ the resulting frequency rate of 0.23 was an 
fatal injuries in 1970, seven less than in 18 percent improvement. In 1970 the total 
1969, occurred at a frequency rate of 0.06, of nonfatal injuries was 3,575, an increase 
compared with 0.12 in 1969. The total of of 186, and the frequency rate for these 
1,530 nonfatal injuries, 36 less than in 1969, injuries increased to 19.53, compared with 
resulted in a rate of occurrence of 12.28 18.12 in 1969. | | 
in 1970, slightly better than in 1969. Simi- In 1970. each of the general measures of 
larly, the severity rate of 1,036 for all in- safety performance were better only at 
juries was an improvement compared with marble operations. Conversely, the safety 
1,293 in 1969. Injury experience and work- record in the sandstone and ‘traprock in- 
time data by industry ‘groups are detailed dustries worsened in each of the general 
in table 3. a measures. In the cement, lime, and lime- | 

a stone industries, fatality experience was 
_NONMETAL MINES AND MILLS improved in 1970 but the record for non- | 

The injury experience in the nonmetallic fatal _injuries worsened from the corres- , wo . ponding data for 1969. In the slate and mineral mining industry (all nonmetals ‘scell t , t hist 
except stone and sand and gravel) gen- ston deste . oh ees quar, 2 Sts 
erally worsened in 1970. The total of 26 ‘) " t none li atality record was 
fatal injuries was one less than that of 1969, O'S Dut Nontatal injury experience was 
but, with the reduction in total man-hours better in 1970. In the granite industry, the 1 . fatality record in 1970 was unchanged from worked, the frequency rate was slightly that of 1969 and. f fatal injuri 
higher than in 1969. For nonfatal injuries, are ane, For nontatal Injuries, . both the number and rate of occurrence increases were noted for all general meas- . . ; ae we . | were slightly higher. Detailed statistics on ures of injury experience. In 1970 the se- the st ‘ne indust ted 
verity rate of 2,855 for all injuries was mod- ble 6 quarrying incusiry are presente 
erately worse than that of 1969. ty ale ©. | 

All general measures of injury experi- 
ence were better in 1970 in the phosphate SAND AND GRAVEL OPERATIONS 

_ rock and sulfur industries. There have been The 28 fatal injuries at sand and gravel 
no work fatalities at sulfur operations since plants, three less than in 1969, resulted in 
1967. On the other hand, these general an improved fatality frequency rate. For 
measures worsened markedly in 1970 at nonfatal injuries, the total count of 1,910 
miscellaneous nonmetal (barite, boron min- was slightly less than in 1969, but the fre- 
erals, feldspar, fluorite, magnesite, mica, quency rate for these injuries was slightly 
talc, etc.) operations. In clay-shale mines higher at 20.51, primarily.due to the re- 
and mills, there was general improvement duced worktime. The severity rate of 2,849 
except for a slightly higher frequency rate for all injuries in 1970 represented an im- 
for nonfatal injuries. In both the gypsum provement of 6 percent. Statistical data 
and salt industries, fatality experience are given in table 7. | 
worsened in 1970, but the nonfatal injury | 
record was improved over that of 1969. At SLAG (IRON-BLAST-FURNACE) OPERATIONS : 
potash operations, the fatality record was ; ; 
better than that of 1969 but the nonfatal In 1970, fatality experience at slag P lants os ; . was one work-death, compared with three injury experience worsened in 1970. De-_. _ . . oe . ws . in 1969 and, as a result, the injury-severity tailed injury and worktime statistics by in- woe . . . rate for all injuries of 2,072 was reduced dustry groups are listed for mines in table ' ma by approximately two-thirds from that of 4 and for mills in table 5. . ; 1969. However, nonfatal injury experience 

STONE QUARRIES AND MILLS in 1970 worsened to a total of 72, and the 
frequency rate for all injuries (fatal and 

In 1970 the fatality experience was im- nonfatal) of 20.27 was markedly higher 
proved, but the nonfatal injury record than that of 1969. Data for 1966-70 are 
worsened at stone operations. Fatalities listed in table 8. 
totaled 43 in 1970, 10 less than in 1969, and
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MINERAL FUELS 

COAL MINES fatality record was sharply better and the 

. . | total of five fatal injuries occurred at a 

In 1970, fatality experience worsened frequency of 0.47 per million man-hours, 

appreciably in the coal mining industry, (ompared with 13 deaths at a rate of 1.29 
when 260 work fatalities occurred at a fre- O60 Th . £ 4193 £ " il 

quency rate of 1.02 per million man-hours. ns I ee we severity rate oF” 23 for a 
in 1969, when both the total number and injuries in 1970 showed a similar marked 

frequency rate of fatalities were the lowest the 969. ent ane My 090 ress pan nee 

in statistical history, 203 fatal injuries had jorjicg 485 and had a one aceurrence 
a rate of occurrence of 0.85. The retrogres- "6 4 i 1970 h rh . S ° Oban the 

sion in fatality experience resulted princi- corres ondin data foe 059 etter han te 

pally from a major disaster in a bituminous P S " 

coal mine in Kentucky on December 30, OIL AND NATURAL GAS OPERATIONS 

1970. A coal dust explosion, initiated by use : 

of nonpermissible explosives and blasting The general measures of injury expert- 

procedures, in the underground workings of ence in the oil and gas industries during 

the Nos, 15 and 16 mines, Finley Coal Co., 1970 were appreciably worse than those of 

Hyden, Ky., claimed the lives of 38 men. 1969. The frequency rates of 0.14 for fatal 

There were no major disasters in coal and 10.27 for nonfatal Injuries, compared 

mines during 1969. Owing primarily to the unfavorably with the respective rates of 

worsened fatality record in 1970, the sever- 0.10 and 9.61 in 1969. Similarly, the severity 

ity rate for all injuries increased sharply rate of 1,281 for all injuries was 30 percent 

to 7,963 days lost or charged per million WO than that of 985 in 1969. There were 

: man-hours. The total of 10,575 nonfatal three major disasters (described earlier) 

- injuries was 658 higher than that of 1969, with a total loss of 17 lives in 1970, whereas | 

but, owing to the increased worktime, the | in 1969, no major disasters were reported. 

frequency rate was 41.53 for these injuries Injury and worktime statistics are given in 

in 1970 compared with 41.76 in the preced- table 10. 

ing year. The detailed injury experience 

and worktime for the coal ining indus- COKE OPERATIONS 

tries are listed in table 9. Fatality experience in the coal-coking 

In bituminous coal and lignite mines, industry was sharp ly better than in 1969, 

255 fatal injuries occurred in 1970 at a but the nonfatal injury record was moder: 

frequency of 1.04 per million man-hours, ately worse mn 1970. The fota L of eight 

respectively, 34 and 24 percent worse than fatal INJUTIES, seven less than in 1969, re- 

the record low data of 190 fatalities at a sulted in a fatality frequency rate of 0.20, 

rate of 0.84 in 1969. The retrogression in The pared with 050 er the preceding year. 

fatality experience in 1970 resulted largely; od th yen atal mnyjUries 6 higher 

from the mine explosion disaster in De- ™ eae ae eee rate of 6.57 was 

cember. Owing primarily to the adverse worse than that of 0.00 in 9 69. The sever- 

record of fatal injuries, the severity rate of ity rate of 1,562 for all injuries Was BPP reci- 

8,128 for all injuries was 12 percent worse ably better nan that or 2,995 an 1909, 

than that of 1969. The fatality experience ene eee 0 the improved fatahity 
in 1970 worsened at both underground and experience. Statistical data are listed in 

surface mines and was better only at me- table 1. 

chanical cleaning plants. For nonfatal in- PEAT 

juries, the total of 10,090 in 1970 was 665 The safety record of the peat industry 

higher than that of the preceding year. in 1970 worsened to a total of 14 nonfatal 

However, because of the increased work- injuries at a frequency rate of 18.36 per 

time, the frequency rate of 41.33 for non- million man-hours. These injuries were 

fatal injuries in 1970 was slightly better more severe than in 1969 and the injury- 

than that of 41.44 in 1969. severity rate worsened to 587 in 1970. 

In anthracite mines, all general measures There were no fatalities in 1970 or 1969. 

of injury experience improved in 1970. The Data for 1966-70 are given in table 12.
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NATIVE ASPHALT metal” group of the nonmetal mining and : 
This industry pro ising gilsonit milling industry and for asphaltic-stone 

and asphal He y e uP vera mS! e 8! “he © operations have been included in the 
asp ~erone operations has been “Limestone” and ‘Miscellaneous stone” combined with other mineral industry | .. eaqs roups, beginning with the data for 1970, 8!0UPS of the stone quarrying and milling 

er vu P , ex B ri nee an d “time ati i ; industry. The injury experience and work- 
sey bemience and wo Senne Stalistic time data on native asphalt operations dur- for 1970 for gilsonite operations have been. . . . . “ngs ing 1966-69 are listed in table 13. included with the “Miscellaneous non- 

; Table 1.—Worktime and injury experience at metal mines in the United States, 
: by industry groups | 

| | 

. Average Man- Man- Number of Injury rates per Industry men Average days hours injuries million man-hours and year working days worked worked ————- S$ 
daily active (thou- (thou- Fatal Non- Fre- Severity 

sands) sands) fatal quency 
Eee 

Copper: . 
1966__...-._. 16,278 317 5,164 41 ,328 23 976 24.18 4,856 1967___._... 17,258 218 3,760 30,064 19 654 22.39 5,520 1968__...... 15,492 267 4,168 33 , 461 18 601 18.50 4,146 1969__...-.. 16,609 312 5,184 41 ,467 15 756 18.59 3,404 1970 p__._.... 17,100 327 5,578 44,697 13 1,015 22.95 2,727 | 

Gold-silver . 
(lode-placer) : 

1966_______. 3,847 236 907 7,254 10 305 43.42 9,846 1967___.___. 3,611 237 855 6,844 8 263 39.60 10,022 1968_______- 3,681 221 824 6,610 10 320 49 .93 12 , 433 1969_______. 3,617 234 845 6,772 7 315 47.55 9,759 . 1970 p_____. 3,700 242 882 7,074 8 360 51.88 8,978 

Iron: 
1966_..._-..._ 14,056 277 3,898 31,360 13 553 18.05 3,526 1967__...... 12,772 282 3,600 28 , 859 11 478 16.94 2,846 1968_._._._.. 11,890 285 3,415 27 ,388 7 463. 17.16 2,368 1969._....-. 11,477 274 3,141 25,195 6 436 17.54 2,182 
1970 P___.... 10,900 295 3,229 25,888 8 535 21.05 2,799 

Lead-zine: —_ . 
1966.___.--- 8,692 261 2,273 18 ,212 15 1,096 61.00 8,108 
1967____-_.. 7,781 252 1,962 15,727 15 913 59.01 _ 8,563 
1968. ______- 7,518 258 1,973 15,749 13 897 57.78 7,459 | 1969_______. 7,533 265 1,993 15,968 15 1,048 66.57 | 8,458 
1970 P___i 7,500 266 1,986 15,904 16 1,075 68.73 8,873 

Uranium: 
1966______.- 3,604 204 735 5,945 7 210 36.50 8,845 
1967______.- 83,745 223 834 6,751 5 312 46.95 7,139 . 1968____._.. 4,552 219 1,024 8,564 6 312 37.13 5,426 
1969____._.. 4,871 219 957 7,804 12 . 246 33 .06 10,805 
1970 P______ 8,900 209 809 6 , 682 8 175 27.09 8,261 

Miscellaneous: 
1966___.._.- 3,443 281 967 7,762 7 295 38.91 7,555 
1967____.__- 3,329 283 943 7,549 8 261 35.64 8,455 
1968_____..- 3,047 284 867 6,920 3 243 35.55 5,045 
1969___....- 2,887 292 842 6 , 767 7 310 46.384 7,555 
1970 p_______ 3,200 292 940 7,536 4 290 39 .28 4,988 

Total: } 
1966__._.... 49,920 279 13,944 111,857 75 3 , 435 31.38 5,736 
1967____.._.. 48,496 246 11,953 95,794 66 2,881 30.76 5,881 
1968___..... 46,180 263 12,271 98 , 693 57 2,836 29.31 4,910 
1969__.__... 46,494 279 12,963 103,973 62 3,111 30.52 5,124 
1970 P___.... 46,200 290 13,423 107,781 57 3,450 82.55 4,563 eee 

P Preliminary. 
1 Data may not add to totals shown because of independent rounding.
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Table 2.-Worktime and injury experience at metal mills in the United States, 
by industry groups — 

a 

Average Man- Man- Number of Injury rates per 

Industry men Average days hours injuries million man-hours 

and year working days worked worked ————__——_——_———-)S3§ ————— 

. daily active (thou- (thou- Fatal Non- — Fre- Severity 
_ sands) sands) fatal . quency 

I 

Copper: . . 

1966___----- 5,369 344 1,847 14,765 __.----- 75 5.08 394 

1967_.------ 5,953 228 1,358 10 ,863 3 112 10.59 2,106 

1968_._..--- 5,612 286 1,621 12 ,969 1 135 10.49 894 

1969.._._._---_ 6,222 329 - 2,045 16,337 1 171 10.53 946 

1970 P______- 6,500 351 £2,273 18,193 2 230 12.81 1,696 

Gold-silver 
(lode-placer) : . 

1966.__.---- 406 287 117 934 1 31 34.26 8,479 

1967___.---- 347 283 98 7186 __.----- 23 29 .26 4,877 

1968._._.._- 225 304 68 547 ---- 4 7.31 6,633 

~ 1969.___._-- 272 313 85 682 1 14 21.98 9,021 

1970 P______- 300 298 86 686 __--.--- 10 16.04 181 

Tron: 
1966.__-_--- 6 , 293 299 1,881 15,090 3 117 7.95 1,615 

1967.._._.-- 6,137 305 1,875 15 ,032 1 149 9.98 1,049 

1968.____-.. 6,579 321 2,129 17,071 __------ 135 7.91 426 

1969____.--- 7,169 304 2,177 17 , 4389 2 150 8.72 962 

1970 p__.___- 6,600 334 2,209 17,691 _ 4 160 9.38 1,657 

Lead-zine: a 

1966__.__--- 1,449 268 389 3,104 __------ 17 24.81 2,290 

1967____.--- 1,410 251 354 2,835 1 78 27.86 3 , 430 

ae 1968__.__---- 1,230 265 340 2,725 -_---_-- 92 33.77 2,316 

1969.__.---- 1,257 281 353 2,836 1 68 24.33 3,155 

1970 pP__._._.-. . 1,800 282 3538 2,828 —---.--- 15 26.52 - 959 

Uranium: 
1966_...-..- | 1,420 297 422 8,398 ___----- 69 20.31 - 1,291 

—  1967_..-.---- 1,518 281 A427 8,419 —--.----- 56 16.38 342 

1968____.-.- 1,626 302 491 3,977 1 38 9.81 1,627 

1969__.._.-.. 1,461 303 442 8,585 ----.--- 62 17.30 481 

1970 P______. 1,600 314 511 4,270 _------- 65 15.46 613 

Miscellaneous: 
1966_____--- 5,238 325 1,710 13 , 760 3 206 15.19 2,192 . 

1967___----- 5,563 315 1,752 14,015 2 169 12.20 1,176 

1968__._.--- 5,026 321 1,612 © 12,893 _-_------ 135 10.47 720 

1969____.--- 5,890 298 1,757 13 ,922 1 155 11.21 1,092 

1970 P______- 5,300 325 1,712 13 , 704 2 165 12.33 -1,674 

Total: ! 
. 

1966__._.---- 20,175 315 6,357 51,050 7 575 11.40 1,563 

1967__...--. 20,928 280 5, 863 46,951 7 587 12.65 1,488 

1968___...-. 20,298 306 6 , 262 50,182 2 539 10.78 888 

1969____._... 22,271 - 308 6,861 54,800 6 620 11.42 1,173 

1970 p___.... 21,500 332 — 7,144 57 , 372 8 710 12.55 1,544 
I 

P Preliminary. 
1 Data may not add to totals shown because of independent rounding.
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Table 3.—Worktime and injury experience at primary nonferrous reduction and 
refinery plants in the United States, by industry groups 
meee 

Average Man- Man- Number of Injury rates per 
Industry men Average days hours injuries | million man-hours 
and year working days worked worked ——_——- Ss 

daily active (thou- (thou- Fatal Non- Fre- Severity 
sands) sands) fatal quency 
eee 

' Copper: 
1966.__..... 10,411 335 3,486 27,779 " 5 362 13.21 1,673 
1967__._.-... 10,750 226 2,484 19 ,471 2 260 13.46 1,219 

a 1968__...... 10,293. | 291 2,993 23,909 1 3388 14.18 991 oo 1969___._... 11,708 332 3 , 892 31,031 4 470 15.28 1,627 
(1970 P_____.. 11,700 340 3,997 31,979 5 555 17.51 2,109 

Lead: 
1966_.______ 2,508 317 795 6,360 3 105 16.98 3,392 
1967___.____ 2,031 289 587 4,679 __..____ 110 23.51 1,546 
1968________ 2,366 293 693 5,543 1 126 22.91 2,434 
1969___.___- 2,610 343 894 7,152 2 196 27.68 2,668 
1970 P_______ 2,600 338 895 7,158 1 120 16.90 2,096 

Zine: 
1966________ 7,086 330 2 337 18 , 432 1 338 18.39 895 
1967__._____ 7,280 316 2,304 18 ,426 5 289 15.96 2,493 
1968________ 6,715 334 2,246 17,972 ____ Le 335 18.64 742 
1969__._____ 6,501 357 2,319 18 ,555 6 386 21.13 2,675 
1970 p_______ 5,900 359 2,116 16,928 ________ 360 21.33 697 

Aluminum: . 
1966__-..... 18,872 348 6 ,393 50,986 _______- 228 4.47 368 
1967___..... 20,508 347 7,107 56,854 1 245 4.33 439 
1968__...... 20,059 346 6,937 55,805 2 324 5.84 468 
1969___..... 22,193 352 7,805 62 , 455 3 467 7.53 660 
1970 P__..... 22,3800 . 852 7,841 62,728 ______ LL 415 6.58 320 

Miscellaneous: 
1966________ 2,024 351 711 5,699 ________ 34 5.97 763 
1967_._______ 2,477 307 761 6,081 1 33 5.59 1,093 
1968__.____- 2,096 344 720 5,783 ______- 32 5.53 421 

. . 1969_____ LL 2,232 346 773 6,155 _______- AT 7.64 254 
1970 p_______ 2,100 350 737 5,899 2 80 14.24 2,529 

Total: ! 
1966___._... 40,401 340 13,722 109,257 9 1,067 9.85 985 
1967.__...._ 48,046 307 13,194 105,511 9 937 8.97 1,029 
1968___..... 41,529 327 13,590 109,012 4 1,155 10.63 725 
1969__...... 45,244 347 15,6838 125,348 15 1,566 12.61 1,298 
1970 p_.._.cttt. 44,700 — 349 15,587 124,692 8 1,530 12.34 1,036 
meee 

P Preliminary. 
1 Data may not add to totals shown because of independent rounding.



148 MINERALS YEARBOOK, 1970 

Table 4.—Worktime and injury experience at nonmetal (except stone) mines in the 

United States, by industry groups 

a 

Average Man- Man- Number of Injury rates per 
Industry men Average days hours injuries million man-hours 
and year working days worked vorked  ———__——_—————- — 

daily active (thou- (thou- Fatal Non- Fre- Severity 
sands) sands) fatal quency 

i 

Clay-shale: 
1966_.-...-- - 5,776 219 1,266 10,316 2 281 27.438 2,147 

—  1967,------- 5,213 227 1,182 9 , 607 2 247 25.92 1,967 
1968___..--. 4,785 218 1,044 8,496 1 175 20.72 1,956 
1969__..---- 4,462 210 976 7,974 4 201 25.71 3 , 886 
1970 P___.__- 4,300 213 917 7,446 2 155 20.82 _ 2,271 

Gypsum: 
1966_..-.--- 935 244 228 1,848 ____.-.- 23 12.45 3,743 
1967_-.-.--- 891 249 222 1,799 1 12 7.23 3,628 
1968_..-.--- 898 254 228 1,839 1 19 10.88 3,518 
1969______.. 907 259 235 1,900  ___...-- 21 11.06 517 
1970 p______- 900 251 232 1,874 2 15 8.01 7,043 

Phosphate rock: 
- 1966_...---- 3,183 302 960 7,791 5 161 21.31 4,329 

1967_____.-- 3,181 272 865 6,991 3 160 23 .32 3,554 
1968____..-- 2,822 273 T71 6,249 2 163 26.40 2,654 
1969_____..- 2,761 283 781 6,281 3 62 10.35 3,489 

- 1970 p_.____- 2,100 283 603 4,877 2 35 7.59 2,757 

Potash: 
~1966._.----- 1,934 357 690 5,516 4 209 38.61 5 , 663 

1967__...--- 1,913 328 627 5,017 3 163 33 .09 4,713 

1968.--...-- 1,630 326 531 4,245 2 157 37.45 3,495 

1969_...---- 1,429 346 - 495 3,960 4 130 33.84 7,328 

1970 p___.___. 1,800 342 460 3,684 2 150 41.54 5,046 

Salt: 
1966_.__-..-. 1,809 279 504 4,104 2 90 22.42 4,371 

1967___...-- 1,768 266 470 3,892 2 168 43 .68 4,318 

1968__..__.- 1,762 276 A86 3,961 24 175 50.23 39,168 

1969__....-.. 1,691 280 473 3,893 2 170 44.18 5,951 

1970 p______. 1,800 279 494 3,985 5 120 31.87 8 , 262 

Sulfur: . 
1966__..---- 1,491 360 537 4,682 __---__. 54 11.66 1,985 
1967__.._-.. 1,640 365 598 4,783 2 54 11.71 2,873 
1968__._..-- 1,672 347 581 5,117 -_------ 86 16.81 904 , 
1969__..---- 1,979 324 642 5,171 -------- 95 18.37 976 
1970 Pi______ 1,700 314 541 4,328  __._.... 55 18.17 311 

Miscellaneous: 
1966_____.-- 3,599 234 841 6,796 3 240 35.76 3,810 

1967__.__..-- 3,414 235 801 6,461 4 222 84.98 4,709 

1968___.---- 3,061 232 711 5,725 6 178 32.14 7,268 

1969_____... 3,178 232 738 5,969 4 201 34.34 4,961 

1970 p___.-- 3,200 247 194 6,405 3 255 40.13 5, 460 

Total:? 
1966__...--- 18,727 268 5,027 41,003 16 1,058 26.19 3,586 

1967__..._... 18,020 264 4,765 38 ,550 17 1,026 27.06 3,499 

1968........ 16,6380 262 4,352 35,633 36 953 27.76 7,182 

1969_....... 16,587 262 4,341 35,147 17 - 880 25.52 4,004 

1970 pPi___._.__ 15,400 262 4,042 32 ,598 16 785 24.57 4,030 
nn 

P Preliminary. 
1 Includes data on gilsonite operations for the first time; in prior years, these data were included in the native 

asphalt industry. 
2 Data may not add to totals shown because of independent rounding.
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Table 5.—Worktime and injury experience at nonmetal (except stone) mills in the 
United States, by industry groups 

eee 

Average . Man- Man- Number of Injury rates per Industry men Average days hours injuries million man-hours and year working days worked worked ——H—— ——————_ 
daily active (thou- (thou- Fatal Non- Fre- Severity 

sands) sands) fatal quency 
eee 

Clay-shale: 
1966_-..-... 15,603 270 4,214 34,028 3 1,020 30.06 2,101 1967__.--... 15,874 256 4,068. 32,742 ... 6 1,007 $80.94 | 2,172 Loe ~ 1968_-_..... 14,764 265 3,929 31,576 2 954 30.28 1,506 1969___.-... 18,164 272 3,578 28 , 730 6 868 30.42 2,413 1970 P__._._.... 12,300 275 3,376 27 ,058 4 895 33.26 2,053 

Gypsum: 
1966________ 2,589 269 696 5,557 1 21 3.96 1,721 1967_______. 2,094 265 555 4,473 _ 1 _- 15 3.35 163 1968___._.__ 1,638 269 441 8,613 _______- 21 5.81 275 1969__.__-- 1,734 268 465 3,829 1 29 7.84 2,020 1970 p_______ 1,500 270 405 3,292 _______- 10 3.04 80 

Phosphate rock: 
1966_______- 1,948 335 653 5,237 3 60 12.03 3,821 1967_.._____ 2,042 297 607 4,854 1 55 11.54 3,420 1968________ 1,632 303 495 8,964 _______- 51 12.87 600 1969_.._____ 1,796 333 598 4,799 1 29 6.25 1,461 | 1970 p______. 1,900 333 634 5,074 1 15 3.35 1,507 . 

Potash: 
1966__.____- 1,030 360 371 2,967 _______- 47 15.84 2,028 1967__.____- 992 347 344 2,751 2 49 18.54 4,921 
1968________ 647 309 2038 1,625 __._____ 42 25.85 702 1969________ 637 351 224 1,788 _.___._- 25 13.98 322 1970 p_______ 700 313 228 1,827 _______ 30 15.32 571 

Salt: . 
1966__..____ 3,814 292 1,112 8,898 2 162 18.43 1,787 1967__._____ 3,704 283 1,047 8,393 ________ 156 18.59 448 1968________ 3,396 279 947 7,619 _._____. 170 22.31 535 1969________ 3,507 277 970 7,796 _____L_e 216 27.71 - 466 . 1970 p_______ 3,400 285 977 7,865 1 230 29.62 1,258 

Sulfur: 
1966_...____ 2 300 1 § Lpeeeeee eee eee LLL. 1967________ 1 250 (4) 2 _.____-- --1-~-~«500.00 12,500 
cr anno nee le 1969__------ Lene eee Lee Leet Lee tee wanna eee 1970 Pw Lee eee eee Leeeeee eee eee mone eae 

Miscellaneous: 
1966__._____ 7,015 286 2,006 16,118 2 254 15.88 1,541 1967_._...____ 6,720 289 1,944 15,635 4 242 15.73 2,282 1968___.____ 6,869 279 1,915 15,385 1 281 18.33 1,259 1969___..___ 7,177 290 2,079 16,708 2 314 18.91 1,593 1970 p2_____ 6,700 — 298 2,006 16,121 4 460 28.66 3,854 

Total: 3 
1966_..._... 382,001 283 9,052 72,810 11 1,564 21.63 2,030 1967__...... $81,427 273 8 , 565 68 , 850 13 1,525 22.34 2,043 1968___..... 28,946 273 7,930 63 ,781 3 1,519 23 .86 1,184 1969__.._... 28,015 282 7,914 63 , 651 10 1,481 23 .42 1,805 1970 P2___._ 26,600 287 7,625 61 , 237 10 1,640 26.94 2,229 

eee 

P Preliminary. 
1 Less than 500. 
2 Includes data on gilsonite operations for the first time; in prior years, these data were included in the native asphalt industry. 
3 Data may not add to totals shown because of independent rounding.
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Table 6.—Worktime and injury experience at stone quarries and mills in the 
United States, by industry groups | 

Average Man- Man- Number of Injury rates per 
Industry men Average days hours injuries million man-hours 
and year working days worked worked —_—_——_————————_- Ss 

daily active (thou- (thou- Fatal Non-_ Fre- Severity 
sands) sands) fatal quency 

Cement: ! | . 
1966.__.-.-. 22,611 326 7,381 59 ,044 6 359 6.18 1,245 
1967_.._..___. 22,073 317 7,008 56,119 4 347 6.25 1,140 
1968_.-..... 21,942 320 7,025 56,218 10 380 6.94 1,568 
1969_....... 22,278 318 7,088 55,840 8 352 6.45 1,429 
1970 p___.... 21,400 321 6 , 888 55,280 4 390 7.13 911 

Granite: 
1966_______- 8,141 246 2,005 16,756 2 412 24.71 3,069 
1967_______- 7,853 249 1,958 16,351 3 401 24.71 2,296 
1968_______- ‘7,980 246 1,962 16,514 4 884 23 .50 3,155 
1969__._.__-. 7,221 . 258 1,828 15,594 5 397 25.78 3,287 
1970 P_______ 7,300 248 1,809 15,724 5 405 25.95 3,077 

Lime: ! 
1966_____._-. 7,467 299 2,236 18 ,039 6 345 19.46 3,269 
-1967_____--- 7,764 282 2,190 17 , 583 5 285 16.49 2,417 
1968_______- 7,527 283 2,134 17 ,210 5 258 15.28 2,108 
1969_.___..- 7,815 292 2,281 18 ,215 3 354 19.60 1,962 
1970 P_______ 7,300 305 2,244 18 ,152 1 365 20.27 929 

Limestone: 
1966___..... 30,380 245 7,484 63 , 422 30 1,542 24.79 4,385 
1967_._..... 31,145 245 7,619 64,907 26 1,429 22.42 3,327 
1968_....... 30,726 248 7,621 65,130 29 1 , 442 22.59 3,533 
1969_._...... 81,115 251 7,804 67 , 451 31 1,492 22.58 3,800 
1970 p2______ 30,600 248 7,589 65 , 883 24 1,635 25.20 3,360 

Marble: 
1966_______-_ 2,953 255 753 6,178 1 213 34.64 2,523 
1967_______- 2,894 251 725 6,080 ____---.- 189 31.09 1,115 
1968_._..__- 2,806 246 691 5,782 _..._--- 174 30.09 2,134 
1969_______- 2,406 250 602 5,124 2 159 31.42 4,418 
1970 p_______ 2,200 250 553 4,580 ___._.-- 130 28.38 1,438 

Sandstone: 
1966_._____- 5, 447 240 1,308 10,895 3 314 29.10 2,739 
1967_._._._- 5,012 241 1,209 10,047 _____.-- 242 24.09 622 
1968________ 5,147 232 1,194 9,858 6 237 24.65 4,403 
1969___..___. 4,774 247 1,179 9,775 2 245 25.27 2,246 
1970 p_______ 4,500 239 1,071 8,875 4 285 32.56 3,761 

Slate: - . 
1966____-__- 1,376 266 366 2,975 1 79 26.89 2, 762 
1967_._____- 1,423 260 371 3,024 3 100 34.06 6,611 
1968_______. 1,380 261 360 2,907 _------- 91 31.30 573 
1969__..__- 1,162 250 291 2,400 __..-.-- 74 30.83 480 
1970 P_______ 1,100 257 283 2,268 1 45 20.28 5,251 

Traprock: 
1966_____._- 5, 562 221 1,231 10 ,263 1 241 23.58 1,975 
1967_____-_- 4,794 224 1,075 8,940 4 210 23.94 3,281 
1968________ 4,535 242 1,096 9,083 2 218 24.22 2,735 
1969_....._- 4,559 243 1,107 9,256 2 230 25.06 2,119 
1970 P_______ 4,300 239 1,036 8,628 3 240 27.93 2,758 

Miscellaneous: 
1966__..___-. 1,889 211 398 3,216 1 78 24.56 2,528 
1967____.._- 1,807 217 393 3,176 1 64 20.47 2,333 
1968________ 2,041 227 462 3,918 2 76 19.91 3,794 
1969________ 1,819 223 406 3,348 __..___-- 86 25.69 1,224 
1970 P2_____ 1,900 233 446 3,635 1 80 22.56 2,285 

Total: 3 
1966__._..._._ 85,826 269 23,113 190,787 51 3,583 19.05 2 , 852 
1967_....-.. 84,765 266 22,548 186,227 46 3,267 17.79 2,308 
1968__..._._ 84,084 268 22,543 186,620 58 3,260 17.78 2,700 
1969______.._ 83,149 272 22,586 187,003 53 3,389 18.41 2,634 
1970 p2_____ 80,800 271 21,919 183,026 43 3,575 19.77 2,300 

P Preliminary. 
1 Includes burning or calcining and other mill operations. . 
2 Includes data on asphaltic stone operations for the first time; in prior years, these data were included in 

the native asphalt industry. 
3 Data may not add to totals shown because of independent rounding.
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Table 7.-Worktime and injury experience at sand and gravel plants in the 

United States | 

Average Man- Man- Number of Injury rates per 
men Average days hours injuries million man-hours 

Year working days worked worked —___——_- )Ss§ — 
daily active | (thou- (thou- Fatal Non- Fre- Severity 

sands) sands) fatal quency 

1966___.-....... 55,344 225 12,459 104,971 35 2,098 20.32 2,901 
1967_____....... 52,368 216 11,296 96,645 32 1,919 20.19 2,933 . 
1968_____._.-.... 49,901 219 10,930 93 ,156 26 1,992 21.66 2,688 
1969_.._._..._... 50,161 219 10,964 94,223 31 1,929 — 20.80 3,024 - 

. 1970 P____....__._. 49,400 218 10,787 - 938,117 28 1,910 20.81 2,849 

P Preliminary. 

| Table 8.—Worktime and injury experience at slag (iron-blast-furnace) 
plants in the United States | 

Average Man- Man- Number of Injury rates per | 
men Average days hours injuries million man-hours 

Year working days worked worked ——-—_-————_- )S§ — 
daily active (thou- (thou- Fatal Non- Fre- Severity 

sands) sands) fatal quency 

1966_____...___- 1,472 277 407 3,382 ________ 44 13.20 © - F709 
1967___.-_______ 1,721 255 439 8,539 3 53 15.82 5, 762 
1968_._.-_______ 1,724 263 A5B4 3,697 1 57 15.69 2,454 
1969___._______- 1,610 271 442 3,573 3 49 14.55 6,061 
1970__.._.._.___ 1,647 268 441 8,602 1 72 20.27 2,072 

Table 9.—Worktime and injury experience at coal mines in the United States, : 
| by industry groups 

Average Man- Man- Number of Injury rates per 
Industry men Average days hours injuries million man-hours 
and year working days worked worked —— Ss ——— 

daily active (thou- (thou- Fatal Non- Fre- — Severity 
sands) sands) fatal quency 

. Bituminous coal 
and lignite . 

- mines: 
1966_._.._.. 185,952 213 28,928 230,087 227 9,617 42.78 7,900 
1967_._.._... 181,562 220 28,910 229,415 213 9,506 42.36 7,817 
1968__...... 127,535 221 28,144 223,406 307 9,135 42.26 10,825 
1969_._.._.. 127,375 225 28,677 . 227,411 190 — 9,425 42.28 7,282 
1970 p__._._... 184,100 229 30,760 244,146 255 10,090 42.37 8,128 

Anthracite mines: 
1966___.___. 9,292 203 1,883 13 , 672 6 829 61.07 4,477 
1967__..___- 7,750 219 1,701 12 ,359 9 609 50.00 5,511 
1968___.____ 6 , 932 217 1,508 11,011 4 504 46.13 4,182 
1969________ 5 ,927 232 1,377 10 ,073 13 492 50.14 9,090 

rT 1970 Pliii le 6,000 240 1,447 10,533 5 485 46.71 4,123 
otal: ! 

1966__...... 145,244 212 30,811 243,759 233 10,446 43.81 7,708 
1967__..._.. 189,312 220 80,611 241,774 222 10,115 42.75 7,699 
1968....._._._ 184,467 221 29,651 234,417 311 9,639 42.45 10,513 
1969_____... 188,302 225 30,053 237,484 203 9,917 42.61 7,359 
1970 P____... 140,100 230 32,207 254,678 260 10,575 42.55 7,963 

P Preliminary. . 
1 Data may not add to totals shown because of independent rounding. 

Table 10.—Worktime and injury experience of the oil industry (all activities) 
and the natural gas industry (excluding distribution activities) in the United States 

Average Man- Number of Injury rates per 
men hours injuries million man-hours 

Year working worked ————_ S—§s 
daily (thou- Fatal Non- Fre- Severity 

sands) fatal quency 

1966__._-_--.-. ~~~ 451 , 747 954,527 103 8,724 9.25 1,050 
1967____-_----- ~~ 445 , 562 938 ,946 88 8,776 9.44 981 
1968____---_--- ~~~ 466 , 652 986 ,952 102 9,069 9.29 985 
1969_____----_-- eee 449 ,606 939 ,385 95 9 ,023 9.71 983 
1970______----------- 2-2. 462, 468 972,278 134 9,989 10.41 1,281
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Table 11.—Worktime and injury experience at coke ovens in the United States, 
by industry groups | 

Average Man- Man- Number of Injury rates per 
Industry men Average days hours ‘injuries million man-hours 
and year working days worked worked ————_-_——————_- Ss§s 

daily active (thou- (thou- Fatal Non- Fre- Severity 
sands) sands) fatal quency 

Slot ovens: . 
1966_._.----. 18,745 363 4,983 39 ,909 3 155 3.96 658 
1967__-..--. 18,409 360 4,821 38 , 583 5 201 5.34 963 
1968__...--. 12,877 361 4,645 37 , 167 7 184 5.14 1,876 
1969._...... 18,418 356 4,779 38 ,169 15 216 6.05 2,542 

-1970__.-..-. 18,795 355 4,891 39 ,194 8 256 6.74 1,575 
Beehive ovens: 

1966______-- 471 236 111 821 _____-_- 36 43.82 1,048 
1967__..._-. 292 179 52 374 4 25 77.61 67 , 561 
1968__.._.__ 216 233—Ci«; 50 378 ___u.W. 20 52.85 1,855 
1969________ 199 226 45 351 _____-_- 15 42.74 1,598 
1970___.____ 202 231 47 — 360 —-__..--- 4 11.11 156 

Total: 1 
1966___..__.. 14,216 358 5,094 40,730 3 191 4.76 666 
1967__.._._. 18,701 356 4,873 38 ,956 9 226 6.03 1,602 
1968_____... 18,093 359 4,696 37 ,546 7 204 5.62 1,875 
1969_....._. 138,617 354 4,824 38 ,520 15 231 6.39 2,533 
1970___...-. 13,997 353 4,937 39,554 . 8 260 6.78 1,562 

1 Data may not add to totals shown because of independent rounding. 

| Table 12.—Worktime and injury experience in the peat industry in the United States | 

Average Man- Man- Number of Injury rates per 
men Average days hours injuries million man-hours 

Year working days worked worked —————— 
daily © active (thou- (thou- Fatal Non- Fre- Severity 

sands) sands) fatal. quency . 

1966___..__-_--- 523 184 96 804 _______- 10 12.44 373 
1967__..-_--.--- 506 187 95 785 _-..- . 15 19.11 733 
1968__..-.-- ~~~ 533 186 99 798 Luu. 8 10.02 244 
1969__..._-._.-- 567 172 98 881 ___-_-_- 8 9.62 184 
1970__....._-.--- 542 172 93 763) .-_---_- 14 18.36 587 

Table 13.—Worktime and injury experience in the native-asphalt industry 
(bituminous limestone, bituminous sandstone, and gilsonite mines and mills) 

in the United States 1 

Average Man- Man- Number of Injury rates per 
men Average days hours injuries million man-hours 

Year working days worked worked ————__—_—_——_- Ss§s -—————— 
daily active (thou- (thou- Fatal Non- Fre- Severity 

sands) sands) fatal quency 

1966__..._-..--- 368 270 99 806 1 28 35.98 7,872 
1967__..-------. 393 255 100 821 _____-_- 33 40.21 2,985 
1968__..-.-.--_- 399 259 103 887 -_..-.-- ~ 23 27.49 672 
1969__...._._.-- 445 262 117 949 _______- 36 37.98 733 

1 Beginning in 1970, data on asphaltie stone and gilsonite operations, which comprised the native asphalt 
industry, have been separated and included, respectively, in the limestone and miscellaneous stone subdivisions 
of the stone industry and the miscellaneous nonmetal subdivision of the nonmetal industry.



Abrasive Material 

By Robert G. Clarke ' | | 

Industries that consume large volumes of cent in value, but the yearend stocks of 

abrasive materials, and in particular the au- silicon carbide increased considerably. The 

tomotive industry, experienced a general tonnage and value of metallic abrasives de- 

reduction of activity in 1970. Consequently, creased by 10 percent and 2 percent, re- 

the quantity and value of output of most — spectively. Shipments of manufactured ab- 

- abrasive materials, both natural and artifi- rasive products—grinding wheels, coated 

cial, declined. abrasives, and abrasive grain—each de- 

Domestic production of natural abrasive clined about 10 percent. Diamond products 

materials in 1970 was less by about 17-per- as a whole followed the general decline, | 

cent in tonnage and 3 percent in total but the product mix of synthetic and nat- . 

value when compared with 1969, However, ural diamonds was not segregated. 

the trends in individual instances were not Foreign Trade.—Imports of abrasive ma- 

consistent. For example, special silica stone terials were the lowest in value since 1965, 

products and garnet decreased in quantity but exports and reexports attained a rec- 

but increased in value, whereas, emery and ord high in 1970. Net imports, the excess 

tripoli decreased more in value than in of imports over exports and reexports, was. 

quantity. | only $4 million, the lowest dollar value 

_ Artificial abrasives manufactured in 1970 since World War II. The chief factor in 

include fused aluminum oxide, silicon car- the decline of imports and the increase of 

bide, and metallic abrasives. Production of | exports has been the rapid growth in dia- 

aluminum oxide decreased 10 percent in mond manufacture in the United States. 

quantity and 12 percent in value from 
1969. Silicon carbide production increased : ‘cal scientist. Divisi EN ti : 
4 percent in quantity and less that 1% per- Minn scientist, ivision 0 onmetallic 

Table 1.—Salient abrasive statistics in the United States 

me 
Kind 1966 1967 1968 1969 1970 

nS ON 
Natural abrasives (domestic) sold or used 

by producers: 
ripoli_ __..._.----.--short tons-_- 66,163 70,984 85,534 84,673 68,105 

Value. ._._-----~-thousands_-. $328 $377 $796 $734 $520 
Special silica-stone products ! 

‘ short tons-. 3,806 2,701 8,141 3,311 3,134 
Value___..___.__-thousands_- $515 $574 $629 $600 $666 

Garnet_____...._.----short tons... 21,952 20,494 22,136 20,458 18 , 837 

Value_______._.--thousands__- $2,092 $1,849 $) ,922 $1,874 $1,936 

Emery__-__....-------short tons... 11,102 WwW _ WwW WwW WwW 

. Value. __.....----thousands__ $210 WwW WwW WwW WwW 
Artificial abrasives 2__.....-short tons... 607,508 552,812 567,814 608 , 622 561,107 

Value..............--thousands.. $82,794 $80 , 405 $86 ,316 $92 , 589 $85, 772 
Fortes trade (natural and artificial abra- 

SlVveSs)>: ’ 
Exports (value)__.....thousands.. $51,753 $50 , 896 $60 ,266 $70,654 $64 ,338 

Reexports (value). _........do---- $18,143 $17,239 $19,807 $20 ,373 $28 ,085 

Imports for consumption (value) 
do..-- $110,650 $100 , 427 $103 , 150 $100,371 $96 , 467 

ne 
W Withheld to avoid disclosing individual company confidential data. 
1 Includes grinding pebbles, grindstones, oilstones, tube-mill liners, and whetstones. 
2 Production of silicon carbide and aluminum oxide (United States and Canada); shipments of metallic 

abrasives (United States). 

153
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Table 2.—U.S. exports of abrasive materials, by kinds 
(Thousands) . 

| a 1969 — 1970 

Quantity Value Quantity Value. 

NATURAL ABRASIVES . ;: 

Dust and powder of natural and synthetic precious or semi- 
precious stones, including diamond dust and powder-_carats__ 8,122 $21,599 7,258 $18,711 

Crushing bort______..._..--.------.---..----~-------do.__- 45 265 33 154 
Industrial diamond________-._._-------..-_._----.---do____ 345 1,634 339 1,838 
Emery, natural corundum, and other natural abrasives, n.e.c. 

pounds_. * 31,772 2,832 33,375 3,403 

MANUFACTURED ABRASIVES 

Artificial corundum (fused aluminum oxide)_____._....do___.. 34,004 6,775 35,949 6,869 
Silicon carbide, crude or in grains _.____..__.........-do__.. . 12,556 2,487 12,883 2,319 
Carbide, abrasives, n.e.c____..--_--------------------do__.. 3,026 ' §, 484 4,730 7,332 
Grinding and polishing wheels and stones: Fo 

Diamond_________---_-_.----.-_.---------...-carats__ 699 r 3,560 614 3,117 
Pulpstones..__......_...------.--.1.---.-.-.-pounds., 2,460 692 2,315 690 
Hand polishing stones, whetstones, oilstones, hones, and 

similar stones___._____-_.._...---.---._--.--.do___. 915 1,227 905 1,229 
Wheels and stones, n.e.c__--__._-----------------do__.. 4,774 7,633 4,247 7,549 

Abrasive paper and cloth, coated with natural or artificial abra- 
sive materials_:.._._.........----_-.-------...--reams_. 300 r 8,489 334 8,240 

Coated abrasives, n.e.c__________._..---------- eee NA 2,307 © NA 2,887 . 
Metallic abrasiyes__.._._..-._..-.--.._.---.-..-.--pounds_. 62,146 5,720 (@) (1) 

| — "Total____._-_.__-_--------------------e----------- 0 XK) = 70,654 XX 64,338 

| t Revised. | NA Notavailable. . XX Notapplicable. 
1 No longer separately classified. . i 

Table 3.—U.S. reexports of abrasive materials, by kinds _ 
| (Thousands) - | 

1969 | 1970 

Quantity Value Quantity Value 

os NATURAL ABRASIVES . 

Dust and powder of natural and synthetic precious or semi- 
precious stones, including diamond dust and powder_carats__ 148 $391 378 $920 

Crushing bort__._....._-.---...---------.-------.-.do____ 350 2,238 364 2,326 
Industrial diamond____..___..._-___.----..--.-....-do._.. 2,704 17,5038 3,837 24,604 
Emery, natural corundum, and other natural abrasives, n.e.c. 

pounds_. 200 42 751 112 

MANUFACTURED ABRASIVES 

Carbide abrasives, n.e.c_._._.....-...----------..-pounds__ 20 19 24 837 
Grinding and polishing wheels and stones: 

Diamond_____.__.---.-.-_________--.-----...-carats__ 1 3 8 50 
Pulpstones_____-.-.-.--_-.._-.-.-----.------pounds..  __._u_ wa---- 22 3 
Wheels and stones, n.e.c__.__ eee do 6 11 11 12 
Hand polishing stones, whetstones, oilstones, hones, and 

similar stones_____._.-__.____-..-------------do__..  - LLL. ~oe--e (1) 3 
Abrasive paper and cloth, coated with natural or artificial abra- 

Sive materials___..____._...___..-.__-_-_.-.--.--reams_. (4) 2 (2) 3) 
Coated abrasives, n.e.c______-. eee NA 72 NA 18 
Metallic abrasives___.__________________.______._-pounds_- 91 32 (2) (2) 

Total_____-__ eee xX 20,373 xX 28 ,085 

NA Not available. XX Not applicable. 
1 Less than 14 unit. 
2 No longer separately classified.
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Table 4.—U.S. imports for consumption of abrasive materials (natural and. 
oe artificial), by kinds . 

- (Thousands) . 

eee . 

1969 1970 . 
Kind | —— 

Quantity Value Quantity Value 

Burrstones in blocks, rough____......._...__.._.-short tons_. (1) (1) (1) (1) 
Emery, flint, rottenstone, and tripoli, crude or crushed__do____ 21 t $767 14. $437 
Silicon carbide, crude__._____---_----------......-_.do____ 109 14,648 107 15,356 _ 

me - Aluminum oxide, crude artificial_.2-.2.-.-.--.222.2.-.do2.-2 ~~~ 169 ~ 21,086 ~~ ~~ 161 20,412 | OS 
Other crude artificial abrasives___.__._....._...______do____ (4) q 1 123 
Abrasives, ground, grains, pulverized or refined: . 

Silicon carbide________...__.......______ -short tons__ 2 711 . 2 684 
Aluminum oxide___.___.-_------ ee _--_-e_____ do. 5 r1,418 7 2,007 
Emery, corundun, flint, garnet, and other, including artifi- . 

cial abrasives_______........-..---.....__short tons__ 2 tr 467 1 288 
Papers, cloths, and other materials wholly or partly coated with 

natural or artificial abrasive______._._.._-.-__.___.______ (2) 6,255 QQ). 5,682 
Hones, whetstones, oilstones, and polishing stones____number__ 285 67 296 TT 
Abrasive wheels and millstones: ™ | 

Burrstones, manufactured or bound up into millstones 
. short tons__ (4) 6 wo eee ae nene 

_ Solid natural stone wheels_____.......___....._number__ 4 16 12 11 
Diamond_______.-_--_- 2-2 ee do__ 72 488 65 616 
Other__._-.--_-_-- 2+ eee (2) 1,105 (2) 1,181 

Articles not especially provided for: 
Emery or garnet____________ ee (2) 13 (2) 19 
Natural corundum or artificial abrasive materials_________ (2) ~ - 206 © (2) ° 241 
Other____-2- 2 e (2) 88 (2) 66 

Diamonds: 
Diamond dies________-._......._.-_-.......-number__ 10 200 LL 230 © 
Crushing bort___..._._..___..-______.__.______earats__ 357 918 363 994 
Other industrial diamond_________._............-do___._ 4,781 r 29,799 4,752 27,374 a 
Miners’ diamond__.__-____2_.________.=_._______do___. 783 4,363 ° 1,181 5,669 
Dust and powder______-_-__-_-_--~--.----_-----do._-- 78,206 117,743 7,119 15,000 

Total__._..-----------2--- eee ee eee > XX +1100,371 xX 96 ,467 
Te 

t Revised. . | . 
1 Less than 14 unit. . 
2 Quantity not reported. . 

TRIPOLI | 

Tripoli from Arkansas and Oklahoma, both in Alexander County, Ill.; The Car- 
amorphous or soft silica from Illinois, and borundum Co., Newton County, Mo., and 
rottenstone from Pennsylvania are all Ottawa County, Okla.; and Keystone Filler 
fine-grained, porous silica materials of es- & Manufacturing Co. and Penn Paint & 
sentially similar composition and uses such Filler Co., both in Lycoming County, Pa. 
that they are discussed without distinction Prices quoted in Engineering and Min- 
as a group. The output declined 13 per- ing Journal, December 1970, for tripoli 
cent in quantity and 17 percent in value and amorphous silica were as follows: 
in 1970. Abrasive use in 1970 declined to Trine! haps. 4 Joads, f.0.b. El 

+ ripoli, paper bags, 40-ton carloads, f.o.b. Elco, 
68 percent of the total, and filler use in: Ill., air-floated, through 200 mesh, cents per creased to 30 percent, compared with 70 “pound.___._.-_- 2-2 ee -------------- 1% 
percent and 20 percent, respectively, in dallas orp hous, poe paper bags, carloads, : 
1969. 90-95 percent through 200 mesh_____.-_-_ 25 . : . —99 percent through 200 mesh__________ 27 Tripoli producers in 1970 were Malvern 90-95 percent through 325 mesh..........29 
Minerals Co., Garland County, Ark., Her- 96-98 percent through 3825 mesh_______-__ 29 : —99.4 percent through 325 mesh________ 30 

Industrial Minerals, Inc., Polk County, Ark.; 99.9 percent through 400 mesh__._._._-_- 68 os : percent below 15 microns___._________- Illinois Minerals Co., and Tammsco, Inc., 99 percent below 10 microns.............. «89
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Table 5.—Processed tripoli 1 sold or used by producers in the United States, by uses 2 
» : . : 

Kind 1966 1967 1968 1969 1970: 

a 

Abrasives.......--------------------Short tons_. 45,785 44,961 52,8387 50,387 = 41708 
Value__.-----------------------thousands__ $1,880 $1,916 $2,201 $2,013 $1,583 

Filler.__...------------------------Short tons._ 10,581 11,240 13,418 14,352 18 ,093 

Value__._.---------------------thousands__ $285 $354 $388 $413 $545 

Other. __...._----------------------Short tons... 4,491 ~ 4,797 5,203 ‘5, 487 1,184 

Value_.._.----------------------thousands__- $133 $143 $149 $157 $28 | 

Total._..---------.----------Short tons__ 60,857 60,998 71,458 70,176 60,930 

Value ’______._....-------thousands.. $2,298 $2,413 $2, 737 $2, 584 $2,156 

nnn nnn ee 

1 Includes amorphous silica and Pennsylvania rottenstone. 

2 Partly estimated. 
. - 8 Data may not add to totals shown because of independent rounding. | 

| | - SPECIAL SILICA STONE PRODUCTS — a 

| Special silica stone products that were The mining and processing operation will 

_ produced in 1970 included oilstones from continue to be located at Tamms, which is 

: Arkansas, whetstone from Indiana, grinding one of the few locations in the world 

Pen from aeresiaen are be weill Iie where this type of silica is found. Lowe's, 

grind’stones trom Minto, and tube mili ii Inc., mines and processes clay and silica 
ers from Minnesota. Although the total for use in agricultural, consumer, in 

tonnage of silica stone products declined rT use sricunurals , 

by 5 percent, the value increased by 11 dustrial, and pet products. | 

| percent in 1970, chiefly due to an increase | | 

in the value of oilstones, which have sig- Table 6.—Special silica-stone products 

nificantly higher unit value. sold or used by producers in the 

| In 1970, novaculite for oilstones was pro- United States 1 

: duced by Arkansas Abrasive Inc., Arkansas | 

Oilstones Co., Inc., John O. Glassford, ) Value : 

Cleve Milroy, M. V. Smith, Norton Pike _ Year Short tons (thousands) 

Division of Norton Co., and Hiram A. 1966.............---e 3,806 $515 

Smith Whetstone Co., all from operations 1967. wee eeenneenee--- 2,701 574 
‘ 1968___.-----.------- 3,141 629 

. in Garland County, Ark. 1969.22. t net BAL 600 

In June 1970 Lowe’s, Inc., Cassopolis, 1970.-.-------------- 3,184 666 

Mich., acquired Tamms Industries Co., —TThaudes grinding pebbles, grindstones, oilstones, 

Tamms, Illinois, Amorphous Silica Div. tube-mill liners, and Pe otstones. nastones, ousrones? 

NATURAL SILICATE ABRASIVES | 

- Garnet.—Domestic production of natural Emerald Creek Garnet Milling Co., produce 

garnet declined by 8 percent in quantity garnet from placer deposits in Benewah 

but increased 3 percent in value in 1970. County, Idaho. Both the Idaho and the 

There were four producers, two in New Essex County, N.Y., materials were mostly 

York State and two in Idaho. Barton used as sand-blast abrasive, but a portion 

Mines Corp., the largest producer, mined was also used for miscellaneous abrasives, 

from a large deposit of garnetiferous, met- nonskid paints, and water filtration. — 

amorphosed, igneous rock in Warren 

County, N.Y., and processed the garnet for Table 7.—Abrasive garnet sold or used 

use in coated abrasives, for metal lapping, by producers in the United States 

and for grinding and polishing optical len- 

ses and plate glass. Interpace Corp., the Value 

principal wollastonite producer in the Year Short tons = (thousands) 

United States, recovered garnet as a by- 1966___.__-------- 21, 952 $2,092 

i i i 1967___----------- 20,494 1,849 
product in the processing of wollastonite j920------"""""77. 90336 1'992 

ore in Essex County, N.Y. The two Idaho 1969_________----- 20,458 1,874 

producers, Idaho Garnet Abrasive Co. and 1970_.------------ 18,887 1,936
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| NATURAL ALUMINA ABRASIVES 

~ Corundum.—Abrasive-grade natural co- ual company confidential data. Di Rubbo 
rundum has not been mined in the United American Emery Ore Co. ceased its opera- 
States for more than half a century, and tions in Westchester County mainly be- 
for many years the entire quantity used by cause of water problems. Emery was used 
domestic industry was imported from for miscellaneous abrasive purposes such as | 
Southern Rhodesia. In 1968 economic sanc- antiskid aggregate in floors, stair treads, 
tions by the United Nations halted im- and pavements. : | 

~ ports from. that. country. In 1969 the Sn oo 

office of Emergency Preparedness (OEP) Table 8.—Natural corundum: World 
dropped corundum from the list of stra- production, by countries 
tegic and critical materials for stockpiling. 7 (Short tons) 
Congressional approval was obtained early ©. ——{——~—~———____—________ | 
in 1970 for the sale of 1,964 short tons re- ___ Country! 196819691970? 
maining in Government inventory by the Soot Aisieay Repub: 359 592 * 610 
Stockpile Disposal Division of the General lie of. ............. 282 - 252 272 

Services Administration (GSA). | U.S.S.R. ¢__--------- 6,600 6,600 7,200 

_ Emery.—Domestic production of emery = —_—_—‘Total_-------- 7,241 7,444 8, 082 
in 1970 was by one producer in the eEstimate. Preliminary. |. 
United States, De Luca Emery Mine, Inc., ' dn, addition to the countries. liste Malawi re 

near Peekskill in Westchester County, N.Y. Ported an insignificant production (25, pounds, in 
Production data of quantity and value production at a significant: level (several thousand 

were withheld to avoid disclosing individ- ee eae acteat on is insufficient to make 

| INDUSTRIAL DIAMOND . 

In 1970 imports of industrial diamond 1970, were at 20.0 million carats for in- 
declined 5 percent in number of carats dustrial diamond stones and 23.7 million 
and almost 7 percent in value from the fig- carats for crushing bort. 
ures of 1969. Although shipments of in- | 
dustrial diamond from Ireland were less by Table 9.-US. i £ _ 
almost 8 percent in quantity and 4 percent of indus otal deans a eeladiee | 
in value, Ireland increased its share : diamond di oy ves 
slightly to about one-third of the total | 
value. Domestic production of synthetic (Thousand carats and thousand dollars) . 

diamond in 1970 was estimated at 13 mil-<_<£§£— ————————____________ 
lion carats, unchanged from 1969. Second- Year | Quantity Value 
ary production (salvage from _used dia- ig, 13,686 $60,302 
mond tools and diamond-containing wastes) 1969__-___------.--------. 14,076 52,821 

. was estimated to be unchanged at 3 million 1970... ------------------- 18,365 49,037 
carats. Te 

A conference was held in New York WORLD REVIEW 
City, on June 16, 1970, of a Government- 

Industry Working Group on _ Industrial Angola.—The production of diamond by 
Diamond, to solicit industry views and rece Companhia de Diamantes de Angola | 
ommendations for disposal of 17.9 million (DIAMANG) during 1970 exceeded that | 
carats of crushing bort and stones that of 1969. DIAMANG’s concession covers 
were in excess of stockpile objectives. The over 80 percent of the total area of An- | 
quantity had been determined by OEP gola; but, according to the terms of its 
and a disposal plan was proposed by the contract, it must release all but 50,000 
Property Management and Disposal Service square kilometers of its concession in 1971. 
of GSA. Owing to differing views among the DIAMANG: has 14 geologists from Anglo- 
participants, additional time was required American Exploration exploring to find and 
and no action had been taken by yearend. retain the best areas in its present conces- 
The stockpile objectives on December 3, sion. Three of the four new firms granted
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concessions in Western Angola. in 1969 (SAREMCI) accounted for more than 80 

_ began éxploratory work in 1970. percent of the total output of three active 

Australia.—Stellar Mining Co. found a _ producers. | oo - 

large kimberlite intrusion in the Kimber- Lesotho.—Production. for 1970 of gem 

ley district of Western Australia. Gems diamonds was 3,502 carats and of in- 

~ have been recovered here in the past.2 dustrial diamonds, 13,038 carats. The Le- 

Botswana.—Work continued on schedule sotho National Development Corp. negoti- 

| at the De Beers Orapa diamond mine. The ated with Newmont Mining Corp. and 

Orapa pipe, covering 276 acres, is claimed Lonhro Ltd. for prospecting and develop- | 

to be the world’s second largest. Daily out- ment at the Kao kimberlite pipe. Alto- 

put will be 7,250 metric tons of kimberlite gether, six new ventures for all of Lesotho 
to produce 2 million carats per year of | were under consideration. The Lesotho De- 

which 90 percent will be of industrial partment of Mines is hopeful that 

quality.3 | diamond output will expand manyfold. 
Brazil—Mineracdo Tejucana S.A. in- — Liberia—For the fiscal year, 1969-70, 

creased its dredging capabilities in the the Bureau of Natural Rescurces and Sur- 

: Tocos section of the valley of the Jequitin- veys of Liberia reported diamond produc- 

honha River, Minas Gerais, and will also tion of 825,959 carats, of which more than | 

install a dredge in the Capao Comprido 25 percent were estimated to be industrial 

section.4 : | , diamonds. a 
_ Central African Republic.—Total dia- Sierra Leone.—Total diamond exports 

| mond production for 1969 was 535,317 car- for 1970 were 1,955,011 carats, which were 

; ats, down 12 percent from that of 1968, estimated to be 85 percent gem stones and 

and was estimated at 50 percent industrial 15 percent industrial material. A new com- : 

diamonds. Production in 1970 fell 10 per- pany was formed to mine diamonds, called 

cent in volume to 482,446 carats, from the The National Diamond Mining Company 

1969 level. The Government passed a law (Sierra Leone). Limited, of which capital 

in 1970 forbidding anyone but native-born ownership was 51 percent by the Govern- 

citizens from prospecting for diamonds or ment and 49 percent by Sierra Leone 

other precious stones. 7 Selection Trust Limited. Diamond is Sierra 

Congo (Kinshasa).—Congolese officials Leone's most important resource and ac- 

expressed concern during the year regard- counts for about two-thirds of its exports, 

ing the GSA recommendation to Congress about 20 percent of its revenue, and the 
to dispose of 22.8 million carats of U.S. employment of more than 50,000 people. 

surplus industrial diamond holdings. Ac- South Africa, Republic of—An explora- 
tion by the U.S. Congress was postponed to tory shaft is being sunk at the Finsch Dia- 

1971. mond Mine at Lime Acres, 100 miles west 

India—The National Mineral Develop- of Kimberley, to explore the rich diamond 

ment Corporation of India continued de- Pipe at depth. The shaft, 16 feet in diame- 

velopment of the Vajrakarur mine in the  [€?; will reach a depth of 1,250 feet and is 
Anantapur district in South India. The | being sunk by the Gold Fields Cementa- 
kimberlite deposit is expected to yield tion Mining Co. The Finsch pipe 1S 1,500 
57,000 carats per year in 4 years, compared feet in diameter, is the second richest in 

with the present 24,000 carats per year.5 South Africa, and the first Diamond pipe 
Ireland.—The world’s newest and largest ‘© be opened since the Premier Mine in 

. factory for the manufacture of industrial 1903.6 The biggest source of diamonds re- 
_ diamond was opened on the Shannon In- mains the Kimberley area where mining 

dustrial Estate on May 4, 1970, by Ultra started over 100 years ago. New finds and 
High Pressure Units (Ireland) Limited. improved recovery techniques have extend- 

| Ivory Coast—The output of all dia- 2 Mining and Minerals Engineering (London). 

monds in 1970, both gem and industrial, Vt Iiricag Mining ond Engineering Jour- 
was reported at 212,808 carats, compared nal. aye 81, No. 4044, pt. 2, Aug. 7, 1970, pp. 

with 202,413 carats in 1969. Normally 60 4 Skillings Mining Review. V. 59, No. 33, Aug. 

percent of the diamond yield is considered 15, 1970, P. 131. Metals & Fuels, V. 18, N 

to be industrial diamond grade. One com- 9 SoUmal 7970, p 382. uels, Ve 18s INO 
pany, Société Anonyme de Recherches et ®The South African Mining and Engineering 
d’Exploitations Miniéres en Céte d'Ivoire Jour 5-907. No. 4032, pt. 1, May 15, 1971,
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ed the outlook fer diamond mining in Making Diamond), March 10, 1970, to D. 
South Africa. R. Garrett. This describes a method by 

Spain.—Interest has been shwon in dia- which a dense, compacted mass of dia- 
mond mining as a byproduct of prospect- mond-forming material is converted by use 
ing for platinum in Malaga Province. Ex- of energy generated by detonation of a 
amination of samples for heavy minerals high explosive charge; and, U.S. 3,536,447, 
disclosed the presence of diamonds. The (A method of Preparing Synthetic Dia- 
Spanish Government controlled Instituto mond Crystals, Oct. 27, 1970, to M. Wakat- 

Nacional de Industria joined a cooperative suki, T. Aoki, S. Takasu, and N. Waka- 

7 exploration program with two Canadian _mutu. This describes a method in which a . 

companies, Noranda Exploration Ltd. and new catalyst for use in ultrahigh-pressure, 
Plour Management Ltd. to evaluate dia- high-temperature production of synthetic 
mond potential covering 70,000 acres of diamond consists of an alloy of silicon 
the Province.7 with either copper, gold, or silver. 

A synthetic carbonado that compared fa- 
TECHNOLOGY vorably with natural carbonado was made 

from diamond powder at a pressure of 
Discrepancies in diamond abrasive sizing about 65 kilobars and a tempertature of 

caused by the variables of sieve, sieving de- 9,500°,18 | 

vice, sieving time, sieve load, and humidity The largest known manufactured in- 
will be minimized by the adop fon of dustrial diamond in the world was shown 
standards sponsored by the Industrial Dia- 4 Provo, Utah, by Dr. Hall of Megadia- 
mond Association and the Diamond Wheel mond Corp. It was made by the synthetic 
Manufacturers Institute. The standards carbonado method.14 | 
were presented previously to the American Lo. 
National Standards Institute.8.When natu- Two systems provide for standardization 

ral diamond is crushed, the particles may of dimensions of drill rods, core barrels, | 
be separated by shape, arbitrarily into four and drilling tools for mining and explora- 
divisions—blocky, more elongated, neither “0: (1) The metric system and (2) the 

«too blocky nor too flat, and perfect needles inch system. A comparison of the systems 
or flats—and each shape is allocated a and a correlation have been made of de- 

number. Early synthetic diamond was sn principles, manufacturing methods, 

small and friable and did not fit into the 274 applications of diamond bits.1 | 
scheme.? However, the latest high-pressure The National Technical Information | 
systems such as at Shannon, Ireland10 and_ Service, Springfield, Va., has reprinted | 
at Worthington, Ohio,11 control the crystal (available as a hard copy or microfiche) 
growth to produce relatively large crystals under NTIS No. PB 192 860, Industrial] 
that are strong and have well-defined edges Diamond, A Materials Survey, by Henry P. 
and corners. Chandler (BuMines Info Circ 8200, 1964) . 

Plunge-grinding without damage to the §=———- ’ 
| wheel or to the material being ground, wy, World Mining. V. 6, No. 3, March 1970, p. 

particularly tungsten carbide, glass, ceram- 8 Connors, E. J. A New Method for Checking 
ics, exotic alloys, and laminates of alumi- Diamond Abrasive Sie rasive Eng., v. 16, No. 
num and boron carbide, can be done at 9 Raal FE A. De "De. Beers SDA—A Superior 
low speeds, 800 to 1,000 surface feet per iamond Abrasive. Ind. Diamond | Rev.» v. 30, 

minute with diamond wheels applied at. 10 Industrial Diamond Review. World’s Largest 
high pressure. The wheels are made with Diamond ghfanufacturing Plant Inaugurated. Vv. 

high-strength bonds, and the grinding ma- “in Tazzeo, "J. J. Tailor Diemered Increases 
chine must be designed for high wheel Blade rite. Stone, v. 90, No. 9, September 1970, 

pressures. 12 PP Abrasive Engineering. Diamond Slow-Down. 
A great number of patents were granted V-,; No. 8 pees 1270, B. 18. amond: A Svn- 

for improvements in making diamond ab- thetic Carbonado. Sci., V. 169, No. 48, Aug. 38, 

rasive products and modifications in the '9/Ps PP ‘Mining Record. 20-Carat Synthetic Dia- | machines that apply them. The following mond. V. 81, No. 39, Sept. 30, 1970, p. 3. 
patents are of interest in the making of Min are. Claus: grilling | brea 040 pas. 
diamonds: U.S. 3,499,732 (A Method for 106-115. © |” a
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| : _ ARTIFICIAL ABRASIVES | | | 

Crude fused aluminum oxide abrasive other nonabrasive applications. Production 

material was produced in the United was estimated at 93 percent of capacity, 

States and Canada in 1970 by six firms. The and consumption was estimated at about 

Carborundum Co., Norton Co., and Gen- 50 percent each for abrasive and nonabra- 

eral Abrasive Co., Inc., Division of U.S. In- sive purposes. - . . 

dustries, Inc., each operated plants in both As of December 31, 1970, GSA reported 

| countries. Pyrominerals, Ltd.; Simonds 377,588 tons of fused aluminum oxide 

Canada Abrasive Co., Ltd.; and The Exolon crude in inventory, of which 128,493 tons 

Co., had operations only in Canada. Of the was in excess of objective; 50,905 tons of 

combined output, 168,593 tons was regu- fused aluminum oxide grain at objective; 

lar grade, and 26,671 tons was white, and 196,453 tons of silicon carbon crude, 

high-purity material. Output was at 54 of which 166,453 tons was in excess of 

percent of rated plant capacity. About 9 objective. : 

| percent of the total output of fused alumi- Metallic abrasives production in 1970 de- 

num oxide, domestic and Canadian, was creased by 10 percent in quantity and 2 

used in nonabrasive applications, princi- percent in value compared with 1969. Steel 

pally in the manufacture of refractories. shot and grit was predominant. Iron shot 

Pyrominerals Ltd., 80 percent-controlled and grit was evenly divided between 

by American Abrasive Co., Westfield, chilled iron and annealed iron. Minor | 

Mass., a subsidiary of Bendix Corp. of quantities of other metallic oxides and car- 

Detroit, ceased operations in December bides were reported. Ohio maintained its 

: 1970 and was to be liquidated. _ position as the number one producing 

In 1970 crude silicon carbide was pro- State with 32 percent of the total quantity. 

duced in the United States and Canada by Michigan, Indiana, and Pennsylvania, fol- 

| six firms. The Carborundum Co., which lowed in order of quantity and combined 

operates plants in both countries, Electro- | accounted for 58 percent of the total. New 

Refractories & Abrasives, Ltd., The Exolon York, Illinois, New Hampshire, and Con- 

Co., General Abrasive Co., Division of U.S. necticut combined accounted for the re- 

Industries, Inc., and Norton Co., produced maining 10 percent of quantity. The order 

crude for both abrasive and nonabrasive of rank for value was similar to that of 

uses. Satellite Alloy Corp., with facilities quantity, except that the value of metallic 

only in the United States, produced silicon abrasives produced in Indiana exceeded 

carbide exclusively for refractories and _ that of Michigan. - 

Table 12.—Crude artificial abrasives produced in the United States and Canada» 

(Thousand short tons and thousand dollars) 

Kind 1966 1967 1968 1969 1970 
NE 

Silicon carbide !____-.-------------------------- 159 142 159 161 167 -~ 

Value______.._---------------------------- $21,674 $19,612 $23,883 $23,945 $24,038 

Aluminum oxide (abrasive grade) 1___-_----------- 244 207 192 217 195 

Value____._____----------------------------- $29,981 $28,183 $27,705 $31,276 $27,402 
Metallic abrasives 2?____..__-__------------------ 205 204 216 230 199 

Value_________---------------------------- $381,139 $32,610 $34,778 $87,369 $34,332 

Total 3_______---_----------------------- 608 553 568 609 561 
Value3__________________--_.--__---. $82,794 $80,405 $86,316 $92,589 $85,772 

NN 

1 Figures include material used for refractories and other nonabrasive purposes. 
2 Shipments for U.S. plants only. 
3 Data may not add to totals shown because of independent rounding.
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Table 13.—Production, shipments, and stocks of metallic abrasives in the United States, 
by products 

. Manufactured Sold or used | 
i __ Stocks Annual 

Year and product Value Value Dee. 31 capacity 
Short (thou- Short (thou- (short (short 
tons sands) _ tons sands) _ tons) tons) 

1969 | 
Chilled iron shot and grit_-...... 34,407 $3 , 605 34,528 $3 , 825 | 5,176 244,625 

, Annealed iron shot and grit__.... 45,865 4,895 47,281 6 , 042 619 1158,343 
~~ ...- §$teel shot and grit..2.....-.....-- 149,466. -.- 21,160 146,487 27,049 - 13,,092--- -168,163--. - ee 

Other 2_____...._-.___- 22 eee 2,190 352 2,199 A452 1538 = 10,250 

a Total 3___.._.._....-_.._. 231,928 30,012 230,495 37,369 19 ,040 423 , 038. . 

1970 } 7 
Chilled iron shot and grit__.___.. 30,064 3,469 — 29,369 - 8,708 4,867 254,237 
Annealed iron shot and grit__._._ 35,973 4,380 35, 764 4,964 367 1158,843 
Steel shot and grit.__..__._....... 140,707 21,344 132 ,204 25,366 21,579 190,163 

. Other ?___._-2 ee 1,687 224 1,782 300 57 10,750 

Total 3__._-_-.---....-___ 208,481 29,417 199,119 34 , 332 26 , 866 455,150 

- 1 Included in capacity of chilled iron shot and grit. 
2 Includes cut wire shot. 
3’ Data may not add to totals shown because of independent rounding. 

Table 14.—Stocks of crude artificial abrasives and capacity of manufacturing plants, | 
as reported by producers in the United States and Canada . | 

co . (Thousand short tons) . 

Silicon carbide . Aluminum oxide Metallic abrasives t 

Year —. _ Stocks  —_ Anntal Stocks Annual Stocks. Annual 
Dec. 31. capacity Dec. 31 capacity Dec. 31 — capacity 

1966__..------ ee ‘17.5 174.4 - - 18.6 810.8 12.7 373.5 
1967___-_-_._-----.-. 12.9... «176.1 | 30.2 330.2 15.6 400.1 
1968__-..- 2 ee 17.7 © 179.7 25.5 357.2 ™16.3 406.4 
1969____..---____-_-- 9.1 181.7 33.2 358 .2 19.0 423.0 
1970____ 2-2 ee 18.7° 179.1 30.8 359 .2 26.9 455.0 

r Revised. . 
1 United States only. 

TECHNOLOGY exerting high pressure and high horse- 
. . ower so that belts are superior to 

The development of desirable finish on P . P . 
. . . . wheels in rate of stock removal and in 

a part of tumbling or vibrating it in con- . 
. . economics.17 

tact with small abrasive nuggets called . . 
oo. S . Patents on the materials used in abra- 

media, is defined by the term “mass finish- . . . 
- 459 . | sives and _ refractories were directed to 
ing.” ‘The media first were made by crush- ; . we . 
. . i | . minor improvements of existing materials 
ing, shaping and sizing crude abrasive. Re- . 

7 . | and to the machines that apply them. 
cently, manufacturers have trended to . 
reforms j hich the abrasiv . However, the total number of patents is 

P ws wee © abrasive grains are imposing and indicates that the effort to 
ceramic bonded or resin bonded and which . ae . . 

. . . improve existing technology is fruitful. 
provide a wide variety of shapes and 
structures.16 a 

Usually a high rate of stock removal is 76 Matchulat, John c: Abrasive Grain Manufac- 
. . . . ge turers Keep Pace. rasive Eng., v. 16, No. ’ 

associated with high-speed grinding wheels, —pecember 1970, p. 10. . 

but coated abrasive producers have devel- 5 u McKee, Richard s. Abrasive-Belt Machining 
te : aves Time. rasive Eng., v. , No. 8, August oped strong belts with machines capable of 3979, pp. 20-29.
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Figure 1.—Artificial abrasives production.



| By John W. Stamper * | 

In 1970, production of primary alumi- Legislation and Government: Programs. , 

num in the United States was 5 percent —The Bureau of Domestic Commerce 

higher than in 1969. Apparent demand (BDC), U.S. Department of Commerce, es- 

however, declined markedly and producers tablished aluminum set-asides each quarter 

closed down production facilities equiva- during 1970 to meet the estimated require- | 

lent to 8 percent of overall capacity at ments of the Department of Defense, 
yearend. : Atomic Energy Commission, National Aer- 
World production of primary aluminum onautics and Space Administration, and re- 

increased 7 percent to a new record of lated defense programs. The set-aside for 
10,655,000 short tons despite an increase the year was 455,000 tons, compared with 
only about 1 to 2 percent in world de- _ 600,000 tons during 1969. 
mand. Demand in some major consuming ~— Shipments of aluminum ingot from the | 

countries, such as West Germany, was less Government stockpile by the General Serv- 

than in 1969. | ices Administration was 24,261 short tons. 

| : Table 1.—Salient aluminum statistics a | 
| _ (Thousand short tons and thousand dollars) | 
a 

1966 1967 1968 1969 1970 
. er re AS : . ' 

United States: vs 
Primary production.....-.-..------ 2,968 3,269 _ 8,255 3,793 - 3,976 

Value___.____....------------ $1,446,011 $1,614,483 $1,689,621 $2,013,403 $2,190,087 
Price: Ingot, average cents per pound. 24.5 25.0 25.6 27.2 28.7 
Secondary recovery...---...------- 693 698 817 901 781. 
Exports {erude and semicrude) ------ 330 366 351 _ 5715 612 
Imports for consumption (crude and 

- gemicrude)-.......-.------------- 679 539 793 | 558 468 . 
Consumption, apparent...--.-----.  . 4,002 4,009 4,663 4,710 4,519 

_ World: Production_--.-...------------ © 7,583 8,343 8,839 9,932 10,655 
rr en iP SS Se . : 

DOMESTIC PRODUCTION 

Primary—Because of declining demand that construction of a new 100,000-ton- 

in 1970 and continuing concern about ex-  per-year potline at the same site, which 

cess capacity, producers closed potlines and was originally scheduled for initial opera- 
delayed new construction and expansion of tion in 1972, and the addition of two 50,- 

ch © facilities. By yearend, the cutbacks, 9Q0-ton-per-year lines at its Warrick, Ind., 
ab ich en In september 17. affected reduction plant would be delayed until 
about 8 percent of the total. production Ca- = market: forecasts showed a need for addi- 
pacity. Despite the oversupply situation |. 11. . 

. tional ingot capacity. 
two new aluminum plants and construc- At a lant Ft. Meade, Fla 
tion of other new plants continued on . new Pp an near *t cade, ° 
schedule, Primary aluminum production Alcoa, jointly with the United States Steel 

increased to a new record, nearly 5 percent COP.» began production of aluminum 
above the 1969 output. fluoride and synthetic cryolite from fluosili- 

In September, Aluminum Co. of America cic acid, a byproduct of the phosphate 
(Alcoa) , closed a 25,000-ton-per-year alu- chemical industry in the area. The fluoride 

minum potline at its Alcoa, Tenn., reduc- Faigle ' 
; Physical ientist, Divisi f N ous tion plant. The company also announced weap vision Of Nonterron 

165
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chemicals are essential raw materials in the cal. Corp. shut down two alumina reduc- 
production of aluminum metal. The firm tion lines—one at its Chalmette, La., pri- 

also announced plans to further diversify mary plant and one at its Mead, Wash., 
into magnesium metal production, an im- plant. The closings decreased capacity at 
portant alloying ingredient in aluminum. Chalmette and Mead by 29,000 tons and 
The company will use the silicothermic 26,000 tons, respectively. An additional © 

| process to produce 25,000 tons of magne- 26,000-ton-per-year line was shut down at : 
: sium per year from dolomite and lime- Mead in December. 

stone deposits near Addy, Wash. Kaiser also announced that it planned to 
American Metal Climax, Inc. (AMAX), construct a $7.5 million coke calcining 

purchased land near Astoria, Oreg., from plant at Gramercy, La. The facilities will 
Bell. Intercontinental Corp., which had _ include a bulk coke handling terminal and 

| partially prepared the site to build an alu- covered storage area. Construction was ex- 
mina reduction plant and had acquired fu- pected to begin in early 1971; plant opera- : 
ture rights to electric power from the tion is scheduled for mid-1972. Calcined 

| _ Bonneville Power Administration (BPA). coke is essentially pure carbon. used in the 
AMAX also assumed the long-term power production of aluminum. Raw material in 
contract with the BPA and planned to the form of green coke will be barged to 
construct a primary aluminum plant at the plant from Gulf Oil Co.’s refinery, 

: the site. = | under construction at Myrtle Grove, La. 
Anaconda Aluminum Co. started con- ‘The plant will be the sixth of its type for 

struction of a new 120,000-ton-per-year pri- the company, with others located at Norco 
: mary aluminum plant near Sebree, Ky. and Chalmette, La.; Mead, Wash.; Purvis, 

The plant is scheduled to start operation in Miss.; and Gary, Ind. . 

mid-1973. Alcoa will design, engineer, and = The alumina reduction plant of Nation- 

act. as general contractor in building the al-Southwire Aluminum Co. at Hawesville, 
_ facility, which will utilize prebaked anodes Ky., was completed early in 1970, bringing 

and will be capable of expansion to total capacity of the plant, which opened 
244,000 tons per year. Late in the year, in 1969, to 180,000 tons per year. The first 

| Anaconda reduced output at its Columbia shipment of hot (molten) metal from the 
Falls, Mont., reduction plant by 10 per- plant was delivered to the nearby rod and | 
cent, which was equivalent to 17,500 tons cable plant of the Southwire Co., a 50-per- 

| _ per year of primary aluminum. cent owner of the reduction plant. | 
Harvey Aluminum Inc. continued con- Construction continued on the new alu- 

struction of its 100,000-ton-per-year alu- mina reduction facility of Noranda Alumi- 

mina reduction plant-near the John Day num, Inc. The first unit of the 
Dam in Klickitat County, Wash., which  70,000-ton-per-year aluminum plant was 
was scheduled to start production in the expected to be operational early in 1971. 
latter half of 1971. Design of the plant provides for ultimate 

Corporate changes in Howmet Corp. expansion to 210,000 tons per year. 
during the year were expected to make it Ormet Corp. closed down a 40,000-ton- 
the fourth largest producer of primary alu-  per-year aluminum potline at its Hanni- 

| minum by 1971. Péchiney Enterprises Inc. _ bal, Ohio, reduction plant in September. 
(a US. subsidiary of Péchiney Compagnie A memorandum of agreement concerning 
de Produits Chimiques et Electromé- a possible merger between Swiss Alumin- 
tallurgiques of France) increased its inter- ium Ltd. (Alusuisse), a Zurich-based firm 
est in Howmet from 45 to 56 percent and with worldwide interests in aluminum 
was merged with Howmet. Howmet then ranging from bauxite mining and _process- 
became a 50-percent owner of the Intalco ing to fabricated products, and Phelps 
Aluminum Corp. plant at Ferndale, Wash. Dodge Corp., a U.S.-based firm with major 
Production was started at a new 85,000- interests in copper smelting and aluminum 
ton-per-year reduction plant near Freder- fabricating, reportedly was signed late in 
ick, Md., operated by the Eastalco Alumi- the year. Alusuisse owns Consolidated Alu- 
num Co., a 100-percent-owned subsidiary minum Corp. (Conalco) and Gulf Coast 
of Howmet. During the year the operating Aluminum Corp. Conalco operates a 140,- 
rate at the Intalco smelter was reduced by 000-ton-per-year alumina reduction plant 
6 percent or about 15,000 tons. at New Johnsonville, Tenn. A line with 

In October Kaiser Aluminum & Chemi- 35,000-ton-per-year capacity at this plant
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was shut down in September. Gulf Coast. ‘Late in the year Reynolds Metals Co. 
was completing construction of a new re- temporarily shut down aluminum potlines 
duction plant at Lake Charles, La., which at four of its seven domestic alumina re- 

was expected to be on stream with a 35,- duction plants. The cutbacks affected a 
000-ton-per-year capacity, early in 1971. 72,000-ton-capacity potline at Listerhill, 

Under the proposed merger Alusuisse Ala., and each of three 24,000-ton potlines 
would own 60 percent of the combined op- at Jones Mills, Ark., Longview, Wash., and 
erations of Conalco, Gulf Coast, and the Troutdale, Oreg. The company also de- 
Phelps Dodge Aluminum Products Division layed startup of a new 30,000-ton-per-year 
of Phelps Dodge, and Phelps Dodge Corp. line under construction. at its Troutdale, = = — 
would own 40 percent. Phelps Dodge pur- Oreg., reduction facility. 
chases about 40,000 tons of primary alumi- Secondary.—Decreasing activity at alumi- 
num per year from Conalco through a toll num semifabricating and fabricating opera- 
arrangement for alumina acquired by tions and a work stoppage in the automo- 
Phelps Dodge from Surinam. tive industry combined to cause a marked 

Revere Copper & Brass, Inc., started pro- decline in secondary aluminum operations 
duction from its new alumina reduction during the year. — | | 
plant on Goose Pond Island in the Ten- Total consumption of aluminum based | 
nessee River near Scottsboro, Ala. A major scrap metal, as calculated from data on in- 

portion of primary aluminum output from dustry purchases and stocks of scrap re- 
the plant will go in molten form to Re- ported to the Bureau of Mines, dropped to 
vere’s adjacent rolling mill. Alumina raw 973,000 tons, about 12 percent below the 
material will come from Revere’s new alu-_ calculated consumption of aluminum scrap 
mina plant in Jamaica. | in 1969. Virtually all of the decreased con- 

Table 2.—Production and shipments of primary aluminum in the United States 
. (Short tons) . | 

. 1969 | 1970 
Quarter ee — ue 

Production Shipments Production Shipments 

First__-._.-.----------------------------- 916 ,925 933 ,201 978,914 980, 640 
Second_.__----------------------.-------- 946,194 957, 482 997,183 976 ,816 
Third_____-..---.------------------------ 952,204 952,750 993 , 222 939 , 720 
Fourth.____.-...--------.---------------- «977, 739 977 , 568 1,006 , 829 981,744 

Total___-..------------------------ 3, 793 , 062 3,821,001 3,976,148 3, 878,920 

Table 3.—Aluminum recovered from scrap processed in the United States, 
by kind of scrap and form of recovery 

(Short tons) | 

Kind of scrap 1969 1970 Form of recovery 1969 1970 

New scrap: As metal__...------___--_. 88,204 70,873 
Aluminum-base___..-.. 1752,180 2685,357 Aluminum alloys......_..... 797,002 698,415 
_Copper-base______----- 73 107 In brass and bronze_______~- 789 817 
Zinc-base__...__...-.-- 17 96 In zinc-base alloys___....-_- 6,380 5,164 
Magnesium-base_. -_.--- 295 283 In magnesium alloys_-_-_____- 909 783 

_ In chemical compounds - ___- 7,546 5,367 
Total__......------- 752,625 635,843 _ 

—ooaoee: Total.__.....------. 900,830 781,419 
Old scrap: 

Aluminum-base_-__..... 1147,510 2144,869 
Copper-base___.____.- 70 59 
Zinc-base___...-.....-- 520 554 
Magnesium base___-_.__ 105 94 

Total___.-...-----.. 148,205 145,576 

Grand total__..._...._ 900,830 781,419 

tons from new scrap and 167,541 tons from old scrap and sweated pig, a total of 960,729 tons. 
2 Aluminum alloys recovered from aluminum-base scrap in 1970, including all constituents, were 668,400 

tons from new scrap and 164,008 tons from old scrap and sweated pig, a total of 832,408 tons.
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- sumption was accounted for in new scrap tons in 1969 and 1,170,000 short tons in 

because the supply of old scrap was essen- 1970. Aluminum recovery, based on full 

tially independent of current semifabricat- coverage would total 1,080,000 tons in 1969 
ing and fabricating operations where the and 940,000 tons in 1970. Metallic alumi- 

new scrap is generated. num recovery would total 1,150,000 tons in | 

‘Recovery of secondary aluminum, calcu- 1969 and 1 million tons in 1970. | 

lated from industry reports, was 781,000 Data on secondary aluminum obtained 
tons, 13 percent below the 1969 level. Re- through a Bureau of Mines canvass were 
covery of all metallic. constituents from combined for publication with data made 
aluminum-base scrap dropped 14 percent available to the Bureau by the Aluminum 
to 832,000 tons. Smelters Research Institute (ASRI). ASRI 
The Bureau of Mines estimated that full covered operations of its members, which 

coverage of the industry would show a_ represented about 75 percent of the sec- 
total scrap consumption of 1,330,000 short ondary aluminum industry. 

| Table 4.—Primary aluminum production capacity in the United States, 
: by companies 

(Thousand short tons) 

. | Actual capacity, | 
Company and plant location yearend Ownership 

1969 ~ 1970 . 

Aluminum Co. of America (Alcoa): Self 100 percent. | 
Alcoa, Tenn__..--..----.-----------------. r 200 200 
Badin, N.C__..-.....-----.---------------- r 100 100 . 
Evansville (Warrick), Ind__._.....--.......- 175 175 
Massena, N.Y_...------.------------------ 125 125 
Point Comfort, Tex__........--...-..---.-.- 175 175 
-Rockdale, Tex. ..-......-.----------------- r275 275 
Vancouver, Wash__.......------------------ 100 100 

_ Wenatchee, Wash. .....-------------------- 175 175 

Total__..-...-...------.--------------e- 71,325 1,325 

Reynolds Metals Co.: Self 100 percent. 
Arkadelphia, Ark......-.------------------- 63 63 ; 
Corpus Christi (San Patricio), Tex__----....+- r111 111 
Jones Mills, Ark_.._......-...-------------.- 122 122 ; 
Listerhill (Sheffield), Ala.__......--.-------- r221 221 
Longview, Wash. __-_..--.---.----.-------- r 190 200 
Massena, N.Y..._.-.-------.-------------- 128 128 
Troutdale, Oreg_....------.-..------------- 100 100 

Total. .---.----------------------------- 7985 945 
Kaiser Aluminum & Chemical Corp.: . Self 100 percent. 

_ Chalmette, La___...----------------------- 260 260 
Mead, Wash....-.-.------.---------------- 206 206 
Ravenswood, W. Va. -------.--------------- 163 163 
Tacoma, Wash_....-.---.----~-----.------- r81 81 

Total__......-.--.----.---~--------~---- r 710 710 

Intaleo Aluminum Corp., Ferndale (Bellingham), American Metal Climax, Ince. 
Wash_......--....--.....----.--------------- t 260 260 50 percent; Howmet Corp. 

50 percent. 
Eastalco Aluminum Co., Frederick, Md._...-..... -.------ 85 Howmet Corp. 100 percent (sub- 

sidiary of Péchiney). 
Ormet Corp., Hannibal, Ohio. _...-....---------- 240 240 Olin Corp. 50 percent; Revere 

Copper & Brass, Inc. 50 per- 
cent. 

Anaconda Aluminum Co., Columbia Falls, Mont. -- 175 175 The Anaconda Co. 100 percent. 
Consolidated Aluminum Corp., (Conalco) New Swiss Aluminum, Ltd. (Alusuisse) 

Johnsville, Tenn_____.._-_-.--_-----------.-- 140 140 100 percent. 
Harvey Aluminum Inc., The Dalles, Oreg___-__-_-- 91 91 Martin Marietta Corp. 87.2 per- 

cent. 

Revere Copper & Brass Inc., Scottsboro, Ala_--..-. -------- 112 Revere Copper & Brass, Inc. 
National-Southwire Aluminum Co., Hawesville, Ky- r 45 180 National Steel Corp. 50 percent; 

Southwire Co. 50 percent. 

Total United States_.._...--.--.---------- 3,921 4,263 
a 

t Revised.
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Table 5.—Stocks, receipts, and consumption of new and old aluminum scrap : 
| _ and sweated pig in the United States in 1969 and 19701 

(Short tons) 

ee LLL LL A ATL OAs 

Class of consumer and type of scrap Stocks Receipts Con- Stocks 
Jan. 1° sumption? Dec. 31 

re CT A aT PASS TSS SA PO OSSD 

1969 
— 

Secondary smelters:3 _ . - co a Oo 
New scrap: 

Solids: 
Segregated low copper (Cu maximum, 0.4 

percent) __....-.---.----------- 2 ee 4,690 125,866 125,810 4,746 
Segregated high copper «<= ooo =o 835 18,926 18 ,864 897 
Mixed low copper (Cu maximum, 0.4 percent) _ 2,055 74,714 74,578 2,191 
High zine (7000 series type) _ - - - ~----g------ 422 10,076 9,668 830 
Mixed clips..__.-.....----.--.-.------.--- WwW Ww WwW WwW - 

Borings and turnings: . 
Low copper (Cu maximum, 0.4 percent)______ WwW WwW WwW WwW 
Zinc, under 0.5 percent.._.........-..__.___. WwW WwW WwW WwW 
Zinc, 0.5 to 1.0 percent_.._.....__.._--_.___. WwW WwW WwW WwW 
Other__-....--2-2- eee 1,203 63 , 825 63 ,557 1,471 

Foil, dross, skimmings, and other_..__.._..._____ 12,306 105,021 1038 , 891 13 , 436 

_ Total new scrap 4__....-...-..---...-.-...... ° 27,660 572 , 537 571,375 28 , 822 
. Old scrap (solids)_-..........-.--.---.--.-___-. 6,731 118,110 118 ,388 6,453 

Sweated pig (purchased for own use)_-.._.__.____ 2,753 54,176 52,355 4,574 

Total all classes_............-..----------__. 87,144 744,823 742,118 39,849 

Primary ‘producers, foundries, fabricators, and chemical . 
plants: . . 

New scrap: . 
Solids: . 

Segregated low copper (Cu maximum, 0.4 
percent) _-.....-..------------e eee 2,707 177,575 176 ,903 3,379 

Segregated high COP POT ono aang n enna 165 15,983 15,992 156 
Mixed low copper (Cu maximum, 0.4 percent). = 45, 081 56,577 59,166 2,442 
High zinc (7000 series type). ___-.....-.--_- 277 2,625 2,503 399 
Mixed clips._--...-..-------------- eee WwW WwW wt WwW 

Borings and turnings: 
Low copper (Cu maximum, 0.4 percent) __._.- - W WwW WwW WwW 
Zinc, under 0.5 percent___.......-.-.-____ 2 WwW WwW Ww W 
Zinc, 0.5 to 1.0 percent___....--2.2-- WwW WwW WwW WwW 
Other_---------.----- 2 eee 166 28,580 28,464 ' 282 

Foil, dross, skimmings, and other___....._______. 2,383 47,021 47,097 2,307 

Total new scrap 4... 2-2 11,155 337,591 339 , 583 9,163 
Old scrap (solids)_._........------__-2 2 329 9,305 9,882 252 
Sweated pig (purchased for own use)__.._.._____- ~—68,697 18 , 662 18,014 4,345 

Total all classes. ......222.2002202 2-2 15,181 365,558 366,979 13 , 760 

Total of all scrap consumed: . 
New scrap: . 

Solids: 
Segregated low copper (Cu maximum, 0.4 

percent) ._-_-....---...------------ eee 7,397 303 , 441 302,713 8,125 
Segregated high COPD Or ao on oon nas 1,000 34,909 34,856 1,053 
Mixed low copper (Cu maximum, 0.4 percent) - 7,086 131,291 133 , 744 4,633 

_ High zinc (7000 series type)_.._.......____. 699 12,701 12,171 1,229 
Mixed clips..._...-..-.----.---.2- ee 2,559 76,637 76,888 2,308 

Borings and turnings: 
Low copper (Cu maximun, 0.4 percent) -_____- 1,369 17,865 18,630 604 
Zinc, under 0.5 percent____._.___...___.-._. 184 25,866 26,026 624 
Zinc, 0.5 to 1.0 percent___....--...---- -__- 1,863 62,971 62,921 1,913 
Other...-...----.--------- eee 1,369 92,405 92,021 1,758 

Foil, dross, skimmings, and other_____-...__.____ 14,689 152 , 042 150,988 15,748 

Total new scrap.._.....-.-._---_-_---- ~~ ee 38,815 910,128 910,958 37,985 
Old scrap (solids) __.....__--_--_-_-.--.--_._ Le 7,060 127 , 415 127,770 6,705 
Sweated pig (purchased for own use)__....._____- 6,450 72 ,838 70,3869 8,919 

Total all classes__..._.....------ 2 eee 52,325 1,110,881 1,109,097 53,609 

See footnotes at end of table.
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Table 5.—Stocks, receipts, and consumption of new and old aluminum scrap 

and sweated pig in the United States in 1969 and 1970 1—Continued 

(Short tons) 

Class of consumer and type of scrap Stocks Receipts -Con- Stocks 

oS Jan. 1° sumption? Dec. 31 

1970 
ne 

Secondary smelters: 3 . 

New scrap: 
Solids: a 

Segregated low copper (Cu maximum, 0.4 | 
-percent)__.-.--------------------------- 4,732 107,780 108,874 3,638 

oe Segregated high copper__--.-.-------------- 509 13,5385 18 ,397 647 

Mixed low copper (Cu maximum, 0.4 percent) _ 2,282 65,350 64,930 2,702 
High zine (7000 series type)_--------------- | 798 8,706 9,125 379 
Mixed clips___...-.----------------------- 2,459 50 , 342 51,010 1,791 

Borings and turnings: ' . 
Low copper (Cu maximum, 0.4 percent) -____-- Ww WwW WwW WwW . 

Zinc, under 0.5 percent__-.--.-------------- Ww | WwW WwW WwW 

Zine, 0.5 to 1.0 percent___.--_..------------ WwW WwW wi WwW 

Other__________-------------------------- 1,471 46,212 46,621 1,062 

Foil, dross, skimmings, and other___..-.-.------- 12,770 110,591 111,208 12,153 

, Total new scrap. 4_-..-.---------------------- 28,100 475,059 477,307 25, 852 

| Old serap (solids)__....------------------------ 6,097 126 , 493 125,647 6,943 

Sweated pig (purchased for own use)__..---..---- 4,588 53,401 47,373 10,616 

| . Total all classes_.__....-.....--------------- 38, 785 654,953 650 ,327 43,411 

_- Primary producers, foundries, fabricators, and chemical an 

oo plants: - . : 

New scrap: OG . 
Solids: . 

Segregated low copper (Cu maximum, 0.4 . 
_. pereent)_....-_.------------------------ 3,379. 153 , 436 154, 067 2,748 
Segregated high COPP Or 5 GL corcent)” 156 6,508 6,620 44 

Mixed low copper (Cu maximum, 0.4 percent) - 2,442 58 , 933 56,504 4,871 

. High zine (7000 series type) ___---.--------- 399 1,610 1,876 133 

Mixed clips___..-._.-.--------------------- 53 9,556 9,561 48 
Borings and turnings: 

Low copper (Cu maximum, 0.4 percent) _-_-_-- WwW WwW WwW WwW 
Zinc, under 0.5 percent__-_----------------- WwW WwW WwW WwW 

. _ Zine, 0.5 to 1.0 percent__..._---_------------ WwW WwW WwW WwW 

Other___.___.--.---.--------------------- 282 ‘21,702 21,366 618 

- Foil, dross, skimmings, and other___------------- 2,308 49,865 49 ,324 2 , 849 

Total new scrap 4___--.---------------------- 9,163 302,519 300,250 11,432 
Old scrap (sotlids)....._----------------------4- ' 252 10,431 10,479 204 

Sweated pig (purchased for own use)__._-..------ 4,345 10,954 11,477 3, 822 

Total all classes. ___--.-.--.----------------- 13 , 760 323 , 904 322,206 15,458 

Total of all scrap consumed: . 

New scrap: 
Solids: 

Segregated low copper (Cu maximum, 0.4 
percent)__._.--------------------------- 8,111 261,216 262,941 6,386 

Segregated high copper_--_----.------------ 665 20 , 043 20,017 691 
Mixed low copper (Cu maximum, 0.4 percent) - 4,724 124 ,283 121,434 7,573 
High zine (7000 series type) ---------------- 1,197 10,316 11,001 512 
Mixed eclips.__...------------------------- 2,512. 59 , 898 60,571 1,839 

Borings and turnings: 
Low copper (Cu maximum, 0.4 percent) -___--- 604 7,807 7,879 532 
Zinc, under 0.5 percent___._.._.------------ 624 20,097 20,121 600 
Zinc, 0.5 to 1.0 percent____.__.------------- 1,995 45,548 45,074 2,469 
Other______--_--------------------------- 1,753 67,914 67,987 1,680 

Foil, dross, skimmings, and other_-_._-._-------- 15,078 160 , 456 160, 532 15,002 

Total new scrap_._____.--------------------- 37,263 777 , 578 777,557 37 , 284 
_ Old serap (solids) __._._----------------«------- 6,349 136 , 924 136,126 7,147 
Sweated pig (purchased for own use)__.__-.------ 8,933 64,355 58,850 14,438 

Total all classes._____._...------------------- | 52,545 978 , 857 972 , 533 58 , 869 
NN 

r Revised. W Withheld to avoid disclosing individual company confidential data. 
1 Includes imported scrap. 
2 Calculated. 
3 Excludes secondary smelters owned by primary aluminum companies. 
4 Data may not add to totals shown because of independent rounding.



| | ALUMINUM . 171 

The aluminum beverage can_recyling The A & M Division of Vulcan Materials 
program, initiated by Reynolds, was con-. Co. reported an increase in sales of second- : 
tinued, and Alcoa, Kaiser, and the Adolph ary aluminum, despite the automotive in- 
Coors Co. also conducted programs to col- dustry shutdowns, and announced plans 
lect and recycle aluminum cans. Investiga- for a 65-percent expansion of production | 
tions by the Bureau of Mines? indicated — eevee wal its kee “wie aluminum 
that approximately 3 billion all-aluminum ‘™¢!ter In Milwau ce, 1S. } . oe Alloys and Chemical Corp. announced cans (equivalent to about 57,000 tons-of  . peg . . . lumi } d in 1970. It j . its capability to deliver secondary alumi- 

~ : atuminum) were Sec JM. 219. AC AS estt- num in molten form to distances of up to — — 
mated that the can recycling programs re- 309 mites of its Cleveland plant. The hot ) | sulted in collec tions and reuse of about 10 metal is trucked to customers’ plants in 
percent of the all aluminum cans used in two ladles each holding 12,500 to 15,000 
1970. - pounds. _ a 

oo Table 6.—Production and shipments of secondary aluminum alloys, - 
by independent smelters . a | | oO 

| (Short tons)! oo _ a a, Oe 

1969 7 1970 

oo | a ‘Produc- Ship--Produc- _ Ship- - oO oe —_ ~ tion 2 ments 2 tion? ments? 

Pure aluminum (Al minimum, 97.0 percent)__--..-.------...- 88,204 . 87,769 70,873 70,626 Aluminum-silicon: . . . ns oo 95/5 Al-Si, 356, ete. (maximum Cu 0.6 percent).__....._.. 17,568 17,768 16 ,907 16,750 13 percent Si, 360, etc. (maximum Cu 0.6 percent)__..._._. 46,545 45,611. .46,3381 45,712 Aluminum-silicon (Cu 0.6 to 2 percent)_____--_--.----2.----._ . 7,689 7,747 5,889 5,483 No. 12 and variations________...2.2-_-_ ‘6,236 6,281 8,512 8,623 . Aluminum-copper (maximum Si, 1.5. percent) __ weeneee--neeee, 789s 817 752. No. 319 and variations.____._..-...2---- tt 54,066 53,285 49,679 48, 788 Nos. 122, 138-222 343 337 = 1,012 1,015 AXS-—679 and variations. _____.._.-..--_____._.____..____. 358 ,597 °855,893 308,875 304,204 Aluminum-silicon-copper-nickel...__.._____......______..... 25,557 25,619 17,508 17,444 . Deoxidizing and other destructive uses: . os 
Grades 1 and 2.---- ee eee 19,573 19,741 17,260 17,3805 Grades 3 and 4. 12,477 |= 12,899 10,336 10,306 Aluminum-base hardeners _._______.._2 2-2 6,643 6,434 4,765 5,058 : Aluminum-magnesium______.._._..._...._._..------_--._. . 909 884 -783 . 780 Aluminum-zine_______.-__.--.222.22- -_____--__--._...._. 6,380 ~~ 6,690 5,164 4,708. . Miscellaneous_____............___.___.____._....__.__....0 30,826 . 30,3884 - 24,109 - 24,114 

— Total. ..---- 2-22 eee eeeeeeee een -e-u------ 682,402 677,564 588,820 581,668 

1 Gross weight, including copper, silicon, and other alloying elements. Secondary smelters used 28,400 and- 15,655 tons of primary aluminum in 1969 and 1970, respectively, in producing secondary aluminum-base alloys. 2 No allowance was. made for consumption or receipts by producing plants. . . 

| | CONSUMPTION 
e : . ° ; . SS severe, Total shipmen ts of aluminum by the do Percent. Percent 

mestic industry in 1970, estimated by the Industry . of-total of total 
Aluminum Association, was about 5 mil- 1969 1970 | 
lion tons, equivalent to a 7-percent drop Building and construction___. 21 9 22. 2 . . . ‘| ransportation_......._____ 18.4 15. from the 1969 shipments. Gains in ship Electrical... 1777777 13.2 13.4 | 
ments to the container and packaging in- Containers and ppackaging- --- 1 1 0 14 . 5 

onsumer duraples__________ . . dus try of about 23 percent over J 969 and Machinery and equipment___ 6.5 6.0 in exports (15 percent) did not offset de- Exports. ------------------- 9.3 11.5 
clines in shipments to the transportation ther. - ~~ -----~----------- 9.9 _ 81 1 
industry and in all other categories. Total__-..---...----. 100.0 100.0 

e e ° 
 ———— The Aluminum Association reported the _ 

following distribution of end-use shipments * Siebert, Donald L. Impact of Technology on f al . the Commercial Secondary Aluminum Industry. of aluminum. BuMines Inf. Circ. 8445, 107°, 76 pp.



172 | MINERALS YEARBOOK, 1970 

| Table 7.-Apparent consumption of aluminum in the United States 

oS (Short tons) a 
eT 

| Primary sold Imports Recovery Recovery ~ Yotal 

Year or used by - (net) 1 from old from new apparent 

; producers . scrap 2 scrap 2 consumption 

| 1966.....------------------ 2,958,274 +350, 400 136, 876 556,155 4,001,705 | 

1967___..-.---------------- 3, 136,136 +174, 723 128 , 504 569,247 4,008,610 

1968___..------------------ 3,403,055 t +443 , 464 154,711 662 , 197 r 4,663,427 

1969___....--.------------- 8,821,001 = —11,419 148,205 752,625 4,710,412 

1970__...------------------ 3,878,920 —141,796 145,576 635 , 843 4,518,543 

t Revised. | ) ee 7 
1 Crude and semicrude. Includes ingot equivalent of scrap imports and exports (weight multiplied by 0.9). 

2 Aluminum content. , | . 

Almost 4,500 tons of aluminum was ex- Oo Percent 

| pected to be used for sheathing, window Automatic transmission ___._....___ 40 

sills and jams, and support beams for the Engine, (including electrical) ___._. 37 | 

lobby areas of the 110-story World Trade Air conditioning _____.__..___.___ 18 

Center under construction in New York Hardware and trim ____________- 5 

City. Aluminum also was planned for ex- _ Brakes (nena eee --------- 2 

: _ tensive use in covering the Sears Tower Steering ___..._.._._-----------._ 2 

being built in Chicago. This 109-story Other ______------------------- 1 

| building reportedly will be the largest in Total __e e100 

- the world. | | Most of the aluminum in automatic 

| About 40 percent of all registered boats transmissions is for the case and cover, 

_ in the United States 16 feet in length or which weigh up to 20 pounds. Although 

less in 1969 were made of aluminum. In some engine. blocks, such as the 1970 

1970 the total number of aluminum boats model. Chevrolet Vega, were cast alumi- 

a produced dropped from a record 331,000 num, pistons, which weighed up to 2 

in 1969 to 283,000.. However, aluminum pounds each, comprised the largest use in 

continued to make inroads on other mate- engines. Small quantities of aluminum foil 

rials of construction for large boats such as and magnet wire are used in secondary 

houseboats, pontoon boats, cruisers, and motor coils and distributor parts. — | 

custom yachts, both power and sail. The average factory-installed automobile 

| Construction of the all-aluminum Alcoa air conditioner uses 10. to 15 pounds of 

| Seaprobe, reportedly the largest and most aluminum tubing and fin stock and about 

advanced surface ship ever built for deep- 3 pounds of die or permanent mold alumi- 

ocean search and recovery, was nearing num castings for the compressor crankcase, 

completion at the end of the year. About pistons, and conriecting rods. 

500 tons of aluminum was used in the A major builder of electrical transform- 

ship. The experience gained in building began converting from copper to alu- 

such a large craft of aluminum was ex- “num for primary — and secondary 

pected to assist industry in applying ad- windings.‘ The high cost of copper rela- 

vanced fabricating techniques to aluminum t!ve to that of aluminum was given as the 

shipbuilding. : principal reason for the change. The com- 

Other large aluminum ships built in petition between aluminum and copper for 

1970 included a Navy Landing Craft Util- the electric conductor wire and cable mar- 

ity (LCU) , which was capable of carrying ket continued; three new wire and cable 

three of the largest armored tanks in use products that utilized aluminum in combi- 
° 

3 e e 5 6 e 7 

and the first of five planned 165-ton, 78- nation with a per,> steel,¢ and nickel, 

foot-long shrimp trawlers. were marketee. 
er . 8 Metals Week. Metals in Autos: A to Z. V. I, 

A report indicated that consumption of No. 47, Nov. 23, 1970, pp. 12A-26A._ 

aluminum in the automobile increased 4Shobe, D. W. Aluminum Replacing Copper in 

f£ ‘7 th t 10 th h £ Electrical Transformers. Mod. Metals, v. 26, No. 
aster in the pas ; years than the use o 4, May, 1970, pp. 37-40. clad Al w 

any other metal for this purpose. The offman, W. E. Copper-Clad Aluminum Wire 
y . P pe Economical. Am. Metal Market, v. 77, No. 145, 

major areas of aluminum usage in domes- July, 30, 1970, Bp. L 6. ; Overhead P 

: merican eta arket. verhea ower 

tic passenger cars and the percentages of ines Use Clad Steel Wire. V. 78, No. 78, Mar. 
total automotive market for aluminum 11, i971, p. 9. A 4 of Clad Al 

. etals Week. Another Kind o a umi- 

were reported as follows: num Wire. V. 42, No. 15, Apr. 12, 1971, p. 26.
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Table 8.—Net shipments of aluminum wrought 1 and cast products by producers 
(Short tons) 

1969 1970 P 

Wrought products: 7 
Sheet, plate, and foil__.........-.-.----..-----------------------------+---. 2,148,374 2,123,669 
Rolled and continuous cast rod and bar; wire. --.--...---------------------- 482,278 495,687 
Extruded rod, bar, pipe, tube, shapes; drawn and welded tubing and rolled struc- - 

- tural shapes___.__--.-_-- 222-2 eee eee --- = 991, 212 911,286 
Powder, fake, and paste______.-...--_-----.----------------------------- 187,982 102,268 | 
Forgings (including impacts) _............-..-.-----.---------------+------- 78,298 60,194 

otal. oe nnn nee eee eee eee ee eee eee eee eeeeeeeeee----+ 3,888,189 3,693,104 

Castings: . 
Sand___...-.--- 2-2 eee ee eee) 2110, 421 99,1738 
Permanent mold_.._._....---__--_---------- eee = 217,028 175,048 
Die_...---.-__-- ee eee eee ----- «=: 518, 798 470,964 
Others. _..---.- 2 ee en nn eee eee 7,799 7,412 

Total... eee eee | 7 849, 041 752,597 

Grand total____.__.-_------------ eee eee eee en eee 4,682,180 4,445,701 , 

» Preliminary. | | oe . . 
1 Net shipments derived by subtracting the sum of producers’ domestic receipts of each mill shape from the 

domestic industry’s gross shipments of that shape. 
2 Subject to possible upward revision of approximately 10 to 15 percent. 

: Table 9.—Distribution of wrought products : | 
(Percent) — 

. | | - 1969 1970 > 

Sheet, plate, and foil: | . 
Non-heat-treatable__.......-...-------.------ ee  ee  e  e e e e ee 44.4 47.0 
Heat-treatable__...........---.--------.--- ee ee ee ee 4.2 3.0 
Foil_._____----- nn nnn ee ee eee eee 7.3 7.6 

Rolled and continuous cast rod and bar; wire: 
Rod, bar, ete........-.-..-------- ee ee ee eee eee 1.9 1.9 
Bare wire, conductor and nonconductor_-_.........----------.-.------------ ‘1.2 1.38 
Bare cable (including steel-reinforced) ___........-.....----.---------------.- - 6.2 —«66..8 oS 

. Wire and cable, insulated or covered____._.....-...-.---------------------- 3.3 3.5 
Extruded products: | 

Rod and bar___..--_--------_-- oe eee eee eee .8 8 
Pipe and tube____...__.....----.------------------------------------ +--+ 2.6 2.4 a 
Shapes !___......-.-----.------- eee en ne ene eee nee 20.0 19.1 

Tubing: 
Drawn__...--.-.----------~----- ne ne ne ee ee eee eee 1.2 1.1 
Welded, non-heat-treatable 2_............------.----.---------------------- 1.3 1.2 

Powder, flake, and paste: 
Atomized__..... 2222-22 ne ene eee eee 3.2 2.3 
Plaked_._....-._-----_---- eee ee ee (3) (3) 
Paste__ 222-2 ee eee eee eee .3 3 
Powder, n.e.c__ __. ee ee ee ee eee eee 1 .l 

Forgings (including impacts)._..........--.-------------2--------------------- 2.0 1.6 

6) 100.0 100.0 

P Preliminary. 
1 Includes a.small amount of rolled structural shapes. 
2 Includes a small amount of heat-treatable welded tube. 
2 Less than 0.1 percent. 

| STOCKS 

Stocks of aluminum ingot reported at re- cludes stocks of all metal forms at reduc- 
duction plants rose sharply from 42,975 tion and other processing plants, was as 
short tons at the beginning of the year to follows: | 
140,203 tons at yearend. All of the primary 
producers do not report stocks at their re- Metal inventory at yearend, short tons 
duction plants to the Bureau. The BDC, 1967________________1,766,000 
Department of Commerce, reported that 1968________________1,862,000 
the total metal inventory held by the alu- 1969________________1,892,000 
minum industry, which apparently in- 1970________________2,198,000
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RICE ee | 

The price for 99.5-percent primary alu- however, resulted in substantial discount- 
minum ingot, quoted in the American jing, some ingot reportedly selling for as 

_ Metal Market, increased from 28 cents per little as 22 cents per pound by yearend. __ 
| pound at the beginning of the year to 29 se  , oe, 

ae Quoted prices for secondary aluminum 
cents per pound on April 14, 1970, and re- Fee 

| mained at that level for the remainder of alloy ingot also increased during the year 
| the year. Low demand during the year, about 1 cent per pound. 

— FOREIGN TRADE _ re 

Total U.S. exports of aluminum in- sharp decline in receipts of. crude alumi- 
creased 8 percent in 1970; 18 percent of num and alloy from Canada, Norway, 
the ingots, slabs, and crude went to France, and Poland. Although shipments _ 

| France, 17 percent to Japan, and 14 per- from Canada of aluminum dropped about 
7 cent to West Germany. Exports of crude 47 percent, that country continued to be 

| and semicrude juminum | increased 6 aoe the principal overseas source of aluminum — 
cent; exports ° wire ane or rs and ot er gor the United States. | 

ma hulacrures wncreased aout (© percent. Effective Jariuary 1, 1970, in accordance 
Domestic exports of aluminum scrap de- _. ge 

. . With “Kennedy round” trade agreements, 
: creased by 34 percent, reflecting the low dutie » certai wrought and wrought 

level of activity at aluminum fabricating utles on certarn Unwroug, A ae d 
a plants in the United States. Japan, Italy, a!uminum products were reduced and, 

: and West Germany received about 70 per- uring the year, were as. follows: Gin 
cent of the total. coils), 1.7 cents per pound; unwrought 

| The total quantity of crude and semi- (other than aluminum silicon alloys) ij 

crude aluminum imported was 16 percent cent per. pound; wrought (bars, plates, 
| less than in 1969, largely because of a _ sheets, strip), 2.2 cents per pound. 

| | Table 10.—U.S. exports of aluminum, by classes oo 

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSS 

1969 oo - 1970 | 
Class ees 

Short Value Short Value 
- tons (thousands) tons (thousands) . 

nannies 
Crude and semicrude: 

Ingots, slabs, crude________-..----_-------_.-- 344,414 $172,137 408 , 452 $214, 780 
Serap.__..-------------------------- eee 86,255 33 , 827 57,159 20,945 
Plates, sheets, bars, etc___............_.-__--_-.. | 185,707 99 , 596 137,675 106 ,913 
Castings and forgings. _____._.________________ 4,360 10,473 3,438 9,068 
Semifabricated forms, n.e.c_______.___.________ 4,134 7,722 4,843 9,302 

Total____..-_.__.__--2--e ee e---e eee 574,870 323 , 755 611, 567 361,008 

Manufactures: 
Foil and leaf____.-.__---_---_--.----- eee 5,300 8,481 6,648 10,990 
Powders and pastes___________________________ 1,299 1,510 3,078 3,088 
Wire and cable____.________- 2. 10 , 082 7,942 18,505 15,695 ; 

Total_.-_----_------- 2 -eee 16,681 17,933 28,281 29,773 

Grand total_.__..-.-_-__-- 2-22 eee 591,551 341,688 639 , 798 390,781 
nen
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| Table 12.—U.S. imports for consumption of aluminum, by classes 

1969 1970 
Class ee 

Short Value Short Value 
tons (thousands) tons (thousands) 

i 

Crude and semicrude: 
Metal and alloys, crude___.-_..-.._----------- 468 ,236 $214,845 350,060 $164,227 
Circles and disks. _.-...-...----.....--------- 7,014 4,610 9,284 6,434 
Plates, sheets, etc. n.e.c___.--.----.---.------- r 37,538 _¥ 24,226 59,187 89 ,294 
Rods and bars_-_-._.-------------------------- 12 ,616 9,601 10,289 8,108 
Pipes, tubes, ete_--.-_..-_-.------------------ 3,457 3,471 2,234 2,419 
Serap__.......------------------------------ 28,850 11,003 36,779 12,979 

Total.__..._.-_--.---__-_.--.-..---------- °557,711 © 267, 756 467,733 233 ,461 

Manufactures: . 
. Foil._..-.-..-.----_----- +--+ eee 1,924 8,405 14,067 14,209 

Leaf (5.5 by 5.5 inches)__.....--.-------------- (?) 34 @) 27 
| Flakes and powders__-_.-.-------------------- 773 597 164 193 

Wire___._____-__.___-_-_---_-_- eee 837 TTT 946 928 

Total.__....-_._-------------------------- 8, 584 4,813 15,177 15,357 

Grand total__.._...____....--.-_.---------- r 561,245 t 272 , 569 482,910 248 ,818 

| r Revised. . 
1 1969: 2,690,000 leaves and 78,143,447 square inches; 1970: 1,787,500 leaves and 51,944,636 square inches.
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| WORLD REVIEW 

World demand for aluminum in 1970 re- mina was expected to be imported from 

. portédly increased about 1 to 2 percent the Eurallumina plant in Sardinia. 

over the 1969 level, to about 10.5 million Australia—The Comalco Ltd. (Com- 

tons compared with world production of alco) (Bell Bay) smelter’s new half-pot- 

10.7 million tons. Since much of the de- line, which was due on stream in April | 

mand was met by secondary sources, world 1971, was near completion at yearend. The 

stocks of primary metal probably increased new line will raise capacity at Bell Bay to 

_ significantly. Despite the low demand, new = 105,000 tons per year. Production on the 

capacity added during the year was 5 per- new line was expected to start in January. 

cent higher than 1969 yearend capacity. Alcan Australia, Ltd. of Canada’s Kurri 

Algeria—British Smelter Constructions  Kurri New South Wales smelter began ex- 

was awarded a contract for a feasibility panding to increase capacity to 55,000 tons 

study on a primary aluminum project. per year. Upon approval of the Australian 

The proposed smelter would be located in and Japanese Governments, Alcan will sup- 

western Algeria, close to the Hassi-R’Mel- ply 500,000 tons of primary ingot over a 

: Arzew natural gas deposits in order to sup- 10-year period to Kobe Steel Works, Ltd. 

ply low-cost power for the smelter. Alu- of Japan. | SO oe 

Table 14.—-Aluminum: World production, by countries 1 oo 

(Thousand short tons) - 

Country | - 1968  —- 1969 1970 » 
en 

= - 

. North America: 
Canada_____--------------------------------------------------- 979 1,098 1,063 

Mexico_.__.__-------------------------------------------------- 25 36 . 87 

United States__.....--.----------------------------------------- 3,255 3,793 3,976 

South America: _ 

Brazil_._._..--------------------------------------------------- r 43 56 © 63 

Surinam 2_____..----------------------+-------------------------- 48 59 58 

Venezuela__...----------------------- en en ee eee 11 15 . 25 

Europe: 
Austria_.._..-_-.------1-----------------------+---------------- 95 99 99 

Czechoslovakia__..-..------------------------------------------- 72 72 72 

France__._.-.------------------------------------------+-------- 403 410 419 

Germany, East ¢__.--------------------------------------------- t 55 55 55 

Germany, West. ._...------------------------------------------- 284 290 , 840 

Greece. ___.---------------------------------------------------- 84 90 96 

Hungary _--.-----------------------------------------+--------- 69 71 73. 

Iceland________..----------------------------------------------- -----22- 14 41 

Italy_.....--.---------------------------------------+----------- 157 156 162 

Netherlands_..------------------------------------------------- 54 80 82 

Norway___.---------------------------------------------------- 516 560 584 

Poland 3____...-.------------------------------------------------ 103 107 109 

Romania 4___.-.------------------------------------------------ 84 99 112 

Spain__.._.------------------------------------------------5--- 98 114 127 

Sweden______--------------------------------------+------------ 62 74 73 

Switzerland___._.----------------------------------------------- 85 85 101 

U.S.S.R.¢___----- nnn nnn nnn nee eee e ee eee- 71,100 1,160 1,210 

United Kingdom. -_.._..----------------------------------------- 42 37 44 

Yugoslavia_---------------------------------------------------- 53 53 53 

Africa: 
Cameroon, Republic of__..--------------------------------------- 50 52 58 

. Ghana____.---------------------------------------------------- 120 125 125 

Asia: 
China, mainland e¢____.-.--.------------------------------------- r 100 r 130 140 

India_____...-------------------------------------------------- 132 145 178 

Japan 5_____________------------ oe een eee eee 531 627 808 
Korea, Republic of__..__---------------------------------------- -------- q 17 

Taiwan_____.-------------------------------------------------- 22 24 30 

Oceania: Australia____---------------------------------------------- 107 139 225 

Total. ____--------------------------------------------------- 78,889 r 9,932 10,655 

vee 

e Estimate. Pp Preliminary. r Revised. 
1 Output of primary unalloyed ingot unless otherwise specified. 

2 Exports. 
3 Includes secondary. 
4 Includes alloys. 
5 Includes super-purity aluminum as follows in tons: 1968, 3,912; 1969, 4,183; 1970, 5,050.
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Table 15.—World producers of primary.aluminum __ 

(Thousand short tons) 

Actual 
Country, company, and plant location capacity, Ownership 

yearend. 
1970 . . 

— 

_ NORTH AMERICA . 
Canada: 

Aluminium Company of Canada, Ltd.: _ - Alean Aluminium Ltd. 100 percent. 
oo _ Arvida, Quebec. _. ee 4500 we oe ae 2 

Beauharnois, Quebec_______.-__.-.--_-___._____ - 48 Do Oo 
Isle Maligne, Quebec___..________---__-.________ 130 . 
Kitimat, British Columbia___.._..-.-_-.____.__. 300 
Shawinigan Falls, Quebec____....._._._,---___. 95 ee 

Total____.-....-----_ 1 eee 1,023 - - _ 
Canadian Reynolds Metals Co. Ltd., Baie Comeau, 

Quebec_.___-_ eee. 175 Reynolds Metals Co. 100 percent. 

Total_____._-__2.-- eee ee 1,198 . 
Mexico: . . 

Aluminio, S.A. de C.V., Vera Cruz______-_-._-__.___ 44 Aluminum Co. of America 44 percent; 
private Mexican interests 56 per- 
cent. 

| United States: (see table 4)_.......-.-. 22 eee 4,263 _ 

Total North America_._......-.---___-----o_ 5,505 . a 

- SOUTH AMERICA | : . a Brazil: i 
Aluminio Minas Gerais, S.A., Saramenha, Minas Gerais 28 Alcan Aluminium Ltd. 100 percent. 
Cia. Brasileira de Aluminio S.A. (C.B.A.), Sorocaba, 55 Industria Votorantim, Ltd. 80 per- 

Sa6é Paulo__.__--_-- ee cent; Government 20 percent. 
Companhia Mineira de Aluminis, Pocos de Caldas____ 27 Aluminum Co. of America, Hanna 

. - Mining Co., Minas Gerais State 
100 percent. 

Surinam: . . 
Suriname Aluminium Co. (Suralco), Paranam_______. 73 Aluminum Co. of America 100 per- 

. a cent. | . 
Venezuela: Aluminio del Caroni, S.A. (Alcasa), Matanzas___ 25 Reynolds Metals Co. 50 percent; 

Government 50 percent. 

, Total South America________.-_-- 222 eee. 208 

EUROPE : | 
Austria: — . 

Salzburger Aluminum G.m.b.H. (SAG), Lend, Salzburg 13 Alusuisse. . 
Vereinigte Metallwerke Ranshofen-Berndorf, A.G. 

(VMRB), Ranshofen_._.__...---.------------.-- 88 Government. . . 

, ‘Total. __...------------------ eee 101 | | 
Czechoslovakia: 

Ziar Aluminium Works, Ziar-on-Hron_-______________ 72 State owned. 

France: . 
Compagnie Péchiney: Péchiney 100 percent. 

Auzat, Ariége_____..._------- ee 22 
Chedde, Haute-Savoie______-__-_.22-------ee 9 . 
La Praz, Savoie___..._..-.-._- 22 eee ee 4 
L’Argentiére, Haute-Alpes__________.--___-____ 42 
La Saussaz, Savoie____.......-_--.---------__ . 13 . . 
Nogueres, Basses-Pyrénées_______._-_--.-_--.-_ 123 
Rioupéroux-Isére_________....._..----.-- -__. 26 
St. Jean de Maurienne-Savoie_______---._.____. 89 
Sabart-Ariege._..__.__._.-2 eee 26 

Societé d’Electrochemie, d’Electrometallurgie et des 
Aciereis Electriques d’Ugine (Ugine): Ugine-Kuhlman S.A. 

Lannemezan-Haute Pyrénées_____.-._.__-___.- 58 
Venthon-Savoie__________.-_._--------~_-____. 28 . 

Total... 2 eee 440 

Germany, East: 7 
Electrochemisches Kombinat: State owned. 

Bitterfeld.......0 0222 eee 55 
Lautawerk..__ 222 eee 33 

Total... eee 88
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Table 15.—World producers of primary aluminum—Continued 

(Thousand short tons) 

, . 

Actual | 

Country, company, and plant location capacity, | Ownership 
yearend 

- . 1970 

EUROPE—Continued 

Germany, West: 
Aluminium-Hitte Rheinfelden G.m.b.H., Rheinfelden, . 

. Baden. ___...--------------------------------- 75 Alusuisse. - 

Vereinigte Aluminium-Werke A.G. (VAW): Government. 

Erftwerke, Grevenbroich. . ...----------------- 40 
Innwerke, Toging. --.------------------------ 77 

Lippenwerke, Lunen-.--.--------------------- 55 

Rheinwerke__._._..-------------------------- 99 

Gebrueder Giulini G.m.b.H., Ludwigshafen --.------- 24 Gebrueder Giulini G.m.b.H. 

Total. _..__-------------------+---------------- 370 | 

Greece: 
Aluminium de Gréce S.A. (ADG), Distomon_....---- 160 Péchiney 72 percent; Ugine 18 per- 

cent; Government 10 percent. 

Hungary: | 

Magyarsoviet Bauxite Ipar: State owned. 

Ajka__._...--------------------------------- 19 oy a 

, Jnota___._.-------------------+---+----------- 33 

Tatabanya-_-_.------------------------------- 17 . 

Iceland: 
Icelandic Aluminium Co., Hafnarfjordur- ----------- 49 Alusuisse. | 

Italy: | . 

| “ Alcan Alluminio Italiano S.p.A.: Alcan. 

Borgo-Franco d’Ivrea--.-.--------------------. 6 

Montecantini-Edison S.p.A.: Government 11 percent; Montecan- 
tini Edison 89 percent. 

Bolzano_.___-_---..------------------------- 66 

Fusina____...__-.--------------------------- 40 

Mori__...__---------------------------------- - 26 . 

Societe Alluminio Veneto per-Azioni S.p.A. (SAVA): Alusuisse. . 

Fusina_.__.....------------------------------ 33 

. Port6é Marghera.-.--------------------------- 31 an 

Total_.......---.-.----------------------- 202 

Netherlands: | oe 

Aluminium Delfzijl N.V. (Aldel), Delfzijl_-..--.----- 98 Hoogovens 50 percent; Alusuisse 33 
. percent; Billiton 17 percent. 

Norway: 
; 

Alnor A/S (Alnor), Karmay Island--..------------- 99 Harvey 49 percent; Norsk Hydro 51 
percent. 

A/S Ardal og Sunndal Verk (ASV): Government 50 percent; Alcan 50 
percent. 

Ardal____....-.----------------------------- 156 

Hoyanger___.-..---------------------------- 32 

Sunndalsora.__.--..-.-.---------------------- 132 

Det Norske Nitridaktieselskap (DNN): Alcan 50 percent; British Aluminium 
50 percent. 

Eydehavn_-..-..---------------------------- 14 

Tysseldal_____._...---_---------------------- 30 

Mosjgen Aluminiumverk A/S (Mosal) Mosjgen_- - --- 95 Alcoa 50 percent; Elekém 50 percent. 

Sger-Norge Aluminium A/S (Soral), Husnes- . ------- 76 Alusuisse 100 percent. 

. Total___._-.----.----------------------------- 634 . 

Poland: 
Ministry of Heavy Industry: State owned. 

Konin Works (1)_.-.------------------------- 61 
Skawina Works_____..-..-----.---------------- 61 

Romania: 
Slatina___.._...-------.-------.----------------- 112 State owned. 

Tarnaveni_______---...-------------------------- 13 

Spain: 
Aluminio de Galicia, S.A. (Alugasa): 

La Coruna__._.....--.----------~------------ 39 

Sabinanego, Huesca___-..----.---------------- 14 Péchiney 66 percent; Endasa 17 per- 

. . cent; Government 17 percent. 

Empresa Nacional del Aluminio, S.A. (Endasa): Government 54 percent; Alcan 25 

Aviles__..----------------------------------- 40 percent; Spanish interests 21 per- 

Valladolid......----------------------------- 26 cent. 

Total. .....------------------------------- 119
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Table 15.—World producers of primary aluminum—Continued 
(Thousand short tons) 

. Actual . 
Country, company, and plant location capacity, Ownership 

yearend 
1970 

EUROPE—Continued 
Sweden: . 

A/B Svenska Aluminiumkompaniet (Sako), Sundsvall, 
Kubikenborg__.............0--..-..--------_.- 94 Svenska Metallverken 79 percent; 

Alcan 21 percent. 

_..... Switzerland: = OS . ne 
Swiss Aluminium Ltd. (Alusuisse): Alusuisse 100 percent. 

Chippis........-.----- eee 40 
Steg__-_--..- 2 eee 61 

Usine d’Aluminium Martigny, S.A., Martigny___.____ 12 Self 100 percent. 

Total. _._2-- eee 103 . 

United Kingdom: . 
The British Aluminium Co., Ltd..(Baco): Tube Investments, Ltd., Reynolds | 

Kinlochleven, Scotland__........-..---.-_-___- 12 Metals Co. 100 percent. 
Lochaber (Ft. William), Scotland_..__...______ - 28 

Total__ 2-2-2 eee 40 _ | | 

U.S.S.R.: | 
Bogoslovsk (Krasnoturinsk), Sverdlovskaya Oblast, 

Urals_._-._.-.-- eee 154 State owned. a 
Bratsk, Irkutskaya Oblast, Siberia__.._...-...._____ 220 a 
Irkutsk (Shelekhovo), Irkutskaya Oblast, Siberia_____ 220 : a 

_ Kamensk-Ural’skiy, Sverdlovskaya Oblast, Urals__.__ 154 
Kanaker (Yerevan), Armenia_—..._.._____-2_-_____ 83 . . 
Kandalaksha, Murmanskaya Oblast_____...____.___ 33 
Krasnoyarsk, Krasnoyarskiy Kray, Siberia_.________ . 220 
Nadvoitsy, Karelskaya, A.S.S.R._.....----...-_-__-. 39 
Novokuznetsk (Stalinsk), Kemeroyskaya Oblast, 

Siberia.._.......-2-2- 2-2 eee 138 . 
Sumgait (Kirovabad), Azerbaijan_....__._-...__._._. 83 
Volgograd (Stalingrad) Volgogradskaya Oblast_______ 135 
Volkhov (Zvanka), Leningrad Oblast___..-._.____._ 22 
Zaporozhye (Dneprovsk), Zaporozhskaya Oblast, 

Ukraine___. 2.22 eee 77 

Total. ....-.-----~-------------------------- 1,578 | | 

Yugoslavia: 
Yogoslovenisk: ' State owned. , 

Kidricevo, Slovenia__........_..-_-.-.-.._ 2 __ 55 
Lozovac__.......------- ----- eee 7 
Razine__........---------------------------- 8 

Total__..- et 70 

Total Europe. -_.._....-.----- 22 - eee 4,529 

oo AFRICA 
Cameroon: . . 

Compagnie Camerounaise de |’Aluminium Péchiney- 
_ Ugine (Alucam), Edea_____...-2---- ee 61 Péchiney 48 percent; Ugine 12 per- 

cent; Cobeal 10 percent; Comal Cie 
. 30 percent. 

Ghana: Volta Aluminium Corp. (Valco): Kaiser 90 percent; Reynolds 10 per- 
Tema_____...--- 2-2 eee 121 cent. 

Total Africa___.........----...-.------------e- 182 . 

ASIA 
China, mainland: Twenty locations.__._..........-_.-- 210 

India: 
Aluminium Corp. of India Ltd. (Alucoin), Asansol, 

West Bengal.__._..._._..__-.----.------ 2 ee 10 Self 100 percent. 
Hindustan Aluminium Corp. Ltd. (Hindalco), Renn- 

kott, Uttar Pradesh__-__.____.-------_-._-_-_ 8. 88 Kaiser 27 percent; Birla and Indian 
. .. interests 73 percent. 

Indian Aluminium Co. Ltd. (Indal): Alcan 65 percent; Indian interests 
Belgaum, Bombay.._..___.._.-____..--___.-__ 33 -35 percent. 
Alupuram, Kerala. _.......--___- ~~. le 20 
Hirakud, Orissa ______.._-._-.---.----..-.-_- 24 

Madras Aluminium Co. Ltd. (Malco), Mettur, Madras 28 Montecantini Edison 27 percent; 
Madras State Government 73 per- 
cent. 

Total__---2-- +2 ee 203
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| Table 15.—World producers of primary aluminum—Continued 

. (Thousand short tons) . 

or, Actual 

Country, company, and plant location capacity, Ownership 
' yearend 7 oo 

1970 — 

- . ASIA—Continued : | , i 
Japan: . 

Mitsubishi Chemical Industries, Ltd., Naoetsu_-_-----_- 173 Self 100 percent. 

Nippon Light Metal Co. Ltd. (NKK): Alean 50 percent; Japanese interests 

Kambara___.--.----------------------------- 123 50 percent. 

Hokkaido (Tomakomai)._..---.--------------- 64 a oO 

Niigata. __.__....--------------------------- 62 

Showa Denko K. K.: . . a Self 100 percent. — 

Chiba (1)___...-----_------------------------ © 90 . 

oo Kitakata__._...-----------------------------. AT . 

— | Omachi____-_----------------------------2-- 46 : 
Chiba (2)_...---_---------------------------- 88 | | 

- Sumitomo Chemical Co., Ltd.: | : Self 100 percent. _ 

Tsoura. ...i--_----2--.-------.~--------------- 64 Ht | 

Kikumoto.__.__.._-.---.-------.-------------- 36 - 

" Nagoya___...-.--.-----------------<4-------- 55 - 

oo Toyama__.....------------------------------ _ 62 DO 

| Total____..-..----------------------------- 910 | — | 

North Korea: Three locations__...-------------------- . 35 ~ 
Korea, Republic of: Korean Aluminum Co. (South Korea, 

Han Kuk), Ulsan______.-_.---------------~---------. . 18 Korean interests'100 percent. | 

Taiwan: Taiwan Aluminium Corp. (Taialco), Kaohsiung. - . . 

Takao)_......__.---_-.--------------------------+--+ 36 Government. | . . 

| Total Asia......------------------------------- 412 a a 

. OCEANIA a : C oo 
_ Australia: a . me . 

Alean Australia, Ltd., Kurri-Kurri...-......-------- 30 Alcan 80 percent; Other interests 20 
percent. —— ; 

Aleoa of Australia Pty. Ltd., Point Henry (Geelong) - - - 99 Alcoa 51 percent; Australian interests 
percent. ee 

Comalco Industries Pty. Ltd., Bell Bay, Tasmania _-_--- 81 Kaiser 50 percent; Conzine Rio Tinto 

. ae of Australia, Ltd. 50 percent. 

Total____..._-___-_---___-.-------------------- 210 | 

Total world____...._.---_---------------------- 12,046 _ 
TE 

LE SS 

Bahrain.—The 120,000-ton-per-year alu- Brazil.—Brazilian aluminum capacity in- 

minum reduction plant of Aluminum Bah- creased about 60 percent after the Com- 

rain Ltd. (Alba) was scheduled to come panhia Mineira de Aluminos new 27,000- 

on stream in April 1971, and to reach full ton-per-year reduction plant opened at 

capacity by 1972. The smelter will use . Pocos de Caldas. Raw material for the 

Bahrain’s ample supplies of natural gas plant comes from the Pocos de Caldas 

and alumina from Australia. The Bahrain bauxite mines; reserves have been reported 

Government provided. incentives to the at 50 million tons. The integrated project 

$144 million smelter project, particularly also includes a 50,000-ton-per-year alumina 

by agreeing to remit profit taxes and cus- plant. 
toms duties over a 20-year period. When Cameroon, Republic of.—Completion of 

completed, the project will comprise the a dam on the Sanaga River resulted in an 
smelter, a powerhouse with a capacity of increase in production at Compagnie Ca- 

300 megawatts, a factory for the manufac- merounaise de L’Aluminium Péchiney- 

ture of anodes, and a cast house. The Ugine’s (Alucam) Edea smelter. Capacity 
ownership of Alba was reported as follows: was raised from 50,000 to 58,000 tons per 

7 Company Percent owned  Y°2": The planned installation of additional 

Bahrain Government._..___.----__-- 19.0 generators at Edea eventually will permit 

Kaiser Aluminum & Chemical Corp -_-_- 17 . 0 Alucam to increase production capacity to 
eneral Cable Corp_._-------------- . 

Westem Metals Corp__.----.-------- 8.5 61,000 tons per year. 

British Metals Corp__--------------- 17.0 Canada.—On July 13, the United Steel- 
Bretton Investments. _-.------------ 9.5 k f . . h 
Aktiebolaget Electrokopper.--------- 12.0 workers of America went on strike at the
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_ Aluminum Co. of Canada Ltd.’s (Alcan) (VAW)* doubled capacity of its Rhein- 
Kitimat smelter. The work stoppage lasted werke smelter to 99,000 tons per year. Con- | 
for 314 months and involved a production _ struction began on a third stage. to raise 
loss of approximately 120,000 tons. Because annual capacity to 154,000 tons by late 
of a decline in demand for primary alumi- 1971. oe 
num in the world market, Alcan reduced Gebrueder Giulini G.m.b.H. of Ludwig- 
the operating rates of all its Canadian  shafen, which started production in Janu- 
smelters during the year. a ary, had plans to double capacity from 

The loss of production by Alcan was 22,000 to 44,000 tons per year by 1973. 
. partially offset by an increase in output at Kaiser-Preussag Aluminium GmbH. _ = 

the Baie Comeau plant of Canadian Rey- completed the first ‘Stage of its Diisberg 
nolds Metals-Co. Ltd., formerly Canadian smelter. The 71,000-ton-per-year smelter | 
British Aluminum Co. Ltd. Capacity of the was scheduled to start production in 1971. , 
Baie Comeau smelter was increased from Construction on a second stage, which | 
115,000 to 175,000 tons per year. Reynolds would raise annual capacity to 141,000 tons 
Metals Co. acquired all of the common __ is to be completed in 1973. . | - 

. stock of the Canadian firm. Construction was nearing completion on 
Congo, Republic of _(Kinshasa).—An _Leichtmetall’s G.m.b.H. (LMG) , smelter at , 

agreement was reached between Kaiser Essen. The first. two potlines, comprising ; 
Aluminum Co. and the Democratic Repub- the initial 93,000 tons per year, were .ex- 
lic of the Congo for Kaiser to build a 77,- pected to come on stream in 1971. Con- 
000-ton-per-year smelter at Moanda. Con- struction on a third line, which would in- 
struction was expected to start late in the Crease capacity to 139,000 tons per year, is 
year and production, late in 1973. Power due for completion in 1972. co . : 
was scheduled to come from the Inga hy- Greece.—According to Péchiney, Alumin- 
droelectric project on the Congo River. Alu- ium de Gréce S.A. (ADG), a subsidiary of 

_ mina was expectéd to be supplied by Péchiney, completed expansion at its Disto- , 
Kaiser’s facilities in the Caribbean or Aus- mon smelter. Capacity was increased from 
tralia. | a 90,000 to 160,000 tons per year. | 
France.—Compagnie Péchiney and Ugine India.—The new  33,000-ton-per-year __ 

Kuhlmann, the sole producers of primary smelter of Indian Aluminium Co., Ltd. 
aluminum in France, announced the for- (Indal) , at Belgaum, which began produc- 
mation of a joint committee to assess the tion in 1969, was officially opened late in 
legal and financial conditions necessary for 1970 and reportedly was operating at ca- 
a proposed merger. The object of sucha pacity. The plant was designed to permit | 
merger would be to increase efficiency, . expansion to 110,000 tons per year. Indal — 

_ Which would be in both companies’ inter- converted about 45 percent of its 1970 
est, in order to cope with North American ingot production into sheet, extrusions, 
competition. The final decision on the re- rod, and foil for domestic consumption. 
grouping, which should be made in 1971 India’s consumption of aluminum has 
or the beginning of 1972, will entail the grown at about 13 percent per year since : 
formation of a complete primary alumi- 1950.8 Bo : 
num monopoly in France. Péchiney inter- The Bihar State authorities reportedly 
ests are strong in aluminum and copper, were considering the construction of an alu- | 
and Ugine in stainless steel, ferrochrome, mina-aluminum complex at Latehar in 
and, potentially, nickel. __ the Palaman District, based on a local. re- 

Germany, West.—Production increased serve of bauxite, containing over 50-per- 
17.2 percent over the previous year as a re- cent AlpQg3 of about 10 million tons. . 
sult of new smelter operations and expan- _Indonesia.—Showa Denko K.K., Nippon 
sions at existing plants. However, total Light Metal Co., Ltd. (NKK), and Sumi- 
consumption of aluminum increased only tomo Chemical Co., Ltd., reportedly car- 
19 percent in 1970, compared with a ried out research on the feasibility of con- 
growth rate of 27.5 and 17.3 in 1968 and Structing a 220,000-ton-per-year smelter. on 
1969, respectively. Imports of aluminum Bintan Island. According to Nippon Loei 
increased only 2.8 percent compared with Co., the Indonesian Government intended 
44.5 percent in 1969. ———— 

Vereinigte | Aluminium-Werke A.G. 5549, Nove 1s t3y0 ee Indian Smelter? No.
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to construct seven hydraulic power sta- completed in July 1971. Work on the ex- 

tions, making low-cost electrical power pansion was scheduled to start immediately 

available. Kaiser was reportedly planning after that date. The additional capacity, 

| to build an aluminum smelter in the same which should be operative in 1972, will in- 

area, and it was possible that the Japanese crease capacity to 121,000 tons per year. 

and American companies would form some Comalco and Alex Harvey Industries were 

type of cooperative arrangement. _ planning to form two companies for the 

Japan.—Despite a slowing of demand production of aluminum extrusions, using 

growth from an average of 23 percent per primary ingot from the Bluff smelter. In 

year during 1965 to 1969 to an estimated addition Comalco ‘was planning to estab- 

10 percent during 1970, primary aluminum lish semifabricating facilities at Auckland 

demand was expected to continue to ex- and at Bluff. 

| pand sharply, reaching 1.1 million tons by ‘Norway.—According to Elkem A/S, 50- 

1971 and 2.2 million tons by 1975. To percent owner of Mosjgen Aluminumverk 

meet these demands, Japanese aluminum A/S (Mosal), capacity at the Mosjgen 

companies have announced plans to ex- smelter was increased to 95,000 tons per 

: pand production facilities, year. This expansion was the first since the | 

Nippon Light Metal reported that the smelter opened, There are no further 

five leading aluminum companies in Japan major expansions planned for the Mosjgen 

have formed a new company, Okinawa smelter owing to a limited power supply 

Aluminum Co., which was expected to — and because construction of Mosal’s new 

start construction of a 55,000-ton-per-year 55,000-ton-per-year smelter at Lista was ex- 

smelter on Okinawa in 1972, to be com- pected to be completed in 1971. - 

pleted in 1974. In 1971 Nippon was to ex- Norsk Hydro is reportedly planning to 

pand its Tomakomai and Niigata smelters construct a primary aluminum smelter at 

to 143,000 and 158,000 tons per year, re- Glomfjord. The eventual capacity of the 

| spectively. Showa Denko announced that it 55,000-ton-per-year smelter will be decided 

planned to build two new primary smelt- by power availability. The plant was 

ers at Oita and Fukupama simuilta- scheduled to begin operations in 1975 or 

neously; the ultimate combined capacities 1976. 

would be 550,000 to 660,000 tons per year. According to the annual report of Brit- 

Several Japanese primary aluminum jsh Aluminium Co. Ltd. (BACO), the 
producers are studying the feasibility of es- company along with VAW, formed a joint | 

tablishing aluminum smelters in Ghana company, Vigeland Metal Refinery. A/S, 

and Indonesia. _ which operates a super-purity refinery at 

Mexico.—Mexico’s only primary alumi- Vigelands. The Vigelands refinery, which 

num smelter, Aluminio S.A. de C.V., Vera planned to raise capacity by 893 tons per 

Cruz, completed the first phase of an ex- year, reached. a record output in 1970 of 

pansion program that began in 1969. The 3,071 tons. Vigeland Metal Refinery also 

addition of 38 new cells, costing $4.6 mil- planned to arrange financing for the con- 

lion, brings the smelter’s capacity to 44,000 struction of a new hydroelectric power sta- 

tons per year. Two more phases of the ex- tion to replace the existing power station. 

pansion program include a new potroom, Philippines.—A consortium to construct 

which was expected to increase capacity to the first aluminum smelter in the Philip- 

37,000 tons per year in 1973 and 70,000 pines was expected to formally incorporate 

tons per year in 1975. early in 1971. Reportedly, Republic Flour 

A record high output of about 36,000 Mills and Reynolds International would 

short tons of primary aluminum at the each hold 40-percent equity; Hooven, 7 

plant was made possible by increased sup- percent; and the Private Development 

plies of electricity from the new Malpaso Corp. of the Philippines, 13 percent. The 

dam of the Federal Electricity Commission smelter reportedly will have a capacity of 

of the State of Chipas. - 44,000 tons per year; production would be 

New Zealand.—In August 1970, the first targeted mainly for the domestic market. 

stage of New Zealand Aluminium Smelters Domestic consumption was about 11,000 

Ltd.’s smelter at Bluff was about half fin- tons per year, but expansions planned by 

ished. The first stage, which will have a major aluminum fabricators may increase 

73,000-ton-per-year capacity, was to be demand to over 41,000 tons per year by
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1975. Estimated cost of the reduction plant United Kingdom.—The carbon-baking 
and equipment was $48 million, and ac- furnaces of BACO’s Invergordon, electrode 
cording to the Board of Investments, the plant were fired for the first time. The 
smelter will have “pioneer” status and carbon plant will use calcined petroleum 
therefore will qualify for various invest- coke from the United States for production 
ment incentives, including tax exemptions of anodes and cathodes for the 110,000- 
and tariff protection. The smelter site was ton-per-year smelter, expected to be com- 
planned for Iligan City to take advantage pleted in 1971. The smelter will have 
of port and water facilities and the power 320 cells and each cell will require 18 pre- 

| supply of National. Power Corp’s-Maria baked anodes, weighing 1,400 pounds ee 
Christina power plant. Raw materials, in- apiece. The carbon plant has a capacity of 

cluding alumina and coke, will be im- 94,000 tons per year—92,500 tons for the 
ported. | anode blocks and 1,500 tons for the cath- 

United Arab Republic—The Council of °C Hnings of tne reduenon cells. vedly. 
the Supreme Soviet ratified an agreement Ms Ostavia— mas ermany — reporea’y 

La. . granted Yugoslavia a 15-year loan for the 
providing for the construction of a 110° Construction of an aluminum smelter and: 
000-ton-per-year aluminum smelter at  ajymina plant. The 55,000-ton-per-year 
Aswan. Most of the production, which was smelter was to be located at the Adriatic 
to begin in 1973, will be exported. The port of Sibenik. The smelter was scheduled 
Soviet loan was to be repaid in the form for completion in 1973 and the. 331,000- 

| of aluminum. ton-per-year alumina plant, in 1975. 

TECHNOLOGY 

7 Technological progress in the commer- opment of a pump to circulate molten 
cial secondary aluminum industry, was re- metal appeared to be on the threshold of 
viewed in detail by the Bureau of Mines.9 successful development in 1970. 
Secrecy among competing firms in the sec- The Bureau of Mines also assessed the 
ondary aluminum industry, prior to the feasibility of using lignite in place of pe- 
1950’s was the chief cause of technological troleum coke in anodes for alumina | 
inertia in the processing, smelting, and use  electrolysis.10 Anodes made from lignite 
of secondary aluminum. Significant techno- pitch and commercial petroleum coke ex- | 
logical progress in processing and mining hibited satisfactory performance in a small 
aluminum scrap was confined largely to alumina reduction cell. However, the rate | 

the two decades between 1950 and 1970. of carbon consumption was a few percent- 
In addition to improved methods of col- age points higher than for anodes made 

lecting and handling aluminum scrap de- entirely of commercial materials, and the 
veloped during, that period, maximum ca- resistivity and compressive strength of the 
pacity of reverberatory furnaces used for experimental anodes were somewhat infe- — 
smelting aluminum scrap was increased _ rior. 
from about 30,000 pounds, to 180,000 The current efficiency of two aluminum 
pounds, which appears to be about the smelters, which utilize self-baking vertical 
maximum economic scale. The salvaging of stud soderberg electrodes, was increased 
drosses and skimmings from smelting alu- during a 5-year period from a range of 82 
minum became a universal practice in all to 85 percent to a range of 87 to 90 per- 
but the smallest operations. The first mol- cent, by changing the operating condition 
ten (hot metal) aluminum from a second- of the individual cells.11 The cell condi- 
ary smelter was shipped in 1964. Oxygen tions, which were found to have the great- 
melting to increase the speed of produc- est effect on current efficiency were the 
tion of secondary aluminum was developed = —-——— 

in 1965. 10 Commarcra Veo ote d David Schlain 
Other innovations in quality control, Anode Materials for Aiuinina “Reduction: Evalua- 

equipment ta, prevent air pollution, and ton | of rrignite 535 2 Carbon Source. BuMines ° 
nitrogen agitation to reduce metal losses ut Kent, J. H. The Attainment of High Cur- 
when melting foil or trimmings and bor-_ rent Efficiency on Aluminum Reduction Furnaces 

ings were also initiated since 1950. Devel- 2¥ 3, 1 Novenbe 8970 tn 38 - Metals, v. 22,
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need for a stationary metal pad, low oper- cells, but the fluorine compounds absorbed 

ating temperature, and a proper ridge in water scrubbing operations are difficult 

(frozen electrolyte on the walls of the to recycle. The report briefly describes a 

cathode). The report stated that no auto- patented method of passing the cell gases 

mated system to control aluminum fur- through a fluidized bed of the alumina 

naces could be envisioned in the current feed to the cell, whereby essentially all of 

state of the art that would obviate the the fluorides are recovered and recycled.15 

need for reduction cell operators with ex- One way to avoid the problem of flou- 

perience in the described control tech- ride emissions from alumina reduction cells 

niques. | was investigated on a laboratory scale by © 

According to a report, the application of the Bureau of Mines. Aluminum was de- 

the computer to control alumina reduction posited at 700° to 760° C from a molten 

cells has been attempted by most alumi- bath of aluminum, sodium, and potassium 

| num companies. Some have had _ success, chlorides.16 The small, single-compartment, 

but others have abandoned such systems.12. experimental cell was operated continu- 

The report suggests that the counterelec- ously for a period of 414 months. Anode 

tromotive force might serve as a means of current efficiencies of 83 to 85 percent were 

- early detection of anode problems. attained. Most of the problems encoun- 

The convection pattern in the electrolyte tered in the operation of the cell were as- 

of alumina reduction cells was studied by sociated with construction materials and 

| using radioactive tracers.13 Circulation internal] heating, which was required be- 

rates of up to 100 centimeters per second cause of the small size of the cell. 

were observed, and about 10 centimeters Employment of electrochemical machin- 

per second appeared to be the average ing of the cylinder bores and development 

| rate. The study indicated that the less tur- of a four-step process for coating pistons 

; bulent the convection, the lower the rate made possible the use of aluminum engine 

of reoxidation of aluminum will be, which blocks for a light, four-cylinder automo- 
decreases the current efficiency. Carbon bile, produced by the Chevrolet Division 

| particles, floating in the bath, reportedly of General Motors Corp.17 The cylinder 
increase the resistance of the bath and are walls of the cast aluminum block, contain- 

concentrated in certain areas by the ing 17 percent silicon, were electrochemi- 
convection pattern, causing uneven anode cally machined, exposing the hard wear-re- 
consumption. ° sistant silicon phase of the alloy. The 

About 30 to 40 pounds of fluorine, in pistons, which also are of cast aluminum 

| the form of gaseous compounds such as_ alloy, are given thin coatings of zinc, cop- 
hydrogen fluoride or as particulate matter, per, iron, and tin. 
are evolved from alumina reduction cells Dies W. FL Determinati € oth 

for each ton of aluminum produced. Mod- Counter Electromotive Force of Operating Alumi- 
ern plants achieve about 95-percent num Reduction Cells. J. Metals, v. 22, No. 7, 

efficiency in removing the fluorine from JOY Gothen, K.., C. Krohn, R. Naeumann, and 
the gases evolved from the cell before they K. Tgrklep. On Convection in Aluminum Reduc- 

are expelled to the atmosphere. The chem- oT), a3. 3188 SIAL” v. 1, No. 11, November 
istry of the evolution and recovery of fluor- % Cochran, C. N., W. C. Sleppy, and W. B. 
ide emissions from aluminum reduction Frank. | Fumes in erent a eT ye ND 
cells was discussed in a report.14 9, September 1970, pp. 54-57. 

Particulate matter and fluoride gases are to : eee ee ce an nericn) Cook (assigned 
removed by water scrubbers, sometimes in Gases Evolved in Producing Aluminum. U.S. 

combination with electrostatic precipitators Pat Rie be ed a, Sieton, and T. A. Sul- 
or by centrifugal precipitators, followed by _ livan. Electrowinning Aluminum From Aluminum 

water scrubbers. Materials obtained in the TO oe ones Rept. of Inv. 7353, March 
electrostatic and centrifugal precipitators 7 Patton, W. G. How Aluminum Engines Are 
can be returned directly to the electrolytic Made ton. v. 205, No. 22, May 28, 1970,
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- By Charlie Wyche? 

Domestic production of primary anti- Legislation and Government Programs. 
mony increased significantly in 1970. This. —Effective January 1, 1970, the ‘General 
resulted from record high prices and large Modification of Tariff Schedules of the 
imports of antimony-containing lead ores U.S.,” Federal Register Document 67-14749, 
and concentrates. Although prices dropped filed on December 18, 1967, reduced the 
later in the year, at yearend they were still import duty on antimony metal, TSUS No. 
more than double those at the beginning 632.02, from 1.5 cents to 1.4 cents per 
of 1969. The high price level induced re- pound, and on liquated antimony, TSUS 
opening of domestic mines, and upgrading No. 603.10, from 0.20 cents per pound 

| the deposits for salable ore. In addition, to 0.1 cent per pound. Further tariff reduc- 
companies in Idaho, Montana, Alaska, and tions are scheduled for the metal each year 
Nevada made plans for production at pre- through 1972. | 

. viously uneconomical antimony deposits. The quantity of stockpiled antimony 
Output from these deposits, added to that ayailable for disposal was exhausted in 
of the Sunshine Mining Co., increased do- 1969. However, revision of the stockpile 
mestic mune production to the highest objective by the Office of Emergency Pre- 
level since the Korean war. paredness in April from 50,500 short tons Hugh antimony prices and the decrease to 40,700 short t lted j ss 
in antimony content of storage batteries , shor hese restrited mm an Sh 
resulted in a decline in the consumption of about 6,000 short tons of antimony. The of primary antimony in 1970 compared General Services Administration proposed 
with 1969. The decrease from 11 percent legislative disposal authorization for the 
to 4 percent antimony content for the an- antimony metal in excess of the objective, 
timonial lead battery alloy also resulted in but by yearend no action had been taken 
a decrease in the output of byproduct an- by the Congress, and therefore no stockpile 
timony. — disposals occurred. 

DOMESTIC PRODUCTION 

MINE PRODUCTION some equipment to arrive on _ schedule. 
. . . Output from the new plant was expected Domestic mine production increased 17 to double pro duction 

percent over tha t of 1969 and reached the Antimony concentrates containing about highest level since 1952. Production was 63 tons of antimony were produced at the 

again confined almost entirely to the Sun- Stampede mine in Alaska. The Stibnite shine Mining Co., Coeur d’Alene district, mine, Sanders County, Mont. although : 

Idaho, where impure antimony metal was idle in 1969, started production of anti. recovered as a byproduct of processing sil- mony metal in 1970, Ranchers Exploration 
ver-lead-copper ore. Silver ores from the. " . . ; : . in Idaho, and Agau Mines in Montana Sunshine mine, ores from associated com- made plans for regular production from 

panies, and custom ores from other mills previously uneconomical antimony deposits. were the source for the metal. Sunshine’s A . ly 4 . duction i d oximately 5 pproximately 46 tons of antimony con- | 
total production increased appr Y tained in concentrates and ore was shipped 
percent above the 901 tons produced in from mines in Nevada to the Laredo, Tex. 1969. The firms new plant, scheduled to smelter , , 
start operating in January, was delayed in "i o. 
op ening until April owing to the failure of ‘als. Physical scientist, Division of Nonferrous Met- 
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Table 1.—Salient antimony statistics 
(Short tons) 

a 
1966 1967 1968 1969 1970 

United States: . | 
: 

Production: 
Primary: 

Mine____-.----------------------- 927 892 856 938 1,130 

Smelter !________-.---------------- 14,539 12,466 12,489 13,203 13,381 

Secondary___-__----------------------- . 24,258 23 , 664 23,699 23,840 21,424 

Exports of ore, metal and alloys. -_----------- 29 82 109 207 543 

Imports, general (antimony content)_____.___-- 19,712 17,419 17,343 17,032 18,654 

Consumption !_______---------------------- 19,681 17,350 18 , 520 17,843 13 , 937 

Price: New York, average cents per pound.._._ 45.75 45.75 45.75 57.57 144.19 

World: Production_______----------------------- 67,627 63 , 565 67,628 73,044 73,152 

1 Includes primary antimony content of antimonial lead produced at primary lead refineries. 

SMELTER PRODUCTION produced at lead refineries operated by 

Prim The total It tput of American Smelting and Refining Co, the 

samarys e total smelter output O° Bunker Hill Company, St. Joseph Minerals 
antimony products from primary material Corporation (formerly St. Joseph Lea d 

mn 1970 amon nted to 13,381 short tons. Co.) and United States Smelting Lead Re- 
This figure is slightly above the 13,203 finery, Inc 

tons produced in 1969. Smelter production Secon dary The antimony _ recovered 

was obtained from the following primary from secondary sources decreased from 
sources: 13 percent from domestic mine 93.840 tons in 1969 to 21,424 tons in 1970. 

production of antimony concentrale and as Secondary smelters. recovered 20,480 tons, 

a byproduct at domestic lead smelters, and primary smelters recovered 203 tons, and 

ef etal from fore antimony vd and Snanufacturers and foundries recovered the 

ead omclte “bee oduct ney vented 3 as a yemaining 741 tons. Antimony from old 

t of the oe im repr mon _ scrap represented 87 percent of the total 

On ti ° Ag mt i “Of a ent y ethe secondary output and consisted of the fol- 

| uction, ‘approximately pere ° lowing: Batteries, 68 percent; type metal, 

byproduct antimony produced at primary 20 percent; babbitt, 6 percent; and all 

lead smelters was consumed at the smelter i446, material, 6 percent, New scrap in 

in the manufacture of antimonial lead; the ip. form of resi dues and " drosses resulting 

remainder was processed to oxide. The 

types of material produced by the smelters ; ; _ 

follow: Metal, 28 percent; oxide, 62 per- Table 2.—Antimony mine production and 

cent; antimonial lead, 7 percent; ground shipments in the United States 

residue and sulfide for reprocessing, 3 per- _ (Short tons) 

cent. Antimony metal was produced by NL Antimony Antimony 

Industries, Inc., (formerly National Lead Year oncantity. Produced Shipped 

Co.) and Sunshine Mining Co. Oxide was) 9 —____————————— 

produced by American Smelting and Refin- 1966__--------- 5, 582 927 930 

ing Co., Harshaw Chemical Co., McGean 13ee- ---------- ae 302 eee 

Chemical, M & T Chemicals Inc. and NL 1969_ STTTTITITD 5, 707 938 943 

Industries. Byproduct antimonial lead was 1970_---------- _ 6,681 1,130 1,029 

Table 3.—Primary antimony produced in the United States 

(Short tons, antimony content) 

NN 

Class of material produced 
a 

Year Byproduct Total 

Metal Oxide Sulfide Residues antimonial 
ea 

NN 

1966__.-.---------------- 4,567 7,794 126 219 1,833 14,539 

1967__._----------------- 4,002 6,612 71 249 1,532 12,466 

1968__.___--------------- 3,617 6,518 133 417 1,804 12,489 

1969__._._--------------- 3,129 7,746 95 330 1,903 13,203 

1970__..----------------- 3,732 8,261 23 384 981 13,381 

er
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from manufacturing and casting totaled refining stage to meet specifications for 
2,809 tons, or 13 percent of the total sec- various antimonial lead alloys. Approxi- 
ondary smelter output. The antimony con- mately 2,465 tons of primary antimony was 
tent of scrap is usually recovered and con- used in 1970 to supplement the secondary 
sumed as antimonial lead with removal or antimony supply at secondary smelters and 
addition of antimony as required in the foundries. | 

Table 4.—Secondary antimony produced in the United States, by kind of scrap and form 
of recovery | 

- - (Short tons, antimony content) - 

Kind of scrap 1969 1970 Form of recovery 1969 1970 . 

New scrap: ot In antimonial lead 1__.__..._.__ 17,948 16,002 | 
Lead-base__.__..._......_ 2,860 2,761 In other lead alloys__.__._._.___. 5,879 5,412 
Tin-base____.._-2_______ 62 48 In tin-base alloys_____________ 13 10 

Total__._-....---.----. 2,922 2,809 Total____------------- 23,840 21,424 
———— Value (millions)___--._._. $27.4 $61.8 

Old scrap: 
Lead-base____.-...-.-.-. 20,893 18 , 596 
Tin-base_-_-__---------- 25 19 

Total. __...-----..-.-- 20,918 18,615 

Grand total___._.....-. 23,840 21,424 

1 Includes 179 tons of antimony recovered in antimonial lead from secondary sources at primary plants in 
1969 and 203 tons in 1970. 

Table 5.—Byproduct antimonial lead produced at primary lead refineries in the | 
United States 

/ . (Short tons) 

Antimony content 

Year Gross weight From From Total 
domestic foreign Fron 

ores ! ores 2 scrap Quantity Percent 

1966__.___------------- 24,059 1,417 416 286 2,119 8.8 | 
1967____._------------- 18,608 983 549 185 1,717 9.2 
1968___.-_------------- 28 ,363 1,300 504 203 2,007 7.1 
1969____--------- +--+ ee. 24,741 1,174 729 179 2,082 8.4 | 
1970____.-------------- 20 , 438 598 383 203 1,184 5.8 

1 Includes primary residues and a small quantity of antimony ore. 
2 Includes foreign base bullion and small quantities of foreign antimony ore. 

CONSUMPTION AND USES 

Industrial antimony requirements for metal and compounds declined 25 percent 
various end product uses were supplied and 19 percent, respectively, in both metal 
from both secondary and primary sources. and nonmetal products. In all categories 

Total consumption was 35,361 tons, down the requirements for antimony metal and 
considerably from the 41,683 tons con- compounds declined. Antimony metal re- 
sumec 39 ee Pameny ae com contrib: quirements, principally as an ingredient in 

—iute 937 tons fo the tota’ consumption, Jead alloys, experienced the most drastic 
and secondary antimony 21,424 tons. Pract- . . . 

os decline (22 percent) since 1958. This sharp 
ically all secondary antimony was con- decli attributed largely t educ 
sumed in the manufacture of antimonial ec ine he TI uted targely eb ar 1 
lead and other hard-lead alloys. Informa- 0M 1 the antimony content of battery al- 
tion on secondary antimony consumption  !oys. which resulted from the high anti- 
is not reported by the Bureau of Mines. mony prices during 1970. Metallurgical 

Consumption of primary antimony de- usages of primary antimony metal in bear- 

creased about 21 percent in comparison ing, type, and cable covering were also 
with 1969. Total demand for antimony down sharply.
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Table 6.—Industrial consumption of primary antimony in the United States 

. . (Short tons, antimony content) 

. Class of material consumed 

Year | . _— Byproduct Total 
Ore and Metal Oxide Sulfide Residues antimonial 

concentrate lead 

1966___.... 450 6,269 10, 829 81 219 1,833 19,681 
1967_....-- 312 5,666 9,514 77 249 1,532 17,350 
1968_._...- 299 6,561 9,368 | 75 _ 418 1,804 18 , 520 
1969... ..- 507 6,275 8,756 72 330 1,903 17,843 
1970__..--. 380 4,989 7,157 46 384 981 13 ,937 

Table 7.—Industrial consumption of primary antimony in the United States, 
by class of material produced 

(Short tons, antimony content) 

. - a = 2 : 

Product 1966 1967 1968 1969 1970 . 
a a Pi - 

re rrr 
went 

" 
. 

METAL PRODUCTS : 

Ammunition_.___--.------.---2------------ ee 154 209 156 115 102 
Antimonial lead_...__.-....------2 2 eee eee) 6, 285 5,539 6,817 - 6,723 5,246 
Bearing metal and bearings.._.____...___--_____- 731 653 755 758 481 
Cable covering___....--.-___-._ eee 164 141 178 55 38 
Castings__.-._---------------------------- eee 62 54 46 33 16 
Collapsible tubes and foil__.........--...-.. ___- 44 31 50 56 35 
Sheet and pipe. ....._.---.--------------------- 107 118 105 105 77 
Solder__._.__----------..---------------------- 155 184 255 242 286 
Type metal___.__-..-------------------------_- 515 382 423 541 220 
Other_._..--.---.-----.----------------------- 219 223 258 137 73 

Total__-.-----------------~------------- 8,436 7,534 9,043 8,765 6,574 

NONMETAL PRODUCTS 

Ammunition primers.__.._._........-_--_---____- 27 30 33 37 27 
Fireworks. _......-----.----------------------- 50 43 37 30 17 
Flameproofing chemicals and compounds________.. 3,188 3,454 2,774 2,096 1,710 

; Ceramics and glass_______-_.-.._-._...---...... 2,074 1,884 2,037 2,108 1,820 
Pigments_.____.-----.------------------------- 832 665 859 722 610 
Plastics. _.___.----------------------.--------. 2,224 1,785 2,318 2,558 1,667 
Rubber products___._._._..----2- 22 eee. 870 948 440 433 519 
Other____.--.------------ +--+ ------------ =: 1, 980 1,007 979 1,094 993 

2 rr 11,245 9,816 9,477 9,078 7,363 

Grand total__._.....--------------------. 19,681 17,350 18,520 17, 843 13 ,937 
. ee 

Ih nonmetal products, antimony con- of antimony was consumed in “other” non- 
sumption dropped about 400 tons in flame- metal products. Of this total, nearly 40 
proofing chemicals alone. Large declines in percent was used as sodium antimonate as 
antimony usage also occurred in the ce- an opacifier in enamel frit. Additionally, an- 
ramics and glass and pigment industries. timony chloride was used in a wide range 
Antimony used in nonmetal products, basi- of applications and comprised 24 percent 
cally as antimony oxide, represented 51 of the total used in “other” nonmetal 
percent of the primary antimony con- products. 
sumed. The predominant uses were as fire- The data indicate consumer resistance to 

: retardant compounds for textiles and plas- the high price level of 1970. Because of 
tics, and opacifying agents for ceramics these high prices, users were forced to seek 
and glass. In 1970 approximately 5,200 tons substitutes or supplements for antimony in 
were used, or 23 percent less than the flame retardants and antimonial lead al- 

quantity used in 1969. A total of 993 tons loys.
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| STOCKS 

Industrial stocks of primary antimony stocks of 2,973 tons were well above the 
oro: in each ee pase three Seovond. 1969 total. Stocks of residues and _ slags 

of | to a total of 8,847 tons at yearen . . ; . .. More than tripled during the year. All the largest stocks reported since 1955. This P ; s y 
increase represented a gain of 2,508 tons Other stocks except antimony sulfide were 
above the 1969 level. Ore and concentrate above the 1969 level. 

Table 8.—Industry stocks of primary antimony in the United States, December 31 
(Short tons, antimony content) 

eee 
Stocks . 1966 1967 1968 1969 1970 

Ore and concentrate... _..-----------------.-.--. 2,720. 2,469. 2,791. 2,227.-2.,978 Metal__.__-_---- ~~ eee. «1,572 1,719 1,323 1,273 1,598 Oxide___----.------- eee e----_-__. 3,093 2,704 1,921 2,053 2,932 Sulfide... 131 80 127 108 39 Residues and slags_____._______.__.________..._..___. 519 916 199 307 948 Antimonial lead ?_____.---2_22 222 531 462 265 371 357 

Total_..-.---------e-___-. 8,566 8,350 6,626 6,339 8,847 $$$ $e OO ORE 
1 Inventories from primary sources at primary lead refineries only. 

PRICES 

Prices of antimony ore, metal, and com- price had dropped to 96 cents per pound. 
pounds in early 1970 reached an alltime The free market antimony metal price was 
high, a result of short supply and high $4 per pound in early 1970 but was 90 
worldwide demand for antimony. The up-_ cents per pound at the end of 1970. Anti- 
ward trend, however, was reversed in April mony oxide was $1.70 per pound in mid- 
and prices dropped sharply with the an- year but had receded to $1 per pound at 
nounced expansion in ore supply and the yearend. 
expectation of sales from Government 
stockpiles. Antimony ore was priced at $40 Table 9.—Antimony price ranges in 1970 
per short-ton unit for 60 percent lump ore 
in the European market in early April but Price, per 
dropped to around $17 at yearend. No Type of antimony pound 

. . ° * nn ee quotation was listed for domestic ores in Domestic metal!_................. $0.96-1.76 
1970. Antimony metal on the domestic Foreign metal?____.__--_-_-______ .80-4.00 

. . Antimony trioxide3______________. .975-1.70 market was priced at $1.76 per pound in  —UURBY PROMOS rane PEO 
March 1970 and stayed at that price 1 RMM brand, f.o.b., Laredo, Tex. 

2 Duty-paid delivery, New York. through early August, but by yearend the 3 Quoted in Metals Week. 

FOREIGN TRADE 

Antimony exports in 1970 totaled 978 percent of the total. Belgium-Luxembourg, 
tons, of which 435 tons was oxide, and 543 France, and Austria received over 60 per- 
tons was in the form of metal alloys, cent of the total oxide exported. | 
scrap, and waste. The total value of Imports of various antimony materials 
$1,135,253 was approximately four times totaled 18,654 tons compared with 17,032 
the 1969 value. The oxide exported was _ tons in 1969. Imports of ore and concen- 
more than twice the 1969 total, and alone trates increased 42 percent, and metal im- 

had a value of $500,846. Of the 21 coun- ports were about 25 percent above the 
tries that imported antimony, antimony al- 1969 level. Oxide imports, however, de- 
loys, waste, and scrap, the Netherlands, clined approximately 10 percent. The Re- 
Republic of Korea, and Japan, in descend- public of South Africa was the largest ore 
ing order of importance, received over 55 and concentrate supplier with about 45
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percent of the total. Mexico, Bolivia, and the oxide, and France and Belgium sup- 

Guatemala contributed 26 percent, 15 per- plied practically all the remainder. 

cent, and 9 percent, respectively. Mexico Imports of 210 tons of alloy containing 

and the United Kingdom supplied 52 per- 83 percent or less antimony represented a 

cent of the total metal. Yugoslavia, Japan, decline of about 49 percent compared with 

Belgium-Luxembourg, and Argentina were 1969. This alloy was obtained from the 

the other significant sources in 1970. The United Kingdom, Turkey, and Japan and 
‘United Kingdom supplied 67 percent of had a total value of $460,497. 

Table 10.—U.S. imports for consumption of antimony, by countries 
a 

| | 1969 1970 . 

Year and country Short tons Short tons | Value Short tons Short tons Value 
(gross (antimony (thou- (gross (antimony (thou- 

. weight) content); sands) weight) content) sands) 

Antimony ore: 
. Bolivia___...__._---------------- 4,481 2 ,802 $1,618 3,565 2,162 $4,415. 

Canada_____-------------------- ------ won -e- wooo e- 21 qT 8 
Chile___..__-------------------- 65 52 17 96 42 70 
Colombia______------------------ ------ ~onue- _-a--- 13 5 7 
Eeuador__.___.-.---_------------  ------ aaa ene ------ 30 14 21 
Guatemala__________------------ 95 47 . 18 2,502 1,244 254 
Honduras_______._--------------- 203 81 36 981 367 151 
Merxico_________---__------------ 8,541 2,265 383 16,799 3,666 1,840 
Morocco___-_------------------- 21 8 4 112 50 124 
Peru________-------------------- 366 217 126 14 6 . 40 
South Africa, Republic of_.__.__.-_ 10,436 6,626 3,046 | 10,242 6,239 5,789 
Thailand____.___--.-------------  ------ weenee -aa--- 35 14 38 

United Kingdom___---_---------- ------ _oaeee ~----e 5 4 6 

Total___________--_______-.---. 24,158 12,098 5,248 34,415 13 , 820 12,733 

Antimony metal including needle or li- _ . 

quated: } 
Argentina. _.._-.---------------- 28 ------ 34 74 poe eee 15 
Belgium-Luxembourg-_--_---------- 218 woo ee 237 83 ~-u--- 408 
Bolivia___.___...-.--.------------ 35 ween 27 24 won uee 21 
Canada_______-.---------------- 1 wean ee 28 1 pee nee 31 

Chile___________-._.-------------  ------ ool ee a uoee 10 ween ee 43 

France___.__..------------------ +------ wanes ~oa-- 45 weo-ee 248 
Germany, West________----------- (2) ~oa-n- 8 (2) _----- 17 
Italy__..._.-----------------------  +------ wanuee- ween 58 wo nene . 181 

Japan____.---------------------- ------ --a--- a----- 95 waa--- 191 

Mexico______._-_-----.---------- 181 nua ee 97 377 weneee 565 

Netherlands_____.---.-.---------  ------ ------ ------ 34 ~----- 67 

Peru_____.-------------+---------- 14 ------ 11 ween ee ------ ~----- 

Spain. _...----------------------  ------ ------ ------ 18 ------ 65 

Switzerland_____..__.-.-.-------- 55 won -e 69 ------ ~eueee auueee 

Thailand______._----.----------- 43 _ua-ee 30 39 ~-u--- 93 

Turkey______..------------------  ------ a ------ 33 _ao--- 213 

United Kingdom____._.-..------- 269 wenuue 232 317 eeneee 942 

Yugoslavia__..__---------------- 198 neneee 166 100 wo neee 387 
a 

Total____.__.-_---------------- 1,042 (3) 939 1,308 (3) 3,547 

Antimony oxide: 7 

Belgium-Luxembourg- --_--------- 896 _oueee 786 — 258 Weel ee 1,031 

Canada_____..-_-_-_------------ 4 ~eeeee 5 ~oueee ~u-u-ee ~eoeee 

France__.__.....---------------- 846 _oeeee 755 984 -aueL- 2,669 

Germany, West______-.---------- 20 ~-- ee 15 62 _-u--e 217 

Japan_.____.---_---------------- 122 ween ee 87 75 ~ouue- 304 

Mexico______.___.--------------- 1 _u---- 1 ------ ae ~a---- 

Netherlands_______-------------- 48 ------ 39 ------ ae ~o---- 

Switzerland___..__....__._-__---.. ------ _----- _oaa-- (2) -oeeee (2) 

United Kingdom_______--.------. 2,778 - eee 2,164 2,877 ------ 5 , 802 

Total.______-_-_.------_--------- 4,715 (3) 3, 852 4,256 (3) 10,023 

1 Includes needle or liquated (value in thousands), as follows: 1969—Belgium-Luxembourg 39 tons ($33), 

United Kingdom 23 tons ($18); 1970—Belgium-Luxembourg 3 tons ($8), United Kingdom 15 tons ($46). Does 

not include alloy containing 83 percent or more of antimony. 
2 Less than )% unit. 
3 Content not reported.
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Table 11.—U.S. imports for consumption of antimony 

SS ans Ss i hs ses Pir UaPeewennneope 

Antimony ore 
—_—_—_———————_ Needle or liquated Antimony metal ! Antimony oxide 

Antimony content —————-—_—— ——§ —— ees 
Year Short —————_—————— _ Short Short S hort 

tons Value tons Value tons Value tons Value 
(gross Short (thou- (gross (thou- (gross (thou- (gross (thou- 

weight) tons sands) weight) sands) weight) sands) weight) sands) — 
eS 

1968__ 21,677 10,614 $4,145 60 $42 2,693 $2,037 4,801 $3 , 540 
1969_.- 24,158 12,098 5,248 62 «61 980 888 4,715 3,852 a 
1970__ 34,415 13 , 820 12,733 18 54 1,290 3,493 4,256 10,023 

eer ’ 

1 Does not include alloy containing 83 percent or more of antimony, as follows: 1968—Mexico 193 short tons 
($157,102), Peru 351 short tons ($230,845), United Kingdom 87 short tons ($55,894), France 24 short tons 
($14,528), Japan 59 short tons ($35,345); 1969—Mexico 200 short tons ($185,533), Peru 95 short tons 
($72,706), United Kingdom 100 short tons ($83,928), Turkey 16 short tons ($19,548); 1970—United King- 
dom 179 short tons ($378,740), Turkey 18 short tons ($50,411), Japan 13 short tons ($31,346). 

WORLD REVIEW 

The world supply-demand condition for Nuttall Holdings. Plant facilities were to 

antimony was greatly unbalanced at the be enlarged to enable it to process some 
beginning of 1970, as worldwide demand 250,000 tons of ore per year. 

continued to rise at the spectacular pace of As the year progressed consumer resist- 

1969. Demand exceeded supply in all ance developed with the result that lower, 

major consuming countries. This uneven- more normal prices prevaided. Consumers 

ness was caused primarily when mainland — curtailed purchasing and reduced invento- 

China, the Far East’s major supplier of an- ries in expectation of lower prices. Some 
timonial products, withdrew from the mar- substitution of alternate materials for anti- 

ket, and some of the eastern European mony inevitably took place as a result of 

countries turned to the West for antimony. the unusually high prices. Because of these 

This unexpected demand, coupled with factors and the reduced demand for anti- | 
the already over-extended Western sup- monial lead, output from the Republic of 

pliers’ operations, created an unprecedented South Africa and Bolivia, the main sources | 

shortage of antimony. The shortage of premium ores, declined slightly. Consoli- 

touched off heavy buying, which aggra- dated Murchison Goldfields and Develop- 

vated the situation and resulted in rapid ment Co. Ltd., South Africa, produced 

increases in antimony prices. 31,000 tons of concentrates and cobbed ore, 

High ore prices stimulated interest in compared with 32,600 tons in 1969. Pro- 
low-grade antimony deposits throughout duction in Bolivia decreased from 14,484 

the world. The Australian Antimony tons of antimony metal in 1969 to 12,724 

Corp., started extracting ore from its mine tons in 1970. Mexican production, princi- 

at Wild Cattle Creek, near Dorrigo, New pally ore for smelting at Laredo, Tex., to- 

South Wales, at a rate of 4,000 to 5,000  taled 4,925 tons, an increase of 1,368 tons 

tons per year. The Dorrigo mine was ex- from 1969 production. Spain, Italy, Mor- 

pected to have a life of about 8 years,on  occo, Thailand, and Australia also 

the basis of reserves of 530,000 tons. An increased output, but production was 

antimony expansion program was being down in Yugoslavia, Burma, Canada, and 
planned by Great Northern Corp. and _ Austria.
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Table 12.—Antimony (content of ore except as indicated): World production by countries 
(Short tons) 
a 

Country 1968 1969 1970 Pp 
ee 

North America: 
Canada 1l____._-_---------------------------------- 580 410 308 
Guatemala____._.---.----------------------------- 10 110 e100 
HMonduras____..--.-----------------------+--------- 286 125 e100 
Mexico 2_.___._._-_------------~-------------------- 3,819 3,557 4,925 
United States____......--_------------------------- 856 938 1,180 

South America: | 
Bolivia 2........-.---.----------------------------- 12 ,276 14,484 12,724 
Peru (recoverable) ?__...-_-------------------------- 900 944 660 

Kurope: 
Austria (recoverable)_____.------------------------- 715 687 672 
Czechoslovakia ¢8______.--_.------.---------------- 660 660 — 660 

' Italy_...---------------------------+--+------------- 865 1,272 1,381 
Portugal... .---___------------------------------ 55 —60 e 50 
Spain_...--.-.------------------------------------ 146 135 142 

; U.S.S.R. ¢. ee e+ + -- 7,200 7,300 7,400 
Yugoslavia (metal). __.-.--------------------------- r2,929 2,278 e 2,200 

Africa: 
. Algeria.._.._......-------------------------------- 60 66 e 60 

Morocco. ______-_--__---_---------- ee 1,336 1,551 2,175 
Asi South Africa, Republic of__._-..-.------------------- 18,514 20,080 18,841 

Sla: 

Burma ?2__. eee ee +e r61 63 50 
China, mainland e___.________-_.------------------- 718,000 13 ,000 13,000 
Japan______.-------------------------------------- 21 6 20 
Korea, South__._.-_--___-..---.--~----------------- ' 34 e 30 e 30 
Pakistan ¢._.-.__.____---.--_--- + - 93 NA NA 
Malaysia (Sarawak)_____-_------------------------- 25 43 e 40 
Thailand___..._-____-__.___-------- +--+ 223 827 2,598 
Turkey ‘____________.--__--_---------------------- (71,978 3,495 3,053 

Oceania: Australia 5___._-..._.--------------------------- 931 933 833 

| Total 6___._.__--------------------------e------- 7 67,628 73,044 73,152 
ee i As SAAS 

. © Estimate. P Preliminary. r Revised. NA Not available. , 
1 Content of smelter products. 
2 Content of antimonial lead. 
3 Figures reported in previous issues were estimated metal output, including metal derived from imported 

Turxish ores. 
4 Content of ore and concentrates. 
5 Includes antimony in lead concentrates. 
6 Totals are of listed figures only. . 

| TECHNOLOGY | 

The Material Science Division at the consisted of an inverse peritectic reaction, 
Sandia Laboratories, Livermore, Calif., two eutectic reactions, and four intermetal- 

published results of recent research con- lic compounds. The result of research on 
cerned with methods of increasing the the solidification of undercooled Pb-Sb sys- 
hardness and strength of electroformed tem was reported.4 
lead alloys.2 The study revealed that A US. patent was issued in 1970 relative 
sound, thick, lead-antimony alloys can be to a process for smelting oxide ores of an- 

obtained from fluoborate solutions, and  timony in a shaft furnace.5 The ore-coke 

that these alloys are harder and have _ ratio is substantially increased, and the 
higher tensile strengths than pure lead. rate at which the charge is consumed is 
During the study it was found that as the accelerated by supplying tuyere burners 
antimony concentration of the electrolyte with streams of fuel comprising hydrocar- 
increased, the antimony content of the de- bon fluid surrounded by high-velocity 
posited alloy also increased. The work also streams of commercially pure oxygen. 
showed that for a specific electrolyte com- 
position, an increase in current density or 2 Dini, J. W., and J. R. Helms. Electrodepos- 

decrease in temperature lowered the an- ition of Lead-Antimony Alloys. J. Electrochem. 
a P - Soc., v. 117, February 1970, pp. 269-272. 
timony concentration of the alloy deposit. “Schmidt, F. A., and O. D. McMasters. Ytt- 

An investigation was conducted of the sium Antimony Alloy System. J. Less-Common 
. . 8 . Metals, v. 21, No. 4, August 1970, pp. 415-425. 

yttrium-antimony system covering the com- ‘Powell, G. L. F., and G. A. Colligan. Met. 
plete composition range.3 An yttrium-anti-  -Trans., v. 1, No. 2, February 1970, pp. 269-272. 

. : 5 Gray, B. G. (assigned to Air Reduction Co.) 
mony phase diagram was postulated which ys, 3.547,624, Dec. 15, 1970.
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The production (shipments) of asbestos Legislation and Government Programs. 
in the United States decreased less than 1 —The Clean Air Act of 1970 required 7 
percent from the record high of 1969. The Health, Education and Welfare to publish 
continuation of the tight money market lists of hazardous air pollutants. Asbestos 
and high interest rates further depressed i 4 vaas . 7 was among the three substances named on the home building industry and lessened he fi st. In 1970 the G Servi 
the demand. for asbestos. In 1970 imports the LTSE list. “nh 19/0 the General Services 
were 93 percent of the 1969 level. Administration (GSA) reduced the govern- 

The free world’s largest producer, Can- ment inventories by disposing of 1,326 
ada, shipped 7 percent less in quantity to short tons of amosite, 2,802 tons of crocid- 
its largest market, the United States, but olite, and 654 tons of chrysotile. 
total shipments for the year were over 5 | | 
percent more than in 1969. 1 Chemist, Division of Nonmetallic Minerals. | 

Table 1.—Salient asbestos statistics 
. - . “” . . oo wee * nee ae ee EN a a a eA: 

1966 196% 1968 . 1969 1970 

United States: 
Production (sales)___....-..-short tons.. 125,928 123 ,189 120 , 690 125,936 125,314 Value__._.__.---.------thousands.. $11,056 $11,102 $10,406 $10,648 $10,696 
Exports and reexports (unmanufactured) , 

Short tons_. 46,996 47,718 41,236 36,173 46 ,585 Value____._..--.__-_-.-thousands_. $5,768 $6,025 $4,679 $4,979 $6,996 
Exports and reexports of asbestos products pT 

(value) _ -__-.-_.-.--+.----thousands__ $21,963 $23,767 $24,527 $28,188 $25,391 
Imports for consumption (unmanufactured) oO " - 

“ “short tons... 726,459 645,112 {37,909 694, 558 649 , 402 Value__.------.--------thousatids_. $73,100 $65,743 $72:980 $76,422  $751146 
Consumption, apparent!_____short tons. 805,391 720, 583 817,363 784,321 728,131 

World: Production. _____--_--._-..---do___- 3,275,262 3,207,259 3,315,303 3,640,017 3,826,238 
= - . - voy ee . ere . ra SS ea SS i 

1 Measured by quantity produced, plus imports, minus exports, 

Table 2.—Stockpile objective and Government inventories as of December 31, 1970 

(Short tons) 

Inventories 

Mineral Stockpile Defense 
objective National Supplemental Production Total 

Act 

Amosite___._....-_-----__- 40,000 11,705 50,657 --- 62 , 362 
Chrysotile_____....-.-2 2 - 13 , 700 6,174 7,378 502 14,054 

Subspecification________ --- 115 2,494 502 3,111 
Crocidolite___..._-_..______ a 1,565 41,232 --- 42,797 

195
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DOMESTIC PRODUCTION 

| United States mines produced nearly as value increased by $375,740. Quantity and 

much asbestos in 1970 as in 1969. The value of the Vermont production decreased 

value increased slightly. Only four states by 9 percent. Arizona production increased 

produced asbestos. California, with 63 per- slightly, and that in North Carolina in- 

cent, was the leader followed in order by creased by 6 percent. The largely short 

Vermont, Arizona, and North Carolina. fiber domestic production met 17 percent of 

Califomia production increased 4 per- the U.S. requirements. U.S. asbestos produc- 

cent in 1970 to 78,966 short tons, and the ers and mine sites are as follows: 

NS 

State and company County Name of mine _—‘ Type of asbestos 

aN 

Arizona: _ 
Asbestos Manufacturing Co____.... Gila_..-.------------ Phillips_.-.---------- Chrysotile. 

Jaquays Mining Corp_.-..-------- ----do_.------------- Chrysotile.......----- Do. 

Metate Asbestos Corp____--.----- ----do--------------- Lucky Seven---.------ Do. 

California: _ 
Atlas Asbestos Corp.___.-.------- Fresno_-------------- Santa Cruz-_---------- Do. 

Coalinga Asbestos Co__....-.----- ~---d0_-...----------- Coalinga___---------- Do. 

Pacific Asbestos Corp.......-----. Calaveras___.-------- Pacific Asbestos ---~.- Do. 

Union Carbide Corp._....----.--- San Benito.__.--.---- Joe No. 5_------------ Do. 

North Carolina: 
Powhatan Mining Co____.....---. Yanecey..._---------- Burnsville_----------- Anthophyllite. 

Do_____-_------------------- Jackson. __----------- Boot Hill_-.---------- Do. 

Vermont: | 
GAF___________.._._.-.-.-.----- Orleans__.....------- Lowell. ..------------ Chrysotile. 

denen 

CONSUMPTION AND USES | - 

There are literally thousands of direct gaskets, clutch facings, plastics, roofing | 

and indirect uses for asbestos, but the compounds, electrical and heat insulations, 

major portion goes to only a few applica- and textiles. 

tions. Chief among these are asbestos ce- The continued slow down in the build- 

ment building materials and asbestos ce- ing and construction industries resulted in 

ment pipe, which uses an estimated 70 an apparent consumption in 1970 that was 

percent of the world’s production.2 The only 93 percent of that in 1969. Most of 

next largest using domestic industry was the asbestos consumed was chrysotile, 

floor tile where 1970 consumption was an which accounted for more than 96 percent 

estimated 10 percent of the total U.S. pro- of the domestic consumption. Amosite, cro- 

duction. Other products using significant cidolite, and anthophyllite accounted for 

, amounts of asbestos were brake linings, the remainder. 

PRICES * 

Quoted prices for Quebec and Vermont umbia and Arizona asbestos remained 

asbestos were increased approximately 3 unchanged. 

percent effective January 1, 1970. The ine ———___— 

creases were not abnormal in an inflation- 2 Industrial Minerals (London). No. 28, Janu- 

: eos ary » p- 12. 

ary economy, but the price of British Col- 3 Asbestos. V. 51, No. 8, February 1970, p. 54.
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_ Prices for Arizona chrysotile asbestos Prices for British Columbia, Canada, 
have remained unchanged since August 1, chrysotile asbestos have remained un- 
1968. Quotations, f.o.b. Globe, were as fol- changed since January 1, 1969. Quotations, 
lows: . f.0.b. Vancouver, were as follows: 

. ° . ee TTT LTS | 

Grade Description P * short Grade Description Per short 
. on ton 

Group No. 1. Crude.__--_-._------ $1,410-1,650 AAA Nonferrous spinni . ; ween e eee pinning fiber. Can$845 Group No. 2. ----d0.------------  700- 4 AA. .------- -==-40.- = 2222-22-2----- 673 
ne oe ie lee ane -- eee ee 2 EOL Lt 5 

a Group No. 3. Nome lenis 425- 700 AC__ ue. Asbestos cement fiber_____ - 863. - ~ 

Group No. 4. Nonferrous plastic AK --2----- Shingle fiber. -.---..--.-_ ae 
. and filtering__-..-- 400-500. qg777777777 TT gg O17 

Group No. 5. Plastic and filtering___ 385— 425 CT....____.. _.. do. 211 
Group No. 6_ Refuse or shorts_._-_- 2500 AX... do............ 77 193 
Group No. 7. ~_--do_.2----------- 65- 90 CY_____.___ ___.do_.................. 136 

AY__.--.--. ----do_ 2 136 

As of January 1, 1971, Vermont chryso- _©_<———————————— 
tile asbestos, f.o.b. Morrisville, was priced Private negotiated sales are the African 

as follows: | asbestos producers’ modus operandi Be- 

__. | cause this rules out market quotations, the 
Grade Description _Per short following are averages, regardless of grade, 

ton of the values of South African imports cal- 
Group No. 8_ Spinning and filter- _ culated from U.S. Department of Com- 

ing-.----------- $366.50-393.50 = merce data: 
Group No. 4_ Shingle fiber___..__ 201.00-341.00 ° 
Group No. 5_ Paper fiber____..._. 145.00-170.00 
Group No. 6. Waste, stucco. or TTT 

plaster fiber___._- 105.00 Per short ton 
Group No. 7. Shorts and floats... 48.00-— 87.50 Type aa 

ee 1968 1969 1970 

Quotations for Canadian (Quebec) Amosite. ------- $18 $158 $160 
chrysotile, f.0.b. mine, were as follows, as of Chrysotile. ______ 194 192 198 | 

January 1, 1970: TTT 

| Figure 2 drawn from calculations on 
Grade Description Per short pertinent data,4 shows clearly that the in- 

| | ton creased demand and greater price increases 
Group No. 1 Crude. ---.------------ Can$1,525 have gone to the asbestos used in cement 
roup No, 2_ ___-do____------------ _ 

Group No. 3_ Spinning fiber____.____- 397-650 products (groups 5 7) ° 
Group No. 4_ Shingle fiber___________-_ 218-369 
Group No. 5_ Paper fiber_______..____ 157-184 —-— 

Group No: S- Waste, stucco or plaster. - 4g 95 Industrial Minerals (London). No. 28, Janu- 
—$—$$ ary 1970, pp. 9-29. 

FOREIGN TRADE 

Exports of asbestos products manufac- ciency over the 84 percent of 1969, but 

tured in the United States declined by 10 only because of lessened demand. Canada 
percent from the values of those exported provided more than 94 percent of the im- 

in 1969. ie of me near'y one hunered ports; the Republic of South Africa, a lit- 
fon ome ton halt "OE the forcian cakes tle over 4 percent; and 12 other countries, 

They were Canada (33 perc ent} West the remainder. Chrysotile, with more than 

Germany (8 percent), United Kingdom (5 96 percent, dominated the imported types. 

percent), Venezuela (4 percent), and Aus- There was a slight decrease in the value of 
tralia (3 percent) . the imported fibers. The Rhodesian values 

In 1970 the United States imported 83 in table 4 do not indicate a lifting of the 

percent of its asbestos needs. This was a 1967 embargo, but were deliveries resulting 

Statistical improvement in U.S. self-suffi- from pre-1967 sales.
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| Table 3.—U.S. exports and reexports of asbestos and asbestos products 
ng 

1969 1970 
Product —— 

. Quantity Value Quantity Value 
(thousands) (thousands) 

Ss nnn LEE 

EXPORTS 

Unmanufactured: 
Crude and spinning fibers___.--.------short tons- - 1,419 $314 4,300 $930 

Nonspinning fibers_.__-------------------do-_~- 14,407 2,274 12,477 1,961 

Waste and refuse_____.-_..---------------do---- 18 , 696 2,038 21,458 2,449 

Total....._---------------------------d0o.--
- 34,522 4,626 38 ,235 5,340 

Products: 
_eeaeaeananananaqaoaoaaoaoaaeeeSSSSSEEE—Tacvr

ooeo 

Gaskets and packing_____.----------------do---- 2,519 6,917 2,546 6,964 

Brake linings. ._.-_.-._---_--------------do---- 4,519 6 , 804 3,787 5,576 

Clutch facings, including linings - _ ---~-.--number_--_ 3,749,035 2,966 2,557,694 1,926 

Textiles and yarn__.--_.-------------short tons-- 4,402 2,420 3,733 2,368 

‘Shingles and clapboard.___-_--------------do---- 8 , 606 1,599 8,356 1,659 

Articles of asbestos cement___._-----------do---- 5,120 1,779 3,440 1,202 

Manufactures, N.e.C__-.------------------------- CNA 5,678 NA 5,605 

Total___.____-__---------------------------
- eee 28,158 _..... 25,300 

REEXPORTS 
SS 

Unmanufactured: 
Crude and spinning fibers____._-..----short tons_- 589 122 7,441 1,511 

Nonspinning fibers. __._____----.---.------do---- 1,062 231 _ 99 138 

Waste and refuse_________-_-_-_.._-.-.------do--_- ----- _---- 110 q 

Total_._.____-..-_--------------------do-~-
- 1,651 353 8,350 1,656 

Products: 
Gaskets and packing_._-.-----------------do---- 3 4 15 21 

Brake linings_____..__-.-----------------do--.- weone a 6 8 

Clutch facings, including linings. _ ~~. ----number-- 2,281 2 5,196 5 

Textiles and yarn___..-..------------short tons-- a ~---- 43 19 

Shingles and clapboard_____---------------do---- 72 14 42, 13 

Articles of asbestos cement._-__.----.-----do_--- poe wo--e 16 22 

Manufactures, n.e.c___..__-.--------------------- NA 5 NA 3 

Total_____-_-____-_----_--_-------------------
- -onee 25 --o-e 91 

eee 

NA Not available. 

Table 4.—U.S imports for consumption of asbestos (unmanufactured), 

by classes and countries 

Crude (includ- Textile fiber All other Total 

. - ing blue fiber) 
Year and country ee 

Short Value Short Value Short Value Short Value 
tons (thou- tons (thou-. tons (thou- tons (thou- 

sands) sands) sands) sands) 
rN
 

1969 
Angola......-------------------  ----- ~---- ----- ~---- 62 $5 62 $5 

Canada___.-------------------- 2,851 $393 15,974 $5,928 636,606 64,438 655,431 70,759 

Finland._.__..----_------------- 1,277 61 _-L-- woo-e 4,958 280 6,235 341 

France_._____---.-------------- 30 4 ----- wa--- ae wauee 30 4 

Italy___..---------------------- 1 (4) wenee ~-o-- 1 2 2 2 

Malta and Gozo_____------------ ----- a ----e ~-o-e 1 2 1 2 

Mozambique___-..-------------- 55 8 LLL. ~--ee 217 18 272 26 

Portugal. ___------------------- 20 1 --.-. -~---- 395 35 415 36 

South Africa, Republic of_...----. 28,026 4,774 ----- ~ouee 1,664 321 29,690 5,095 

Southern Africa, n.e.c_.-.-.------ 245 48 ~oeee ae ~o--- ae 245 48 

United Kingdom. _-------------- 31 5 Lue ----- 265 11 296 16 

Yugoslavia___------------------ 280 9 LLL -eoee 1,599 79 1,879 88 

Total. ...------------
----_32,816 5,303 15,974 5,928 645,768 65,191 694,558 76, 422 

1970 
Canada________--_------------- 80 4 15,398 5,657 597,832 64,104 613,310 69,765 

Finland. ________--------.-------  ----- -u--e an ~ouee 4,141 276 4,141 276 

Germany, West. _.-------------- ----- ----- ----- ~---- 65 11 65 11 

India__.__-__---__------------. 0 ----- 00 eee eee ree 5 (1) 5 (1) 

Italy__.-_----------------------  ----- ----- 2 3 2 1 4 4 

Mexico__.____-__-_---_---_--------- ----- won-e a ----- 100 20 100 20 

Mozambique.____.---------------  ----- eoeee wees ----- 70 8 70 8 

Norway..---------------------- ----- ----- ----- _eeee 132 10 132 10 

Portugal___.__-----------------  ----- ~---- ----- _ouee 231 16 231 16 

Rhodesia, Southern._..----------  ----- -u--- ----- ~-- Le 200 101 200 101 

South Africa, Republic of.__._._.-._ 23,788 4,158 85 18 2,855 568 26,728 4,744 

Southern Africa, n.e.c__..-------- 110 22 -o--e ----- ae ae 110 22 

United Kingdom_--------------- 90 19 211 36 5 1 306 56 

Yugoslavia ___-_----------------  ----- week 1,488 43 2,512 70 4,000 113 

Total......-.-----_------ 24,068 4,203 17,184 5,757 608,150 65,186 649,402 75,146 
nm 

1 Less than 4 unit.
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Table 5.—U.S. imports for consumption of asbestos from specified countries, by grades 
(Short tons) 

1969 1970 
Grade TT — 

Canada Republic of Canada Southern Republic of 
South Africa Rhodesia South Africa 

Chrysotile . 
Crudes________-.-.-.-----.- 2,851 2,850 80 = 591 
Spinning fibers.___..._.--..- 15,974 --- 15,398 --- 85 
All other_____.-____---- _-- 636 ,606 1,664 597 , 832 200 2,855 

Crocidolite (blue)____..._-..--.- --- 10,558 a eee 8,936. an 
Amosite_.__...___-____ -____---. --- 14,618 --- --- 14,261 

Total___-____________ ee 655,431 29,690 613,310 200 26,728 
eee ee ne ens A eS TL SSS) east 

WORLD REVIEW 

Two trade journals5 forecast a possible throughout the world attest that the ex- 

worldwide asbestos shortage by 1974, and a porting countries foresee greater markets 
third says that the new capacity being and that many importing countries hope 
readied will just meet increased demand in to become self-sufficient. _ 
the Western world during the next 2 ~*Mining Journal. V. 274, No. 2025, Apr. 10, 
years. 1970, p. 309. . 

; Engineering Mining Journal. V. 171, No. 5, 
Accelerated exploration, development May. i970, P- 11. KV. 10 No. 24 "7 

and modernization of asbestos properties 1963” p. 113. Week. V. 106, No. 24, June 17, 

Table 6.—Asbestos: World production, by countries 1 | 

. (Short tons) 

eee 

Country 1968 1969 1970 p 
eet . 

North America: ; 
Canada (sales)__-._-.----__---------------.-------_--.. 1,509,699 1,576,876 1,663 ,355 
United States (sold or used by producers) ______-_.._.____ 120,690 125,936 125,314 

Latin America: 
Argentina.__--.---.----------- 2-2 eee 381 — 859 e 350 
Bolivia__-_._--.----.---.--- ~~~ eee 1 eoeee ~---- 
Brazil__.-_---.---.---.--.------ eee 4,806 9,981 14,330 

Europe: 
Bulgaria_....----...---.--2- eee. r2,800 3,100 e 3,900 
Finland ?_ --_--.---------------eeeeeeeee 14,484 15,487 15,019 
France____------------------------2 eee 551 e 550 —& 50 
Italy__--------------------2-- eee 114,020 124 , 039 130, 747 
Portugal. __.--.-----------2- eee r 94 224 200 
U.S.S.R.¢__.---.---------- eee 900, 000 1,100,000 1,150,000 
Yugoslavia. .-------.------------- eee 11,456 12,634 13 ,342 

Africa: 
Mozambique. ____-___..--.----- eee 132 868 NA 
Rhodesia, Southern ¢___..._..------___- eee 95,000 88 ,000 88 , 000 
South Africa, Republic of_._....._--_-___-2_2.- Le 260,531 284 , 588 316 , 822 
Swaziland.__....----_.--_------ 22 --eeee ee 42,946 43 , 086 e 43,100 
United Arab Republic_____._.--.---.- 2 2-2 ee 2,868 enue ----- 

Asia: 
China, mainland ¢___.__._.__--------2--. 2 2 eee 170 , 000 180,000 190,000 
Cyprus___-_.....------ eee 21,293 28 , 927 28 ,253 
India____----.--.-------------- ee eeee 9,992 10,734 10,840 
Japan.____-..---- eee 24,251 23,148 23 , 576 
Korea, Republic of (South)__._..--.-__-.--._--_-.-___--_- 3,650 6,515 1,513 
Philippines. ____....-..22222 eee 35 49 1,337 
Taiwan_____-.----- 2 eee 1,323 3,396 3,133 
Turkey____-_..---- 2-2 eee 3,905 5,698 1,857 

Oceania: Australia__........_-_.---__-_--_-_----- eee 895 822 e 700 

Total__---------- eee ------- 3,815,308 3,640,017 3,826,238 

e Estimate. P Preliminary. r Revised. NA Not available. 
1 In addition to the countries listed, Czechoslovakia, North Korea, and Romania also produce asbestos, but 

information is insufficient to make reliable estimates of output levels. 
2 Includes asbestos flour.
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Australia—Plant construction, mine planning a Can$57 to $87 million financ- 

preparation, and personnel recruitment are ing program to develop its property near 
all well underway at the new Pacific As- Amos, Quebec, where drilling indicates re- 
bestos site at Barraba. Full operation at a serves of 105 million short tons. 
rate of 70,000 tons per year of chrysotile (2) McAdams Mining Corporation is 
fibers should be accomplished this year. An making plans for developing its property 
anticipated 100,000 tons per year should at Chibougamou in northwest Quebec. 

| come by the end of 2 years’ operation. (3) Ascope Exploration Ltd. is explor- 
There are 27 million tons of proven ore ing its find at Val d’Or, Quebec, adjacent 
reserves with a potential of 90 million tons to the Abitibi property. . 
within the lease boundaries.? (4) Cassiar Asbestos Corp. Ltd. and 
Hammersley Iron Pty. Ltd. is investigat-  Kutchko Creek Asbestos Co. are exploring . 

ing the feasibility of reactivating the croci- their joint property at Kutchko Creek 
dolite property at Wittenoom. southeast of Cassiar in British Columbia. 
Bolivia—Under a United Nations Devel- (5) Golden Gate Exploration Co. is ex- 

opment Program, the Bolivian crocidolite amining the Rex property at Haines Junc- 
mines will become steadily rather than tion, Yukon. 
sporadically operated. Pilot plant studies Colombia.—Nicolet Industries has a 70- 

: have been promising, and an experimental percent share of the chrysotile mine near 
plant with the capacity to produce 1,500 Medellin now under development. The 
tons per year of fiber is being erected at production is scheduled to reach 40,000 to 
Cochabamba. | 70,000 tons annually starting in 1972. 
Canada.—Sales by Canadian producers South Africa, Republic of —The Repub- 

increased by 5 percent from 1969 to lic of South Africa remained solidly in 
1,663,355 short tons. A similar increase this third place among world producers with 

| year would come near to accomplishing a an 11 percent increase in production to 
. national goal of 1.77 million tons annually 316,822 short tons per year. _ 

by 1971. | U.S.S.R.—The US.S.R. remained second 
| The Asbestos Corp. Ltd. has a unique only to Canada in production and exports — 

solution to some of the problems attendant of asbestos fibers and shares title of the 
to having a mine within 300 miles of the No. 1 consumer with the United States. 
arctic circle. The mine, Asbestos Hill on Data from the Soviet Ministry of Foreign . 

| the Ungava peninsula, has 20 million tons Trade for the 3-year period 1966-68 show 
of proven ore reserves, but has been shut a considerable export market; about two- 

| down for 3 years because of high milling thirds of its customers are in the West. 
costs. The solution is to mine just 7 The data show a lessening of the annual 
months a year, do only partial milling and _increase of exports from 11 to 10 percent, 
drying at mine-site, and complete the and a projection of the ‘data suggests that 
processing at a new plant under construc- asbestos exports will be near 400,000 short 
tion at Nordenham, West Germany. tons in 1970. This is about one-third of 
There are a least five new chrysotile de- the estimated 1.2 million short tons of pro- 

posits under active exploration or develop- duction. 

ment P lanning in Canada: . os : _tNorthern Miner (Toronto). V. 10, No. 8 (1) Abitibi Asbestos Mining Ltd. is May 14, 1970, p.10. co" 

Table 7.—Canada: Shipments 1 of asbestos, by grades 
(Short tons) 

| Grade 1966 1967 1968 1969 1970 

Quebec milled group: _ | 
3 (spinning) 2._._---.------------------ 28,716 25,391 32,248 29,291 24,648 
4 (shingle) __._.------------------------ 371,887 336 , 568 335, 807 326,146 341,723 
5 (paper)_.---------------------------- 190,278 185,450 193 ,446 204,208 223 , 535 
6 (stucco)____-..----------------------. 229,426 244,021 255,648 242,126 261,564 
7 (refuse)__..-------------------------- 512,030 490 , 087 542,124 539,413 515,872 
8 (sand)__-._-------------------------- 8,706 7,149 3,037 2,023 1,793 

Newfoundland, Ontario, and British Columbia_ 138 ,288 154,345 147,389 233 , 669 294 ,220 

Total____.._.----------------------- 1,479,281 1,448,011 1,509,699 1,576,876 1,663,355 

1 Includes tonnage for own use. . 

2 Includes crude No. 1, No. 2, and other. 

Source: Dominion Bureau of Statistics.
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TECHNOLOGY 

The technological event that has possi- general purpose, reflective coating to cover 
bilities of having the greatest impact on metal, wood, or concrete with a handsome 
the asbestos industry happened in the glass aluminum-impregnated protective coating 
industry and wasn’t announced until early good for 15 to 20 years. The coating is six 
in 1971.8 Great Britain’s Fiberglass, Ltd., to eight times the thickness of ordinary 
in association with British National Re- paint and contains asphalt and long fi- 
search and Development Corp. and the _ bered asbestos as well as the aluminum. 
British Building Research Station have de- The asbestos industry has begun to an- co 

7 veloped a glass fiber that resists alkali. swer some of the widely distributed state- 
The fibers, still available only in very ments about the health hazards posed to 

limited quantities, would, if company ex- the general public by the manufacture and 
pectations are met, become a replacement use of asbestos and  asbestos-based 
for asbestos in reinforcing portland ce- products.2 Eight leading asbestos products 
ment. They even visualize lengths of up to manufacturers in the United States have — 
4 inches eventually replacing the steel now organized the Asbestos Information 
used for’ reinforcement. Association/North America (AIA/NA) . The 

Until much more information on costs basic objectives of AIA/NA are to (1) pro- 
and applicability is available, judgment vide an authoritative channel of communi- 
will have to be reserved on the glass fibers’ cation, (2) publicly rebut irresponsible 
effect on the asbestos industry. If, however, and uninformed criticism, and (3) dissemi- 
there is even limited success in the con- nate information on the uses of asbestos in 
struction industry, the glass fibers may our modern technological society. 
help alleviate the potential mid 1970’s as _ ss | . 
bestos shortage. 8 Chemical Week. V. 108, No. 3, Jan. 20, 1971, 

| Monsanto has developed a new, low cost, P's "Abestos. V. 52, No. 10, April 1971, pp. 2-3.





 Barit 

By Frank B. Fulkerson * 

Domestic barite sold or used in 1970 to- one of the principal mines, and a drop in 
taled 854,000 short tons, the lowest since demand for barite by consuming indus- 
1965 -and a decrease of 21 percent. from tries. Imports of crude barite increased 15 

1969. ‘The decline was due to an increase percent to 7 06,009 tons. 

in barite imports, a strike that shut down 

DOMESTIC PRODUCTION 

Barite was mined by open pit and un- net Cove, Ark., was interrupted by a strike. 
_ derground methods in seven States in 1970. Ground and crushed barite was pro- 

Production in Missouri, Arkansas, Nevada, ‘duced in nine States; output was down 10 
and Alaska accounted for nearly 85 percent percent from 1969. Leading producing 
of the total output. Missouri, despite lower States were Louisiana and Texas (from 
output, regained its position as the largest imported barite) and Arkansas and Mis- 
barite producer after yielding this ranking souri (from domestic barite) . 
to Nevada in 1969. Production from the Na- “VIndustry economist, Divisi oN talli 
tional Lead Co., Baroid Div., mine at Mag- Minerals. “¥ economist, Miviston OF Nonmerame 

Table 1.—Salient barite and barium-chemical statistics | | 
(Thousand short tons and thousand dollars) 

Barite (primary); 
Mine or plant production______._..- 1,007 944 NA NA NA 
Sold or used by producers. ._..-.-_- 947 962 - 1927 1,077 854 

Value__.._-.---.--------4---- $11,259 $11,604  1$13,706 $15, 753 $12,800 
Imports for consumption. .-_-.----- 699 532 663 614 706 

Value____-------------------- $5, 764 $4,655 $5,666 $5,549 $6,314 

Consumption ?__..........-._- -_ - 1,417 1,371 NA NA NA 
Ground and crushed sold by producers_ -__ 1,209 1,144 1,266 1,537 1,888 

Value____....-.----.-.---------.. $80,641 $28 , 754 $30 , 563 $37,297 $34,294 
Barium chemicals sold by producers_ .__- 133 118 136 r 130 105 

Value__..---------------.---..--. $19,109 $16 ,283 $18,811 $19,101 $16,961 
World: Production__._.....----.---..------ 4,068 3,933 3,769 4,235 4,221 
"Revised. NA Notavailable aa 

1 Data not comparable to previous years. 
2 Includes some witherite. . 

Table 2.—Barite (primary) sold or used 
by producers in the United States by States 

(Thousand short tons and thousand dollars) 

1969 1970 

State Quan- Quan- 
tity Value tity Value 

Alaska_......2 W WwW 134 $835 
Arkansas.__._ 210 $4,616 168 . $3,721 
California___-_- WwW WwW WwW WwW 
Georgia_...... 124 8,116 WwW WwW 
Missouri___... 304 4,220 280 3,555 
Nevada_____.. $820 2,275 192 1,455 
Tennessee_-____ 16 295 19 286 
Undistributed 103 1,229 112 2,949 

Total!.. 1,077 15,758 854 12,800 
W Withheld to avoid disclosing individual com- 

pany confidential data, included with undistributed. 
1 Data may not add to totals shown hecause of in- 

dependent rounding. 

205
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CONSUMPTION AND USES 

Most of the ground barite produced in ical Works, St. Louis, Mo.; Ozark Smelting 
the United States was used as a weighting & Mining Co., Coffeyville, Kans.; PPG 
agent in oil and gas-well drilling muds. Industries, Inc., Chemical Division, New 
Barite demand for this use decreased in Martinsville, W. Va.; and Sherwin-Williams 

1970 owing to a decline in drilling activity. Co., Ashtabula, Ohio. Chicago Copper & 

_ Except for ground and crushed barite re- Chemical Co., a producer of black ash and 
quired in the rubber industry, where it barium carbonate, suspended operations 
was wee - a ae, demand in all major 4, d went out of business in 1970. 

uses decree snarP ly: . Among the many uses for barium chemi- 
Producers of barium chemicals from bar- . . | 

. . 4 _ cals, barium chloride was used for case 
ite included the following: J. T. Baker hardening ; d steel ducin 
Chemical Co., Phillipsburg, N.J.; Cheme- “4@7Ccning Jron ane steel, procucing magne- 
tron Corp., Huntington, W. Va.; Chemical ‘ium metal, and treating water; barium 
Products Corp., Cartersville, Ga.; Chicago carbonate was | used in making glass, ce- 
Copper & Chemical Co., Blue Island, Ill; | ramic glazes, and enamels; and barium hy- 
The Great Western Sugar Co., Johnstown, droxide was added to ceramic products 
Colo.; Inorganic Chemicals Division, FMC and lubricating oils and was used in. the 
Corp., Modesto, Calif.; Mallinckrodt Chem- process of refining sugar beets. . 

Table 3.—Ground and crushed barite sold by producers 1 

1968 1969 1970 

Use 2 Percent Percent Percent 
Short tons of total Short tons of total Short tons of total 

Barium chemicals 3____..__._ 175,830 13 177,570 11 146 ,038 10 
Glass__.__.-.----.--------- 71,770 5 72,706 5 49,642 4 
Filler or extender: 

Paint_._........-.-_.-- 60,894 4 52,306 3 43,919 3 
Rubber_____.--_------- 41,639 3 14,177 1 25,489 2 
Other filler... _. NA (4) (4) 

Well drilling. ............... 1,006,418 13 1,235,229 17 1,118,973 %9 
Other uses___...---..--.---- 20 , 907 2 52, 754 3 24,565 2 

Total. -_------------- 1,377,458 100 1,604, 742° 100 1,408 , 626 100. 

NA Not available. 
1 Includes imported barite. : 
2 Uses reported by producers of ground and crushed barite, except for barium chemicals. 
3 Quantities reported by consumers. 
4 Included with other uses to avoid disclosing individual company confidential data. 

Table 4.—Barium chemicals produced and used or sold by producers 1 in the 
United States in 1970 

Produced Sold or used by producers 
Chemical Plants (short 2 ———————______—_—_- 

tons) Short tons Value 

Barium carbonate_____.--_-_-_ ~~~ 7 61,833 52,489 $5,956,411 
Other barium chemicals ?_.______._______.._.______- (3) 57,001 52,546 11,004,975 

Total 4__.2_ 2 9 118 , 834 105,035 16,961,386 

1 Only data reported by barium chemical producers that consume barite (primary) are included. 
2 Includes barium acetate, black ash, blanc fixe, chloride, hydroxide, lithopone, nitrate, oxide, peroxide, and 

other compounds for which separate data may not be revealed. 
3 Barium acetate, 1 plant; black ash, 1; blanc fixe, 3; chloride, 3; hydroxide, 4; lithopone, 1; nitrate, 1; oxide, 

1; and peroxide 1. 
4A plant producing more than 1 product is counted only once in arriving at total. 

PRICES 

: Prices of crude and ground barite gener- _ not necessarily reflect actual transactions. 
ally are negotiated between buyer and Quoted prices for chemical grade and 
seller. Prices of barite published in trade drilling-mud-grade ground barite and im- 
journals serve as a general guide and do ported crude barite increased in July.
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Table 5.—Price quotations for crude and ground barite in 1970 

Price per 
Item ton 

Chemical grade, f.o.b. shipping point, carload lots, short ton: 
Hand picked, 95 percent BaSO,, 1 percent iron___.._____.____________._..__.......... $20-—$23 . 50 Water ground, 99.5 percent BaSO., 325 mesh, 50-pound bags___..--------.------__-_.. 45-78 

Drilling-mud grade, f.o.b. shipping point, carload lots: 83-93 percent BaSO,, 3-12 percent iron, 
specific gravity 4.20—4.30, ground, short ton___..___._.______._.__...__................ 31-36 

Imported, 4.20-4.30 specific gravity, crude, bulk, c.i.f. gulf ports, long ton.__...._--._....__. 16-20 

Source: Engineering and Mining Journal. 

FOREIGN TRADE 

Principal countries receiving barite ex- Table 6.—U.S. exports of lithopone 
ports from the United States were Singa-_§_©£<————————__————_____—_- 

. . . Value pore, Indonesia, Canada, and Saudi Arabia. Year Short tons (thousands) 
en Rn The tonnage was exported through the 1968._............ 1,800 $281 

following customs districts: 1969____-_-.-.-... 1,086 300 
1970__.- 2-2 1,541 523 

Quantity Value Lr 
Customs district (short tons) (thousands) . 

New Orleans_.~.__..- 32 ,323 $1,100 Table 7.~U.S. i i Juneau____........ 17.115 205 ble 7 he tne for consumption | 
Detroit.._____.___- 6,507 241 of barite, by countries 
Galveston__..---.-- 5, 050 183 - (Thousand short tons and thousand dollars) Other___..1______- 1,548 97 ee | 

_ Oe, rR e—v——oaoo 1969 1970 
Total_____.__ 62 , 538 1,826 Type and eee 

. | . country Quan- Quan- . 
Imports of crude barite for consumption tity Value tity Value 

° . i ee TT in 1970 totaled 706,000 tons, up 15 percent Crude barite: 
from 1969 imports. The growing economic Algeria..--.. 9 5 $65 --. eee 
advantage of foreign crude ore is reflected Brazil. - an 107 914 "383778 
by the increase in imports and the de- Greece. “=== Ba 533 56 558 
crease in domestic production; also, a Italy 227.59 836 203 1, aie 
strike that shut down a domestic mine Mexico- ----- 121 949 | 132 1, 108 
from September to December significantly Peru 27.88 966 170 1,680 , 
affected output. The imported barite en- Turkey_----. 11 W020 --- ene 
tered the United States through the fol- Total_.... 614 5,549 706 6,314 

lowing customs districts: New Orleans, La., . [SSS 
. Ground barite: 49 percent; Port Arthur, Tex., 22 percent; Canada... 991 1 36 

Laredo, Tex., 20 percent; Houston, Tex., 7 France. ~H--- e 5 (*) 10 
percent; and El. Paso and Galveston, Tex., MYowwnec ne Nae seoee 
2 percent. Ireland was the principal source Total....-. 2 234 1 46 
of imports, followed by Peru and Mexico. 1 Less than 1% unit. 

Table 8.—U.S. imports for consumption of barium chemicals 
nN 

Blanc fixe . . 
Lithopone (precipitated Barium chloride Barium hydroxide 

barium sulfate) 
Year ee - _ — 

Value Value Value Value 
Short (thou- Short (thou- Short (thou- Short (thou- 
tons sands) tons sands) tons tonds) tons sands) 

1968..-..2222 2 LLL 246 $37 2,783 $397 1,418 $149 --- ~-- 
1969_.2---2 lee 261 40 2,705 399 1,083 118 r37 F $2 
1970__.2 ee 87 19 2,866 495 1,558 166 --- -~-- 

Barium carbonate, Other barium 
Barium nitrate precipitated compounds 

. Value Value Value 
Short (thou- Short (thou- Short (thou- 
tons sands) tons sands) tons sands) 

1968... 222-2 710 $103 656 $43 415 $151 
1969... 22. 1,085 144 887 70 944 381 
1970... 2022 786 118 1,416 117 525 258 

ee 
SSS Sr sire yess ese 

t Revised.
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Table 9.—U.S. imports for consumption 
of crude, unground, and crushed 

or ground witherite 

Crude, unground Crushed or ground 

Year Value Value 
Short (thou- Short (thou- 
tons sands) tons sands) 

1968_...... 2,029 $59 25 $17 
1969_____. 392 15 67 7 
1970___.-. ----- --- 182 35 

LL 

. WORLD REVIEW 

Increased oil-well drifling in the Far ments were being made to this area from 

East, particularly in Malaysia and Indone- Australia, the United States, and other 

sia, led to greater démand for barite. Ship- _ countries. 

Table 10.—Barite: World production, by countries 
, (Short tons) a 

ER 

- Country ! 1968 1969 1970 p 
i 

North America: 
Canada____._---------------------------- 188,059 143 ,230 236 , 000 
Mexico____._._-._..-----.------- +--+ 271, 762 195, 022 351,738 
United States 2__._.___.---- ~~~ ------- 926 , 729 1,077,208 854,132 

South America: 
Argentina. __._..--.-..------------------- r 26,670 29,751 e 30,000 

. Brazil__.___...-.--.-..--------.---------- 47,472 pr 51,800 e 28,200 
Chile. _______-...----.------------------- 4,053 8,824 4,760 

'  Colombia___...------..-----------.-.----- r7,716 13,494 7,519 

. Peru__._--------- eee eee t 37,875 164,067 148 ,295 
Europe: 

Austria__.-...-.--.---.------------------ 1,610 780 347 
Czechoslovakia °._____....-.---.-.-------.- r7,200 r 7,700 8,300 
France__.__..-.---.-----..---.----------- 100,235 Pp 104, 700 e 104, 700 

Germany, East e______....-.-------------- r 33,000 r 33,000 33,000 . 
Germany, West___.....-----.------------- tr 467,011 A482 , 282 454,798 

Greece 3___. ee ------ ------- r 72,787 r 91,647 59, 707 
Treland__.....-_..------------------------ r 149,050 176 , 926 e 177,000 
Italy__...__....------.--.---------------- 224 , 849 268 ,213 245,882 
Poland ¢..._....--------~-------2--------- r 52,000 r 55,000 55,000 
Portugal__....-.-------------~----------- 353 119 AT4 
Romania ¢._...._...---.------------------ r 61,000 r 110,000 128,400 
Spain.___-----,--------------------------- 66 , 736 70,130 e 70,000 
U.S.S.R. e_ y+ ----e r 290,000 r 310,000 330,000 
United Kingdom 4________-_-___----------- r 33,000 20,000 e 20,000 
Yugoslavia. -~....------------------------- 77,642 89,850 e 94,000 

Africa: / 
Algeria §__/._.._.--..-.-.------------------ 49 , 587 57,000 56 ,927 ; 
Kenya___/_..-------.--.----------------- r 386 479 493 
Moroceo_/. .__--.----.-------------------- 86,157 95,835 93 ,421 
South Africa, Republic of__.-....----------- 572 3,872 3,219 
Swaziland -__ -__....----------------------- 979 629 e 660 

Asi United Arab Republic____.__..-----.-------- 411 e 440 e 440 
ia: 
Burma_________-_--...-------------------- 19,921 10,696 12,100 
China, mainland e. ________---------------- r 132,000 r 154,000 165,000 
India____..._-_-._____..------------------ 57,009 57,094 79,281 
Tran. .__---_-----______.-----.----------- r 58,774 64,616 66 , 380 
Japan_____-..__---.---------------------- 65,152 68 , 506 72,950 
Korea, North e_____.____-_---..------------ F 132,000 r 132,000 132 ,000 
Korea, Republic of__._....-.-------------- 6 wee uannee wee eee eee 
Pakistan___._.____-_____.---_-----.-------- 11,416 er §,500 e 6,600 
Thailand___________________-------------- o-oo eee ween ueeee 18,177 
Turkey_______....-.___.-_---------------- t 24,475 36 , 458 32,013 

Oceania: Australia_....____..-.-_-------------- t 43,854 44,309 e 44,000 

Total____..___-__-__----.---------------- 3,769,008 t 4,235,127 4,220,913 
ns 

e Estimate. P Preliminary. r Revised. 
1In addition to the countries listed, Bulgaria, Philippines, and Southern Rhodesia also produce barite, but 

available information is inadequate to make reliable estimates of output levels. 
2 Sold or used by producers. 
3 Barite concentrates; total crude output reported as follows in short tons: 1968, 207,234; 1969, 260,097; 

1970, 151,000 (estimate). 
4 Includes witherite. 

9, Ground barite; total crude output reported as follows in short tons: 1968, not available; 1969, 45,258; 

1970, 80,906.
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A comprehensive review of the world grinding plant of Iran Magcobar Co. south 
barite industry was published.2 of Teheran.4 
Australia—To meet the demand from Singapore.—IMC Drilling Mud, Inc., was 

local and overseas markets, South Austra- constructing a barite grinding plant with a 
lian Barytes Ltd., which operates the Ora- capacity of 40,000 tons per year on a 314 
parinna open pit mine in the Flinders acre site in Jurong Township. Grinding 
Ranges, was expanding the capacity of its operations were to be based initially on 
grinding plant at Quorn about 100 miles  barite produced in Thailand. The ground 
from Port Augusta. The company also barite was to be sold to the drilling indus- | 

_ planned. to develop a barite deposit at In- — try in the Far East.5 soe os oe 
verway in the Northern Territory.’ Thailand.—A barite deposit in the Tha- 
Iran.—Sogemiran S.A., a subsidiary of a Sala district of the southern province of 

Belgian firm Société Générale des Minerais, Songkla was acquired by Endeavor Oil NL. 
operated a 250-metric-ton-per-day lead-bar- The company planned to begin mining by 
ite flotation mill and an open pit mine open pit methods at an initial rate of 
and was developing an underground mine. 20,000 tons per year. The ore would be 
The operation is in north central Iran. shipped to Singapore, where Endeavor pro- 
Barite concentrate was trucked to the posed to establish a grinding mill.¢ 

WORLD RESERVES | 

The Geological Survey (USGS) pub- Nevada and Arkansas were said to be 
lished an appraisal of world barite reserves. good.7 
The United States reserves were estimated ~2]ndqustrial Minerals (London). The World’s 

to be 83 million tons, over 40 percent of Barite Industry. No. 32, May 1970, PR. 15-27. M | 
the reported world reserves of 204 million j979"5. 93,0 (London). No. 32, May 
tons. According to the report, geologic fac- 16. World Mining. V. 6, No. 4, April 1970, p. 

tors suggest that world barite reserves can 5 Industrial Minerals. (London). No. 32, May 
be increased in coming years to meet the 1970, p. 45. tM: 1S (L 

growing requirements. Possibilities for dis-  emne ign papas (London). No. 39, De- 
covery of new barite deposits similar to R " Brobst, Donald A. Barite: World Production, | 

° ° eserves, an uture rospects. eol. urve the large high grade bedded deposits of — puit 1381, 1970, 46 pp. Pe y 

Table 11.—World reserves of barite, by countries : 
(Million short tons) 

Country Reserves Country Reserves 

North America: Africa: 
Canada.____.-----.-.---.-..2-_-__- 5 Algeria__.._.---..2- 2-2 - eile 12 
Mexico__...-------.-------------- 4 Morocco-_-_-_~_.------------------- 
United States__...-.-------------- 83 Liberia____...-----------------.-- 2 

——————_ South Africa, Republic of_._....___- 3 
Total__...-.-...--------------- 92 Other_____-_--------------------- 3 

South America: Total___..--------.------------ 20 
Brazil_.__......--.--.- 22... .- 3 —_—_—_—__= 

Chile____..---------------------- 3 Asia: 
Other... 2 ee 2 China, mainland_____......_._.._- 10 

——_—_—— Tran. ...------------------------ 3 
Total__....------ ~~ 8 Japan__.._--. 2-2 3 

——— Korea: 
Europe: North__._..---2--2 22 3 

Bulgaria __-._...------------------ 5 South___.---------222---- ee. 3 
Czechoslovakia-__...---.----------- 2 Pakistan ____....-------------.-.- 2 

France__.........-------- 2+. - 4 Thailand. ___._-_--.--2-- 8 
Germany: Turkey_____..-.-----.-.---.------ 4 

East__.....-..--------------- 3 Other_____----------- 1 
West__.._------------ +e 7 ——_—__—— 

Greece. .____.-------------------- 4 Total___.--- eee 32 
Treland_____-_....---------------- 3 Oceania: Australia__..............._._- 5 
Italy... ee 5 —_—_—_—_ 

Poland..__._-----------..-------- 2 Grand total__................... 204 
Romania _-____..-.---...---------- 2 
U.S.S.R.------------------------- 3 
United Kingdom_-—_____.--.-__..-- 2 
Yugoslavia___..- 22-22 3 
Other......-..------------------- 2 

Total___..--2-..--------------- 47 

$$$ 
‘Source: U.S. Geological Survey.
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TECHNOLOGY 

Alaska Barite Co. operated an underwa- hoist, and an air compressor. The ore was 

ter barite mine in Duncan Canal, Ku- blasted, recovered by a crane with a special 

preanof Island, southeastern Alaska. Ore digging bucket, and loaded into barges for 

being mined was in 20 feet of water. A spe- transfer to a small island nearby, where 

cial mining barge 130 feet long and 50 feet the ore was crushed and screened. The op- 
wide carried the drilling and excavating eration was located in a shrimp, salmon, 
equipment. The barge was equipped with and crab harvesting area. Precautions were 
six anchor lines and winches capable of being taken against pollution and environ- 
overcoming the 4 to 5 knot currents pre- mental damage.® 
vailing in the area. The drilling unit con- 
sisted of a structural tower with a 40-foot ® Stevens, Joseph F. Mining the Alaska Seas. 

drill mast, a pneumatic drill, a large tugger eee. Industry, v. 5, No. 11, November 1970, pp.



Bauxit aUuxiTe | | 

By Horace F. Kurtz ! 

World bauxite production increased 10 minum content basis, this production com- 
percent to 57 million tons in 1970, more _ prised only 10 percent of the new supply of 
than twice the production of a decade ago. aluminous raw materials, which includes im- 
New alumina production capacity was ports of bauxite and alumina. 
added or planned in many countries, and Legislation and Government Programs. 
international shipments of alumina contin- —Excess bauxite and fused aluminum 
ued a rapidly rising trend. United States oxide in the national stockpile were avail- 
imports of both bauxite and alumina able for commercial sale or exchange for 
reached record levels. Domestic mine pro- items in deficit in the stockpile. Approxi- 
duction of bauxite rose to its highest level mately 126,000 tons of bauxite were sold in 
since World War II: however, on an alu- 1970. 

Table 1.—Salient bauxite statistics | 
(Thousand long tons and thousand dollars) 

ne ne er ery errs 
United States: | | 

Production, crude ore (dry equivalent)______.______ 1,796 1,654 1,665 1,843 2,082 Value___.- 2-2. $20,095 $19,079 $28,752 $25,725 $80,070 Exports (as shipped)_______________._.__. 62 2 7 5 3 Imports for consumption !______._..______..._.__. 11,529 11,594 10,976 12,160 12,620 Consumption (dry equivalent)._...._______....____. 14,084 14,503 14,097 15,580 15,646 World: Production__._____.._-_.___.___.._._..____. 40,041 43,889 45,256 51,803 57 , 072 
1 Includes bauxite imported for Government account. Import figures for Jamaica, Haiti, and Dominican . Republic were adjusted by the Bureau of Mines to dry equivalent. Other bauxite imports, which are virtually all dried, are on an as-shipped basis. Excludes bauxite imported into the Virgin Islands. 

DOMESTIC PRODUCTION 

The production of bauxite in the Mining Co., and A. P. Green in Barbour 
United States increased 13 percent to over 2 County, and by Harbison-Walker Refracto- 
million long tons (dry equivalent) in ries Co., A. P. Green, and General Refrac- 
1970. Approximately 90 percent of the pro- tories Co. in Henry County. Wilson-Snead, 
duction was mined in Arkansas and most Eufaula Bauxite, Harbison-Walker, and A. 
of the remainder in Alabama. P. Green also operated processing plants in 

In Arkansas, Aluminum Co. of America Alabama. 
(Alcoa) , Reynolds Mining Corp., American American Cyanamid, the only producer 
Cyanamid Co., and A. P. Green Refracto- in Georgia, mined and dried bauxite in 
ries Co. operated mines in Saline County Sumter County. 
and American Cyanamid produced in Pu- During the year, Reynolds took large 
laski County. Bauxite processing plants samples of its laterite resources in the 
were operated by American Cyanamid, A. P. Northwest for test purposes. The material 
Green, Porocel Corp., and Stauffer Chemi- —— 
cal Co. A Bureau of Mines report de- ‘Industry economist, Division of Nonferrous 
scribed the bauxite industry in Arkansas.2 oo Stoud, Raymond B., Robert H. Arndt, Frank 

In Alabama, bauxite was mined by Wil- B. Fulkerson, and W. G. Diamond. Mineral Re- 
son-Snead Mining Co., Eufaula Bauxite Bull, 645. 1969, 418 aes of Arkansas. BuMines 

211
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Table 2.—Mine production of bauxite and shipments from mines and processing 

plants to consumers in the United States 
(Thousand long tons and thousand dollars) 

. Mine production Shipments from mines and 
processing plants to consumers 

State and year 
ana 

. Crude Dry Value ! As Dry Value ! 
equivalent shipped equivalent 

Alabama and Georgia: 
1966________..---.--------------

 102 78 $656 85 82 $1,108 

. 1967____-__---.-.---------+------
 108 83 810 85 84 1,236 

1968____._____._.---.------------
 110 83 694 74 69 898 

1969_______....-.--------.
------ 117 88 1,020 an 19 1,324 

1970 2_______.-.__-_-------------- 270 213 3,778 149 161 3,299 , 

Arkansas: . 
1966____..._--..----------------

 2,060 1,718 19 ,439 1,891 1,636 19 , 788 

1967___------=-------------
----- 1,943 1,571 18,269 2,022 1,742 21,343 

1968___...-._.---..------.-
------ 1,961 1,582 23,058 1,962 1,680 25,349 

1969____---.-.------------------
 2,116 1,755 24,706 2,044 1, 765 26,304 

1970________---.--.-------------
- 2,251 1,869 26,293 2,194 1,917 29 ,049 

Total United States: 3 
1966_________-_-----------------

 2,162 1,796 20,095 1,976 1,718 20,896 

1967_.______-_-.----------
------ 2,051 1,654 19 ,079 2,107 1,826 22,579 

1968_.__-____-..-----------
----- 2,071 1,665 23, 752 2,036 1,749 26 , 247 

1969____.._.-__-.---------------
 2,233 1,843 25,725 - 2,116 1,844 27,628 

1970 2___________.--.----.------- 2,522 —2,082 30,070 2,343 2,078 32 ,348 

| 
1 Computed from selling prices and values assigned by producers and from estimates of the Bureau of Mines. 

2 Includes data for Oregon and Washington. . 

3 Data may not add to totals shown because of independent rounding. 

Table 3.—Recovery of dried, calcined, and The eight alumina plants in the conti- 

activated bauxite in the United States nental United States, located in four 

(Thousand long tons) southern States, and the plant in the Vir- 
ne A

 e 
° e 

Total processed gin Islands had a combined production of 

Crude bauxite recovered ! 793 million short tons in 1970, down 1.5 

Year tr ore Ns. Dry percent from 1969. The total included 6.74 

recovered equivalent million tons of calcined alumina, 417,000 

1966..........-- 202 117 157. +‘tons of commercial alumina trihydrate, 

1967 ~----------- 228 128 167 and 66,000 tons of tabular and activated 

1969... .......- 288 108 158 alumina. Shipments of alumina and alumi- 

1970____-------- 428 259 348 num oxide products totaled 7.0 million 

a wane 
1 Dried, calcined, and activated bauxite. tons. About 6.49 million tons went to the 

‘ned j hi ; d aluminum industry, and the remainder was 

Col abia Co Was ington, Marion, ai shipped to the chemical, ceramic, refractory, 

~ Columbia ounties, Ore. and Cowlitz abrasive, and other industries. 

County, Wash. 

Table 4.—Percent of domestic bauxite Table 5.—Production of alumina in the 

shipments, by silica content United States 
— TT (Thousand short tons) 

Si0e (percent) 1966 1967 1968 1969 1970 
_ pis (percent) ee 
Less than 8. a 19 a 15 15 19 Total 

rom 8 to lo-_-_- 55 o4 Year Calcined Other ——H-W——— 

Morethan 15... 30 23 32 30 27 alumina alumina! As Calcined 

I 
produced 2 equivalent 

International Minerals & Chemicals 1960.... 3,873 915 4,088 4,026 

Corp. purchased the Eufaula Bauxite Min- 1961.__._ 3,688 221 3,909 3 , B44 

; . * 1962____ 4,389 260 4,649 ; 

ing Co. and planned to increase its capac- 49631... 4799 363 5’ 062 4987 

ity to produce bauxite and bauxitic clays 1964_-.. 5,279 299 5,577 5,493 

for the refractory and chemical industries. 1388 - 777 2» 338 326 2 Be 105 

C-E Minerals, a division of Combustion 1967_--- 6,153 352 6, 505 6 , 392 

: : : 1968_ __- 6,051 391 6, , 
Engineering, Inc., announced that it waS 1969.... 6.920 A14 7.334 7.214 

adding to its bauxite and kaolin calcining 1970---- 6,748 483 7,227 7,080 
Tot. --- 0) ee 

plant at Andersonville, Ga., and that an- 1 Trihydrate, activated, tabular and other alumi- 

nual capacity would be increased to _ nas. 
250,000 tons 2 Data may not add to totals shown because of 

? ° independent rounding.
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During the year, Alcoa was expanding August, but all damage was repaired by 
its alumina plant at Point Comfort, Tex. the end of the year. 
On completion in mid-1971, the plant will Alcoa’s new plant near Fort Meade, Fla., 
have an annual capacity of over 1 million was put into operation to produce alumi- . 
tons. Harvey Aluminum, Inc., began work num fluoride and synthetic cryolite from a 

late in the year on expanding its plant at byproduct of phosphate fertilizer produc- 
St. Croix, Virgin Islands, and preparing it tion. Kaiser Aluminum & Chemical Corp. 
to use bauxite from Boké, Guinea. The began construction at Gramercy, La., to 
Corpus Christi, Tex., alumina plant of double its aluminum fluoride capacity to 
Reynolds was damaged by a hurricane in 60,000 tons per year by mid-1971. _ 

| CONSUMPTION AND USES 

The major bauxite-consuming industries creased use of high-alumina refractories to : 
in the United States used about the same meet higher temperature requirements of 

quantities of bauxite in 1970 as the pre- the pyroprocessing industries was verified 
vious year. Nearly 88 percent of the 15.6 in a study of refractories consumption.3 
million tons of bauxite consumed was im- | , 

ported ore and about 70 percent was in Table 7.—Crude and processed bauxite 
crude or partially dried form. , consumed in the United States in 1970 | 
Alumina production accounted for 9 (Thousand long tons, dry equivalent) 

percent of the total bauxite consumption. : 
An average of 2.07 long tons (dry basis) ———Fype. Domestic Foreign Total? 
of bauxite was required to produce 1 short origin origin | 
ton (calcined basis) of alumina, Twenty- | §£—————————__________ 
seven prima aluminum plants in the Crude__-___.-.-- 1,731 9,297 11,028 : om Pamary Plants in the ined 2222222077 21 31847 «3,869 | 
United States consumed 7.6 million tons of Activated... 33... 33 

calcined alumina. _ Caleined__~--_--- 154 563 717 

The refractory industry used 370,000 Total’... 1,940 18,707 15,646 
tons. (dry basis) of bauxite. Most of the =§©£——~———______________ 
material was calcined bauxite and 84 per- |} Data may not add to totals shown because of | 
cent was imported. The trend toward in- ™4ependent rounding. 

All of the 253,000 tons (dry basis) of | 
Table 6.—Bauxite consumed in the bauxite used in the manufacture of abra- | 

United States, by industries sives was imported calcined bauxite. Data 
(Thousand long tons, dry equivalent) on the abrasives industry included bauxite 

fused and crushed in Canada since much 

Year andindustry Domestic Foreign Total! of this material is made into abrasive 
wheels and coated products in the United 

| 19% lumina... 1,749—«12,825 14,574 «tates. | 
Abrasive 2____ "WwW OBA 3 254 About 307,000 tons (dry basis) of dried, 
Chemical - . _ _ 140 177 318 i acti bauxi i Refractory. __ 5g 308 366 calcined, and activated bauxite was used by 

: Other. _.___- 29 40 69 the chemical industry in 1970. Other con- 
Total 12... 1.976 13.605. 15,539 sumers of bauxite, in descending order of 

—————  ##$mMagnitude, included the cement, oil and 
1970: . : ci ‘Alumina____. 1,718 12,936 14,653 82% and steel industries, and municipal 

Abrasive +_—-- ~------ 253 253 waterworks. American Cyanamid §an- 
emical _ _ _ _ 4161 4208 307 : Refractory... 60 310 379  mounced the construction of new alum 

Other___.__- WwW Ww 68 plants at Escanaba, Mich., and De Ridder, 

Total 12... 1,940 13,707 15,646 La. In 1969, the production of aluminum 

Cts fate, aluminum chloride, and aluminum 

W Withheld to avoid disclosing individual company _ fluoride were increased 5, 8, and 3 percent, 
confidential data, included with “Other.” res ectivel 

1 Data may not add to totals shown because of P y- 
independent rounding. oo : 

2Includes consumption by Canadian abrasive ® Kusler, David J., and Robert G. Clarke. Im- 
industry. . pact of Changing Technology on _ Refractories 

3 Excludes domestic. Consumption. BuMines Inf. Circ. 8494, 1970, 68 
4 Includes other uses. pp.
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Table 8.—Production and shipments of selected aluminum salts 
in the United States in 1969 

| (Thousand short tons and thousand dollars) Oo - 

Total shipments 
Number including interplant 

Item of Production transfers 
producing — 

oa plants Quantity Value . 
— / (thousand) 

Aluminum sulfate: . 
Commercial (17 percent AleO3)______.__--..-------- — 63 1,244 1,202 $49 ,479 
Municipal (17 percent Al2O3)_-___ ------------------ 3 5 xX xx 
Iron-free (17 percent AleO3)__..____...------------- 19 71 46 2,944 

Aluminum chloride: 
Liquid (82° Be). ---22----22ecctececceescoe - 4 24 10 905 
Crystal (82° Be)________.....--------------------- . 
Anhydrous (100 percent AlCl] 3).________--_---------- 5 40 37 10,313 

Aluminum fluoride, technical___-_._-..-.--------------- 6 143 143 28,161 
Aluminum hydroxide, trihydrate (100 percent Al2O3.8H20) - qT 326 - 345 21,988 
Other inorganic aluminum compounds !_____.=---.------ xX .©.¢ xX 18 ,383 

. Total________------------------ eee bee xx XX | XxX 132,178 

XX Not applicable. | | | 
1 Includes sodium aluminate, light aluminum hydroxide, cryolite, and alums. 

Source: Data are based upon Bureau of the Census report Form MA-28E.1, Annual Report on Shipments 
and.Production of Inorganic Chemicals. _ . ; . 

an STOCKS 

' Inventories of bauxite at mines, process- = . Table 9.—Stocks of bauxite in the 
ing plants, and consumers increased 8 per- United States 1 

cent. Stocks of refractory-grade bauxite had | (Thousand long tons, dry equivalent) 
the greatest proportional increase. The ) . 

| only change in Government stocks of baux- Sector Dec. 81, Dee. 31, 
ite was the disposal of 2,487 long tons of 1969 ~~ ~=1970 
calcined refractory-grade bauxite; however, ©<§_ _———————_________________- 

123,529 long dry tons of metal-grade Suri- Producers and processors_ _ - - t 878 930 
23,52 § Y . Bt . Consumers____.....-..----- 12,078 2,256 

nam-type bauxite was committed for dis- ? 
posal. Government___..----------- 17,021 17,017 

Stocks of alumina and related products Total......_.......-. 19,977 20,203 
at plants producing alumina and alumi- © ———WWW———. 
num rose from 839,000 short tons at the r Revised. it hauxit de. dried. cal 

1 Domestic and foreign bauxite; crude, dried, cal- 
end of 1969 to 1,047,000 tons on December ed, activated; all grades. 

31, 1970. . 

PRICES 

According to Oil, Paint and Drug Re plants was estimated at $14.49 per long 
porter, the price of bauxite in bulk form dry ton. In December 1970, Engineering 
at mines ranged from $7 to $10 per ton, and Mining Journal published the follow- 
unchanged from the previous year. The ing prices, unchanged from the previous 
Bureau of Mines estimated that the value December, on special grades of bauxite, 
of crude, undried, domestic bauxite ship-  f.0.b. cars, Atlantic ports, per long ton: 
ments, f.o.b. mine or plant, averaged 
$11.88 per long” ton in 1970. The average — tmported, calcined, crushed: 
value of domestic dried bauxite shipments Abrasive grade, G725 percent 

. . minimum Al203;, penalties for was estimated at $13.29 per ton. The aver SiOz content over 7 percent... $35.80-36.30 

age value of imported bauxite at the port Refractory grade: ALO 39.55 
: 87.75 percent minimum Al2O3__ _ --- : of shipment _was $11.96 per ton (dry 88 percent minimum Al,O;, 

equivalent weight) for undried and dried ; super calcined. sqrovnrre 43.05 
‘ : mported dried, crushed: bauxite and $34.59 per ton for calcined Chemical grade, 60.25 percent 

bauxite. The average value of imported Al203, 6 percent SiOz, 1.25 5 90-16.90 
bauxite consumed at domestic alumina percent FeO: (approximately)- 19. ,
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The average value of calcined alumina, making aluminum, was $0.0299 per pound 
as determined from producer reports, was at port of shipment, while the average 
$0.0339 per pound, the same as the preced- value of exports of alumina was $0.0354 
ing year. The average value of imported per pound. 
alumina, classified as alumina for use in | 

Table 10.—Market quotations on alumina and aluminum compounds 
eee 

Compounds Dec. 29, 1969 Dec. 30, 1970 
. . . ee 2 a. a . . : . oe . - . - - _— err reer - = . ee 

Alumina, calcined, bags, carlots, works____._.._ -per pound._ $0.0530-0.0555 $0.0570—0.0585 Aluminum hydrate, heavy, bags, carlots, freight equalized__per pound _ .0400 . 0420-0 .0435 Aluminum sulfate, commercial, ground, bags, carlots, works, freight 
equalized______-_____-_-.__-_----.-----2--___-____per ton__ 58.25 62.25 Aluminum sulfate, iron-free, bags, carlots, works, freight equalized 

. per ton_-_ 83.05 83 .05-87.05 . 
TT 

Source: Oil, Paint and Drug Reporter. 

Table 11.—Average value of U.S. exports 
| and imports of bauxite 1 

(Per long ton) a 

Average value 
Type and country port of shipment 

1969 1970 —_—- A 

_ Exports: Bauxite and bauxite 
concentrate____..__....._.__. $86.47 $74.74 

Imports: . 
Crude and dried: 

- Australia__._ 2 5.31 4.91 
Dominican Republic 2_ __ 16.05 16.88 
Germany, West_________ 9.00 ______ 
Greece____-__--_______ 8.09 10.14 
Guinea____.._.______.. 1°4.09 4.52 
Guyana___-__________ 9.15 9.84 
Haiti ?_---.-2 2 __. «18.55 10.02 

St Jamaica 2______._____._ 15.85 12.99 
Surinam___.________ | 9.61 10.59 
Trinidad and Tobago____ 9.00 ______ 
Venezuela______________ 9.05 9.30 

Average.__-4 ________ 718.25 11.96 
Calcined: 3 

Canada____......_.__.. 38.02 19.07 
Guyana________________ 80.46 34.77 
Surinam. _.___...__._.._ 27.36 32.63 a 
Trinidad and Tobago____  ______ 11.97 
Venezuela_........___..  _.__.. 35.20 . 

Average_____________ 30.09 34.59 ee ee 
t Revised. 
1 Includes the value of material brought into the 

Virgin Islands from Australia and Guinea. . 2 Dry equivalent tons adjusted by the Bureau of 
Mines used in computation. 

3 For refractory use. 

Note: Bauxite is not subject to an ad valorem 
rate of duty and the average values reported may be 
arbitrary for accountancy between allied firms. Conse- . quently, the data do not necessarily reflect market 
values in the country of origin. 

FOREIGN TRADE 

Bauxite exports diminished to only 3,279 Canada; 27 percent to the U.S.S.R.; 13 per- 
tons in 1970. Canada and West Germany cent to Norway; 13 percent to Ghana; 6 
were the principal recipients. Exports of percent to Mexico; 3 percent to Venezuela; 
alumina increased 8 percent to 1,224,000 2 percent to Hungary; and the remaining 
tons, including 165,000 tons exported to 4 percent to 50 other countries. 
Norway from the Virgin Islands. About 32 Exports of aluminum hydroxide were in- 
percent of the alumina was shipped to creased 56 percent to 41,000 tons, valued at
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$4.9 million. Shipments to Sweden, Mexico, calcined bauxite, and alumina imported 

and Canada accounted for 88 percent of for making aluminum continued suspended 

| the total. Aluminum sulfate exports rose throughout the year. Under the “Kennedy 

44 percent to about 18,000 tons, valued at round” trade agreements, the duty rates — 

$578,000. Nearly two-thirds of the alumi- were lowered on January 1, 1970, to 20 

num sulfate was sent to Venezuela. Exports cents per long ton on crude bauxite, 22 

of artificial corundum are given in the Ab- cents per long ton on calcined bauxite, — 

rasive Materials chapter. Exports classified and 0.17 cents per pound on alumina. Alu- 

as “other aluminum compounds” totaled mina and aluminum hydroxide imported 

about 17,000 tons and were valued at $5.8 for uses other than making aluminum was 

million. | dutiable at 0.17 cents per pound through- 

The duties on crude and dried bauxite, out the year. 

Table 12.—U.S. imports for consumption of bauxite (crude and dried) by countries 1 

(Thousand long tons and thousand dollars) 

1968 1969 1970 | 

Country ee 
_” 

—_Qtaantity Value Quantity _Value__ Quantity Vie _ 
Dominican Republic. ___-------------- 783 $11,615 918 $14,738 910 $15,363 

Greece____________- eee eee eee ene ween coer eee reer ees 77737775 58 588 

Guyana______----------------------- 390 3,532 333 3,048 317 3,118 

Haiti____________-_-_---------------- 399 4,286 599 8,119 617 6,183 

Jamaica_________-__----------------- 6,385 92 ,257 7,132 109,461 7,503 97,500 

Surinam_________-_-_----------------- 2,865 27,216 2,816 27,070 2,923 30,969 

Venezuela____________--------------- 107 957 r 318 r 2,899 276 2,560 

Other countries___._.--..-..---------- AT 365 44 304 16 81 

ne 

Total_______.--_-------------- 10,976 140 ,228 112,160 +*165,639 12 ,620 156 ,362 

r Revised. 
i Official Bureau of the Census data for Jamaican, Haitian, and Dominican Republic bauxite have been 

converted to dry equivalent by deducting 13.6 percent free moisture for Jamaican and Haitian and 17.7 percent 

for Dominican Republic in 1968; in 1969 and 1970, Jamaican is 16 percent, Haitian 12.5 percent, and Dominican 

Republic 17.7 percent. Other imports, which are virtually all dried, are on as-shipped basis. 

Note: Excludes bauxite imported into the Virgin Islands: 1968—247,000 tons from Australia, 389,000 

from Guinea; 1969—69,000 from Australia, 435,000 from Guinea; 1970—235,000 from Australia, 506,000 from 

uinea. , 

Table 13.—U.S. imports for consumption of bauxite (calcined) by countries 

(Thousand long tons and thousand dollars) 

1966 1967 1968 1969 1970 

Country SE —eeeeeFeFeFseefFfFfFhFfFea 

Quantity Quantity Quantity Quantity Quantity 

Guyana. ___.---------------------------------- 145 157 177 175 237 

Surinam_________--_--.------------------------ 
39 48 30 25 16 

. Trinidad and Tobago. ___----------------------- 20 9 _____L--.) -------- 1 

Other countries_._____.._----------------------- (4) (1) (4) (1) 2 
NAN 

Total_________-_------------------------- 
204 214 207 200 256 

Value___________-_-----+--- +--+ ---------- $6,005 $6 ,283 $6 , 309 $6,017 $8 , 852 

1 Less than 14 unit. 

Table 14.—U.S. imports for consumption of alumina for use in producing aluminum, 

by countries 1 

(Thousand short tons and thousand dollars) 
1969 1970 

Country Fe 
Quantity Value Quantity Value 

Australia_.__.____-____---------------------------
------- 1,310 $70,029 1,185 $66,278 

France._____________-__------------- eee  n nner ~eee eee 37 1,902 

Germany, West________----------------------------------0 -rrrer tr 18 1,403 

Greece.________-_-_-_---------- +--+ nee een err rre wo eee 27 1,230 

Guyana________---------------------------- = ---------20- rrr rg _ oe eee 38 2,379 

Jamaica.________-_----_---------------------------------- 
104 6,955 868 55,866 

Japan____._-__------------------------------------------ 
68 4,098 36 3,357 

Leeward and Windward Islands__-_------------------------- 25 1,859 _------ ~------- 

Surinam_______-_---------------------------------------- 
403 23,189 346 20,122 

Other countries________-.---------------------------------- 
2 903 _------ -------- 
nnn 

Total_.....__-------------------------------------- 
1,912 106,333 2,555 152 , 537 

1 Excludes shipments from Virgin Islands to continental United States.
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Imports of crude, dried, and partially through the Galveston district; 15 percent 
dried bauxite into the United States (in- through the Mobile district; and 6 percent 
cluding the Virgin Islands) increased 6 at St. Croix, Virgin Islands. Imports of cal- 
percent to 13,361,000 tons, valued at $160  cined bauxite, mainly from Guyana, rose 
million, in 1970. Most of the increase came 28 percent. 
from Jamaica which provided 56 percent Imports of alumina for use in making 
of the imports. Shipments from other aluminum established a record high level 
major sources were relatively unchanged: of over 2.5 million tons. Although Aus- 
Surinam supplied 22 percent of the total; tralia remained the largest source of im- _ Dominican Republic, 7 percent; Haiti, 5 ported alumina, shipments from Jamaica 
percent; Guinea, 4 percent; and Guyana, 2 were increased eightfold. Imports of alumi- 
percent. Another 2 percent shipped from num hydroxide and other oxides not clas- 
Venezuela was probably all mined in Guy- sified as “for use in making aluminum” in- 
ana. By customs districts, 44 percent of the creased to 24,387 short tons. Canada again 

. crude and dried bauxite entered through — supplied 84 percent of the total, and seven 
the New Orleans district; 32 percent other countries shared the remainder. 

| WORLD REVIEW 

The total bauxite production of the 27 creased nearly 1.5 million tons and _to- 
producing countries throughout the world gether accounted for 37 percent of the 
rose 10 percent or over 5 million long tons world output, Large increases in produc-. 

_ in 1970, The largest gains were made in tion also were achieved in Indonesia, 
Jamaica and Australia, each of which in- India, and Greece. | 

| Table 15.—Bauxite: World production by countries | 
(Thousand long tons) . 

Country ! . 1968 1969 1970 > 

North America: United States ?___....._.__.-.-._-_- 2 1--------4-_--------_. 1,665 1,843 2,082 
Latin America: , Brazil_.__._..-..-2..------------------_-_____- 309 e348 490 

Dominican Republic (shipments) 2_________.___.._________.__.____.____. r979 1,076 1,050 
Guyana ?____ 22 e 3,663 4,238 ° 4,490 
Haiti 3_._ 2 eee r 439 654 621 
Jamaica ?____.____..-.-.-- 2 ---- =e ™8,391 10;333 11,820 
Surinam__________-..--22 2. 5,569 5,364 £5,257 

Europe: 
France___....-_.-----_--------.----------------------------------.-. 2,670 2,729 2,945 
Germany, West____...-..-.--.--___-_____.--_______--__._-___________- 3 3 _----- 
Greece. ___-_.-- -.------ eee eee --------------- 71,807. 1,886 2,242 
Hungary--___------.---.-------- +2 e eee eee 1,928 1,904 1,990 Italy~__-_--.----------2---- oe eee eee een eeeeeee-eee BIB 216 221 
Romania ¢______...-_---- eee 20 r 49 108 
Spain. ___---- eee 6 5; e5 
U.S.S.R.¢ 4. eee 4,900 *4,900 4,900 
Yugoslavia__.._.__..-.. 2222 ewe 2,089 2,094 2,066 

Africa: . 
Ghana__-_______2_- eee 280 265 (292 
Guinea ________ 22-2 eee eee ------------------. 2,084 2,420 ¢ 2,600 
Mozambique_____________...-__-______...-._____._.___._____...-.____. 3 4 7 
Sierra Leone. __.._.____..___._-_____-_--.------------___._--_..-..... r 463 447 433 

Asia: . 
China, mainland e BL eee eee 374 443 492 
India______-___- eee eee 922 976 1,338 
Indonesia____.-_.-_-.---. eee 865 753 1,210 
Malaysia (West Malaysia)___.____..________.______._________.___...__. 786 1,056 1,121 
Pakistan ___...-...-._.- 22. __---__---_--- ~~. 1 2 1 
Turkey____._. 222-2222 eee ee 1 50 

Oceania: Australia____..___...____________.__..____.____.______.....__.._. r4,877 7,799 9,241 

Total__.__-_--_ 2.2 45,256 51,803 57,072 eee EE DD’ 
e Estimate. » Preliminary. * Revised. _. 1 In addition to the countries listed, Southern Rhodesia may have continued to produce bauxite during the 

period covered by this table, but no information on bauxite mining activities, if any, are available since 1965. 
2 Dry bauxite equivalent of crude ore. 
3 Dry bauxite equivalent of ore dried. . 4 Excludes materials other than bauxite used for the production of alumina estimated as follows: Nepheline 

concentrates (25 to 30 percent aluminum), 1968-70—980,000 tons annually; and alunite ore (16 to 18 percent 
aluminum), 1968—70—980,000 tons annually. 

5 Estimates include only diasporic bauxite for production of aluminum; in addition 98,000 to 196,000 tons 
were produced annually for refractory applications.
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Table 16.—Alumina: World production the costs of transportation to other conti- 

: by countries nents. . 

_ (Thousand short tons) Comalco Industries Pty., Ltd:, owned by 

Country 1 1968 1969 . 1970» Kaiser Aluminum & Chemica] Corp: (45 

Nothameias percent) , Conzinc Riotinto of Australia 

ort erica: ; . 
Canidae ....-.. 1,100 1,100 1,249 Ltd. (CRA) (45 percent) , and the public | 

__ United States ?____- 6,442 7,384 7,227 (10 percent) , continued to increase 1ts 

Latin ee 89 96 131 | bauxite production at Weipa on the Cape 
| Guyana 7a oo 1 297 1 334 i 335 - York Peninsula, Queensland. Shipments, 

Surinam (exports)--- toes 1066. «12100 ~=« Which totaled over 5.5 million long tons, 

Europe: | | were made to Japan, Europe, and North 
France____.------. 1,135 1,219 ¢ 1,240 Ai ‘ d h 1 : lat t 
Germany, East.___. 59 59 e 59 merica, an to the a umina Pp ants a 

Gerniany, West-___- - 718 749 835 Gladstone, Queensland, and Bell Bay, Tas- 
Greece___-____----- 246 331 344 . . ‘s the la 4 . hi 
Hungary-—--------- 420 450 486 mania. Weipa is the largest bauxite-ship- 

taly_.------------ | 324 322 33 ing port in the world, and the port facil- 
Norway &_____----- 19 12 3 Pl 8 P mn » and P . £ 
Romania Onno 160 187 231 + ities are being expanded. Production o 

United Kingdom e_- 100 100 100 rasive- ccalcine xit as begun 
USSR. 2,300 2,200 2,200 abrasive-grade calcined bauxite was eg 

_ Yugoslavia __-_-__-- 130 134 138 at a new 100,000-ton-per-year calcining 

Alrica: Guinea _-_---- 585 «631 661 plant at Weipa.+ Comalco planned to con- 

China, mainland e__- 209 254 276 struct a 770,000-short-ton-per-year alumina 
ndia @_____------- 270 2 60 i - 
Jeon TTT. ~=Sa1,173 1,416 Plant at_ Weipa by 1974. Subsequent ex 
Taiwan____.------- Al 49 46 pansion of this plant to much greater Ca- 

Oceania: Australia... 1,443 2,180 2,357 — pacity was also planned. Production of alu- 

| Total............ 18,998 21,498 22,981 mina at the Gladstone plant of Queensland 

__ |. ~ Alumina, Ltd., continued to increase as 
e Estimate. pP Preliminary. . eae - 

_1In addition to the countries listed, Czechoslovalia annual capacity neared 1.43 million tons at 

may produce limited quantities of alumina, but infor- * : 

mation is inadequate to make reliable estimates of yearend. A further expansion of capacity 

. output levels, Austria. produces a. small quantity to 2.24 million tons was scheduled for com- 
about 30,000 tons annually) of fused aluminum : 1 

oxide, but this is excluded from the table because it is pletion by mid 1972. . 
used solely for the production of abrasives. Bauxite production in the Jarrahdale — 

* Includes Virgin Islands. . area of the Darling Range, Western Aus- 
tralia, was increased to meet the needs of 

World alumina production was increased the alumina plant at Kwinana, which was : 

7 percent to 23 million short tons in 1970. expanded to a capacity of 1.37 million tons — 
- The United States, with 31 percent of the per year. The mines and plant are oper- 

total output, remained the largest producer. ated by Alcoa of Australia (W.A.) N.L. 

The largest increases were at new facilities (formerly Western Aluminum N.L.) , which 

in Jamaica, Japan, and Australia. Australia is wholly owned by Alcoa of Australia, 

became the second largest producer, sur- Ltd. The Kwinana plant supplied Alcoa’s 

_ passing the estimated production of the Point Henry smelter in Victoria, but most 
U.S.S.R. | of the alumina was exported to the United 

Argentina.—Alto Parana Mining Co. an- States, Japan, and other world markets. Al- 
nounced that it was producing alumina on coa’s second alumina plant in Western 
a pilot plant scale using aluminous later- Australia was under construction at Pin- 
ites from Misiones Province. The company  jarra. The plant will have a capacity of 

planned to complete a 100,000-ton-per-year 550,000 tons and was scheduled for com- 
alumina plant by the end of 1971. pletion late in 1972. Alumina will be 

Australia.—Australia has approximately shipped from new port facilities at Bun- 
one-third of the world’s known bauxite re-__ bury. 

serves. The rapid development of these re- AMAX Bauxite Corp., a subsidiary of 

serves to meet a growing worldwide de- American Metal Climax, Inc., continued 

_mand has been attributed to the political exploration of bauxite deposits on the 

stability of Australia, the high level of its Mitchell Plateau in the North Kimberly 

economic development, an educated labor District of Western Australia. The field 

force, the high grade of much of the ore, work was said to have already demon- 
the occurrence of the bauxite in deposits 
amenable to large-scale operations, and the co endustrial Minerals. Weipa Adds to World 

development of larger ore ships to reduce 55 °ge37, 8) PAC NO ane ,
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strated reserves of about 200 million tons cent interest in their consortium. Other 
of washed and screened ore averaging 47 companies may be added to. this group, 
to 50 percent total alumina and 2.5 to 3.5 | which reportedly had large bauxite re- 
percent total silica, The deposits average serves on the Cape York Peninsula and 
12 feet in thickness and have less than 2 was considering erection of an alumina 
feet of overburden. AMAX planned to plant. | 
complete a 1.34 million-ton-per-year alu- Ocean Resources N.L. began offshore 
mina plant by the end of 1974 at Port prospecting for bauxite in the Gulf of Car- Warrender, about 15 miles north of the pentaria off Weipa in November. The 

. initial mining area. The project also in- company was investigating the possible _ cludes construction of ore transportation continuation of the bauxite formation be- facilities, a port, a town, and other infra- tween the Weipa and Gove deposits. 
Structure, A consortium of comp anies rapa- Brazil.—Interest in the bauxite poten- 
ble of oe uaung the alumina was being tiality of the Amazon basin has continued formed. This consortium was expected to hich si he di £ higsh-erad 2 include AMAX, Sumitomo Chemical Co., bye Alean Aluminine, 1d nee ee scat 
Holland AR eae ae wapan- _ ence of the Trombetas and Amazon Rivers. 
lands, and Vereinigte . Aluminium-Werke A’can announced that mining and develop- AG of West Germany. Twenty-five per. ™ment rights had been granted by the Gov- 

— ey: wey P ernment. Engineering was well underway 
cent of the equity in the project was being at yearend, and construction of bauxite reserved for Australian participants. dr y d hipvine faciliti . : ying and shipping facilities was to begin 

Nabalco Pty. Ltd. expected to ship its jn 1971. Initially, Alcan will be able to first bauxite from Gove (also called Nhu- load at'a rate of 3,000 tons per hour di- 
deer ga nem ne by the me rectly onto ocean carriers for shipment to e of . Lhe ore will be transported to Canada. 

the port from deposits about 13 miles The bauxite mining to aluminum pro- _ away by conveyor belt. The new port will duction compl f Cia. Mineira d Pp ; 
be able to handle large ore carriers, load- ; Pe a wineira de Alu in f 30 500 tons per day of minio (ALCOMINAS) near Pocos de g at a rate o , . . , . 
bauxite or 20,000 tons per day of alumina. alas, Minas Gerais, was put into opera: . . ion ahead of schedule. The alumina plant 
The alumina plant being constructed at has an annual capacity of 55,000 tons. Alcoa Gove was expected to be in production in owns 50 percen ee A LCOMIN AS 
the second half of 1972 with an initial ca- percent ne 
pacity of 560,000 tons per year. Capacity is France.—Péchiney and Kaiser agreed to 
to be doubled the following year. join in the construction of a 1.1-million- 

At least three other bauxite-alumina ‘0n alumina plant at Dunkirk. The plant 
projects in Australia were being studied Was expected to be completed in 1974, and 
during 1970. News, Ltd., and Broken Hill _ its capacity may eventually be tripled. 
Pty. Co. Ltd. (BHP) were considering a Government plans call for the development 
joint venture to mine bauxite in the Dar- of port facilities at Dunkirk capable of 
ling Range, Western Australia, and to pro- handling 200,000-ton ore carriers. 
duce alumina. Reynolds Metals Co., three Germany, West.—Reynolds International ; 

Japanses companies, and possibly other nc. and Vereinigte Aluminium-Werke, as 
companies may participate in the project. equal partners, formed a new company, 

Another consortium planning to mine Aluminiumoxid Stade G.m.b.H., to con- 
bauxite from the Darling Range and to struct and operate an alumina plant near 
construct a large alumina plant involves Stade, Lower Saxony. The first stage of 
Colonial Sugar Refining Co. Ltd. and Han- construction will provide an annual rated 
wright Iron Mines interests. Foreign com- capacity of 770,000 tons of alumina and 
panies may have also been asked to partic- was scheduled for completion in 1973. Fu- 
ipate in this venture. ture expansion may increase capacity to 2.3 

Tipperary Land and Exploration Corp. million tons. 
of Texas and Holland Aluminium an- Swiss Aluminium Ltd. (Alusuisse) was 
nounced that the Péchiney Co. of France - planning a joint venture to build an alu- 
had secured an option to acquire a 20-per- mina plant at Wilhelmshaven, Lower Sax-
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ony, with an annual capacity of 1 million ders for three rotary dryers with a total 

tons of alumina. Bauxite for this operation daily capacity of 43,000 tons and a bauxite 

will probably come from Guinea. The calcining kiln of 480-ton capacity. 

plant is to be part of an large chemical Several foreign concerns indicated inter- 

complex which will also include a chlo- est in participating with the Government 

rine-caustic plant. in developing other bauxite deposits in 

Ghana.—Three groups were seeking per- Guinea. The U.S.S.R., Yugoslavia, and Alu- 

mission to develop bauxite deposits in suisse were considering deposits in the 

Ghana. The deposits in the Kibi Hills ap- Kindia, Dabola, and Tougue regions. 

peared to attract the greatest interest. Kai- An expansion of the annual alumina 

ser, through its 90-percent-owned subsidiary —_ production capacity at Compagnie Interna- 

Volta Aluminium Co., Ltd. (Valco), in- tional pour la Production de 1l’Alumine 

tended to build an alumina plant to (FRIA) to 770,000 tons was completed 

supply Valco’s Tema reduction plant if ad- during the year. 

equate bauxite reserves are available. Ja- G es 
, . . | uyana.—A strike over wages at Demer- . 

pan’s primary aluminum producers sent 4 474 Bauxite Co., Ltd. (DEMBA) , a subsid- 
survey team to Ghana to study the bauxite .; yes , 

oped a iary of Alcan Aluminium Ltd. was averted 
resources and the feasibility of constructing. . . 

; in November by the intervention of the 
an alumina plant. Proposals to develop a . ws 

. . . Prime Minister and the subsequent agree- 
major aluminum complex were also said to , | : , 

_ ment by DEMBA and the mine workers 
have been submitted to the Government by ; ; ; was 

; ; ; — union to submit the dispute to arbitration. 
a consortium comprised of Canadian, Brit- ; 

ish, Romanian, Netherlands, and Ghanaian Following much speculation that Guyana 

interests. would attempt to acquire controlling inter- 

| . . est in its bauxite and alumina operations, 
Greece.—Bauxite production increased 19 . 

7 ; “as the Government announced in November 
percent in 1970 although exports declined . . . 

. ey: that discussions for this purpose would be 
slightly to about 1.2 million long tons . oe 

say: held with DEMBA beginning December 7. 
valued at $9.6 million. The Government . ae 

The Government sought majority interest 
set the following export quotas for 5] t d : 1 of 

971: European Economic Communit (1 percent) ae management cone 
1971: pea Y the company, with assets to be valued at 

(EEC) countries, 450,000 tons; U.SS.R., their written-down value for income tax 

| 450,000 tons, United States, 75,000 tons; purposes and payment for the acquisition 

other countries, 320,000 tons. | to be made from future after-tax earnings 

Three companies, Parnassos Bauxite Min- of the enterprise. The discussions were still 

ing Co., G. Barlos S.A., and Eleusis Bauxite continuing at yearend. The Government 

_ Mines Inc. were all active in bauxite ex- indicated that it wanted similar discussions 

ploration and drilling and in expanding with Reynolds but no date had been set. 

bauxite mining and handling facilities. Haiti.—Haiti Minerals Corp. of America 

Parnassos claimed reserves of 150 million announced that it had made arrangements 

tons. The country’s proved bauxite reserves With the Haitian Government through its 

were estimated at 100 million tons, with an Development Bank for the exploration and 

additional 200 million tons in the prob- exploitation of bauxite throughout most of 

able category. Haiti under 30-year concession agreements. 

Alumina output rose to 344,000 short Hungary.—The Government’s new 5-year 

tons. Aluminium de Gréce, S.A. (ADG), plan calls for bauxite production to be in- 

owned 80 percent by Péchiney, accounted creased to 3 million tons per year by 1975. 

for all of the alumina output at its Aspra The new alumina production goal is 

Spitia, Distomon plant. The capacity of 800,000 tons per year. 

this plant was being expanded. India.—The bauxite industry, assisted by 

Guinea.—Construction of the infrastruc- the Geological Survey of India, re-evalu- 

ture for the huge Boké Bauxite Project ated its ore reserves in 1969. The following 

met with delays, and initial shipments table summarizes the proved or indicated 

were not expected until the end of 1972. bauxite reserves recoverable by open pit 

Among the bauxite processing equipment mining methods at prevailing costs and 

contracts that have been placed were or- prices, in million long tons.
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A ,SS*~*~“‘t~*«ction. plant. TThee ultimate planned ca- - 
Region and state ———___-___________ pacity of the plant is 660,000 tons per year 

| Rersent Doheont Total and is scheduled to be ready by 1977. As 
—————_ part of its agreement with the Government 

Mast central region: | 21.2 6.0 27.2 Of Jamaica. Revere Jamaica also may pur- 
_ Bihar__--...------. 16.8 2 17.0 chase and lease bauxite lands with suffi- 

Orissa. ---.-------- ‘9 ‘6 1-5 cient reserves to provide bauxite for the 
Total___.-..-..-. 38.9 6.8 45.7 plant. | 

Southern region: Se Alcoa Minerals of Jamaica, Inc., an 
| _ Tamil Nadu__.._.... .6 10.0... 10.6 Alcoa subsidiary, experienced some work — -—— 

Pegre-—--~------- 48 ®-+ stoppages on construction of its 880,000- 
——.....—  ton-per-year alumina plant because of 

Total------------ +8 16-8 17-6 ~— Jabor problems. The plant, which is being 
Western region: 12.9 51.7. 64.6. Duilt at Woodside in Clarendon Parish | 

Gujarat... 277 11.7 6.3 18.9 and was originally scheduled for comple- 
. Total... 24.6 58.0 32.6 on in 1971, was expected to be ready by 

ammu and Kashmir- 1.8 9.8 11.6 . _ 
Grand total...... 66.1 914 157 £ An additional 350,000 tons per year of | 

SaSSa0C—t alumina capacity was under construction at 

the 950,000-ton-per-year plant of Alumina 
Indian Aluminium Co., Ltd., began op- Partners of Jamaica, Ltd. (Alpart) , at Nain 

erations at a new alumina plant at Bel- in St. Elizabeth Parish. Alpart is owned by 
gaum, Mysore. The plant will use bauxite Anaconda (36.8 percent), Reynolds (36.8 
from mines in the State of Maharashtra percent), and Kaiser (26.4 percent)—all | 
about 35 miles away. primary producers in the United States. 

Indonesia.—P. N. Aneka Tambang, a A 51,000-ton  self-loading bauxite ship, 
state mining company, increased its baux- probably the world’s largest, was put into 
ite production on the island of Bintan by _ service by Reynolds to transport bauxite : 
60 percent. Improvements in the harbor from Jamaica to the United States. 
facilities enabled the company to export Japan.—Three aluminum companies, 
1.1 million tons of bauxite. About 86 per- Nippon Light Metal Co., Showa Denko, 
cent of the exports went to Japan, and the and Sumitomo accounted for all of the 1.4 
remainder was shipped to Canada and Eu-_ million tons of alumina produced in | 
ropean customers. Aneka Tambang re- Japan. Australia, Indonesia, and Malaysia 
ceived $5.70 per ton, based on 53 percent were the principal suppliers of the bauxite 
alumina. Three Japanese aluminum pro- used for alumina. Mitsui Alumina Co. was 
ducers were studying the feasibility of proceeding with plans to construct an alu- 
building an alumina plant on Bintan. mina plant in southwestern Japan and ex- 

In November Alcoa announced that its pected to be in production in the latter 
wholly owned subsidiary, P.T. Alcoa Min- part of 1972. 
erals of Indonesia, had discovered bauxite Malagasy Republic.—Péchiney reported 
along a 300 kilometer belt extending from that the deposits it located at Mananten- 
the Kapaus River southeast to the Djelai ina in the southeast part of the island 
River in southwest Kalimantan (Indone- probably contained over 70 million tons of 
sian Borneo). The reserves appeared ade- bauxite. 
quate to support an alumina plant, but Malawi.—A consortium including the 
confirmation will require at least a year of | Government, Lonrho Ltd., and Portuguese 
additional exploration and testing. interests was studying the feasibility of 

Jamaica.—Construction was underway to producing alumina and aluminum using 
add 1,450,000 tons per year of new or ex- bauxite from Mount Mlanje in Southern 
panded alumina capacity by the latter half Malawi. The deposits were believed to 
of 1972. contain 60 to 100 million tons of material 

Revere Jamaica Alumina, Ltd. (Revere averaging 43 percent alumina. The devel- 
Jamaica) , a subsidiary of Revere Copper & opment of low-cost hydroelectric power in 
Brass Corp., Inc., a producer of primary this area was a major stimulus to renewed , 
aluminum in the United States, expected interest in these deposits. 
to complete construction of the 220,000- Mexico.—The Secretary of National Pa- 
ton-per-year first stage of an alumina pro- __trimony reported the discovery of a bauxite
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deposit near the city of Villa Juarez, State July, the Government and Reynolds Metals 

of Puebla. Preliminary tests conducted by Co. signed a statement of intent covering | 

the Government indicated that the ore is two projects. One project calls for 50-50 

amenable to the standard alumina extrac- participation by Reynolds and a govern- — 

tion process with only slight modifications. ment development corporation in the ex- 

Guanos y Fertilizantes de Mexico, $.A,  Ploration and mining of bauxite in the | 

planned to build a plant at Salamanca, Bakhuys Mountains, the production of alu- 

Guanajuato, to produce aluminum salts | ™4; and, if a power source Is ultimately 

and fertilizers from alunite using a new developed, the construction of reduction 
ammonia-sulfur process. 5 According to de- facilities. The Government corporation has 

velopers of the process, the plant will be the right of first refusal on the develop- 

able to produce 4,400 tons of 99-percent ™ent of new power sources by Surinam. 

pure alumina annually at costs competitive Reynolds will provide day-to-day manage- 
| with plants using bauxite. ment of the project, while the Government 

Poland._T lum; lants designed will provide rai] transportation to deliver 

: onan. at a ls oth P he. baeeit bauxite to an alumina plant which will be 
o use raw ted Onde ° er t G “OA constructed at Apoera, the dredging of the 

330.0 00. ortee un 1 construction." - d Corantijn River to enable barging of the 

_ on ea ae P Oe ey ut he acl alumina to the coast, and land for town- 

a lovov on d I ybin. The her 1 to. sites. The alumina plant will have an ini- 

el an Kiel me 1 Ke cr piant, ll tial annual capacity of at least 200,000 
cate ae eee wi ae aL oct tons. The second project involves explora- 

ae yo d ce a and wi P d de. tion and development work by Reynolds 

alumina an V ochist yma and de in the Coppename River area. The Gov- 
composing coal schists and mart. ernment has an option to participate in 

Solomon islands (British) ee aie any alumina or reduenen plants that are 

_ ing and omelting Uo. » Byritisn 5olo- uilt in connection with this project. 

mon Islands Protectorate (BSIP) contin- U.S.S.R.—According to reports in the So- 
ued exploration and planning for a bauxite = yiet press, the large alumina plant at 

mine on Rennell Island. Output would be — achinsk in Siberia was completed after a 

shipped to Japan. long history of construction.7 The plant 

Surinam.—Bauxite exports declined ap- has a capacity of 882,000 tons per year and 

proximately 7 percent, and alumina ex- uses nephelite as its source of alumina. 

ports ne 4 percent. Exports of ne prow The ore is mined at Belogorsk he miles 

ucts might have been greater than they to the southwest. Achinsk was chosen as 

were had it not been for shipping difficul- the plant site reportedly because it is near 

ties attributed to a customs and dockwork- large deposits of limestone, which is 

ers slowdown in November and December. needed in the alumina process. Achinsk is 

The bauxite exports included 284,000 long located on the ‘Trans-Siberian Railroad 

tons of calcined bauxite. Over 90 percent and much closer to reduction plants in 

of the total bauxite and 284,000 short tons eastern Siberia than the alumina plants in 

of alumina were shipped to the United the Urals. 

States. Yugoslavia—New bauxite discoveries 

Alcoa has agreed to join with Péchiney were reported near Obrovac on the Dalma- 

in a plan to mine bauxite in French tion coast and near Vlasenica northeast of 

Guiana and convert it to alumina in the Sarajevo. An alumina plant of 200,000-ton- 

plant of Alcoa’s subsidiary, Suriname Alu-  per-year capacity was expected to be com- 

minum a Guralco) at Paranam, Sure pleted in Bosnia-Hercegovina in 1972, and 

nam. The plan, which was subject to the 4 plant of 300,000 to 600,000 tons was 

approval of the French Coreen would being planned for the Obrovac-Zadar area. 
require an expansion of Suralco’s plant 
sufficient to produce up to 500,000 tons of }§=———————_ 

alumina from French Guiana ore. Al Parkinson, oerald. Low “Grade Alunite Yields 
umina and Fertilizers Too. em. Eng., v. 78, 

The Government heard proposals from a No, g, Apr. 19, 1971, pp. 83-85. 

number of foreign aluminum producers to 6 Metals Week. Aluminum, Soviets Launch 

develop the bauxite deposits in the Bak- Major Alumina Plant. V. 41, No. 8, May 4, 

huys Mountains in western Surinam. In Work cited in footnote 6.
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| TECHNOLOGY | 

The procedures used to strip 140 feet of _ of using the red mud residues generated in 
overburden and obtain stabilization of the Bayer process production of alumina 
spoil banks at the bauxite pits of Reynolds from bauxite. 15 Using a carbon-lime-soda _ 
Mining Corp. in Arkansas were described.8 sinter process to treat the muds, the Bu- 

A patent was issued covering a method eau of Mines was able to recover 85 to 90 
for the continuous digestion of bauxite percent of the alumina values and about 
with a sodium aluminate lye in a reaction 80 percent of the iron. A product contain- 

a. tube.® The process may be used in the ing 96 percent titania was subsequently — — 
new alumina plant to be constructed near obtained from Surinam red mud sinter by 
Stade, West Germany. Other patents were extraction with H2SO4. Using an electric- 
issued on new methods of removing im- arc furnace process, iron recoveries up to purities in Bayer process liquors.10 The 98 percent were achieved, and alumina re- 
Bureau of Mines reported that alumina  coveries up to 84 percent were obtained by 
could be recovered from blends of high- leaching the slags and NagCO3 solution. The Se 
alumina materials and aluminum silicate leached slags are possible raw materials for 
materials by the lime-sada sinter process making portland cement. A foaming proc- 
with minimum alumina and soda losses ess was also developed to use colloidal red 
and no gelation if alumina-to-silica mole.’ mud wastes for the production of light- 
ratios are 0.90 or greater.11 weight building materials.16 

The National Materials Advisory Board * a, 
. - oe =o uturala, Frank J., and Robert A. Tinstman. issued a report reviewing the most promis Multiple Lift Stripping. Min. Cong. J., v. 56. 
ing domestic raw materials and processes No. 10, October 1970, pp. 55-58. A ss . ®'Tusche, K. J. (assigned to Vereinigte Alumin- for obtaining alumina from other than ium-Werke A.G.). Method for Continuous Ex- commercial bauxite.12 The report con- traction of Bauxite in ay ubular Reactor. U.S. 

+s ni Pat. 3,497,317, Feb. 24, 1970. cluded that the most promising method 1 Cook, G. W. (assigned to Reynolds Metals 
appeared to be an acid process for the Co.). Removal if Iron from Domestic Bauxite 

- treatment of clay. The report recom- Liquor. U.S. Pat. 3,493,327, Feb. 8, 1970. chs . . Mercier, H., and Cohen, J. (assigned to Péchi- mended that the Bureau of Mines build ney-Compagnie des Produits Chimiques et Elec- . : - trométallurgiques). Process for Purification of So- and operate pilot plants to test a hydrochlo- _ fométallurgiques Liquors. U.S. Pat. 3,512,936, ric acid process and a nitric acid process May 19, 1970. 
and that the Bureau and others continue » Lundquist, R. V., and D. D. Blue. Role of . Alumina-to-Silica) Mole Ratio in the Lime-Soda research on the use of the dawsonite de-  Sinter Process. BuMines Rept. of Inv. 7434, 1970, : . . : . ll p. 

Pp Osits associated with oil shales. The Bu if National Materials Advisory Board. Processes reaus estimates based on available data fo; Extracting Alumina from Nonbauxite Ores. indi Ooperatin ost usin Nat. Acad. Sci-Nat. Acad. Eng. Washington, indicated that operating _ costs 5 D.C., NMAB-278, December 1970, 108 pp. hydrochloric or nitric acid processes to re- 13 Peters, F. A. Clay, a Raw Material for Alu- 
cover alumina from clay would be 25 to 35 minya.aron Age, v. 206, No. 13, Sept. 24, 1970, 
percent more than the Bayer process treat- PRY, Young, Neil B., and John Ward Smith. Daw- 
ing bauxite and that fixed capital costs sonite and Nahcolite Analyses of Green River 

Formation Oil-Shale Sections, Piceance Creek 
would be 65 to 75 percent more than Basin, Colo. BuMines Rept. of Inv. 7445, 1970, 

ilities.13 Analytical results 22 pp. 
Bayer P TOcess facilities. A aly cal 14 Ban, T. E. (assigned to McDowell-Wellman for nahcolite, dawsonite, extractable alu- Engineering Co.) . Gas-Solid Reaction. U.S. Pat. 

i il yi amples of Green 3,495,973, Feb. 17, 1970. mina, and oil yield for s P Fursman, Oliver C., James E. Mauser, M. O. River Formation oi] shales from Colorado Butler, and W. A. Stickney. Utilization of Red ere published to permit evaluation of the Mud Residues From Alumina Production. Bu- w P . P . . Mines Rept. of Inv. 7454, 1970, 32 pp. deposit for possible production of shale oil, 16 Nakamura, H. H., S. A. Bortz, and M. A. 
lumina, and soda ash.14 Schwartz. Use of Bauxite Wastes for Lightweight a s . find hod Building Products. Ceramic Bull., v. 50, No. 3, Efforts were continued to find methods March 197], pp. 248-250.
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) Berylli 

By Robert A. Whitman 1 | 

The beryllium industry of the United and increased utilization of the metal and 
States became independent of beryl ore as its alloys in the aerospace, computer, and 
its sole raw material source. The new ber- communications industries. — 
trandite mine opened in Utah in 1969 Legislation and Government Program.— 

_ completed it first full year of production Government yearend stocks of beryl, be- 
and successfully established the availability ryllium-copper master alloy, and beryllium : 
of beryllium from a nonberyl ore. Al- metal are shown in table 2. Government 
though the industry will continue to im- inventories of beryl decreased 2,095 short 
port beryl to satisfy part of the domestic tons during 1970, as a result of the sales 
requirements, the new mine has ample re- from the Government stockpile. 
serves and capacity to support the entire | 

| domestic industry. Further expansion will “Physical scientist. Divisi £ Nonfer M 
depend upon the recovery of the economy 4,0 > es tvisiOn OF Nonterrous Me- 

Table 1.—Salient beryllium mineral statistics | 

1966 1967 1968 1969 1970 p 

United States: | ; 
Beryl, approximately 11 percent BeO: 

Shipped from mines_______________short tons_- WwW WwW 168 WwW WwW 
Imports____.-----..---2-- 2 ..-do____ 2,147 9,511 3,822 6,422 4,942 
Consumption. ___................._...do__.. 6,026 7,087 9,244 18,4838 19,511 
Price, approximate, per unit BeO imported, 

cobbed beryl at port of exportation_.._______ $25 $30 $34 $37 $35 
Bertrandite ore: Utah, low-grade, shipped from mines 

short tons. _.___ ----- ~---- WwW WwW 
World production of bery]l__..............._..-.do_... 4,549 5,442 7,242 8 , 834. 8,197 ee nee 

P Preliminary. W Withheld to avoid disclosing individual company confidential data. 
1 Includes some bertrandite ore which was calculated as equivalent beryl containing 11 percent BeO. 

Table 2.—Government yearend stocks of beryllium materials 

(Short tons) 

eee 
National Supplemental | 

| Material stockpile stockpile All stocks a “eee tes 
Beryl (11 percent BeO): ; 

Objective._.__...-- 22 13,622 1,593 15,215 
Exeess___-_- 2-2 2,585 3,141 5,726 

Total___--------- eee 16,207 4,734 20,941 

Beryllium-copper master alloy: 
Objective___. 222 wae ee 4,750 4,750 
Excess___.-2 22200 1,075 1,562 2,637 ‘ 

Total___ 2-2 1,075 6,312 7,387 

Beryllium metal: 
Objective_____..2202- meeeee 150 150 Exxcess_____. 2-22.22 ~u---e 79 719 

Total__ 2-2-2222 _-u-ee 229 229 
Sy reper gseenesennnnguesenrentsneneeeemns 

Source: Office of Emergency Preparedness. Statistical Supplement Stockpile Report to the Congress | OEP-4, July-December 1970. P PP ee 

225
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DOMESTIC PRODUCTION 

: Production of beryllium metal and be-_ rial in 1970. KBI installed new vacuum in- | 

ryllium oxide was less in 1970 than in duction melting furnaces and semicontin- 

| 1969. There was some increase in the pro- uous direct-chill casting units for beryllium 

| duction of beryllium copper alloy, which copper and other alloys at its Reading 

resulted from an increase in exports to Eu- plant. A new rolling mill can handle hot 

rope. or cold metal sheet; the metal can be 

| The first mine to produce a beryllium rolled to wider widths than _previoulsy 

concentrate from ore other than beryl available. The research department was ex- 

completed its first full year of operation in panded, and a new isostatic press, that can 
1970. The Brush Beryllium Co. processed produce larger high-density beryllium parts 

bertrandite ore from its. Roadside mine tO from shaped powder charges, was installed 

beryllium hydroxide at a mill near Delta, .+ tazelton. | | 

Utah. The beryllium hydroxide was then The Anaconda Co. mine test work on 

shipped to company plants in Ohio for bervili lai . Utah discontinued 

further processing into metal, alloys, and eryeum' ¢ amis a iscontinuc 

compounds, Industry now has developed a during 1970. | ; . 

domestic source of beryllium with reserves Production data on domestic beryllium 

sufficient to allow long-term planning for ‘4W materials and on beryllium metal, al- 

use of the metal. loys, and compounds are withheld from 

Kawecki Berylco Industries, Inc. (KBI) publication to avoid disclosing individual 

used mostly imported beryl as a raw mate- confidential data. | 

| | . CONSUMPTION AND USES 

The beryllium and ceramic industries and materials totaling $3.5 million during 

consumed 9,511 tons of beryl, including fiscal year 1970. By comparison, they 

some nonberyl ore calculated to the beryl awarded 123 contracts valued at $4.7 mil- 

equivalent. Kawecki Berylco Industries, lion during fiscal year 1969.2 | 

Inc., at Reading and Hazelton, Pa., and The Brush Beryllium Co. received the 

The Brush Beryllium Co., at Elmore, initial orders for beryllium brake compo- 

Ohio, used beryl to produce beryllium nents for the new S3A antisubmarine air- 

metal, alloys, and compounds. The Brush craft and the F14 advance fighter plane 

Beryllium Co. also used beryllium hydrox- being built for the U.S. Navy. — 
ide derived from _its bertrandite mining Beryllium copper alloy continued to con- 

and processing facilities near Delta, Utah, We the major share of beryllium. An 

for the same purpose. increase in exports helped to counteract a 
Lapp Insulator Co., LeRoy, N.Y., and d dj P© P BeC il j 

Champion Spark Plug Co., Detroit, Mich., owntrenc in domestic BeGu alloy sales 

used beryl for ceramic purposes. General during 1970. 7 

Astrometals Corp., Yonkers, N.Y., fabri- Statistics on the recovery of beryllium 

cated beryllium components from scrap rom scrap, though incomplete, show that 

and ingot beryllium. 71 tons of beryllium were recovered from 

The U.S. Atomic Energy Commission — beryllium copper alloy mill scrap and 2 

awarded 52 contracts for beryllium parts tons were recovered from old alloy scrap. 

STOCKS 

Consumers’ stocks of hand-sorted beryl bertrandite ore are company confidential 

at yearend totaled 5,698 tons, compared data. 
with 5,936 tons at yearend 1969. Dealers’ TUS Awmic Energy C con. ‘The Nuclear 

stocks of beryl are not reported. Stocks of Industry 1970, pp 102-104.
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PRICES AND SPECIFICATIONS 

Domestic beryl prices are negotiated be- Beryllium copper master alloy (4 percent 
tween producers and buyers and are not beryllium) in 5-pound ingots was quoted 
quoted in the trade press. The published at $50 per pound of beryllium content after 
nominal price of imported beryl, with 10 January, a $1 raise from 1969. This price 
to 12 percent BeO, ci. Philadelphia, Pa., continued throughout 1970. Alloy No. 25, 

was $42 to $45 at the beginning of 1970.3 in strip, rod, bar, and wire form, contain- 

By May, the market quote was $37 to $45. ing 2 percent beryllium, was reported at 

By the end of September, the market had — $99) per pound at the first of the year. 
further weakened; the quote was $37 to The price was increased to $3.01 on Janu- | 

$40. This held to the end of the year. rary 26 and $3.05 on April 13. By August 
Prices were published for various forms | . 

. ; ; ; 31, the quote dropped to $3; by October 
| of beryllium metal, delivered, with 98-per- 27 to $2.96; and by D ber 3 to $2.93 

cent-pure powder at $54 to $66 per pound, O P40, ane oy! ecemder 0 Paw. 
Yj-inch-diameter rod at $83 per pound, Casting ingot containing 2 to 2.25 percent 

and billet at $70 per pound throughout beryllium in 5-pound. ingots was quoted at 

the year. These prices were unchanged $2.03 per pound during January; at $2.08 

from 1969. In December a price of $102 on January 26; at $2.12 on April 13; at 

per pound was quoted for 5-inch diameter $2.07 on August 31; at $2.03 on November 

rod. . 27; and at $2 on December 3. 

| | FOREIGN TRADE 

Beryllium exports increased 43 percent In addition to the imports listed in 

in quantity and 62 percent in value over table 4, there were also 18 pounds of be- 

1969. This increase in exports of unwrought ryllium compounds valued at $13,282; 

and wrought beryllium metal, beryllium al- 5,956 pounds of unwrought beryllium, 

loys, and beryjlium waste and scrap was waste and scrap valued at $383,185; and 

due largely to increased use of beryllium 1,138 pounds of wrought beryllium. valued 

copper alloy in Europe. The export gain, at $77,221, all imported from France. 

together with a decrease in imports, re- | . 

sulted in a saving of nearly $1 million in 3 Metals Week, V. 41, N 1-52 _ 

foreign exchange in contrast with 1969. Decembe is Week, V. 41, Nos, 1-62, January 

Table 3.—U.S. exports of beryllium alloys, wrought or unwrought, and waste and scrap 1 | 
fn rE 

1969 1970 

Country Value Value 
Pourids (thousands) Pounds (thousands) 

ee enn CEES 
Austria___._._..-.--_.---.---.----------- 524 $43 naan ee waenee 
Belgium-Luxembourg_-_.-...----.--------- 31 4 ~aa--- ------ 
Brazil__.___.-.-.-.---------------------- ------ ------ 77 $4 
Canada. ____--..--------+--------------- 7,086 48 11,340 50 - 
Denmark._.........--------------------- 67 1 140 3 
France...__.-.-_-_-.~------------------- 4,446 230 9,050 295 
Germany, West.__..........-.----------- 4,686 89 960 121 
India____..--_---_- +--+ ---- +--+ -- 44 1 wenoee ------ 
Israel_.-....---------------------------- 15 1 17 (2) 
Italy.__...---.---.---------------------- 1,809 10 44 1 
Japan__._._--------------------+.------- 2,298 72 8,671 226 
Korea, Republic of. .____....-..---------- wan oe ------ 8 1 
Mexico_._.._....-.---- 2 -- +--+ ------ ~----- 500 2 
Netherlands... ......-..-.---.----------- 2,179 13 847 2 
New Zealand. ___-....-.----------------- ------ ~-+--- 16 (?) 
Spain. ......-.22.. 222 +--+ --- _oueee wou ee 44 2 
Sweden____.___----_____-__-- ee ---- 18 (2) noone w----- 
Switzerland_______._........--..--------- 2,387 9 4 (?) 
United Kingdom______..____-.-.--------- 3,366 159 10,181 814 
Yugoslavia. _......-..-.:---------------- -~----- ------ 4 (2) 

Total_._...----------------------- -28, 951 630 41,358 1,021 

1 Consisting of beryllium lumps, single crystals, and powder; beryllium-base alloy powder; and beryllium 
rods, sheets, and wire. 

2 Less than }4 unit.
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Table! 4.—U.S. imports for consumption of beryl, by customs district and countries 

1969 . 1970 

Customs district and country Value Value 
Short tons (thousands) Short tons (thousands) 

Philadelphia district: 
Angola_.....----.-.---.------ ae ee 17 $7 ----- ----- 
Argentina. ____--.----------------------- 600 227 275 $107 
Australia__._...-.--------.--------.----- 13 6 61 26 
Brazil__..----.--------.-------.--------- 4,098 1,695 3,411 1,340 
Burundi-Rwanda___.___....---...-------- 143 55 50 18 
Congo___..------_----2 ee 70 27 ----- aa -- 

. Kenya. _.-..--.-- 2. eee 44 19 ----- ----- 
Malagasy Republic. _._._____--_...__.--.- 18 27 34 11 
Malaysia_.._-. ~~ eee 11 4 ----- ----- 
Mozambique___._.__._--________-___---_-- 69 30 171 67 
Portugal.___._-_____-____________-_-_-__- 94 44 27 10 
Romania__.._.-_-_-..------ 22 -------- ----- ----- 25 8 
South Africa, Republie of_._......_.____-_- 691 308 294 101 
Spain. ____-__- eee 3 1 weeee ----- 
Tanzania__._._-...-.--.---- 1. -_- ee 22 9 ----- ----- 
United Kingdom________._-_-__-_.___--e- 6 2 ----- a 
Uganda_.__-_.--..------2-2- eee 295 117 373 132 
Western Africa, n.e.c_______.-....-.__---- ----- -~---- 23 10 

Total_._..------2----eeeeeeeeeeeeeee- 6 254 2,578 4,744 1,880 
New York City district: | | | | | 

Brazil___..--..-.-.-------------.-.------ ~---- ~---- 165 68 
Burundi-Rwanda_._____._._-_.__.--_------- 22 8 a a 
South Africa, Republic of-._-.._.-.-___---- 12 5 ----- ----- 
Uganda._._. 22-2 eee wane a 33 13 

| Total... ------ 2 eee eee 84 13 198 81 

Baltimore district: . 
Brazil__.......------_..---.- 2 -_e- 40 19 ee ----- 
Mozambique..__..-..---_--__--_____- ee 27 12 wonee a 
Uganda. __-- 22 - eee 67 26 ----- n---- . 

_ Total... -_-.- 22-2 ae 184 57 _4--- an 
Boston district: France_______..._.__._.____ ~o--- ----- (4) 1 

Grand total__..-----.------------------ 6,422 2,648 4,942 1,912 | 
ES pes SSSR hp SSS SS SSS 

1 Less than 14 unit. 

: WORLD REVIEW 

India.—India, through its Department of Uganda—The total production of 
Atomic Energy, has continued geological ex- Uganda was divided among 80 separate 
ploration directed toward the establish- mining operations. This gave an average 
ment of accurate beryl reserve data. In ad- per mine of 4 tons annually. Operations of 
dition, improvement of the Government’s this size are unable to sustain a develop- 
stockpile program for beryl continued. All ment program; this makes calculation of 
Statistics relating to mine development, ex- _ reserves very difficult. 
ploration, and trade were confidential be- 

cause India classified beryl as a mineral iB © Mi Mineral ‘Trade Notes. V 
: . : ureau oO Ines. Inera Tade otes. . strategic to its national defense. 67, No. 11, November 1970, p. 8.
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| Table 5.—Beryl: World production, by countries 1 | 
(Short tons) . eee 

Country 1968 1969 1970 p SUE EEn annem 
Argentina_______-..- 222-222 654 571 e 570 
Australia___.....--2- 2 eee 17 2 _  e2 
Brazil____-...-.-.--....--.-- 2 ~~ et 22,291 23,964 e 3,500 
Congo (Kinshasa). .__........--___-_________.__.__.._____. weane 160 143 
India ¢._..-..-2 eee r1,450 1,450 1,450 
Kenya_-__----_-----0 22 12 3 4 
“Malagasy Republic_____.......-.-.----___--__ 85 83 57 
Mozambique__._.._._...--.--.--------_ 105 134 36 
Portugal... -.--- 22. 141. ~~ 32 15 — Rhodesia, Southern____.._.__-._--.--._-_-___..._......___.__. 397 e100 e100 
Rwanda_-_______-_._.---.--_-_------------ 164 294 e 300 
South Africa, Republic of__.........__--_.__.....___-_._.___. 340 345 355 
Uganda_-__--_-__- 22 398 316 285 
U.S.S.R. ¢_ 2-2 1,320 1,380 1,380 
United States (mine shipments)__.__________........_..____.. 168 W . WwW 

Total___. 2-2-2 r7,242 r 8,834 8,197 -- 
e Estimate. P Preliminary. r Revised. W Withheld to avoid disclosing individual company data. 
1 In addition to the countries listed, the Territory of South-West Africa also may have produced beryl, but 

mineral production of this area has not been officially reported since 1966, and no reliable information is avail- 
able as a basis for estimating output. 

2 Exports. 
3 U.S. imports. 

. | TECHNOLOGY 

A report was published on the labora- ware in production quantities is extant but 
tory preparation of high-purity beryllium has not been readily available to industry. 
metal by a Kroll type process, which uses Other material published during the 
sodium as a reductant. Crude commercial year included a final report on the pro- 

| beryllium chloride was purified, then va- gram to determine the application of be- 
_ porized and reacted at the controlled rate  ryllium to turbine engine components; 7 

with molten sodium to form beryllium. an investigation of the economics of hot 
sponge. The sponge was. then purified by _ isostatic pressing of beryllium parts in pro- 
vacuum distillation, wet ball-milled to a duction quantities;3 and a study of the 

: fine powder, and consolidated by isostatic effects of spark machining on_ beryllium.9 
pressing. Evaluation of the resulting pow- 7 
der-metal specimens indicated that the be- |! aF 

i : : * Campbell, Thomas T., R. E. Mussler, an : 
ryllium Pp roduced was of higher purity than E. Block. Kroll Process Beryllium. Met. Trans. V. comparable commercial grades of the metal 1, No. 10, October 1970, pp. 2881" 2887. 

i ili § National Materials Advisory Board. Overview 
with more ductility though of somewhat of Beryllium Conference. Proceedings of the Be- less strength.5 . ryllium Conference. V. 1, NMAB-272, July 1970, 

pp. 1-7. 
Much of the research and development PF. 5. H. Application of Beryllium to work on beryllium is concerned with fabri- Turbine Engine Components. Final Report 

cation and structural applications. The Ed- AFAPL-TR-69-93, Aircraft Engine Group, Gen- . . . . eral Electric Co., Evendale, Ohio. Contract AF . itorial Committee for the Beryllium Con- 33 (615)-2241, August 1970. 
ference held in Arlington, Va., in March *Lidman, W. G., and F. K. Younger. Hot 

. Isostatic Pressing of Beryllium. National Materials 
1970 recommended that all the available Advisory Board. Proceedings of the Beryllium 
enginering and design information be pub- ponterence. Vv. 1, NMAB-272, July 1970, pp. 

lished in a beryllium handbook.¢ Appar- © Brewer, A. W. Spark Machining of Beryllium. 
ently all the information and experience Rocky {ists Division, Dow gcbemical Co. Golden, . . . olorado, Contract ‘(29-1 )—-1106, icrostruc- that is required to produce reliable hard- tures, pp. 25-28 (August/September 1970).





Bismut ismuth 

By Lester G. Morrel! : 

Responding to a generally tight supply ers had to agree that the bismuth was for 
and high price, the worldwide uptrend domestic consumption and that exports 
in bismuth production continued through would not exceed the smallest quantity ex- 
1970. The three domestic bismuth refiners ported in any of the three preceding quar- 
reported total output slightly above that of _ ters. Sales in each of the first three quar- 
1969, thus contributing to the 1970 record ters were close to the authorized limit, but : 
high world output. Despite general imports in the final quarter amounted to only | 
of nearly 1 million pounds of metallic bis- 104,000 pounds. Total shipments from | 
muth and_ deliveries’ totaling 553,000 Government stocks in 1970 amounted to 
pounds from Government stocks, U.S. con- 553,000 pounds. As of December 31, 1970, 
sumption of bismuth in 1970 fell approxi- there was a 250,954-pound uncommitted ex- 

mately 500,000 pounds below the average of cess to the 2.1-million-pound bismuth 
the preceding 5 years. Consumer and __ stockpile objective. - : | 
dealer stocks increased from 598,000 to The Office of Minerals Exploration 
over 722,000 pounds during the year, and (OME), U.S. Geological Survey, continued 
total exports .of bismuth, bismuth alloys, to offer financial assistance in the form of 

and waste and scrap, principally to West a loan of up to $250,000 for 75 percent of 
Europe, were more than double those of bismuth exploration costs. 
1969. Federal income tax laws provide a 23- 

Legislation and Government Programs. percent depletion allowance to domestic 
—The General Services Administration bismuth producers, and a 15-percent allow- 

: (GSA) as authorized under Public Law ance to U.S. companies producing from | 
90-153 enacted November 30, 1967, contin- foreign sources. oO 
ued disposal of surplus Government stocks During the year the Bureau of Mines 
of bismuth at the rate of 150,000 pounds published a brief analysis of U.S. bismuth 
each calendar quarter. Sales were at cur- supply availability and outlook.2 | 
rent market price, which remained 

throughout the year at $6 per pound, in 1 Mining engineer, Division of Nonferrous Met- 
ton lots; and at $6.05 per pound in quan- als. Persse, Franklin H. Bismuth - the United 

tities of 500 to 1,999 pounds. Purchas- States. BuMines Inf. Cire. 8439, 1970, 26 DP. mu 

Table 1.—Salient bismuth statistics 

(Pounds) 

OE 
ee 

1966 1967 1968 1969 1970 

United States: 
Consumption. __------.---------------- 8,199,321 2,513,652 2,347,768 2,531,959 2,209,641 
Exports !____- 2-2 89 , 382 152 , 684 120 , 466 447 ,931 910,275 
Imports, general____.-..-......-.--.---- 1,681,472 1,379,729 1,265,671 894,804 997 ,924 
Price: New York, average ton lots__._____ $4.00 $4.00 $4.00 $4.63 $6.00 
Stocks Dec. 31: Consumer and dealer___.__ 651,800 659 , 600 621,500 597,901 2721,714 

World: Production____.---_........_--_____- 6,861,000 7,441,000 8,312,000 8,460,000 8,918,000 

1 Includes bismuth, bismuth alloys, and waste and scrap. 
2 Consumer stocks only. 
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DOMESTIC PRODUCTION 

Most of the domestic production of bis- small quantity of metallic bismuth pro- 

muth is as a refinery byproduct of cop- duced at Franklin Park, Ill., by United Re- 

per, lead, and zinc ores. The bulk of U.S. fining & Smelting Co. has been from sec- 

production from such primary materials ondary materials. . 

was recovered at the Omaha, Neb., plant Because of the limited number of 

of American Smelting & Refining Co. and producers, data regarding U.S. refinery out- 

the East Chicago, Ind., plant of United put of bismuth are withheld. Statistics on 

States Smelting, Refining & Mining Co. Al- mine production have never been systemat- 

though details are not available, more ically recorded. However, a Bureau of 

than half of the domestic output of bis- Mines study covering 10 Western States 

muth has probably been derived from yielded estimates of 590,000 to 750,000 

processing imported raw materials. Bis- pounds annually in 1962-66. Recoverable _ 

muth recovery from scrap, alloys, chemi- U.S. reserves (measured, indicated, and in- 

cals, spent catalysts, and other secondary ferred) of bismuth, associated with copper, | 

sources accounts for about 5 to 8 percent lead, and zinc ores were put at 26.4 mil- 

: of U.S. annual production. A relatively lion pounds. 

| —— CONSUMPTION AND USES , 

Consumption .of bismuth, faced with a when nonbismuth catalysts were intro- 

tight supply and high price, decreased duced. 

about 13 percent, compared with 1969, to Manufacture of low-melting-point bis- 

2.2 million pounds. Requirements for muth-lead alloys accounted for the princi- 

chemical compounds for pharmaceutical, pal metallurgical use of bismuth in 1969 
cosmetic, and other uses were 67,500 and 1970. The alloys are used as a holding | 

pounds below the 1969 level of 1.25 mil- medium for machining fragile parts, for 

lion pounds. Metallurgical uses also de- forming dies, for foundry patterns, and for 

clined in 1970 to 1.02 million pounds, bending thinwall tubing. Other applica- 

about 80 percent of the previous year’s tions include the fusible elements in fire 

total for this category. Reflecting lower re- prevention, safety, and control devices. 
quirements by the automotive and aircraft As a metallurgical additive, bismuth is 

industries, consumption of bismuth in  ajioyed with aluminum, steel, malleable 
low-melting-point alloys and metallurgical iron, and nonferrous metals to improve 

additives was down respectively 14 and 29 machinability and other working character- 
percent. istic of those metals. 
Among the wide variety of bismuth : 

chemical applications, cosmetics containing 
bismuth oxychloride, which imparts a 3 Work cited in footnote 2. 
“pearlescent” glow to eye shadow, hair 
spray, lipstick, nail polish, and powders, Table 2.—Bismuth metal consumed 

comprised the largest end-use market in in the United States, by uses 
1969 and 1970. The continued annual con- (Pounds) 
sumption of around 600,000 pounds of bis- | 

muth in cosmetics is subject to the uncer- Use 1969 1970 

tainty of fashion trends. Pharmaceutical fysible alloys!____-.-----. 748,393 643,691 

uses of bismuth call for a score or more Metallurgical additives...-. 509,587 361,484 
. : . . Other alloys___.---.------- 14,123 12 ,998 

compounds used in astringents, antiseptics, Pharmaceuticals?._...._._. 1,250,539 1,183,035 

antacids, and numerous other medicinals. Experimental uses. - - -oottt 9.068 8.a24 

Annual pharmaceutical usage has been es- ae 
timated at about 350,000 pounds. The use __Total--------------- 2,581,969 2,209,641 

. . . 1 ; oa 

of bismuth chemicals as catalysts in the  ,,-outh-lead bullion tsed directly in the production 
U.S. petrochemical and synthetic fiber in- of an end product in 1969 and 32,605 pounds in 1970. 
dustries has been declining since 1965 coe tases industrial and laboratory chemicals and
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STOCKS 

Reporting of dealer stocks of bismuth, held by consumers increased from 598,000 
representing less than 10 percent of com- pounds at the start of the year to a high | 
bined consumer-dealer stocks, was discon- of nearly 909,000 pounds at the end of 
tinued at the close of 1969. Accordingly September and then were down to 722,000 

| yearend stocks shown for 1970 in table 1 pounds at yearend. Stocks of metal held by 
are not directly comparable with figures the three domestic producers increased 
given for previous years. Stocks of bismuth about 25 percent during the year. | 

PRICES 

The delivered price of refined bismuth clined to a range of $7.50-$7.70 by mid- 
metal held at $6 per pound in ton lots February, and to $6.45-$6.60 at the end of 
($6.05 in quantities of 500 to 1,999 April. After holding relatively steady 
pounds) , throughout 1970. through the summer months, the price re- 

The London market (LME) price for sumed a downtrend in September, leveling 
imported meta] after reaching a record of. at $5.60-$5.70 during December and Janu- 7 
$10 per pound c.if. in December 1969 de- ary 1971. 

FOREIGN TRADE ~ | | 

U.S. exports of bismuth metal, alloys, - Table 3.—U.S. exports of bismuth 1 
and waste arid scrap to 19 countries to- | | | | | 

- taled 910,000 pounds gross weight, and Gross 

were valued at $2.33 million in 1970. The Year roan Value 
United Kingdom, France, and the Nether- OE | 
lands accounte , 1967__..-------------- 152,684 895,695 lands accounted for 73 percent, and other 1968.22 277777777777 1807466 aoe nae 

countries of Western Europe took 7 per- 1969_______._-__-----: 447,981 1,515,363 

cent of overseas shipments. Japan’s share 1970------------------ 910,275 2,382,423 | 
of the year’s exports amounted to 13 per- 1 Includes bismuth, bismuth alloys, and waste and - 
cent of the total. Other countries took the %8¢TaP- | 
remaining 7 percent. | 
General imports of metallic bismuth in _ Table 4.—U.S. general imports of . 

1970 totaled 998,000 pounds, valued at $5.6 metallic bismuth, by countries 
million, compared. with 895,000 pounds, 
valued at $3.7 million, in 1969. Country 1969 1970 
sources of these imports are given in table Country Value Value 

4. In addition, imports of bismuth alloys, Pounds (thou Pounds (thou 
largely lead-base materials from Mexico a) Bas) 
and Peru, amounted to 844,000 pounds,  Belgium- 
gross weight, in 1970 (1,104,000 pounds in Canada = 148,633 “$617 109,908 642 

1969) . Imports of bismuth compounds to- Japan----------- 50,229 20 

taled 24,000 pounds in 1970, compared Netherlands 22727080 1,478 864,00 2828 
i i is- Peru___----.----319,932 1,419 491,118 2,842 with_ 4,000 pounds in 1969. The net bis- or. dkingdom =” 3301 23 

muth content of imported alloys and com- on 
pounds has not been defined. Total___...894,804 3,712 997,924 5,636 . 

| WORLD REVIEW 

World production of bismuth, exclusive duction has doubled since the early 1950’s 

of data withheld for the United States and in response to growing industrial demand 
based on incomplete data for several other and rising price. Recovery of bismuth as a 
countries, has been estimated at the record byproduct from commingled ores does not 
level of 8.9 million pounds. Recorded pro- permit full recognition of the mine source,
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Table 5.—Bismuth: World production by countries 1 

| . . (Thousand pounds) . 

— ~~ Country | 4968-1969 ‘1970 > 

Argentina (in ore)_--_-.---.-----------.---------------+---" Tt 2 / 02 
Australia (in concentrates) __-_...---L-.--------------------- r 403 496 e 518 

_ Bolivia (exports as metal and in concentrates) _____...-------- 1,268 1,476 1,373 
Canada ?____.-_.-.-----------------~---------------------- 648 579 571 
China, mainland (in ore) ¢._-...---.---.---------.-.--------- 551 551 551 
France (in ore)_._-----------------------_----------------- r¥ 141 P1438 e 143 
Germany, West (in ore) ¢.____-.----------_----------------- 40 26 29. 
Italy (metal).-.-------------- +--+ - 318 © 22 e 22 

_ Japan (metal)_____---------------------------------------- 1,595 1,531 e2,000 
Korea, Republic of (metal)__--.-.-.-.-----.---------------- . 229 245 234 
Mexico ?____.____-_____-.------------------ ene eeneee--- 1, 157 1,336 e 1,300 
Mozambique (in ore)___.2- 2 eee eee eee 5 ' 6 © 6 
eru?__- eee nee eee 71,788 1,500 1,682 

Romania (in ore) ¢.__--____---2 2-2 132 176 176 
South Africa, Republic of__..-.._...------------------------ (4) (4) ----- 
Spain (metal)__...._-.--____--_---------.-------------- +e 1 (4) _---- 
Sweden (in ore) ¢.._-_--_---------------------------------- 44 33 33 
Uganda (in ore)._.____----_-_--------2-------------------- 2 _ e2 e2 
U.S.S.R. (metal) ¢...__..----.----------------------------- ' 99 110 110 
United States.___.1- 202-2 eee WwW WwW WwW 
Yugoslavia (metal)__.....-.-.----------------------------- 189 226 166 

| Total 6. eee eee eeeeee--- 78,812 8,460 8,918 

e Estimate.. » Preliminary. | * Revised. W Withheld to avoid disclosing individual company con- 
fidential data. 7 : - 

1 In addition to countries listed, South-West Africa also produces bismuth in small quantities. Bismuth is 
- believed to be produced in Brazil, Bulgaria, and East Germany, but information available is inadequate to make 

reliable estimates of production levels. Ho . 
2 Bismuth content of refined metal and bullion plus recoverable content of concentrates exported. 

“8 Production of: Monteponi-Montevecchio Co., probably including production from purchased and toll 
materials. Co . ny 

4 Less than 1% unit. 
5 Total is of listed figures only. 

| and output is credited to the country that — cent bismuth and 2.2 ounces of gold per 
produces the metal. In 1970, Japan was the _ ton. 

principal producer of metallic bismuth, Belgium.—A substantial quantity 

largely from imported raw materials. Peru (493.900 pounds in 1969) of metallic bis- 
was again the largest mune sonrce of indi- — muth was recovered in processing imported 
senous bismuth. 7 ae base-metal concentrates, smelter products, 

: Australia.—Prior to 1967, an insignifi- and secondary materials by Société Géneral 
cant quantity of bismuth was recovered yfetallurgie de Hoboken $.A. at Hoboken 
annually as a byproduct of tungsten and and Société des Mines et Fonderies de 
iron ores mined at several localities in Zinc de la Vieille-Montagne S.A. at Balen. 
Queensland and the Northern Territory. The great bulk of bismuth products made 
Nearly all of the bismuth credited to Aus- in these plants is exported to the consum- 

tralia since 1967 has been from copper- ing industries of neighboring countries. 
gold-bismuth ores produced by Peko Wall- .. } . 
send Investments Ltd. from the Juno Bolivia.—Over 95 percent of the reported 
mine at Tennant Creek, in the Northern 1970 exports totaling 1,373,000 pounds of 
Territory. All concentrates have been ex- >!Smuth in concentrates was from the Gov- 
ported, mainly to Japan. In 1970 the com- ernment-owned Corporacion Minera de Bo- 
pany embarked on an expansion project to livia (COMIBOL) mines. The Tasna 
include an Outokumpu flash smelter and ine, the country’s principal bismu th 
bismuth recovery plant at Tennant Creek. Producer, is one of the few mines in the 
The new plant, which will treat ores from W0rld worked primarily for bismuth. Ore 
the Juno and nearby Warrego mines, is "@*TVES are said to be limited. 
expected to start operation in 1972 or 1973 COMIBOL contracted construction of 
at an annual capacity of 3 million pounds _ Bolivia’s first bismuth smelter in Tele- 
of contained bismuth. Reserves of copper-  mayu, near Tasna, in October 1969. The 
bismuth ore at the new Warrego property smelter, a $1.1 million project, was sched- 
are estimated at 5 million tons averaging  uled to start operation late in 1970 at an 
0.30 percent bismuth. The Juno mine has estimated annual capacity of 600 metric 
reserves of 275,000 tons assaying 0.65 per- tons.
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| Canada.—All production of bismuth in Mexico.—Aside from small quantities ex- 
Canada is as a minor byproduct of ores ported in lead, zinc and copper concen- 
mined for other metals. ‘The more impor- trates, all reported production of bismuth 
tant sources in eastern Canada are the in Mexico has been from lead refinery by- 
lead-zinc-copper ores of New Brunswick, products recovered by Met-Mex Pefioles, 

the Popper ores minee on Oe Gaspé Pen- S.A. (formerly Metalurgica Mexicana Pefi- 
insula, and the Ssilver-cobait ores pro- oles, S.A.) and Asarco Mexicana S.A., at 

Cominco Ltd. smelter at Trail, British Col- marketed in two forms: Impure metal 

—_ umbia, which treats .ores_from. the compa: . ranging from 70 to 90 percent bismuth  ~ 
ny’s own mines and also from numerous | ; wy . 

. se - and bars of 99.99 percent purity. Approxi- 
other domestic and foreign shippers, is the : oe | , 

ey gee: | mately 40,000 pounds of the metal is con- 
only identifiable producer. In Quebec, me- d ily. by d ‘c. chemical 
tallic bismuth of 95-percent purity is pro- sume annually by omestic enemical, 

duced by Gaspé Copper Mines Ltd. at pharmaceutical, and alloy industries. The 
Murdochville, by Molybdenite Corp. of Yemainder is exported, principally to the Y ybde P . . ; 
Canada Ltd. in Lacorne Township, and by United States and the United Kingdom. 
Preissac Molybdenite Mines Ltd. in Preissac Peru.—Mine production of bismuth in 
Township. The combined annual capacity Peru is credited largely to the mines in 
of these three facilities is 400,000 pounds. central Peru, operated by Cerro Corp. 
The Trail, British Columbia, bismuth (formerly Cerro de Pasco Corporation) 
facility of Cominco Ltd. is rated at 400,000 and numerous other smaller base-metal ore 
pounds annually of 99.99 + percent purity. producers. The concentrate products from | 

| Rrance—The wo aaa | se these mines, together with substantial 
Pp scien or socicte’ des Muines smes Ce quantities of similar materials imported , 
Sa signe, and Societe Miniére et Metallur- from Bolivia, are smelted and refined in 
gique de Pefiarroya both produce impure C ; . | 

a | . erro’s vast metallurgical complex at La 
bismuth metal from lead-zinc ores. The Orova. In 1970. th | tut 
crude bullion is refined in the United r y 7 an » the company outpu 
Kingdom. _ (which accounted for over 95 percent of 
_Japan.— Although a relatively small part national production in 1969) of refined , 

of the substantial quantity of bismuth 4nd alloyed bismuth amounted to 1.68 mil- | 
metal credited to Japan is from domestic ion pounds. Of this total, 55 percent was 
ores, the great bulk of production, by derived from purchased source materials. 
eight Japanese metallurgical’ plants, is from Virtually all Peruvian refined bismuth is 
imported base-metal ores, concentrates, and exported to the United States, Europe, and | 
smelter products. countries of Latin America.
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Boron oe 

By A. F. Grube * 

Sales and exports of boron minerals con- programs or legislation proposed or en- 
tinued the rising trend that began in 1961 acted pertaining to boron. There were no : 

and reached a new high in 1970. Despite a government stocks of boron, and no gov- 
significant increase in exports, there was ornment procurement programs for borates 

no reported shortage of boron comp ounds were in effect in 1970. All government 
for the domestic market. During the year, vs : 
colemanite production was inaugurated stocks of boron were sold in 1967. . 
from deposits located in the Death Valley The depletion allowance remained at 14 
area of California. percent for both domestically and foreign- | 

Legislation and Government Programs. produced borates in accordance with the 
—During 1970 there were no government ‘Tax Reform Act of 1969. | 

Table 1.—Salient boron minerals and compounds statistics in the United States 
(Thousand short tons and thousand dollars) 

1966 1967 1968 1969 1970 

Sold or used by producers: . 
Quantity: 

Gross weight__._.._....---.....--.---------- 866 892 963 1,020 1,041 . 
Boron oxide____.-_--------- eee eee 462 473 519 551 562—C«; 

Value__.__...---------------------------------- $68,209 $69,819 $76,535 $81,261 $86,827 
Imports for consumption: 

Quantity___.__--__-- eee 12 27 19 25 26 
Value___.....---------------------------------- $1,084 $1,201 $1,184 $1,668 $2,415 

DOMESTIC PRODUCTION 
Domestic production and sales of borate percent. The firm maintains a storage cen- 

minerals increased slightly in 1970 as com- ter at Botlek, the Netherlands. From this 
pared with 1969. Production and sales in- center borax is transported to other parts 
creased by 2 percent. As in past years, of Europe. Stauffer Chemical Co. and 
most of the domestic boron production American Potash & Chemical Co. produced 

came from open pit mines in Inyo and boron compounds as coproducts from the 
Kern Counties, Calif., and lesser quantities brines of Searles Lake in San Bernardino 

from San Bernardino County, Calif. The County, Calif. 
boron mine of the U.S. Borax & Chemical During 1970, the Tenneco Oil Co. initi- 
Corp., a subsidiary of Rio Tinto Zinc ated production of calcium borate (cole- 
Corp. Ltd., remained the world’s foremost manite) from its deposit in Kern County. 
source of boron. This firm produced an Searles Lake Chemical Co., a subsidiary of 
upgraded crude sodium borate and fin- Occidental Petroleum Corp., a third lease- 
ished products at Boron, Calif., and proc- holder in Searles Lake, has constructed 

essed borates at plants located at Wilming- solar ponds on its property, but there has 
ton, Calif.. and Burlington, Iowa. been no production to date.? 
Wilmington was the company’s port of ex- 

port. During 1970 the U.S. Borax Be Chem- 1Industry economist, Division of Nonmetallic 
ical Corp. installed a new processing line yfinerals. 
and two new thickeners at its Boron plant 2 Industrial Minerals. sBorates: An Expansion of 

that increased plant capacity by roughly 20 produ ction Essential. No. 34, July > PP. 
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/ CONSUMPTION AND USES * 

About 50 percent of U.S. production of tor in radio tubes, and as a coating mate- 
boron minerals and compounds is ex- rial in solar batteries. 
ported. To reduce transportation and dis- Water solutions of borax were used in 
tribution costs for overseas sales, the U.S. dyeing leather and textiles, in cleansing 
Borax & Chemical Corp. has replaced all hides and skins, in plasters and paints to 

7 its 20,000 deadweight-ton (dwt) ships with prevent mildew and give a higher gloss to 
30,000 dwt ships. An estimated 32 percent~ starches, and to prevent mold on leather 
of U.S. boron consumption was used in textiles arid citrus fruits. | 
producing heat-resistant glass, glassware, Compounds of boron carbide, titanium 
and fiberglass. About 14 percent of the boride, and tungsten borides are among 
boron consumed was used in the manufac- the hardest substances known. Boron car- 
ture of vitreous enamel, which is used as bide was used in manufacturing abrasion- 
protective and decorative coatings on sinks, resistant parts of spray nozzles, bearing lin- 
stoves, refrigerators, and many other’ ers, and furnace parts; in the atomic 
household and industrial appliances. energy field, it was used as nuclear reactor 

Borax and boric acid were used in soaps, control elements and radiation shields and 

cleansers, and detergents because of their 48 an abrasive for ultrasonic grinding and 
| bactericidal properties, easy solubility in drilling. Boron nitride is useful as a ther- 

water, and excellent water-softening prop- ™al insulator and as a mold lubricant in 

erties, Its mild alkalinity in water and its glass manufacture. Titanium boride is 
germicidal properties make it useful in available in commercial quantities, but its 

toothpaste, mouthwash, and eyewash. An use is not widespread. | 
| | estimated 16 percent was used in soaps Increasing use was being made of boron | 

and cleansers. In agriculture, borax was ‘trichloride as a catalyst in silicone produc- 
| added to fertilizers to supply boron as an tion, a synthesis intermediate, and an ex- 

essential plant nutriént. Boron compounds tinguishing agent for magnesium _ fires. 
were also used to exterminate weeds. Agri- Boron trifluoride was used as a catalyst for 

cultural chemicals accounted for estimated ™any organic reactions such as polymeriza- 
14 percent of the demand. tion, esterfications, and alkylations. 

Boron compounds, being excellent flux- Organic boron compounds such as borate 

_ ing materials, are especially useful in weld- esters were finding greater use as dehydra- 
ing, soldering, and brazing metals and in ting agents, synthesis intermediates, special 
metal refining. About 2 percent was esti- solvents, and catalysts. Boron compounds 
mated for this use in 1970. were used as plasticizers, adhesive additives 

. for latex paint, and fire retardants in plas- 
Other uses of boron included compounds tics and protective coatings. Boron com- 

added to alloy steels to increase hardena- pounds such as diborane (B2Hg) , pentabor- 
bility. Some elemental boron was used as a_ ane (BsHg), decaborane (BjoHj,), and aklyl- 

deoxidizer in nonferrous metallurgical re- boranes are potential jet and rocket fuels. 

actions, as a grain refiner in aluminum, as_[t is estimated that 22 percent of domestic 
a thermal neutron absorber in atomic boron demand was for consumption in 
reactors, in delayed actions fuses, as an igni- these many miscellaneous uses. 

PRICES 

Prices of virtually all borate products at percent, $18; and over 99 percent, $70. 

yearend 1970 were higher than prices Prices of other borates are shown in table 
posted for yearend 1969. Elemental boron 2. 
prices were quoted at yearend by Ameri- 
can Metal Market as follows, per pound, s Stanford R h Institute Chemical E 

in ton lots: 90 to 92 percent, $13; 97 to 99 i, Frandbook. Baron. 1070) nom
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Table 2.—Borate prices at yearend, 1970 

Per 
short 

; ton ! 

Borax, technical: . 
Anhydrous, 99 percent: 

Bags___-.--__------__--_-_ --_-- $113.00 
_Bulk____--__--------------._-.~ 108.25 

Granular, decahydrate, 99.5 percent: 
Bags__-.-.-----______--____.-. 64.75 
Bulk__. 2-02-2222 2-56.25 a 

_ Granular, pentahydrate, 99.5 percent: , — 
Bags__ 2.2222 88.75 
Bulk_ ~~ eee 75.25 

Borie acid, technical: 2 - . 
Anhydrous, 99.9 percent, bags 3___ 197.00 
Crystals, 99.9 percent, bags__.._.._ 253.00 
Granular, 99.9 percent, bags____._ 138.00 

Sodium borate powder, U.S.P., bags..___.._ 117.25 

1 Carlots, f.o.b. plant works. 
& Technical boric acid $33 per ton higher in drums. 

| 8’ Anhydrous and granular $10 to $12 per ton lower 
in bulk. NF $30 per ton higher in bags. 

Source: Oil, Paint and Drug Reporter and industry 
sources. . 

FOREIGN TRADE 

U.S. exports of boric acid in 1970 in- In contrast, exports of refined sodium | | 

creased 44 percent in quantity and 46 per- borate decreased 8 percent in quantity and 
cent in value compared with 1969 data. 3 percent in value. The largest tonnages of 

Table 3.~U.S. exports of boric acid and sodium borates, in 1970 1 

Boric acid (H3sBO3content) Sodium borates (refined) 
Destination —_ 

Short tons Value Short tons Value 
(thousands) (thousands) 

Australia____- 222. .u eet 2,747 $393 ~ §,806 $487 
Belgium-Luxembourg--__-._._..-------------_---- 39 4 376 27 
Brazil... 22 eee eee eee 1,993 294 1,220 140 
Canada___.___- lee 4,551 508 10,373 926 
Chile___ wee eee ee 205 31 927 107 
Colombia______..------ eee 470 70 1,493 161 
Finland. ._~______- 2. eee eee en eeee weneee 409 37 
France____._...- 2 _-__~ eee woe ee weeuee 8,949 919 

_ Germany, West___________-________ 4,601 470 1,324 124 
Hong Kong___________ ee ee * 181 26 5,249 553 
Indonesia____________ -___-_ eee eee 55 4 421 31 
Israel. _.__2 2 eee eee 12 2 486 42 
Italy___.__-.------ 2. eee 903 114 6, 720 731 
Japan... ee 18 , 862 1,847 40,848 3,954 
Korea, Republic of___________.-___.-____-_------ 208 33 1,260 91 
Mexico___________- ee 1,793 287 8,928 883 
Netherlands______:...2_-______2___ eee 18,547 1,907 61,177 6,923 
New Guinea____________. 2-2 ee 203 84 127 16 
New Zealand. _______._____..__=_____u.-_ ee 441 62 8,102 465 
Pakistan____.-.-. 2 eee 215 32 234° 38 
Peru____--. eee 701 97 296 23 . 
Philippines____.______.__-_. oe 514 7 955 111 
Singapore_____._-..__-_-_._- 22 = ee eee 30 4 833 38 
South Africa, Republic of___..._.___._.______.._-- 239 46 758 90 
Spain_______--- eee 22 3 1,363 149 
Sweden______________ ee 172 20 1,838 182 
Switzerland_________________.________ ee ------ waneee 1,491 122 
Taiwan_____.______-__________________ ee 295 40 2,381 205 
Thailand______-_ eee 89 15 867 5 
United Kingdom__-______.____-_ 3,140 287 898 49 
Venezuela_____________-_2 ee 321 53 287 26 
Vietnam, South_______-__.__-___--._-- ee 199 28 3,003 268 
Yugoslavia__.-._.--_- ~~ eee ween ee ~----- 5,203 557 
Other______ 2-8 621 126 2,229 221 

Total_________ ee 52,369 6,909 180, 831 18,771 

1 Excludes unknown quantities of crude sodium borate and other borate compounds estimated to be over 
100,000 tons, but exact data are not available. .
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both boric acid and refined sodium borate In 1970 the United States imported 

exports were consigned to Japan and the 27,336 short tons of calcium borate (cole- 
Netherlands. Data are given in table 3. In manite) valued at $831,550 from Turkey, 

addition to the quantities of boric acid 96 short tons of boron carbide primarily | 
and refined sodium borate exports listed in ¢ wy Canada and West Germany valued at 
the table,.a large quantity (more than | 
100,000 tons) of unrefined sodium borate $165.665, and less than 1 short ton of 
was exported. These data are company boron metal from France and West Ger- 

confidential and may not be published. many valued at $75,794. 

WORLD REVIEW | 

Argentina.—During 1970, Argentina was owned company, Etibank. The remainder 
the only South American country produc- was produced by Tiirks Boraks Madencilik 
ing borates. Boroquimica Limitada, a sub- Co., a subsidiary of Rio Tinto Zinc Corp., | 
sidiary of Rio Tinto Zinc Corp., produced and the Turkish firms Rasih ve Ihsan and 
35,044 short tons of borates in 1970. This Hasmettin Yakal. 

represented a production increase of 51 It was announced in April 1970 that the | 
percent over that produced in 1969. Dur- Ministry of Energy and Natural Resources 
ing the year, Boroquimica was developing had cancelled the exploitation licenses on 

the deposit at Tincalayu in the Solar del five deposits of the Tiirks Boraks Co. The — 
Hambre Muerto region of the province of  geposits involved are located in Seyitgazi, 
Salta. oo ; ; Eskigehir and contain more than 600 mil- 

| China, mainland.—Sodium borate is pro-  jion tons of ore. In the same area, Tiirks 

duced from deposits in the Iksaydam area  Roraks still holds a license for a sixth de- 
| Sinkiang Province. Data on output are not posit, which contains from 200 to 300 mil- 

| available. | | lion tons. 
Turkey.—In 1970, the production of 

boron minerals and compounds in Turkey USS.R.—The USSR. produce and 
totaled 428,113 short tons (analyzes about Uses boron raw materials from deposits 
43 percent B2O3), a 20-percent increase north of the Caspian Sea. Indications are 

over the 1969 output of 356,569 short tons. that the Soviet demand for boron com- 
_ About one-half of 1970 production was ac- pounds is about. 30,000 tons per year of 

counted for by the Turkish Government- B2QOsz. | 

TECHNOLOGY 

A potential market for colemanite and During 1970 two French research teams 
perhaps sodium borate is a substitute for employed by Société Industrielle des Mi- 
fluorspar in the basic oxygen furnace nerais.de L’Quest (SIMO) and Exchan- 
(BOF) steel manufacturing process, for geurs dons Minéraux (EDIM) discovered 
which the Flintkote Co. has been granted a new process for separating the isotope 
a patent (U.S. Pat. 3,574,597). Flintkote boron-10 from boron-11. As a result of this 

cooperated with a steel company in testing research, the two companies are building a 
the process on a pilot plant scale. Results plant for separating the isotopes. The 

of the tests indicated that the addition of plant will produce 200 kilograms per year 

uncalcined colemanite to the charge in a of boron-10 assaying over 99-percent 

(BOF) furnace accelerated the dissolution boron-10, which normally makes up 19.78 

of lime in the slag, reduced the heat time, percent of elemental boron. This is of in- 

and increased the life of the furnace re- terest in control rods for fast-breeder reac- 

fractories. As the colemanite replaced fluor- t©rs. In this country the isotopes have 
spar in the melt, the need for this min- been separated by fractionation of the di- 

methyl ether complex of boron 
_ eral, currently in short supply, was . . 

. . trifluoride.4 
eliminated along with the fluoride emis- 

sions from the stacks, which are potential 4 Chemical Engineering. Solar Evaporation Will 
be Used on Searles Lake (Calif.) Brine. V. 78, 

pollutants of the atmosphere. No. 11, May 17, 1971, p. 77.



Bromit | romine 

By Robert T. MacMillan 1 | 

Increasing demand for bromine as a_ est producer of bromine in 1970. Public 
component of motor. fuel additives, flame concern over air pollution from motor ve- 
retardants, and sanitizers, resulted in con-  hicle exhausts may cause reduction or 

tinued growth in production of the com- complete removal of lead and bromine 
modity chiefly from brines in Arkansas and from motor fuels. This would result in a 
Michigan. Expansion of production facili- lessening of demand for bromine. The 
ties that process oilfield brines permitted phase out of this end use, however, is ex- 
Arkansas to supplant Michigan as the larg- pected to be gradual. 

| DOMESTIC PRODUCTION | 

Total U.S. production expressed as ele- Table 1.—Elemental bromine sold as such . 
mental bromine set a record of nearly 350 —_—or: used _in the preparation of bromine | 
million pounds in 1970, compared with compounds by primary producers in : 
335 million in 1969. Most of the output the United States | 
was converted and sold as bromine com- (Thousand pounds and thousand dollars) : 
pounds by the primary producers. Only Quantity Value 

| about 34 million pounds or 10 percent was) Soiq__._.................... 88,602 $6,221 | 
marketed as elemental bromine to non-  Used_____-------------------- 316,146 54,339 

_ producers of bromine. The 1970 quantity, Total................... 349,748 60,560 | 
shown in table 1 as elemental bromine. ©&———————————___—_—_—_- : 
sold, is considerably less than the 61 mil- Table 2.-Bromine compounds sold by | 
lion pounds sold in 1969. However, before primary producers in the United States 

1970, the data for elemental bromine sold (Thousand pounds and thousand dollars) SO 
included the elemental] bromine transferred —©_£<—-T 00000 

among companies producing primary bro- Compound ___ Quantity vaiue 
mine. The quantities of bromine com- Gross Bromine 

: : weight content 
pounds produced were adjusted to avoid WN 
duplication in total production figures. Ethylene dibromide___ 291,002 247,555 $47,187 

. . . . er compounds: 
This practice has been discontinued and (Includes ammonium, 

the 1970 figures in table 1 are a more ac- sodium, potassium, | 
. woe ethyl, methyl, and 

curate presentation of the quantities of other bromides) _____ 93,265 66,626 41,747 

bromine sold as elemental bromine and Total__........ 884,267 814,181 88,934 
used by the industry to produce com- | © ———————————________- 
pounds. Because previously published fig- 
ures cannot be reconstructed to reflect the compounds being produced by the indus- 
new procedure, no comparison with 1969 try. 
figures is shown. Seven primary bromine producing com- 

The gross weight of all bromine com- panies operated 11 plants in three states. 
pounds increased substantially in 1970 Arkansas, with five plants, became the lead- 
compared with 1969. Part of this increase ing state in bromine production; Michigan 
resulted from the revised tabulating proce- ranked second. California, with one produ- 
dure, which indicated less elemental bro- cer, ranked third. Production of primary 
mine being sold to nonproducers of bro- “7WPhesiaal ecienti _.. c oN Vi 
mine, but larger quantities of bromine Mii scientist, Division o onmetallic 
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bromine in Texas was discontinued in largest increase in bromine production oc- 

1969 when the Ethyl-Dow Chemical Co. curred in Arkansas where output of the 

plant at Freeport stopped producing ethy- Bromet Co., which came on stream in 

lene dibromide from bromine extracted 1969, helped to boost the state’s produc- 

from seawater. Ethylene dibromide contin- tion 47 percent in 1970. Production in 
ys P oe 3 

ued to be produced in Texas, however, b Michigan and California showed little 
Pp ° e ° Y 8 ¢ ° 

the Houston Chemical Co., which obtained change from their respective 1969 levels. 

| bromine from Arkansas Chemical Co., El- Domestic producers of primary bromine 

dorado, Ark. and bromine compounds in 1970 were as 

For the second consecutive year, the follows: | | 

a OS UNUEIN ONE oes 
Production 

. State Company . County Plant source 
: 

Arkansas _ - Arkansas. Chemicals, Inc____---- Union 7 —— Arkansas Chemicals _ . Well brines. 

romet Co_________-------.--- olumbia________.  Magnolia_.__...--.-. Do. 
The Dow Chemical Co._...---..  ----do---_--.--.. ~--.d0__-..--..--_-- Do. 
Great Lakes Chemical Corp._._._. Union_._.__.._.... El Dorado_.__-.__.-. Do. 

Michigan Chemical Corp__..----. ----do_-.._.-_---. Michigan Chemical Do. 
orp. 

California _- American Potash and Chemical. © San Bernardino... Trona_.....------=--- Searles Lake 
orp. rines. 

Michigan... The Dow Chemical Co____.--_-- Mason. - wenn eee ee Ludington. wae ee ee ee Well brines. 

. OL. ee 1djanag_____ ee Wi1anag_ 122. ee 0. , 

Michigan Chemical Corp-_-_-...-- Manistee- ean ee nes Hast Lake- een eee ene Do. 

O___u4..---------------- ratiot_......._.._ St. Louis___..-..-.-- oO. 
Morton Chemical Co___._-_----. Manistee__....... Manistee_........--- Do. 

| CONSUMPTION AND USES | | | 

The most important use of bromine was the demand for bromine in its most im- 

in the production of ethylene dibromide portant use. 

used mainly as a lead-scavenging agent Other uses for bromine and bromine 

wien Te trae tea a gasoline antiknock compounds included fire extinguisher 

ce ne out . a otto vo duce othe charges; flame retardants for plastics, tex- 
i was use - . | . . 

lene Mibromaiie pros Y tiles, and other materials; pharmaceuticals; 

The Clean Air Act of 1970, which re- hydraulic and gage fluids; sanitizers; and 

quires a 90-percent reduction of current chemicals used in agriculture, pharmaceuti- 

auto emission levels by 1975, makes the cals, water treatment, and other products. 

large-scale production of unleaded or low- Increasing growth in demand for bromine 

lead automotive fuels highly probable in fu- chemicals other than ethylene dibromide 

| ture years. Partial or total removal of lead indicated a trend toward diversification in 

from gasoline would substantially reduce the industry. . 

PRICES 

Prices quoted at yearend for bromine and Cents 

bromine compounds in the Oil, Paint and pound 

Drug Reporter were as follows: Bromochloromethane: | 
Drums, carlots, freight equalized____..._ 51.5 
Tanks, same basis._....._._.----.------ 50 

Ethyl bromide 98 percent drums, carlots, 
Cents freight equalized___.__.__....--.--------- 68 
per Ethylene dibromide: 

pound Drums, carlots, freight equalized._._...- 25 

Bromine, purified: ; Methst hamide: basis...------------------ 20 

Cases, carlots, fon lots, delivered east of 36 Service organization prices, 40- to 375- 
one I aims ----~-------------- p ound | cylinders, large lots, freight 164 

. allowed__.....-_-_______--.-------- 57%- 
Returnable or ‘a carlots, ton 27 Potassium bromate, 200-pound drums, carlots, 50 

’ Sart eco ssn reight allowed________.....-_---------- 

Tank Carlota, delivered. - 7777 ig . 2 Potassium bromide, N.F., granular drums... 43 

Ammonium bromide, National Formulary Sodium | Soont Squalined granular, barrels, 40 

(N.F.), granular drums, carlots, ton lots, , TT TTT esses eres ss 

freight equalized __._-.------------------ 48 1 Prices in Zone II are 1 cent per pound higher. 
Prices in Zone III are 2 cents per pound higher.
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Prices were the same as those in 1969, ex- creases in purified bromine and potassium 
cept for a 4-cent-per-pound increase for bromide and a 2-cent-per-pound increase in 
potassium bromate, 3-cent-per-pound in- ammonium bromide. 

FOREIGN TRADE : | 

Imports of bromine compounds were These compare with 1969 imports of 330 
substantially greater in 1970, compared pounds of potassium bromide from West 

with those of 1969, and included the fol- Germany valued at $2,914, and 58,201 

lowing quantities of potassium bromide: pounds of ethylene dibromide valued at 

19,201 Pp ounds valued at $3,295 from the $6,054 from Israel. No elemental bromine 
United Kingdom; 16,536 pounds valued at. . 
$4,957 from France; and 72,139 pounds val- imports have been reported since 1964. All , 

ued at $10,580 from West Germany. Other other imports of bromine compounds are 

imports included 84,656 pounds of ethylene included with other chemicals and are not 
dibromide valued at $11,599 from Japan. separately classified. . 

| WORLD REVIEW 

Israel.—Israel reported production of bromine and 585 tons of potassium bro- 
8,816 short tons of elemental bromine and mide, compared with 1969 production of 

4,408 short tons of bromine compounds 7,844 tons of elemental bromine and 591 

from the Dead Sea. Bromine Products tons of potassium bromide. A_ reciprocal , 
_ Ltd., reported sales totaling $2.5 million in agreement between Hitachi Chemical Co. 

the form of pesticides.2 Reserves of bromine and Michigan Chemical Corp. was ap-. 
in the Dead Sea have been estimated at proved by the Japanese Government. The | 
870 million tons. agreement provides for the exchange of 

Japan.— Bromine output in 1970 was re- certain patent rights and technology be- 
ported to be 10,504 short tons of elemental tween the two companies.3 | 

TECHNOLOGY | 

| An experimental study of the toxic po- covering all or part of them was under- 
tential of brominated vegetable oils on rats taken by the Bureau of Mines.5 | 
was conducted.4 Groups of rats fed diets The concentration of minerals contained 
containing 0.5 to 2.5 percent brominated in 13 different oilfield brines in several mid- 
cottonseed oil showed growth retardation, western states was reported together with 
impaired food utilization, and other path- the concentration needed to produce $250 
olegical symptoms, compared with rats fed worth of mineral production from process- 
normal diets. Symptoms were more pro- ing 1 million gallons of the brines. Possi- 
nounced at the higher levels of bromine in ble recovery techniques included brine de- — 
the diet. A level at which no effect is ob- salting processes and ion _ exchange. 
served is being determined. Brominated Variability of the brines both in composi- 
vegetable oils are used to adjust the den- tion and rates of flow cause some difficulties 

| sity of flavoring oils and to act as clouding in determining quantities available, and 
agents to retard layer formation, for exam- for this reason are deterrents to large-scale 
ple, in fruit juice. oilfield brine processing. 

Bromine is one of 11 chemical elements 2 Chemical Week. Israel’s Pesticide Exports Tri- 
potentially recoverable from brines associ- ple. V. 106, No. 23, Aug. 10, 1970, p. 36. 

. . . Oil, Paint and Drug Reporter. Flame Retar- 
ated with petroleum production. The min- gant License Okayed by Japan’s Government. V. 
eral values of these brines are not only 198, No. 7, Aug. 17, 1970 P aa . anc 

wasted under present technology, but area yieAf™BFO-, 1 Cy Es J) Middleton, and H.C. 
disposal problem of the petroleum indus- Rats, Fed, Brominated Cottonseed Oil for 80 Bays. 

try. An investigation of the concentrations Oxford. England), v. 7, No.l, (969, pp 35-33. 
of these minerals available from oilfield 5 Collins, A. G. Finding Profits in Oil-Well 

brines and the economic feasability of re- tebe 1SI0. pp. 166-168. g-, v. 77, No. 20, Sep-
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A new formulation of bromides and ie- ing. Consequently, the use of lead and 
dides of lithium: in aqueous solution was bromine in gasoline additive mixtures is 
patented for use as an absorption refriger- expected to persist for a reasonable time 
ation fluid. The preferred composition before new refinery equipment capable of 
comprised 30 to 40 percent lithium iodide producing motor fuel of satisfactory octane 
and the remainder, lithium bromide. Gly- rating by catalytic reforming processes be- 
cerine or ethylene glycol may be used op- comes available. 

| tionally in the two-pressure system.® | | 

Major technical and economic problems 6 Hensel, W. E., Jr. and W. W. Harlowe, Jr. 
are involved in developing the refinery ca- Assigned to Arkla Industries, Inc., Lithium Bro- 
pacity necessary to produce unleaded auto- mide: Lithium Iodide Compositions for (Absorption 

motive fuel with the necessary octane rat- 1g 1970 System. U.S. Patent 3,524,815, Aug.



_ By Burton E. Ashley * | 

Cadmium showed some signs of weakness During the last 6 months of the year, 

in early 1970, but price and demand gen- supply outstripped demand, helped by 

erally held steady. A decided reversal was free-market ' imports from Japan at_ less 

evident in the second quarter, and by the than the domestic producer price. 

end of the year, the cadmium market had Cadmium sales from the stockpile were 

all but disappeared compared with 1969. negligible, and cadmium ended the year as 

Production for the year declined 25 per- a metal that few dealers and consumers | 

cent and producers’ shipments by 47 per- wanted at any price. 

cent. Meta] imports increased 131 percent; Legislation and Government Programs. 

Japan supplied 37 percent, by volume, of —Public Law 91-314, signed by the Presi- 

the cadmium metal imported. Exports in dent ‘on July 10, 1970, authorized the re- 

the first quarter, at over one-quarter mil- lease of 4,180,000 pounds of cadmium from 

lion pounds, were up over 62 percent from the national stockpile. In August the Gen- 

the final quarter of 1969. Foreign markets eral Services Administration announced 7 

disappeared during the second half of the that 600,000 pounds of cadmium would be 

year, and exports declined drastically to available during each calendar quarter of 

end the year at 66 percent under 1969 ex- fiscal year 1971. Domestic consumers 

ports. | bought 1,600 pounds in September and 

| Industry stocks of metal at yearend were 4,600 pounds in the October-December 

168 percent higher than stocks at yearend quarter. As of yearend 1970, 4,173,800 
1969, the highest since 1958. pounds remained of the total authorized 

Statistics for the first quarter of 1970 for disposal. The Government price for in- 
: . gs : gots at storage depots continued at 12 

gave a misleading direction to the state of . | 
. . cents per pound below the domestic 

the cadmium market for the remainder of ted pri te f . 

the year. Planned reduction in zinc output oe k ip latin, “chabese th OF a version 

indicated a tighter supply of byproduct o electroplating shapes; the new “aw per 
. : . . mitted the sale of balls and sticks from 

cadmium. That the supply situation might . . 
. . the stockpile at market price. 

be tight was substantiated by the 18.9-per- . 
. . . . At the end of 1970, with an allowance . 

cent decline in cadmium metal output in . . “ 
for inventory adjustment, there were | 

the first quarter from the fourth quarter . 
. . 10,148,836 pounds of cadmium remaining 

of 1969. Exports increased and imports de-_ . . . | 
. . in the stockpile with a market value of 

creased for the quarter, which also pointed songs 
: $22,834,881. Acquisition cost was $18,166,416, 

to a lesser supply, as well as the consider- averaging $1.79 per pound 
bl d . - ce 

aus draw own on stocks o The stockpile objective, set by the Office 
During the second quarter the statistical of Emergency Preparedness, remained at 6 

position reversed, except for metal produc- million pounds. : 
tion which continued to decline. Imports The Office of Minerals Exploration, U.S. 

of metal rose by 15 percent and exports Geological Survey, provides to eligible par- 
fell 64 percent. Stocks of metal producers ticipants, up to 50 percent of allowable 

gained over 80 percent. The third and costs of exploration for cadmium. Cad- 
fourth quarter figures continued the gen- mium producers are granted a depletion 

eral trend started in the second quarter. allowance of 22 percent on domestic pro- 

The producer price held at $4.00 per duction and 14 percent on foreign produc- 
pound until cuts occurred in August, Octo- tion. 
ber, and December, bringing a total price —~~————_. a 
decrease of 44 percent for the year. als. Physical scientist, Division of Nonferrous Met- 

245



946 | | MINERALS YEARBOOK, 1970 

a * DOMESTIC PRODUCTION. | | 
_ Production of cadmium metal opened waste and scrap from Mexico and Japan — 
the first quarter of 1970 with a decline of also provided cadmium for domestic recov- 
18.9 percent from that produced in the ery. | | 
final 3 months of 1969. Output declined Cadmium content of. sulfide compounds 

_ each succeeding quarter to total 95 mil- produced (which includes lithopone and 
lion pounds for the year; this was a de- cadmium sulfoselenide) declined during 
cline of 25 percent from the record pro- the year to 2.1 million pounds, 12.4 percent 
duction of 12.6 million pounds set in 1969. pelow the 1969 level. 

lue of producer.shipments followed the oe 4 | , . 
va pr pmenis Cadmium oxide was produced by Ameri- 
downward trend of production and ended . 78 

be! ae . can Smelting and, Refining Company, 
the year at $24.1 million, a decided drop : 7 = . 

a ‘ aaa . Blackwell Zinc Co., and Harshaw Chemical 
from shipments of $40.6 million during - 

1969, — a 7 | — 
Flue dust imported from Mexico con- Table 1 lists comparative salient statis- 

tained 1.1 million pounds of cadmium for tics for cadmium for 1966-70; table 2 re- 
domestic recovery and refining. Imported fers to sulfide output during the same pe- _ 

| zinc ore and small amounts of cadmium riod. 

Table 1.—Salient cadmium statistics 
__ (Thousand pounds) . . 

. . : | 1966 1967 1968 1969 1970 

United States: | ; 
Production 1. _._...-.-.-.---------.--------. 10,460 8,699 10,651 12,646 9,465 

' Shipments by producers ?____.-_------------- 11,792 9,606 /11,244 12,978 6 , 848 
Value___.-_-.--------------thousands__ $26,771 $24,665 $28,409 $40,636 $24,163 

Exports____..---.-.---.---------- eee 379... 691 530 1,085 373 
. Imports for consumption, metal....._-.------ 3,358 1,587 1,927 1,078 2,492 

_ Consumption. ____.-----_..--___----_-_.--. 14,780 11,578 13 ,328 15, 062 9,186 
. Price: Average * per pound___.-.-.--_...-... $2.42 $2.64 $2.65 $3.27 $3.57 

World: Production.__._.____.--.--.---_-.--_--_. 28,648 29,069 33,105 388,653 35,245 

1 Primary and secondary cadmium metal. Includes equivalent metal content of cadmium sponge used di- 
rectly in production of compounds. 

2 Includes metal consumed at producer plants. 
3 Average quoted price for cadmium sticks and balls in lots of 1 to 5 tons. 

| | Table 2.—Cadmium sulfide 1 produced 
| in the United States | : 

: (Thousand pounds) . 

. Sulfide 2 . 
Year (cadmium 

content) 

1966____--__----___-------------- 2,267 
1967_____------------------------ 1,536 
1968_____.._--------_-- ~~ -_-- 2,457 
1969_________._-___------- ee 2,439 
1970_____--..---- eee 2,137 

. 1 Cadmium oxide withheld to avoid disclosing in- 
dividual company confidential data. 

2 Includes cadmium lithopone and cadmium sulfo- 
selenide. 

CONSUMPTION AND USES : 

Apparent consumption of cadmium Table 3.—Apparent consumption of 
amounted to approximately 9.2 million cadmium 
pounds. Compared with the 1969 figure, (Thousand pounds) 
consumption in 1970 decreased 39 percent. ooo I 
Government sales in 1970 at 6,200 pounds Stock bes oo 

were negligible when compared with the production 222. 126469465 
2.8 million pounds of Government sales in Imports, metal. ------------ 1,078 2,492 
1969 (table 3) ; overnment sales_...._._.... 2,756 

' Total (supply)_..-__._.. 17,579 | 18,395 The Bureau of Mines does not sponsor Exports. 774088 373 

an annual survey of cadmium uses, so per-  Stocks—end________--_-____. 1.432 3,836 

tinent figures must be estimated. Electro- Apparent consumption © 15,062 9.186 

plating is the most important single use —TRojseq & & .}.”™
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average price of cadmium metal in the United States.
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for cadmium and is thought to account for and some other stabilizing agents are per- 
45 to 60 percent of annual demand. One mitted. 
industry source2 estimated that _platers Cadmium compounds used as colorants 

| consumed 5 million pounds in 1970, down contribute bright yellow, red, and orange 
from an estimated 6.5 million pounds in shades to plastics, printing inks, and pig- 
1969. ments. - | 
Cadmium plating of parts used in motor Cadmium is also used in the manufac- 

vehicles, airplanes, and boats is important ture of primary batteries in both sealed 
from a standpoint of resistance of the and vented cells. Such batteries have a va- 
metal to corrosion and its attractive finish. riety of uses as a source of power in air- 
Cadmium plating of small hardware parts, craft, hand tools, and communication | 
fasteners, and small home appliances con- equipment. 

_ stitutes a popular use. Other requirements extend over a wide 
Cadmium compounds, manufactured range including phosphors for television 

from the metal, have important uses as col- picture tubes and night-sighting devices. 
orants and as stabilizing agents in the Small but important uses are also as an 
manufacture of vinyl plastics. Cadmium as_ alloy for hardening copper, fusible alloys, — 
a stabilizer has not been approved for solders, and as electrical contacts for 
plastics used in food packing, whereas tin switches and relays. 

a | | STOCKS | 

Yearend industry stocks of cadmium _ rise in metal stocks was found in the in- 

metal increased to 3.8 million pounds, a ventory of producers and_ distributors. 
rise of 168 percent over like stocks at year- Table 4 shows details of industry stocks 

end 1969. Industry stocks of cadmium in held on December 31, 1969, and 1970. 

compounds rose 9 percent. The greatest oo 

: Table 4.—Industry stocks, December 31 

(Thousand pounds) 

. | 1969 1970 

Cadmium Cadmiumin Cadmium Cadmiumin | 
. metal compounds metal compounds 

. Metal producers__._.-_--.-------------------- 708 WwW 3,325 WwW 
Compound manufacturers. __-_-.-------------- 492 r277 157 867 
Distributors. __._..------------.------------- 7282 tA5 354 33 

Total_._.----------------------------- | 71,482 T 822 3,836 900 

t Revised. W Withheld to avoid disclosing individual company confidential data; included with ‘“‘Com- 
pound manufacturers.” 

PRICES 

_ The 1969 yearend domestic price of cad- effective December 17. It was reported at 
mium in lots of 1 ton held steady at $4 yearend 1970 that free-market cadmium 
per pound until August 7, 1970, when it could be acquired at less than $2 per 
was lowered to $3.25 per pound. A further pound. There were few takers. The aver- 
price cut to $2.75 a pound occurred on age price for the year was calculated at 
October 6, because of soft European de- $3.75 per pound. Table 5 shows the 1970 

mand and a buildup of Japanese stocks; domestic price range of cadmium to con- 
the combination of soft demand and grow- — sumers. 
ing stocks resulted in a substantial increase On the London market, prices held at 
in the U.S. imports of free-market metal. ¢3 95 per pound until about mid-August, 
As US. producer stocks and imports con- 
tinued to rise in the fourth quarter of 2 Raker. Crosby. Cadmi rE a Mi | 
1970, the price again decreased to $2.25 y. 172, No. 3. March TO71, p. no. J.
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when a decline to $3.23 was registered. In Table 5.—Cadmium prices 1970 
_ mid-October the price again fell to $2.76 | (Per pound) | 

per pound, which continued until yearend. Producer to consumer 
_ The French price started the year at $4.4 | | —_——— 

P . y . 4. 3 Date . Less than per pound and declined steadily ending 1-ton lots 1-ton lots | 
the year at $2.05 per pound. The price in Jan.1............... 4.00. 4.05 
Italy followed the same downward general Aug. i. ------------- 3.25-4.00  3.30-4.05 

trend, starting the year at $4.19 per pound Get. 6- 222222722272 2.75-3128 2.80-3.30 | 
: | s _ Oct. 18_----------e-, 2B 2.80 

_____ and ending at $2.42 per pound in Decem- peg. 47.7777777777777_g. 25-2.75.  2.80-2.80.. 
ber. Dec. 21__._._-.----_- 2.25 2.80, 

| FOREIGN TRADE oo 

Slack world demand for cadmium was mium-containin g flue dust from Mexico 
reflected in the 66-percent decrease in U.S. were about equal to 1969 imports. | 
exports during 1970. First quarter exports The import duty on cadmium metal was 
held well at 226,229 pounds, but declined reduced from 2 cents per pound to 1 cent | 
rapidly to 29,214 pounds in the fourth per pound effective January 1, 1970, in ac- : 
quarter. Exports for the year totaled cord with decisions negotiated under the | 
373,000 pounds. The United Kingdom re-- General Agreement on- Tariff and Trade. 
ceived 48 percent; Netherlands, 17 per- Import of flue dusts continued duty free. 
cent; West Germany, 16 percent; France, 8 Cadmium imports from. Communist bloc 
percent; and Italy, 3 percent. The remain- countries, except Yugoslavia, were subject 
ing 8 percent was distributed among 13 toa duty of.15 cents per pound. _ —— oo 

| other countries. 7 Table 6 shows U.S. exports of cadmium | 
Cadmium metal imports of 2.5 million for 1968-70. U.S. imports of cadmium are 

pounds came from 18 countries. In terms shown in table 7. oe - 

of quantity, the chief sources of US. sup- ‘Table 6.—U.S. exports of cadmium metal 
ply were as follows, in percentage of total and cadmium in alloys, dross, flue dust, — 

| imports: Japan, 37; Australia, 13; Peru, 12; _. Yesidues, and scrap . | 

Mexico, 10; Canada, 9. Imports from Japan. (Thousand pounds and thousand dollars) - 7 
at 932,000 pounds, increased over 500 per- ______Year_“__Quantity Value | 
cent compared with 1969. 1968 . crrcrrrretrtt gy oon $1 ’ aoe a 

Imports of 1.1 million pounds of cad-  1970_____._..---.-.- ___ 8738 —. _—_—997 te 

' Table 7.—U.S. imports for consumption 1 of cadmium metal and cadmium flue dust, = =~ 
—— by country , - rs 

a (Thousand pounds and thousand dollars) , 
, 1969 1970 _ 

Country ee eeeeeees=e 
Quantity Value Quantity Value — 

| Cadmium metal: ° : 
. Australia_-_----------------------------- 186 | $429 319 $854 
Belgium-Luxembourg..-........_.---.--.- I 3 . 165 §22 
Bulgaria____.....2.2.2-.-2-2 22 ee w~---- wane 17 49 
Canada. __------------------------------ 398 1,290 212 825 
Eeuador___..-.22 22 - ee ~---- wa--- 2 8 
France-____.-.-------------------------- ~---- ----- 32 119 
Germany, West.-_-..--------.---.-------- 43 169 36 100 
India__._------------------------------e- ~---- ----+- 3 10 
Italy__-_ 0 ae ----- ~---- 59 166 
Japan... eee 148 474 932 2,705 
Mexico __._.-.--------------------------- 48 183 259 996 
Netherlands -_ ...------------------.----- ----- w---- 46 158 
Peru. -__---_-----_--- +--+ eee 173 889 303 948 
South Africa, Republic of ...............-.- 72 211 . 56 201 
Spain scinsdome rere w---- e---- 11 21 

nited Kingdom ____..____---_----_-_---. 14 18 13 41 
U.S.S.R __.------------- +--+ +--+ wo--- ----- 22 61 
Yugoslavia ____-. 2.2.2 ----- ----- 5 16 

Total, -__-------------2--------------- 1,078 3,166 2,492 7,800 
Flue dust (cadmium content): Mexico____.__._-- 1,115 1,495 1,111 2,438 

Grand total ____.._--.------------------ 2,198 4,661 3,603 10,238 
1In 1969, general imports and imports for consumption were the same; in 1970, general imports 

were 2,503,081 pounds ($7,827,166) the difference was reflected in Japan.
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WORLD REVIEW | : 

World smelter output of cadmium in World output of cadmium in terms of | 

1970 amounted to 35.2 million pounds, a_ slab: zinc produced averaged 8.0 pounds | 

_ 9-percent decrease from the revised total per ton of slab zine in 1970 compared with | 

for 1969. The United States accounted for 7.0 pounds per ton of slab zinc produced 

oo 27 percent of world production, followed in 1969.- ’ an oo | 

| by Japan, 15 percent, US.S.R., 15 percent, co 

West Germany and Italy, 6 percent each, Table 8, showing world smelter produc- 

| and Canada, 5 percent; the remaining 26 tion of cadmium, is not a true reflection 

| percent was produced by 20 other coun- of cadmium occurrence around the world. 

tries. _— _ Not all countries producing cadmium in 

Apparent consumption of cadmium 1M ores and flue dust produce refined metal, 
the United States in 1970 was equivalent d . ' “es whi h odu a d 

to about 26 percent of world production; @7C ™any Ccountncs wi ich produce cae 

| this was a decided decrease’ from the 40 mium in the metallic form recover it from 

| percent of world supply consumed in 1969. imported cadmium-bearing material. | 

oo ~ Table.8.—Cadmium: World smelter production, by countryt 
- oY ce, _ (Thousand pounds) » “ | Co 

a, os.) #) Country. . 1968 1969 1970 P 

ee North America: © | > BT Neg De 

. | -s Canada: 22-22 2---- bbe eli geet ee ---- eee tee ------ 2,104 p2,124 e 1,870 

"United States 2_._------2------------------+-------+------------ 10,651 12,646 9,465 

a Latin America: ** po an pee | a : 

-  Mexico._..----------2---2 en nt +--+ +--+ ----- 2 ----- - ++ ---=--- 446 | 462 e470 

o . Vo Perulo.-------+-+----- be ee eee nnn een ee 378 371 e375 — 

- 1 Europe: (°° 200 ie ea - oe a oe 

. . Austria..._-. 2 -22--4------ heen ee oe eee eee eee eee TAA 55 e 55 

oo ‘Belgium... -_----2------2-----------+-----------+-+------------- 71,764 1,984 e 1,990 

So Bulgaria e._ . 2.25 -L---+-2----1-------+---------+-------------- _ 440 ~440  ~— 440 

| France___..-.--2-2----s--+-----#-----+------------------------- 71,217 1,153 ©1,080 

. . . Germany, Bast ¢___$.-------------0---------------------------- 26 26 - 26 
' Germany, West__--2---222-2-----------=+++----+------+--------- 7154 ‘1,746 e 2,080 

ak / Italy_....-_.--.-------+----------+----4++---------------
----+-- 551 : 930 e 1,000 

CO , Netherlands ¢_ -._.----.----+-----+-+---------------------+----- . 7310 310 310. 

oo . Norway___._-2-.----------+-+---------------------------+------ 192 - 198 e210 

° Poland ¢_____---------------++-------+----------+--5------------ 915 925 990 

— ~ . Romania ¢__-----2-i.+-+-2-----2-------+-+--+------------------- 110 — 130 ~ 180 

a  Spain__-----------.-----------------=--------------+---------- 154 176 e175 | 

oe U.SS.R. e.___------- eee eee eee -------- 4,850 5,100 5,200 

'~ United Kingdom_____--_----.--------+--+---+-------------------- t 452 541 701 

Yugoslavia____-...-------------------------------------------- r 436 375 e 400 

Africa: . | 
Congo (Kinshasa) __.------------------------------------------- 105 er 800 © 2800 

South-West Africa 3____....._..--------------------------------- r371 A422 | e 440 

Zambia_____._.--------------------------------------- +--+ ee 25 14 e15 

Asia: 7 

India____________---_-.---------------------- +--+ ------------- 90 130 e 70 

Japan____.___------------------------------------------------- 4,839 6 ,096 e 5,313 

Korea, North ¢_._-..-----------------+------------------------- 230 240 240 

Oceania: Australia________-_----_--_--_------------------------------ 1™1,041 1,259 e 1,350 

Total.__.____-_---------_------------------------------------ 133,105 = 38,653 35,245 
er ne i 

e Estimate. P Preliminary. r Revised. 
1 Table gives unwrought metal production from ores, concentrates, flue dusts, and other materials, both of 

domestic origin and imported. Sources generally do not indicate if secondary metal (recovery from scrap) is 

included or not; where known, this has been indicated by footnotes. Data derived in part from World Metal 

Statistics (published by World Bureau of Metal Statistics, London) and Metal Statistics (published by Metal- 

Igesellschaft Aktiengesellschaft, Frankfurt am Main). Cadmium is produced in ores, concentrates, and flue 

dusts in a number of other countries, but these materials are exported for treatment elsewhere to recover 

cadmium metal, and output is not recorded in this table to avoid double counting. 
2 Includes secondary. 
3 Output of Tsumeb Corp. Ltd. for year ending June 30.
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TECHNOLOGY : 
Metadalic of Crawley (Sussex), of the Reference to experimental work with 

Curzon Industrial Group, marketed a cad- cadmium is found in The Engineering 
mium plating solution which was devel- Index, a monthly publication of Engineer- 
oped for use by the Dalic brush-plating ing Index, Inc., United Engineering Cen- 
process. Called cadmium 2022, the solution, ter, 345 East 47th St., New York, N.Y. 
according to claims, can be applied to 10017. Developments in cadmium technol- 
high tensile steels without the risk of hy- ogy are frequently referred to in Zinc Ab- : - drogen’ embrittlement; the process also ‘stracts, published monthly by the Zinc In- = =~ 
avoids strip down and heat treatment re- stitute Inc. 292 Madison Avenue, New 
quirements that are normally needed after York, N.Y. 10017. | : conventional bath plating.3 "3 Metal Bulletin (Lond ). New Cadmium So L. Domnikov described a method for  jytion 30° 5568, Jan. 22, 1971, p20. - cadmium-plating of parts in noncyanide *Domnikov, L. Plating From Non-Cyanide | baths.4 Cadmium Baths. Metal Finishing. V. 67, No. 11, 

November 1969, pp. 62-64.
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alctum and Calcium Compounds 

By Avery H. Reed 1 | 

Calcium metal was manufactured by one — gan. Synthetic calcium-magnesium chloride 
company in Connecticut. Calcium chloride’ was manufactured by one company in New 
and calcium-magnesium chloride were re- York, one in Ohio, and two in Washing- | 
‘covered from brine by two companies in ton. Output of these materials was about 
California and four companies in Michi- the same as in recent years. | 

| | DOMESTIC PRODUCTION — . 

Pfizer, Inc., produced a modest quantity Calif.; Wilkinson Chemical Corp. at May- 
of calcium metal at Canaan, Conn. The ville, Mich.; and National Chloride Co. of | 

metal was made by heating quicklime with America at Bristol Lake, Calif. 
aluminum in vacuum retorts, and was sold Allied Chemical Corp., Onondega, N.Y.; 

_ for use as a rediicing agent for other met-. PPG Industries, Barberton, Ohio; and 
als. Hooker Chemical Corp. and _ Reichold 
Two companies in California and four Chemicals, Inc., Tacoma, Wash., manufac- 

companies in Michigan recovered 632,000 tured synthetic calcium-magnesium chlo- 
tons of 75-percent-equivalent calcium-mag- ride as a byproduct of soda ash. 
nesium chloride valued at $15,225,000 from The Calcium Chloride Inst., a national 

brine. Producers were: The Dow Chemical trade organization headquartered in Wash- 
Co. at Ludington and Midland, Mich.; ington for the past 25 years was disbanded. | 
Wyandotte Chemicals Corp. at Wyandotte, Wyandotte Chemicals Corp. discontinued 
Mich.; Michigan Chemical Corp. at St. production of calcium chloride at Wyan- 
Louis, Mich.; Leslie Salt Co. at Amboy, dotte, Mich. in December 1970. 

CONSUMPTION AND USES 

Calcium metal was sold for use as a re- Calcium-magnesium chloride was _ used 

ducing agent to obtain other metals from mainly as a deicer for roads, streets, 
their oxides, chlorides, or fluorides; in in- bridges, and pavements. It is usually mixed 

_ organic chemical reactions; and for purify. With rock salt in proportions that vary 
ing petroleum fractions. Other important with temperature, and range from 1 to 4 

; . at 32°F, 1 to 3 at 25°F, 1 to 1 at 15°F, 
uses were in the manufacture of calcium and straight calcium chloride below 10°F. 

hydride; in the manufacture of pure Other important uses were as a deliques- 
grades of calcium pantothenate; as a puri- cent in dust control for roads, and as an 
fying agent in steel; and as an alloying accelerator for concrete. 

element in aluminum, beryllium, copper, TFanlall odientist.  Divis EON tallic 
nickel, and lead. Mine scientist, ivision 0 onme 
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| PRICES AND SPECIFICATIONS 

| Price schedules for calcium metal were Table 1.—Price quotations for calcium | 
about the same as in previous years, rang- | chloride in 1970 | | 

| ing from $1 to $5 per pound. (Per short ton) 

- Calcium chloride is usually sold either as ©©_————————___________ 
solid flake or pellet averaging about 75 Grade Jan. 5 Dec. 28 
percent CaCly, or as a concentrated liquid Flake or pellet, 94-97 percent !___ $48.25 $52.50 

. : ake, 77-80 percent !____._._..... 39.50 42.50 
| | averaging about 40 percent CaCly. Price Powdered, 77 percent minimum!__ 46.00 51.00 

_ quotations for calcium chloride are shown Liquor, 40 percent 2_____________ 16.00 16.50 
: : 3 

| in table 1. Computed on a 75-percent- Granulated, U.S.P.?__.---------- 580.00 580.00 
equivalent basis, the value of calcium-mag- 1 Paper bags, carload lots, plant, freight equalized. 

: : * 2 Tank ears, freight equalized. nesium chloride f.o.b. plant in 1970, was 3 225-pound drums, freight equalized. 
$24 per ton. On the same basis, synthetic Source: Oil, Paint and Drug Reporter. V. 197, No. 

: materials sold for $33 per ton 41, Jan. 5, 1970; v. 198, No. 26, Dec. 28, 1970. 

| FOREIGN TRADE a 

Total imports of calcium and _ various Table 2.—U.S. imports for consumption 
calcium compounds were 183,286 tons val- of calcium and calcium chloride | 
ued at $9,537,000 in 1970. | 

- Eighty-two tons of calcium metal were — Calcium Calcium ehloride 
. imported from Ontario, Canada. The 8,280 Year —_ 

tons of calcium chloride imported came Pounds Value = Short_—_Value 
| principally from Canada, and Belgium, ee 

and were 10 percent less in quantity than 1966________ 85,941 $72,176 2,499 $81,012 
in 1969 . 1967.___.... 423,631 370,407 4,385 157,570. 

” Orier temps 12420 tons ot ESS HOS 1408 Som i i ‘ 1969______.-™662,200 * , 000 , ’ | Other imports included 52,420 tons of {970------77 164°769 141°125 8'280 359'096 
calcium nitrate from Norway, West Ger- | 5 ° : 
many, Sweden, Canada, and Belgium; t Revised. | 

33,164 tons of dicalcium phosphate from | | | 
Belgium, Canada, and West Germany; | | 
27,336 tons of calcium borate from Tur- Table 3.—U.S. imports for consumption 
key; 18,649 tons of calcium carbide from of calcium chloride, by countries 
Canada; 15,793. tons of calcium cyanide | 

from Canada and Mexico; 13,658 tons of Country Short tons Value 
whiting from France, the United Kingdom, = ——--————________——————EEe 
Belgium, Switzerland, and West Germany; Canada__._---.-..--------- 6,233 $247,032 

s mide: elgium______.__---___.--- 1, ,ot5d 7,750 tons of calcium cyanamide; 1,714 [ited Kingdom._....022_. 935 6’ 193 
tons of precipitated calcium carbonate; 922 France______-_-_---------- 220 43,324 

. © ee Japan________ 2 ee 102 4,200 _ tons of calcium hypochlorite; 15 tons of West Germany__ 220222222 52 12'972 
calcium sulfate; 10 tons of calcium tungs- Se 
tate; and 3,493 tons of miscellaneous cal- Total_-..------------ 8,280 359, 096 , 

cium compounds. 

WORLD REVIEW 

Calcium metal was produced in Canada, at Haley, Ontario. Planet-Wattohm S. A. 
. Pp . ° y ° 

France, and the United States. Dominion produced calcium in France. 
Magnesium Limited manufactured calcium



| | By Richard B. Smith + 

Production of carbon black decreased daily, an increase of 2.4 percent over ca- 
slightly in 1970 from an alltime high point pacity in 1969. , 
in 1969. Carbon black shipments were Yearend 1970 inventories increased 42.3 : ~ down 4.4 percent, and producers’ stocks in- — percent above 1969 levels as production ex- 

_ creased 42.3 percent at yearend to a 12-. ceeded shipments by 89 million pounds. 
year high. _ Producers’ stocks of furnace black led | 

The trend of increasing percentages of channel black 274 million pounds to 22 — 
furnace black production continued in million pounds, respectively, at yearend. 

_ 1970 when 96.1 percent of all carbon black . Total producers’ stocks were 296 million 
production was by the furnace process. pounds at the end of 1970. The average | 
Channel black production decreased from Value of carbon black at the plant in 1970 | 
4.5 percent in 1969 to 3.9 percent of total was 758 cents per pound, up from 7.26 
carbon black production in 1970. Exports cents in 1969. | ; 
of carbon black declined 1.8 percent below The volume of natural gas used in the | | 
1969 levels; domestic sales decreased 4.6 manufacture of carbon black declined 12.6 — | percent. — percent below the 1969 level, whereas total oe 

a, : production of carbon black declined only 
__ The rubber industry continued as the 1.1 percent. This reflects the trend toward 
leading user of carbon black in 1970. Sales production of smaller percentages of chan- | for ne | " ms gnanufacture of rubber ac- gy black, manufactured from natural gas, | 
counted’ tor 99.8 percent of total domestic and larger percentages of furnace black, sales. Preliminary data for passenger car manufactured from liquid hydrocarbon. 

_ re p roductio n, which accounts for 87 per- The amount of liquid hydrocarbon used in 
cent of all tires produced, indicated an 8.9 1970 was down less than 0.1 percent from percent drop from 180.6 million tires in . : CO , | : ee _ the amount in 1969. 1969 to 164.6 million in 1970. Passenger Yields of carbon black produced from 

: car tire shipments decreased 4.9 percent to liquid hydrocarbons increased in 1970: 
168.6 million in 1970. yields from natural gas decreased. Each 
The carbon black industry produced at galion of liquid hydrocarbon consumed 

78 percent of capacity in 1970, down from yielded an average of 4.87 pounds of car- 
81 percent in 1969. The principal changes bon black, up from 4.78 pounds in 1969. 
in Capacity occurred in Alabama and Ohio, The yield from natural gas in 1970 was 

| where two new plants contributed to a 6.20 pounds of carbon black per 1,000 | 
net gain of 243,991 pounds per day in cubic feet of gas consumed, compared with 
US. capacity. Total capacity of U.S. carbon 6,28 pounds in 1969. — 
black plants in 1970 was 10,282,630 pounds + Petroleum engineer, Division of Fossil Fuels. _ 

Table 1.—Salient statistics of carbon black produced from natural gas and 
: liquid hydrocarbons in the United States | | 

(Thousand pounds) . 

1966 1967. 1968 1969 1970 
Production: 

Channel process________....----...----. 158,117 149 , 420 142 ,948 182,471 118 , 548 Furnace process__._....._...__._..___.. 2,418,435 2,334,420 2,668,858 2,830,790 2,817,605 eee eee eee 
Total. ___.2 222 2,571, 552 2,483,840 2,811,806 2,963,261 2,931,153 

Shipments: _ 
Domestic sales___.......-.-...------..- 2,277,595 2,216,145 2,588,402 2,777,949 2,649,521 Exports. _..2-2-.---2---222---------. 297,281 236,085 268 , 122 196,203 192 ,636 ee ee ee eee 

Total. -------2 2242-2 eee 2,574,876 2,462,180 2,851,524 2.974.158 2, Bz, 157 
Produeer stocks Dee. 81. -2---722222222ITT 283,145 264,247 224,170 208,020 —- 296,087 

ue: 

Production _.____.._...thousand dollars. $184,308 $178,158 $205,849 $215,120 $222,271 Average per pound_______________cents__ 7.17 7.17 7.32 7.26 7.58 ———— ee “ 822 TB 
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Figure 1.—Production by States, shipments by use, and exports, and stocks of carbon black.
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| PRODUCTION AND CAPACITY : a 

Production by States.—Production of owing to reduced sales in its principal uses; 
carbon black in 1970 totaled 2,931.2 mil- inks, pigments, mechanical goods, natural 
lion pounds, a decrease of 32.1 million or rubber, off-the-road tires and other types 
1.1 percent below the 1969 level. Texas of truck tires: | : . . 
and Louisiana, which supply more than 80 Number and Capacity of Plants.—Al- | 
percent of U.S. production, decreased their though the total number of carbon black | 
output 3.2 and 6.1 percent, _Tespectively, plants -decteased. by one: in--1970,-the total. -.—-—— 
from 1969 to 1970. This decrease was al- capacity of all plants increased 2.4 percent, | 
most offset by a 16.3-percent increase in owing principally to the completion of 
carbon black production from other States. new plants in Alabama and Ohio. _ ae 
Significant changes in production occurred =P capacity of carbon black plants in in 1970 in Alabama and Ohio, where new Texas decreased from 54 percent of the — | 

carbon black plants became operational. 1§. total in 1960 to 45 percent in 1970. 
West Virginia production was up 87.8 per- During the same period plant capacity in _ 
cent, and Kansas and New Mexico were. Louisiana increased from 28 percent of the 7 
down 18.9 and 21.3 percent, respectively. ts total to 34 percent. Plants in other | 

Production by Grades and Types.—The States increased from 18 percent to 21 per- — 
seven major grades of carbon black pro- cent of U.S. capacity. | a 
duced by the furnace process, plus thermal = fm 1960 there were 15 channel. black _ | 
black, comprised 96 percent of U.S. pro- plants and 27 furnace black plants in the | 

_ duction in 1970. The balance was pro-  [Jnited States. By 1970 there were only 
duced by the channel process, which four plants using the channel process and 
continued its long-term trend by decreas- 33 furnace plants, The 37 plants had a 

_ ing 143 percent below the 1969 level to total capacity in 1970 of 10.3 million 
113.5 million pounds in 1970. — , pounds per day, or 59.8 percent more ca- 

In the furnace category, high abrasion pacity than the 42 plants had in 1960. 
furnace (HAF) grade constituted the larg- Materials Used and Yields.—In 1970 

. est single grade produced in 1970 and ac- the amount of carbon black manufactured . 
counted for 29 percent of total furnace from liquid hydrocarbons was up 1.7 per- | 
black. Production of HAF grade increased cent from the 1969 level of 2,507 million : 
from 595 million pounds in 1965 to 827 pounds. The consumption of natural gas | 
million pounds in 1970, an increase of 89 for this purpose was down 12,367 million ° 
percent.. Second in quantity produced is cubic feet, or 12.6 percent. Yields from liq- : 
the intermediate abrasive furnace (ISAF) uid hydrocarbons in 1970 averaged 4.87 
grade, which comprised 19.4 percent of pounds of carbon black per gallon used, up 
furnace black production in 1970. During from 4.78 pounds per gallon in 1969. Nat- 
the interval 1965-70, output of ISAF grade ural gas yielded 6.2 pounds per thousand 
increased from 504 million to 546 million cubic feet, a 1.3-percent decrease from 1969. 
pounds, or 8.2 percent. This growth rate The average value of natural gas used to | 
was less than the 27.7-percent growth in manufacture carbon black in 1970 was 2.65 the combined production of all grades of cents per pound of black, or 76 percent 

furnace black during the same period. more than the average cost of using liquid 
Production of channel blacks declined hydrocarbons. 

CONSUMPTION AND USES 

Domestic sales of carbon black de- Sales of carbon black to the ink, paint, 
creased in 1970 by 128 million pounds, or and paper industries also declined in 1970. 
4.6 percent; exports decreased 3.6 million gates to manufacturers of ink decreased 03 
pounds, or 1.8 percent. Sales to the rubber d sal th ‘nt industr 
industry, which represent 94 percent of do- Percent, and sales to the paint 1 y 
mestic sales, were down 5 percent to 2,486 dropped 18 percent. Carbon black sales to 
million pounds in 1970. the paper industry continued its trend by
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. declining 20 percent below the 1969 level, try are included in table 7 under “Miscel- 

oe or 48 percent below the 1963 level of sales. laneous” sales, the only sales category : 

Sales of carbon: black to the plastics indus- which gained in 1970. 

oo STOCKS oe 

cS Inventories of carbon blacks increased 88 pounds, or 134. percent. Semireinforcing 

. million pounds in 1970, with an increase furnace (SRF) and thermal types in- 

of 4 million pounds of channel black and creased 13.4 and 14.1 million pounds, re- 

84 million pounds of furnace black. Chan- spectively. The only grade having a decline 

nel. black stocks increased 19 percent over in producers’ stock in 1970 was high mod- 

-—---- 1969 levels. Stocks of the gerieral purpose ulus furnace (HMF), which dropped 470 | 

furnace (GPF) type increased 26.8 million thousand pounds, or 18.7 percent. | 

— ce FOREIGN TRADE © oo 

a --_In 1970 carbon black exports totaled customers for U.S. exports of carbon black. 

192.6 million pounds, the lowest level since They accounted for 58 percent of the 

| 1945. During the intervening 24 years ex- quantity and 59 percent of the value of 

ae ports grew in both quantity and value total exports in 1970. More than 84 per- 

" until a high level was reached in 1960. cent of US. exports to Europe were re- 

That year 543 million pounds valued at ceived by five countries: France, the 

$49.6 million was exported by the United United Kingdom, West Germany, the 

. States. Since 1960 exports have declined in Netherlands, and _ Italy. “Canada uses 60 — 

quantity by 65 percent and in value by 51 percent of all U.S. carbon black exported _ 

| percent. The value of carbon black exports tq Western Hemisphere countries. 

7 reached a low of $22.9 million in 1969, ty 1970 most of the carbon blacks im- 
| from which it increased 7 percent in 1970. ted into the United States were spe- 

. to $24.5 million. : Peat, black hi de of 
. Exports of carbon. black in 1970 con- ‘cialty blacks. About 5.2 ™ ion “pounds 0 

._ sisted of 75 percent furnace black, up from acetylene black was imported from Canada, 

: 70 percent in 1969. Over the past 10 years and another 644,000 pounds came from 

furnace black has comprised 70 to 80 per- East Germany. About 541,000 pounds of 

cent of total carbon black exports, the bal- bone black was supplied by East and West 

ance being channel black. | Germany and the United Arab Republic. 

European countries are by far the best No lampblack was imported in 1970. | 

WORLD REVIEW . 

World production of carbon black in- after the United States and Japan. The 

creased in 1970 by 175.5 million pounds third country responsible for the gain in 

over the 1969 level, with 95 percent of the world production, Italy, increased its out- 

gain attributable to three countries. Japan put 18 percent to 272.4 million pounds in 

accounted for 43 percent of the gain by 1970, which represented 24 percent of the 

producing 650.5 million pounds of carbon gain in world production. The largest in- 

black in 1970, up 13.2 percent from the crease in carbon black production during 

1969 level of 574.5 million pounds. West the period 1968-70 occurred in Japan, 

Germany was responsible for 28 percent of where, its 1970 production of 650,511,000 

the gain in world production from 1969 to pounds was 35 percent higher than its out- 

1970, and was the third highest producer put in 1968.
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TECHNOLOGY 

Carbon black, a petrochemical, is an ex- gen. The hydrogen is collected and used as | tremely fine soot, primarily carbon (90 to fuel for the generator being heated. Yields 
99 percent), which contains some oxygen of carbon black are primarily in the large | 
and hydrogen. Oil furnace blacks may also particle sizes and range from 40. to 50 per- | contain small amounts of sulfur. The fur- cent. 
nace process, which accounts for 96 out of Oil Furnace——In the oil furnace process, | 
every. 100 pounds produced, breaks down liquid hydrocarbons are used. Natural gas 
into three different processes: Oil furnace, is generally burned to furnish the heat of | 
gas furnace, and thermal. Brief descrip- combustion, and atomized oil is introduced | 
tions of these processes, and the channel into the combustion zone to be burned to oo 
process follow. various grades of carbon black. Yields 

Channel Black—Made by the oldest range from 35 percent to 65 percent de- 
process, channel black is a product of in- ‘pending on the grade of black produced. | complete combustion. of natural gas. Small Oil furnace grades are GPF, FEF, HAF, - 
flames are impinged on cool surfaces, or ISAF, and SAF. (The full name of each ~ - channels, where carbon black is deposited grade is given in the footnotes to table 3) 
and then scraped off as the channel moves The most desirable feedstock oil for fur- 
back and forth over a scraper. The proper- nace black plants has 0° to 4° API gravity woe ties of channel blacks are varied by and is low in sulfur and high in aromatics 

| changes in burner tip design, distances and olefins. It comes from near the “bottom — 
| from tip to channel, and the amount of of the refinery barrel” and is similar in 

air made available for combustion. The many respects to residual fuel oil. The ris- 
process is extraordinarily inefficient chemi- ing cost of natural gas has been a factor. 
cally. For rubber reinforcing grades, the in the shift to greater use of liquid feed- 
yield is only 5 percent; for finer particle stocks and a decline in the use of natural 
size, high-color blacks, the yield shrinks to gas aS a source of carbon, At the same 
I percent. Low yields and rising gas prices time, it should be recognized that oil fur- 
have spurred the industry to develop other nace processing has become very flexible. : 
methods to make blacks. | Oil furnace blacks supplement channel - 

: Gas Furnace——The gas furnace process is blacks in most high-performance applica- a based on partial combustion of natural gas tions, notably passenger car tire treads. | 
in refractory-lined furnaces, Carbon black Over the past 2 decades, carbon black | is removed by flocculation and high-vol- technology has centered on the oil furnace | 
tage electric precipitators. Yields of the black process. | gas furnace blacks range from 10 to 30 | Lampblacks.—Lampblacks are manufac- , 
percent and are lowest for the smaller par- tured by slowly burning selected oils and | 
ticle size grades. Properties of gas furnace [ars in a restricted supply of air. These blacks can be modified to a degree by blacks are of large particle size, possess lit- 
changing the ratio of air to gas. The tle reinforcing ability in rubber, and are 
grades SRF, HMF, and FF are generally ower in jetness and coloring power. They 
produced from gas. (The full name of each re of value as tinting pigments in certain . 
grade is given in the footnotes to table Paints and lacquers. In most applications _ 3.) they have been replaced by carbon blacks. 

Thermal.—Unlike channel and furnace Acetylene black.—Acetylene blacks, pro- — 
blacks, thermal blacks are produced by duced by the thermal decomposition of 
cracking a hydrocarbon; that is, by sepa- acetylene, possess a high degree of struc- 
rating the carbon from the hydrogen and tural or chaining tendency. Their particle not by the combustion of a hydrocarbon. — size is about 40 millimicrons. They provide 
Thermal furnaces are built in a checker- high elastic modulus and high conductivity 
board brickwork pattern. Two refractory- in rubber stocks. 
lined furnaces or generators are used. One A new process reportedly is being deyel- 
generator is heating, using hydrogen as a oped to convert old tires into carbon 
fuel, while the other generator is being black. The process thermally decomposes 
charged with natural gas, which decom- tires and converts them at the rate of 
poses to produce thermal black and hydro- one-half ton of carbon black produced for
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| every ton of old tires consumed. Road tests cated near a fuel and raw material supply 

have been conducted on tires containing in southern Louisiana and in the Texas | 

. carbon black made by the process. Report- Panhandle. The carbon black is trans- 

edly, tire wear is equal to that of tires ported from there to the rubber plants. 

containing ordinary carbon black. Recently, however, the carbon black indus- 

The basic raw materials for carbon black try has begun to change its policy by 

are natural gas and oils; hence, most car- building new facilities near the largest cus- 

bon black producing plants have been lo- tomers, the rubber manufacturers. 

‘Table 2.—Carbon black produced from natural gas and liquid hydrocarbons in the 

| | United States, by States 

7 
(Thousand pounds) 

I 
Change 

State 1966 1967 1968 1969 1970 from 1969 
(percent) 

. Louisiana_....._---------------- _ 899,178 _ 928,286 1,031,349 1,045,902 982,416 —6.07 

TexaS__.......-----2a---------- 1,296,292 1,214,349 1,426,307 1,442,083 1,395,851 —8.20 

Other States....__..------------ 376,082 346,205 354,150 475 ,326 552,886 +16.32 

— - Total._..---------------- 2,571,552 2,483,840 2,811,806 2,963,261 2,931,153 —1.08
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Table 4.-Number and capacity of carbon black plants operated in the United States 

a sane etn mn a armas —— ne EEESIEEEEEEne, a ere cp Op 

| Number of plants | 
— Total daily capacity 

7 1969 1970 (pounds) 

State County or Parish 2 9s ——————— 
. Chan- Fur- Chan- Fur- 1969 1970 

a nel nace nel nace 

, Aransas__.-...-.-.--------- -- 1 _- 1 
Carson_._-....------=------ 1 -- 1 -- 

Ector. _...-------.--------. 1 -- 1 -- 
Gaines___._--..----------.- 1 -- 1 -- 

. Gray_..-.------------------. -- 1 -__ 1 . 

-|Harris.....----.----------- 9 -- 1 -- 1 . . 

Texas.........{ Howard......--------------  -- 2 -- 2 4,550,078 4,630,137 
Hutchinson......-.-.------- 1 4 -- 2 
Montgomery..-....--------- -- 1 -- 1 
Moore___.-.---------------  -- i -_  41=- 
Orange____..--------------- -- 1 -- dt 

. . Terry__._--2--------------- §-- 1 o- 1 
Wheeler__.....------------- -- 1 -- 1 

Total Texas... -.-------------------- 4 14 38 12 4,550,078 4,630,137 

. | Avoyelles__.._._.---.---..-- _- 1 -- 1 

| . Caleasieu__--~-------------- -- } oe i . 8.055 3.492.574 

eos vangeline___...--.-------- «-- -- 3, 568,05 ; ,0 

| _ Louisiana------) Qyachita_...--------2----- -- 2 a ae oO 
St. Mary_.....-..----------  -- 3 -- 3 
(West Baton Rouge___-.----- -- Al -- 1 } 

. Total Louisiana__.....-......-------- -- 9 _- 9 3,568,055 3,492,574 
———— EEE 

Alabama_.-... Russell_._..-..-------------. -- a -- 1 
-  Arkansas_..... Union__._.----------------- | -- 1 -- 1 : 

, Contra Costa_.__-.-...----- -- 1 -- 1 
California____.{Kern______----------------  -- 2 -- 2 

. Mojave (District)___.------- -- 1 -- 1 
Kansas._._.... Grant._...------..---------  -- 1 _- 1 1,920, 506 2,159,919 

New Mexico- _. Lea __-----7--2 202-0707 1 1 1 1 
: ucaS__.__---.---.------- eee ee -- 1 

Ohio... ..-.----|Wiehington 2272 _- 1 - 1 
Oklahoma_.... Kay___--------------------  -- 1 -- 1 
West Virginia__ Pleasants._.....------------ -- 1 -- 1 |} . 

Total other States__........--.------- 1 10 | 1 12 1,920,506 2,159,919 

Total United States.___...------------ 5 33 4 33 10,038,639 10,282,630
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Table 5.—Carbon black and the feedstocks used in its production, by States. 

. — oo Louisiana ‘Texas Other States 1 Total 
A 

Lo 1969 Lo 
_ Carbon black production: . . 

Total___.__-.._-.---.--thousand pounds__ 1,045,902 1,442 ,033 475 ,326 2,963,261 
Value__________...._.:.-thousand dollars__ $70,768 $110,816 . $33,536 $215,120 
Average value_______._.__-cents per pound __ 6.77 7.68 . 71.06 . 1.26 Natural gas used: 2 - a | - . 
Total-__-_._.___..---__million cubic feet_- 27,884 |. 55,199 15,218 © 98,251 . Value_-_-_..__.2__..._. thousand dollars__ $4,891 $7,549 $2,184 $14,624 
Average value ae ee OO | - 

oo . cents per thousand cubic feet__ 47.57 18.68 = i 14.85 1 BR 
oe "Carbon black produced *__thousand pounds. 326,168 64,592. 65,099 455,859 — 

Liquid hydrocarbons used: — a | . 
Total__-..__:-:......_.._thousand gallons_. 152,891 292 , 298 79,186 524,370 
Value_____._.--__..-.-.: thousand dollars__ $10,813 $21,195 $5,921 $37 , 929 - Average value_____._.____cents per gallon__ 7.07 7.25 - F748 7.23 
Carbon black produced. .-thousand pounds__ 719, 734 1,377,441 410 ,227 2,507 , 402 an 

Carbon black production: = __ oo . . : | | 
Total_.__._--._:___....-thousand pounds__ 982,416 1,395,851 552 ,886 2,931,153 
Value_____2.._.2-._-----_thousand dollars__ $70, 566 $112 , 461 $39 , 244 $222 ,271 

_ _ Average value__.________.cents per pound__ 7.18 —. 8.06 ; 7.10 7.58 
Natural gas used: 2 - . . 

' Total__..-_........_.. million cubic feet__ 24,404 50,351 11,129 85,884 - 
Value_____.._.._..._._.-thousand dollars__ $4,015. $8,115 $1,995 + $14,125 - 
Average value oo. . . . 

oo _.. cents per thousand cubic feet__ 16.45 ~ -16.12 17.93 16.45 
_. Carbon black produced %__thousand pounds. _ 268,179 55,987 57,252 . 381,418 

; Liquid hydrocarbons used: _ | . oe oo . oo 
Total__.__....--._-.-_-_thousand gallons__ 150,601 276,677 96,636 _ 623,914 
Value____-_____.._-_.---thousand dollars__ $10,360 $20, 538 $7,606 $38,504 
Average value___.___-_.___cents per gallon__ . 6.88 7.42 7.87 7.35 
Carbon black produced.._thousand pounds__ 714,237 1,339,864 | 495,684 2,549,735 

_t Revised. . os - 
1 Arkansas, California, Kansas, New Mexico, Ohio, Oklahoma, and. West Virginia. 
2 Includes natural gas used to enrich liquid hydrocarbons. . 
’ Produced from natural gas used as feedstock. oe 

Table 6.—Natural gas and liquid hydrocarbons used in manufacturing carbon black | 
_ — in the United States and average yield | 

Co Oo 1966 1967 - 1968 1969. . 1970 | 

Natural gas used 1________million cubic feet__ 114,936 108, 961. 104,973 98,251 85,884 
Average yield of carbon black per thou- oe, a ; | sand cubic feet ?___________..pounds__ 5.75 5.54 5.79 6.28 = 6.20 oe 
Average value of natural gas used per a 

thousand cubic feet___-=_______cents__ 14.45 14.02. 18.71 .... 14.88 | 16.45 . Liquid hydrocarbons used__thousand gallons__ 433,700 421 ,286 484,404 524,370 523,914 - 
Average yield of carbon black per gallon . - a . Oo 7 

: : pounds. 4.72.° 4.79 4.86 | 4,78 4.87. | 
Average value of liquid hydrocarbons used - | 

__ per gallon______.-_..___._.___cents__ 7.09. — 1.07 T.11 7.23 — 9.385 
Number of producers reporting-_____-______- 9 a ae BO, 9 9 
Number of plants... ___-2 ee "34 “35 35 «38 37 

1 Includes naturai gas used to enrich liquid hydrocarbons. . a Co a 
2 jAverage yield based on natural gas used as feedstock, excluding natural gas used to enrich liquid hydro- 

carbons, : _ 

Table 7.—Sales of carbon black for domestic consumption in the United States, by uses 
. (Thousand pounds) : . eee 

Change 
Use 1966 1967 1968 1969 1970 from 1969 

(percent) 
—_— Eee 

Ink... 63 ,682 63 , 963 67,721 73,077 72,824 —0.347 
Paint... __ 11,959 12, 553 13,435 17,711 14,570 —17.73 
Paper__-.-.-..--_-- 6,108 5, 658 4,710 5,668 4,527 —20.13 
Plastics... ~~ 21,945 20,907 26 , 863 () (2) w-----e 
Rubber_.._....-.... 2,181,169 2,072 , 543 2,445, 550 2,616,166 2,486,146 —4.97 
Miscellaneous 2_______ 42,732 40,521 30,123 65,327 91,454 +9 .38 eee eee SS 

Total__....... 2,277,595 2,216,145 2 , 588 , 402 2,777,949 2,649 521 —4.62 
mn nnn e nn eee i ere eens 

1 Included in ‘‘Miscellaneous.”’ 
2 Chemical, food, and plastics (1969, 1970) combined with “Miscellaneous” to avoid disclosing individual 

company confidential data.
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‘Table 8.—Producers’ stocks of channel- and furnace-type blacks in the United States, 

. 7 (Thousand pounds) | 

! Furnace 

Year ————————— eee Ted Channel Total 

SRF! HMF! GPF! FEF! HAF! SAF} ISAF ! Thermal Total 

. 
UE 

1966._.. 35,479 5,570 15,709 21,411 53,344 4,925 48,801 9,615 189,854 48,291 233,145 | 

- -4967__.. 48,747 4,916 18,669 20,029 58,688 6,284 37,951 26,943 212,227 52,020 264,247 

1968_._. 29,695 2,900 14,756 20,047 55,590 3,592 41,621 23,074 191,275 32,895 224,170. 

1969__._. 24,478 2,518 20,082 22,254 48,725 4,734 38,712 28,044 189,547 18,473 208 ,020 

. 1970_._. 37,875 2,048 46,930 24,771 64,106 5,666 50,513 42,119 274,028 22,059 296,087 

1 For explanation, see footnotes to table3. | 

| Table 9.—U.S. exports of carbon black, by countries oe 

' . (Thousand pounds and thousand dollars) | | 

- | 1968 : 1969 | 1970 | 

- Country . 
ae . 

Quantity Value Quantity Value Quantity Value 

North America: 
| Canada____-_------------- © 29,189 © $2 ,455 26,454 $2,394 © 21,917 $2,195 

Guatemala__.__----------. © 3,042 © 250 1,132 98 1,186 ~ 118 

Mexico__.._--------------- 4,780 556 4,089 415 2,742 302 

Other___--.--------------- ' 3,085 — 299 1,037 98 1,766 178 

Total__...-.------------ _ 40,096 8,540 32,712 3,005 27,611 2,788 

South America: . . 

Argentina___.---.--------- | 2,419 300 1,914 273 1,793 304 

' Brazil_.._._-_------------- ' 4,800 | 465 2,865 8301 5,343 565 

Chile. ____.----.---------- 627 . 49 455 50 357 . 58 

Colombia__...-.----------- 466 97 . A715 73 515 104 

' Peru______--.------------- 8,731 792 338 35 231 25 

Venezuela___._--.--------- 1,409 . 133 2,376 _ 228 695, 88 

Others_._.-_-------------- 844 88. 393 57 202... 24 

Total___...----.-------- __ 19,296 1,954 ~ 8,816 — 1,022 9,136 — 1,168 

Europe: 
Belgium-Luxembourg.- .----- 5,804. 530 3,448 326 4,559 409 

Denmark_____--.-..------- 2,185 © 322 1,105 154 1,355 273 

Finland_..__...----.------- §1,044 156° --/ 814 39 412 69 

_ France_-_--.--------------- 36 , 523 3,822 38,236 8,625 85,603 . 3,751 

Germany, West__..-------. 23,871 2,258 15,041 1,647 15,338 1,766 

- Italy..-.---------------+-- 22,425 2,695 | 10,934 — 1,384 12,055 1,657 

Netherlands. __._---------- 3,793 479. 2,470 320° 13 ,484 2,047 

Norway_.----------------- °1,145 101 . 934 72 1,052 84 

Portugal____._------------ © 709 - - 83 1,668 148 509 66 

Spain......--------------- 5,047 602 - 3,684 445 4,457 587 

- Sweden_____..------------ 6,075 515 2,380 217 3,392 . 8388 

_Switzerland____..-.-------- 2,504 - 210 1,511 150 1,271 145 

U.S.S.R___u.-------------- 66 65 7,345 868. -_ ___---- wee ene 

United Kingdom-____-..--- 24,597 3,675 17,117. 2,782 16,638 8,032 

Yugoslavia_....----------- 436 43 . 42 12 147 38 

Other__....--------------- 7189 87 568 73 331 16 

Total_____--.-----+----- 136,963 15,643 101 ,827 12,257 — 110,603 14,338 

Africa: 
; 

Ghana. ____--------------- 35 8 - 818 72 1,122 100 

South Africa, Republic of -_-- 7,736 786 _ 4,660 463 6,696 646 

Other_.___----.-.--------- 1,427 122 498 ~ 5 427 94 

Asia: 
India___._--.---------~---- 3,505 376 5, 554 587 1,468 207 

Jndonesia____..--.-------~-- 1,766 148 759 65 482 38 

Iran_._._-_--------------- 1,150 112 139 12 1,457 182 

Israel__......------------- 1,287 117 555 55 383 42 

Japan___----.------------- 12,093 2,234 8,109 2,117 9,905 2,596 | 

Korea, Republic of__-.----- 11,026 1,041 13,779 1,375 3,481 354 

Pakistan___..------------- 206 17 1,794 173 3,159 292 

Philippines. - - ------------- 8,737 770 3,614 333 689 69 

South Vietnam___...------- 352 44 800 79 1,368 144 

Thailand_.._.------------- 2,810 198 958 82 1,406 124 

Turkey__.-..-------------- 935 96 428 AT 1,798 160 

Other_...-...------------- 2,560 350 1,677 233 1,839 240 

Total._._.--------------- __ 45,927 5, 503 88,166 5,158 27,385 4,398 

Oceania: 
Australia__._..------------. 8,348 173 5,384 559 6,951 728 

New Zealand___.---------- 3,294 302 3,322 822 2,705 245 

Total._..--------------- __ 11,642 1,075 8,706 881 9,656 973 

Grand total__-.---------- 263,122 28 ,626 196,203 22,915 192 , 636 24,505 

a
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Table 10.—U.S. exports of carbon black in 1970, by months . 

. (Thousand pounds and thousand dollars) . 

en A 
RL 

ee 

Channel Furnace Total 

Month —$—$ $e 
Quantity Value Quantity Value Quantity Value 

en ee 

January_.--...---------------------- 6,125 $1,389 11,942 $1,049 18,067 $2,488 

February__._____-------_------------ 4,098 924 11,022 970 15,115 1,894 

March_______-____------------------ 6,194 1,321 10,948 967 17,142 2,288 

April. .------------20-0000000 07777777 3,602 840 17,030 1,471 20,632 2,311 

ay___--------.-----------+-------- 3,185 765 17,199 1,566 20,384 2,381 WL 

woe ee June oo ee ec enceeciislst (2,728 621 18, 155 “T,111 15,883 1,732 

July___._--------------------------- 6,584 © 1,711 15,514 1,420 22,048 3,131 

August__.___..___._------------------ 2,588 732 8,914 877 =11,452 1,609 

September_____:_._------------------ 3,147 769 9,014 828 12,161 1,597 

October______-_____----l----.------- 2,280 637 9,447 847 11,727 1,484 

November__..__._-.----------------- 5,611 1,222 10,147 921 15,758 2,143 

December. _____.__------------------ 2,569 673 9,748 874 12,317 1,547 . 
Nn 

. otal.__..--.--------.-------- 48,556 11,604 144,080 12,901 192,636 24,505 
halakhic i — 

Table 11.—Carbon black: World production, by countries 
. (Thousand pounds) 

_ 

. Country ! 1968 1969 1970 P 
a 

Argentina. ___-..-.---------------+------------------------ 48 ,444 52,911 — e 55,000 

Brazil__.__.__-_---_------------------------------+------- r 88,200 120,200 2 109,100 

France____________--- ee eee ene eee ee eee eee eee ne -- 7 260,476 302 ,474 e 310,000 \ 

_ Germany, West____._---.---------------------=----------- 392 , 406 474,220 528,491 

India ¢__.__________------_-~--------- + ee ee tr 55,000 55,000 55,000 

Italy_._---------.---------------------------------------- r 205,585 231,038 272,401 

Japan___.-_-_--..---------------------------------- ee t 482 ,289 574,531 650,511 

Korea, Republic of. _.__-.--.------------------------------- 0 --255--57 1,001 7,374 

Netherlands. __________.__-_-.-_---------------------------- 7 169,976 — 179 , 456 189 ,377 

Romania________.___._-_ eee eee eee eee ene eee eee 7 120,974 124,411 159,778 

South Africa, Republic of ¢.._.--.-------------------------- 71,000 71,000 57,800 

Spain Ce ee ee ee ee ne eee eee ee een r 55,000 66 ,000 66 ,000 

aiwan____________----- ee ee en nee ee ee ee nee er 550 er 550 584 

United Kingdom. __........-.----------------------------- _7405,200 r 437,000 e 440,000 

United States___.___._-..._--_--_--------------------------- «2, 811, 806 2,963 ,261 2,931,153 

Venezuela_________--.-___---------------------- ++ --4----- 16 , 204 16,001 _ 16,200 

Yugoslavia___.._...-------------------------------------- r19,700 34,240 e 35,000 
re 

Total.______.-_-__-__-- eee eee ene ee ee ee e----------- 5,202,810 5, 703,294 5,878,769 
eee eee eee 

e Estimate. P Preliminary. r Revised. 
1 In addition to the countries listed, Australia, Belgium, Canada, mainland China, Colombia, Mexico, Nor- 

way, Poland, Sweden, and the U.S.S.R. produce carbon black, but available information is insufficient to make 

reliable estimates of production levels. 
2 Partial figure. (Output of one of two reported producers, data for other producer not available.)
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~ Cement — 

By Brinton C. Brown ! me | 

Portland cement shipments decreased in ported combined annual capacity of 4.9 
1970 to 390,461,000 barrels, 19,365,000 bar- million barrels. Three companies added — 
rels less than the alltime high shipments new kilns to their existing plants during | 
in 1969. High interest rates, shortage of the year, increasing the annual capacity 

| mortgage money, and inflation problems in another 4.5 million, barrels. Two new 
the first half of the year combined to re- plants under construction with an annual | 
duce construction activity and the demand capacity of 4.3 million barrels were to be | 
for cement. Easing of mortgage credit and in operation in 1971. Two large kilns were : 

: the changing money market did. not favor- to replace 14 older and smaller kilns when 
ably affect cement shipments until Decem- modernization programs were completed in | 
ber. Although production and shipments 1971 at two plants, In addition, plant ex- | 

| of cement from domestic plants decdined, pansions announced by eight companies at Z 
cement and clinker imported for consump- 10 locations will further increase the Na- 

tion in the United States reached an all- tion’s annual capacity by about 7 million 
time high, 43 percent above the previous barrels within the next few years. | : 
record imports in 1969. 7 Concern for environmental quality was_ 

Despite price increases of 5 to 6 percent. not limited to the United States. Landscap- 
in some market areas, cement production ing a 6.4-million-barrel-per-year plant to 
and marketing costs rose about 10 percent. fit in a national park was achieved by the 

For the past 3 years demand for coal has Associated Portland Cement Manufacturers, 
_ exceeded production, and as a result, in  Ltd., at its Hope, Derbyshire, England, | 

1970 the price to the cement industry rose works. The company’s landscape architect, | 
_as much as 36 percent. Shortage of low-sul- working with the Peak District National 
fur coal necessary to meet air: pollution Park Planning Board devised a plan to fit 
standards and higher costs impelled 30 the plant into the surrounding countryside 
percent of the plants using coal to change and to landscape the plant so it is almost 
to natural gas and fuel oil. impossible to see from the surrounding vil- 

Pollution control agencies adopted new  lages. The shale quarry will be hidden by | 
standards and a proliferation of new regu- planted trees and the limestone quarry 
lations that had considerable impact on will be concealed by leaving a rock bank 
the cemént industry. A combination of old _ so that it will not disturb the skyline. 

_ age and pollution abatement regulations Two cement plants in Northampton, Pa., 
caused six companies to close 10 plants operated by Dragon Cement Co. Division 
and three companies to permanently retire of Martin Marietta Corp. and Universal 
20 additional kilns. This reduced annual Atlas Cement Division of United States 
clinker-producing capacity by approxi- Steel Corp. were recipients of the 1970 R. 
mately 25 million barrels. Virtually every Emmet Doherty Award in recognition of 
plant in the country was modernizing and their industry air pollution control leader- 

improving dust-collecting facilities. Invest- ship in the Lehigh Valley. 
ments for pollution control systems were Legislation and Government Programs. 
expected to increase in the next few years —Public Law 91-605, an act to authorize . 
not only to comply with regulations but to the construction of certain highways in ac- 
take advantage of the rapid amortization cordance with title 23 of the U.S. Code, 
provisions of the Tax Reform Act of 1969. 
Two new portland cement plants were tre: ; a lic Mi 

placed in operation in 1970, with a re- era engineer, Division of Nonmetallic Min- 

267
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| Table 1.—Salient cement statistics 

| 1966 1967 — 1968 1969 1970 
LL ee 

.. United States: | . _ 

Production ! 2 
thousand 376-pound barrels__ 393 , 824 377 , 885 403 ,349 407 ,944 395,347 

Shipments from mills 1 2___..do___- 383 , 856 381,824 405,863 418,284 396 , 844 . 

Value 123__._____.----thousands__ $1,226,806 $1,210,736 $1,294,533 $1,354,033 $1,336,255 
Average value! ?_____._per barrel__ $3.15 $3.17 $3.19 $3.23 $3.37 
Stocks Dec. 31 at mills 14 

thousand 376-pound barrels__ 40,698 41,529 41,977 37,920 38 ,333 
Exports. ...-..------------do__-- 1,069 980 942 589 847 

: Imports for consumption___.do__-- 7,066 5,913 7,289 9,687 13,812 
. Consumption, apparent §____do____ 395,853 886 , 757 412,210 427,382 6 404,163 

World: Production. _.......-.--do__._ 2,722,068 2,812,729 3,021,620 3,179,863 3,350,142 
ee 

1 Excludes Puerto Rico. 
2 Includes portland, masonry, and slag cements (1966-69). Excludes slag cement (1970). 
3 Value received, f.o.b. mill, excluding cost of containers. 
4 Includes portland and slag cements only (1966-69). . 
5 Quantity shipped plus imports minus exports. 
6 Adjusted to eliminate duplication of imports shipped by domestic cement manufacturers. 

: and for other purposes was passed on De- tion expenditures. ‘The act allows a 5-year 

| cember 31, 1970. The National Environ- amortization on air and water pollution 

mental Policy Act (PL 91-190) was ap- abatement facilities added to plants in op- 

proved by the President in January to eration on December 31, 1968. Facilities - 

establish a Council on Environmental must be certified to the Treasury Depart- 

Quality. Under the Environmental Educa- ment as meeting ‘performance standards 

| tion Act (PL 91-516) approved in Octo- and the rapid amortization deduction is 

ber, grants will be made supporting educa- limited to facilities in operation before 

tional research and pilot projects dealing January 1, 1975. 

| with environmental quality and ecological The Federal Trade Commission (FTC) 

balance. a Docket No. 8785 was still pending at year- 

The Clean Air Act of 1970 (PL 91-604) end. The docket deals with a complaint | 

provides for the establishment of ambient against Ash Grove Cement Co. filed in 

. air quality standards; authorizes the ad- July 1969 for alleged violation of section 7 

. ministrator to. monitor emission sources; of the Clayton Act by the company’s ac- 

_ and establishes penalties for violating air quisition of Fordyce Concrete, Inc., Lee’s 

quality standards. An Office of Noise Summit Ready-Mixed Concrete and Mate- 

Abatement and Control was established rials Co., and Union Quarries. Also pend- | 

within the Environmental Protection ing was FTC Docket 8783, which is a com- 

Agency to study noise and its effects on plaint against Missouri Portland Cement 

public health. The Secretary of Labor was Co. filed in June 1969 for alleged violation 

empowered by the Occupational Safety and of section 7 of the Clayton Act because of 

| Health Act (PL 91-596) to inspect any the company’s acquisition of Botsford. 

factory or plant and enforce compliance Ready Mix Co. In October 1970, the FTC 

with Federal standards. ordered OKC Corp. to divest its interest in 

Under the Tax Reform Act of 1969, de- Jahncke Service, Inc., a ready-mixed con- 

ductions are allowed on domestic explora- crete producer (Docket No. 8802) . 

DOMESTIC PRODUCTION 

PORTLAND CEMENT produce cement from imported clinker 
after the kiln was shutdown, and another 

Although two new plants and_ three noe * . . 
. vias plant continued to grind clinker from a 

plant expansions added about 9.4 million |, ockpile 

barrels to the Nation’s cement production Public concern for the quality of the en- 

capacity, 10 old plants were closed by year-  yironment urged pollution control agencies 

end and an additional 20 old kilns were to raise standards and enforce regulations. 

permanently shutdown, reducing the an- As a result most of the older plants and 

nual clinker-producing capacity almost 25 some new plants were modernizing and ex- 

million barrels. One plant continued to panding their dust collecting facilities.
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Some companies could not justify the ex- nomical to modify the old plant with 
pense of installing additional air-pollution eight kilns to comply with State air pollu- 
control equipment in old marginal plants tion control regulations. American Cement 
and elected to shut them down. More  Corp., Peerless Division, closed its Jefferson 

plants are expected to be closed in the fu- Avenue plant in Detroit, Mich., at year- 

ture. I'wo new plants that were. scheduled end. Wyandotte Chemical Corp. early in — 
for operation in 1971 have a capacity of March, shut down the kiln at its plant 
about 2.5 million barrels a year more than near Detroit and imported clinker for its 
the old plants they will replace. Ten plant finish mills. Universal Atlas Cement shut: 

_ expansions to be completed in the next 3 down its No. 6 mill at Buffington, Ind., in 
years will add about 7 million barrels to August 1970 but continued to operate the | 
the annual capacity. other cement-producing facilities at the 

_ In March, Maule Industries Inc. fired same location. Oo | | 
the first of its two wet-process, 10.5-foot- Ideal Basic Industries, Inc. shut down | 
by 12-foot-diameter, 421-foot-long kilns at the four kilns at its Redwood City, Calif., 
its new Pennsuco plant in Dade County, plant in December mainly because of new 
Fla, The 2.4-million-barrel-per-year plant State and local air and water pollution 
is the first in the country to install elec- control regulations. When the present 
trostatic precipitators at both ends of the stockpile of clinker is ground, the storage - 
kilns. All cement produced was shipped in facilities will continue to operate as a dis- . 

| bulk because there was no bagging ma-_ tribution terminal with cement supplied 
| chinery installed at the plant. San Juan from the company’s plant at Seattle. The 

Cement Co., a newcomer in the industry, terminal at Sacramento will be discontin- 

started operating its 2.5-million-barrel-per- ued. The plant at San Juan Bautista, 
year plant in the Barrio Espinosa area of. Calif., also scheduled to close because of 
Dorado near San Juan, P.R., in April 1970 air pollution abatement regulations, was 
and reached full production with the sec- permitted to operate under variances to al- 
ond kiln by late summer. Gifford-Hill leviate a serious economic effect on the 
Portland Cement Co. started operating its small community. Aetna Portland Cement | 
new kiln, 12 feet in diameter by 450 feet Co. Division of Martin Marietta Corp. shut 
long, and grinding mills in June 1970 at down four old kilns at its Essexville plant | 
its plant in .Midlothian, Tex. The new fa- near Bay City, Mich., but continued pro-' : 
cilities doubled the capacity to 3 million duction with a fifth, larger kiln. Produc- | 
barrels a year. Lehigh Portland Cement tion was augmented by purchasing clinker. | 
Co. completed expansion of its Union Kosmos Portland. Cement Co. shut down 
Bridge, Md. plant in November 1970. By _ the six oldest of its 10 kilns at Louisville, | 

_ adding a fourth kiln, new raw and finish Ky., to reduce dust output by 90 percent 
' grinding mills, the capacity was increased and will improve dust-collecting facilities 

from 3.5 to 5 million barrels a year. Me- for the other four kilns. The company 
dusa Portland Cement Co. increased the completed planting 2,000 trees on three 
capacity of its Wampum, Pa., plant from sides of the plant. | 
2.7.to 4.1 million barrels a year in 1970 Dragon Cement Co. was constructing a 
with the addition of a 12-foot- by 14-foot- new 2.5-million-barrel plant at Thomaston, 
diameter, 390-foot-long kiln. Maine, to replace the 43-year-old facility. 

Lehigh Portland Cement permanently Completion was expected. in mid-1971. 
closed its 45-year-old plant at Buffalo, Major equipment installed includes a 
N.Y., in July. Three of the company’s  14.25-foot- by 17-foot-diameter by 520-foot- 
plants averaging 60 years in age were long kiln, a 4,500-horsepower (hp) grind- 
closed in the fourth quarter of 1970 at ing mill, and.a glass bag house. Dragon 
Birmingham, Ala., Fogelsville, Pa., and Cement Co. gave 39 acres of land in Rock- 

Iola, Kans. Alpha Portland Cement Co. port, Maine, about 5 miles from Thomas- 

permanently closed its 70-year-old plant in ton, for the site of the new Penobscot Bay 
La Salle, Iil., and its 69-year-old plant at Medical Center. 
Ironton, Ohio, in September 1970 and the Américan Cement, Peerless Division’s 

related terminals at Chicago and Cincin- new 4-million-barrel cement plant near 
nati by yearend, Giant Portland Cement Detroit, Mich., was under construction and 

Co. closed its plant at Egypt, Pa., at the was scheduled to be in operation in 1971. 
end of April 1970 because it was uneco- At the company’s Crestmore plant near
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Riverside, Calif., two mills were converted modernize the company’s plant at Oglesby, 
to swing mills to grind either raw material Ill., by replacing eight kilns, all over 60 
or clinker, which added more than 1 mil- years old, with a 2.5-million-barrel kiln 
lion barrels of shipping capacity. One of identical to the new one at Hagerstown; to . 

| two preheater kilns, inactive since 1965, at install a 4,400 hp finish-grinding mill; and 
the Oro Grande, Calif., plant was reacti-. to erect pollution control equipment. At 
vated. The kiln added about 750,000 bar- Trident, Mont., production capacity will 

| rels to the production capacity. - be increased 12 percent when Ideal Basic 
General Portland Cement Co. introduced replaces four small kilns with one large | 

a new tan-colored cement. The company kiln and installs a new crusher and raw- 
| acquired the Pacific Western Industries, grinding and dust-collecting facilities by 

Inc., 3.3-million-barrel plant at Los Robles, mid-1973. Puerto Rican Cement Co. con- 

Calif. Plans were announced for expanding verted its white cement facilities at Ponce, 
_ the company’s Florida Portland Cement P.R., to gray cement production to help 

Division’s facilities in Dade County, Fla., alleviate the cement shortage on the is- 
to increase capacity 20: percent. Plans were land. 
made to modernize facilities at the Pauld- Calaveras Cement Co., Division of the | 

/ ing, Ohio, plant. : - _ Flintkote Co., was installing a 17.6-mile 
- California Portland Cement Co. installed pipeline to convey slurry from its quarry 

. a new finish-grinding mill that increased. to the plant at San Andreas, Calif. Con- 
grinding capacity at the Mojave, Calif., struction of the crushing and grinding fa- 
plant. The company’s Arizona Portland cilities were started in 1970. The facilities 

Cement Co. Division increased its Rillito, were to be completed in June 1971, at 

| Ariz.,' plant. grinding capacity to 4.2 mil- which time the slurry would be ground to 
lion barrels a year with the addition of a 90 percent minus 200-mesh in two 11-foot 
new finish mill. The company started ex- by 33-foot, two-compartment raw mills and 

: panding and modernizing the Rillito plant pumped through a 7-inch pipeline, assisted 
with the addition of a kiln, raw-grinding by gravity (1,500-foot vertical drop) , to the 

| mill, crusher facilities, a 5-mile belt con- kilns. Water was to be supplied by a 3.7- 
veyor for transporting raw material from mile pipeline. Lone Star Cement Corp. in- 

| the quarry to the plant, and air pollution stalled a 3-mile covered conveyor from 
control equipment. It was expected to be the quarry to the plant as part of a mod- 
completed by the end of July 1971. ernization: program that will increase ca- 

Hawaiian Cement Co. started construct- pacity of its Davenport, Calif., plant by 
. ing a new 10-foot- by 12-foot-diameter by 50 percent. | | 

240-foot-long kiln and dust-collection facili- Penn-Dixie Cement Corp. completed 
ties at its plant in Ewa Beach, Oahu, to modernization of its Clinchfield, Ga., plant _ 
increase capacity to 2.5 million barrels a with the addition of a finish mill and a 
year. Louisville Cement Co. announced cement cooler. A new finish mill was to be 
plans to install a new kiln with an annual in operation early in 1971 at the Des 
capacity of 2 million barrels at its Speed, Moines, Iowa, plant. Santee Portland Ce- 

Ind., plant. This kiln is expected to be in’ ment Co. started construction of a new 
operation by the end of 1973 and to re- finish mill that will increase the grinding 
place three small, old kilns. Discussions capacity of its plant at Holly Hill, S.C. 
were terminated on the proposed merger Diamond Portland Cement Co. was install- 

between Louisville Cement Co and Kaiser ing new shale crushing and drying facili- 
Cement & Gypsum Corp. ties and an electrostatic precipitator at its 

_ Marquette Cement Manufacturing Co. plant in Middle Branch, Ohio. Kaiser Ce- 
was installing a 15-foot- by 17-foot-diameter, ment & Gypsum continued to modernize 
520-foot-long kiln to replace six old kilns facilities including improvements of crush- 
and to increase annual production capacity ing operations at Lucerne Valley, Calif., 
by 450,000 barrels at its plant in Hagers- and Waianae, Hawaii. Monarch Cement 
town, Md. A 3,000 hp raw-grinding mill Co. was adding five storage silos and pack- 
replaced four old raw mills, and pollution ing equipment at its plant in Humboldt, 
control equipment was being installed to Kans. 
meet the Maryland Air Pollution Law re- New air pollution control equipment 
quirements. Completion was expected in was installed by cement companies at the 
February 1971. Plans were announced to following plants: Ideal Basic at its Hous-
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ton, Tex., plant; National Portland Ce- Plans were announced for installing ad- 
ment. Co’s. plant at Brodhead, Pa.; and_ ditional air pollution control equipment in 
Universal Atlas Cement at plants in Hud- 1971 by the following companies: Missouri 
son, N.Y., and Waco, Tex. Portland Cement Co. at. its plants in 

Other companies installing dust-collect- Joppa, Hl, and Kansas City, Mo.; Lone 
ing equipment were Capitol Cement Co., Star Cement at its plants in New Orleans, 

Division of Martin Marietta Corp. at its a. and Davenport, Calif; Lehigh Port- 
plant in Martinsburg, W. Va. Columbia and Cement Co. at its plants in Union 

_..... Cement Co. Division of PPG Industries at. Bridge, Md., Mason City, Iowa, and 
Bellingham, Wash., Dewey Rocky Moun- Miami, Fla.; Kaiser Cement & Gypsum at 

tain Cement Co., Division of Martin Mar- tS plants in Permanente, Calif., Lucerne | 
ietta Corp. at its new plant in Lyons, Valley, Calif., and Waianae, Hawaii; and 
Colo., Ideal Basic plants at Knoxville, General Portland Cement at its plants in 

Tenn., and Okay, Ark.; and General Port- Chattanooga, Tenn., and Paulding, Ohio. | a 

. - land Cement Trinity Division at its Dallas, Huron Cement Co., Division of National | 

Tex., plant. . Gypsum Co. was constructing a wastewater | 

Electrostatic precipitators were installed disposal system to comply with the State | 
or were being installed by the following Tegulations at its plant in Superior, Wis. 
companies: Alpha Portland Cement at its 

_ Birmingham, Ala., and Jamesville, N.Y., ALUMINOUS CEMENT — 

F ants, General Fortand Cement Co. at its Universal Atlas Cement started up its 
4 ampa, Fla. plant; Lone Star Cement at new calcium-aluminate refractory facilities 

| its Houston, Tex., and Bonner Springs, Buffington, Ind. (Chicago area). This | 
Kans., plants; Marquette Cement Manufac- Vin) replace an old plant and double its 
turing at its Rockmart, Ga. plant; North- capacity. | 

western States Portland Cement Co. at its } | 
| Mason City, Iowa, plant; Penn-Dixie Ce- Lone Star Cement, Ciments_ Lafarge of 

ment at its West Des Moines, Iowa, plant; Paris, and the Lafarge Organization Ltd. 
and Puerto Rican Cement Co. at its San Of London formed a new jointly owned 

| Juan, P.R., plant. company, Lone Star Lafarge Co., to market : 
a and distribute calcium-aluminate cement 

Dundee Cement Co. was to start con- in the United States . 
struction in 1971 to add four electrostatic * mu " j 

| precipitators at its plant in Dundee, Mich. Bo | 
Monolith Portland Midwest Co. will install PRODUCTION CAPACITY : 
an electrostatic precipitator at its Laramie, By the end of 1970, 64 kilns were per- os 

Wyo., plant and Universal Atlas Cement manently removed from production with _ 
plans to install another electrostatic pre- the closing of 10 plants and partial shut- 
cipitator at its plant in Duluth, Minn. == ~— down of kilns at three plants. By yearend, | 

Universal Atlas replaced electrostatic 4/8 kilns were operating at 169 plants in 
precipitators with glass-bag dust collectors 41 States and Puerto Rico with an esti- 
at its Northampton, Pa., plant. | mated 24-hour-per-day clinker-producing 

capacity of 1,360,000 barrels. A kiln will 

Glass-bag dust collectors that were in- + operate 365 days because some down- 
stalled or were being installed by other ce- tine is required to replace sections of re- 

ment companies include Lone Star Cement —fractory bricks and for mechanical mainte- 
(at its Maryneal, Tex., plant) and Medusa nance. In 1970, kilns were reported down 

Portland Cement (at the Toledo plant for an average of 38 days, indicating the 
near Sylvania, Ohio) . apparent. annual clinker-production capac- 

| Whitehall Cement Manufacturing Co. ity was about 445 million barrels. 
planned to replace the electrostatic precipi- In addition to 169 clinker-producing 
tator in 1971 with new equipment incdud- plants including eight white cement facili- 
ing a glass-bag house to meet the more ties, one plant was inactive and six plants 
stringent air pollution requirements at its had grinding mills only. The grinding 
plant in Cementon, Pa. The company com- plants were operating on imported, pur- 
pleted the conversion from coal to bunker chased, or interplant transfers of clinker 
C fuel oil for kiln-firing. with the exception of one that was grind-
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| ing clinker from an existing stockpile. No Daily clinker capacity as of Dec. 31, 1970 
information. was collected on grinding ca- | Percent 
pacity, but the total in the United States Barrels (376-pound) . Number of of total | 

is estimated to be about 500 million bar- Pe 24hour period plants! capacity _ : 
rels (or equivalent to 365 days of clinker- 3000 te 6G00. era 5 we 

_ producing capacity) . 6,000 to 9,000_------------ 55 28.9 
The following tabulation shows the daily 13000 1018000 ee | 34 39 

clinker-production capacities of cement 15,000 and over_--.------. 12 17,8 | 
plants in the United States and Puerto Total__---.--------. 169 — 100.0 

. Rico, grouped according to relative size: 1 Includes white cement-producing facilities. 

| TRANSPORTATION | 

Cost of rail and truck delivery of port- Atlantic Cement Co. converted from coal | 
land cement to customers increased 8 per- to oil firing of its kilns, which required . 
cent. At the National Association of Ce- additional dock facilities for tankers. Dun- | 

| ment Shippers meeting in Chicago in dee Cement Co. added 50 pressure-flow, 
_. November 1970, the problems of increaséd 530-barrel tank cars to its fleet under lease. 

costs were discussed. Truckers were de- Cement can be transferred at the rate of 
manding pay ‘increases ranging from 6 to 530 barrels per hour from the tank car to_ 

| 10 percent. In its 4 years of existence, the highway trailers. Calaveras Cement was 
association has seen five general freight building a bulk storage and distribution 
rate increases for the railroads amounting plant at Union City, Calif., to serve the 

_ to 37 percent (assuming approval'of a re- Bay Area from its San Andreas plant. 
cent 15 percent boost) . | Ideal Basic started shipping cement from 

Medusa Portland Cement proposes to its new terminal at Anchorage, Alaska. A | 
convert a 550-foot ore boat, C. H. Mc-_ rail-truck transfer station was established 

| Cullough Jr., within 2 years, to a self;un- at Fairbanks. Kaiser Cement & Gypsum ex- 
loading cement carrier similar to the Me- panded the capacity of its distribution fa-_ 

| dusa Challenger. | cilities at Anchorage and Fairbanks. | 
| A 6,300-deadweight ton ship, the M.V. The Associated Portland Cement Manu- | 

Orient, will be converted into a bulk ce-  facturers Ltd., Blue Circle Group, built a 

ment carrier and chartered to Ryukyu Ce- pew wharf at Northfleet, Kent, England, 
ment Co., Ltd., in 1971. Along with the that will enable 90,000-ton ships to berth 
M.V. Taipan, it will transport cement to -alongside the plant. Much of the cement 
Ryukyu Cement’s markets in Guam and... dispatched to Scotland in unit. trains 
Australia. General Portland Cement will **, © P# €ne ore ; 
use ocean-goin is to transport with bulk tankers carrying 79 tons each. In 

moan ong vesse’s seer 4 Holland, the Dutch cement industry was 
material (aragonite) from a deposit in the _ . _ ‘Y 
Caribbean to its plant in Tampa, Fia., making 45 percent of its deliveries in wa- 

which was to begin early in 1972. In 1970 terborne tankers. Because railroads were 
four new barges were purchased by Mis- Unable to cope with the increased cement 

souri Portland Cement increasing the fleet shipments in the Republic of South Africa, 
to 30 cement barges to supply eight ma- the Government granted permission for ce- 
rine terminals. ment to be carried on highways. 

CONSUMPTION AND USES 

Shipments of cement into the various in Connecticut, Florida, Maine, Maryland, 
States are considered to be an index of Massachusetts, New Jersey, Tennessee, Vir- 

consumption. Consumption of portland ce- ginia, and southern California and Puerto 
ment decreased nearly 5 percent below Rico; however, the increase was about 10 
that of 1969. Only 12 States, Puerto Rico, percent or more above 1969 shipments in 
southern California and western New York Arizona, Colorado, Idaho, North Dakota, 

had an increase of shipments from that of and western New York. Shipments in all 
the preceding year. The increase was small other States and regions decreased. The
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largest decreases in consumption of cement mand for concrete pipe in 1970, the price 
from that of the preceding year were in increased 2 percent. Similarly, shipments of — 
the following States: Mlinois, Louisiana, concrete products such as prestressed and : 
Michigan, Ohio, Texas, Wisconsin, north- precast concrete declined moderately. Ship- 
ern California, and eastern Pennsylvania. ments of concrete blocks decreased 4 per- 
In each State the decrease was more than 1 cent, but the price index rose about 5 per- 
million barrels less than consumption in cent, in part reflecting the higher prices 
1969. | for cement and aggregates. 

Producers of ready-mixed concrete were Although residential construction was | 
_.........the primary customers. of. portland cement, .-curtailed-in the early part -of 1970-by—the -.— —-—. 

accounting for about 62 percent of the impact of tight money, high interest rates, | 
total cement shipped. Concrete product and inflation problems, the homebuilders 
manufacturers used about 15 percent of responded quickly to the changing money 
the cement shipments to make such items market following a general easing of mort-_ | 
as precast concrete, prestressed concrete, gage credit later in the year. The total 
concrete blocks, and concrete pipe. Nearly number of new housing units started in 
12 percent of the shipments were sent di- 1970 was 2.2 percent less than in 1969 but | 

_ rectly to highway contractors or to Federal, was nearly 4 percent higher than the aver- 
State, or other government bodies. Build- age of housing starts for the preceding 5- 
ing materials dealers received about 8 per- year period. Expenditures for new private 
cent of the shipments. Approximately 3 nonresidential construction rose 5 percent . 
percent of the shipments went to other despite a 7-percent decrease in expendi- | 
construction contractors and for miscella- tures for industrial buildings. Growing 
neous uses. concern for the environment and pollution 

| Ready-mixed concrete shipments de- control accounted. for increased expendi- 
creased about 2 percent in 1970, showing tures for new sewer systems. Aithough ex- 

| the influence of the low volume of housing _penditures for new public construction was | 
| construction in the early part of 1970 and at a record amount, it was only slightly 

the decline of other building construction more than in 1969. Highway construction _ 
throughout the year. The U.S. Bureau of expenditures were also at a record level 
Labor Statistics wholesale price index for but on a constant-dollar basis were down 
ready-mixed concrete rose 6 percent above about 2 percent from that of the preced-— 
the 1969 price. Despite a decrease in de- ing year. | 

PRICES — 

The average mill. value of portland ce- from a low of $3.40 a barrel in Northamp- 
ment was about $3.32 per barrel in 1970. ton, Pa., to a high of $5.43 a barrel in 

Although prices rose about 5 to 6 percent Waianae, Hawaii, and $4.60 a barrel was 
for bulk gray cement in some market reported at Lake Oswego, Oreg., and Seat- 
areas, the costs of producing and market- tle, Wash. Higher prices were subject to 
ing the cement climbed 10 percent. The cash discounts. 

: industry complained that profits suffered as Bag prices were $0.60 to $1.50 higher 
a consequence. According to figures pub- than the bulk prices. Base prices f.o.b. per 
lished in Engineering News-Record, some barrel for portland cement in carload lots 
bulk mill prices remained unchanged are reported in the Engineering News-Rec- 
throughout the year in certain areas such _ ord for 20 cities across the United States. 
as parts of Alabama, Georgia, Indiana, The December 1970 average for bulk ce- 
Kansas, New York, Tennessee and Utah. ment was $4.29 per barrel, compared with 
Bulk mill price increases of 15 to 30 cents $4.15 per barrel in December 1969. In the 
per barrel posted early in 1970 remained 20-city survey, the December 1970 prices 
virtually unchanged for the rest of the ranged from a low of $3.80 a barrel in 
year in other areas such as California, New York City, to a high of $5.07 a barrel 

Louisiana, Missouri, Ohio, Oregon, Texas, in Cleveland, Ohio. Masonry cement aver- 

Washington, Wisconsin, and parts of Penn- aged $4.68 per barrel in December 1970, 
sylvania. The Engineering News-Record compared with $4.58 per barrel in 1969, 
shows the December bulk mill price range and ranged in price from $3.20 per barrel
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in New York City to $5.85 per barrel in 25 to 30 cents per barrel. In Puerto Rico 
Kansas City, Mo. the price was increased 40 cents per barrel 

Increased fuel costs ranging from 14 to in October, and a 60-cent-per-barrel price 
| 36 percent for coal and as much as 70 per- increase was announced for April 1971. ~ 

| cent for oil, along with electric power rate  §_In 14 European countries the price in- 
| increases from 14 to 25 percent, forced crease was at least 3 percent higher in | 

many companies to announce price in- 1970, in Denmark, France, Germany, Ice- a 

creases for 1971. In a large number of land, Norway, Spain, and Sweden the in- 
marketing areas, price increases were crease was 5 percent or more compared 

| scheduled for, January 1, 1971, ranging with 1969 prices. In Japan there was a 
| from 15 to 55 cents per barrel for bulk marginal decline in the portland cement _ 

portland cement with an average of about price. 7 7 oe - 

oe Oo FOREIGN TRADE ~~ Be 

| Exports of cement from the United equivalent to a large cement plant in the 
| States in 1970 increased 44 percent above center of the market area. Imports from 

that of the preceding year, to 847,000 bar- Canada nearly doubled those of the pre- 
rels (376-pound) . Total value of these ex- ceding year; cement shipments from Nor- ' 

| ports rose to $5.2 million, 63 percent above way increased nearly 1 million barrels; and 
: that of 1969. Although 74 countries re- imports from Mexico increased more than 

ceived cement from the United States, 500,000 barrels. More than 85 percent of 

Canada, the Leeward and Windward Is- the cement imported came from _ three 
| lands, and the French West Indies re- countries—Canada, the Bahamas, and Nor- 

. _. ceived about 73 percent of the total ex- way. _ | | 
| ports. a The rate of duty on white, nonstaining 

Portland cement and clinker imported portland cement remained the same, at 2 
_ from 18 countries for consumption in the cents per 100 pounds in 1970; however, the 

United States reached on alltime high of rate of duty for other hydraulic cement 
13,812,000 barrels, surpassing the previous and clinker decreased to 0.9 cent per 100 
record set in 1969 by 43 percent. Imports pounds under the annual rate modifica- 
were more than double that of any year tions resulting from concessions granted by __ 
during the period 1878-1967 with the ex- the United States in the Kennedy round of 
ception of 1966. The importing and mar- trade negotiations concluded on June 30, : 

| keting of foreign cement in some areas was 1967, under the General Agreement on 
an important factor and, in effect, was ‘Tariffs and Trade. 

| WORLD REVIEW | 

Cement shortage in some countries and European countries belonging to the CEM- 
overcapacity in other cotntries continued BUREAU put into operation 28 new kilns, 
to be a problem in the industry. For ex- representing a capacity increase of 9 mil- 

ample, a cement shortage resulting from ion short tons. In 1971 another 34 kilns 
the tremendous building boom in the are expected to be in operation to produce 
Transvaal caused the Republic of South an additional 13 million tons of clinker. 
Africa to import cement from B elgium, Algeria.—Construction was started at 
Spain, Denmark, Angola, and the United Meftah to erect a cement pl ith 

Kingdom. Although Yugoslavia imported Plant wate an 
Ba° me gosavia  lmpore annual capacity of 1.1 million short tons 

from Greece, Hungary, and the United : y ° ° 
Arab Republic, it still experienced a ce- Completion was scheduled for 1972. The 
ment shortage that curtailed housing con- Algerian Construction Materials Agency 

struction. On the other hand, the Philip- comtracted for a cement plant with a ca- 
pine cement producers experienced a pacity of 550,000 tons at Ain-Cherchar 
depressed market that required curtailment near Constantine. A 550,000-ton-per-year 
of production to less than one-half of the plant was under construction at Hadjar- 
industry’s rated capacity. In 1970' Western Soud.
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Angola.—Companhia de Cimento Secil _ stalled by 1972 in the Kyangin area in the 
do Ultramar was expanding its Luanda upper Irrawaddy River region. Plant ca- 
plant capacity from 330,000 to 660,000 pacity was to be 880 short tons per day. , Short tons per year. Completion was ex- Cameroon.—At Bonaberi, near Douala, a 
pected by mid-1971. new cement plant with 11,000-ton-per- 
Argentina.—Compafiia Argentina de Ce- month capacity was scheduled to. start 

mento Portland, a subsidiary of Lone Star operating in January 1971. A second plant 
Portland Cement Corp., increased the an- at Figuil was to be completed later in 1971 
nual capacity of its Sierras Bayas plant to to serve north Cameroon. 
4.6 million barrels per year by late 1970. | Camada.—Canada Cement Co.,. Ltd.ac-. _ ‘This production and that of the plant at quired control of Lafarge Cement of North 7 _ Parana give the company a total capacity America, Ltd. and changed its name to | of 5.6 million barrels. | _ Canada Cement Lafarge Ltd. Canada Ce- 

Bolivia——Compafia Boliviana de Ce- ment Lafarge Ltd. plans to phase out its 
mento was constructing a cement plant Point Anne,. Ontario, plant with the com- about 40. kilometers from Cochabamba. _ pletion of a 1.1 million short ton plant at — Annual capacity was to be 110,000 short Bath, Ontario, in 1973. The new Lafarge 

| tons. | plant 11 miles east of Kamloops started 
Brazil.—International Telephone and _ production in March. Its capacity is Telegraph Corp. (ITT) received the ap- 230,000 tons per year. : | proval of the Brazilian Government to Ceylon.—In March 1970 the State Ce- | build a dry-process cement plant about 180 ment Corp. plant at Puttalam started op- : 

kilometers south of Sao Paulo. Capacity eration. at an initial annual capacity of | was to be 2,600 short tons per day. Opera- 240,000 short tons. Construction was con- | : tion was scheduled for 1972. Brazil’s ce- tinuing to increase the capacity to 435,000 
ment production capacity is expected to tons per year. Ceylon Cement Corp. or- . increase from 9.9 to 22 million short tons dered equipment for a plant to be built at 
a year by 1975. The newest plant, which Colombo: the annual capacity will be — was built in Goids, has an annual capacity 800,000 tons per year. | of 220,000 tons. In 1971, Cia. Cimento Itau China, mainland.—Recovering from eco- a 
do Paranda, S.A. was to start building a ce- nomic disruptions, ‘cement production 
ment plant with a 1,100-ton-per-day capac- _ reached the level of 10 million metric tons 
ity in Rio Branco do Sul, State of Paranda. per year in 1970. Numerous small local ce- 
A new plant, which has a 2,200 ton per- ment plants have been built recently in oo, 
day capacity, was scheduled for construc- many provinces including Honan, Hunan, : | tion in 1971, at Apai, near Sdo Paulo. Em- Heilungkiang, Anhwei (Anhui), Chekiang, 
presa de Cimento Tocantins was building and Fukien. More than 12 larger cement | a cement plant in Brasilia; output capacity plants have been constructed since 1965. 
was to be 1,100 tons per day. Operations Towns, provinces, and estimation of capac- 
were expected to start late in 1971. Cia. ity in million short tons (in parenthesis) 
Brasileira de Ligantes Hidraulicos planned are given as follows: Hantan (1.1 or | 
to build a 2,600-ton-per-day plant at more) south of Shihchiachuang in Hopeh; 
Macaé, Rio de Janerio which was to start Yao Hsien (1.1) in Shensi; Huahsin or 
operating in 1972. Other cement plants Huangshih (1.1) in Hupeh; Kwangchow 
proposed include Cia. Carioca de Cimento (0.8) in Kwantung; Yungteng (0.7) in 
Portland at Iraja4, Guanabara, and Cia. de Kansu; Chungking (0.6) in Szechuan; Ta- 
Cimento Portland, Alvorada at Cantagalo, tung (0.6) in Shansi; Mutanchiang (0.4) | 
Rio de Janerio. Cemento Aratu, a subsidi- in Kirin; Tungfanghung or Nanking (0.4) 
ary of Lone Star Cement Corp., was ex- in Kiangsu; Kunming (0.33) in Yunnan; 
panding facilities at its Salvador plant to Kweiyang (0.3) in Kweichow; Liuchow re- 
increase the annual capacity to 2.4 million cently expanded to (0.3) in Kwangsi; Kai- 
barrels by mid-1971. Cimento Santa Rita, yuan (0.3) in Yunnan; Nanping (0.1) in 
S.A., was adding grinding capacity to its Fukien; Tungchiang (0.1) in Kirin and 
plant in Sao Paulo. Nanchang (0.1) in Kiangsi. Fushun (origi- 
Burma.—Industrial Development Corp., nally 0.6) and Ch’ihsin (originally 0.4) 

operator of the country’s only cement have been expanded. 
plant at Thayetmyo, ordered equipment Congo (Kinshasa).—A cement plant with 
for a second plant, which was to be in- an annual capacity of 400,000 short tons
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was expected to be in operation by 1972 in Guatemala—Cemente, Norvello, S.A., 

. _ Kinshasa bringing the total’ capacity for Guatemala’s only cement producer, plans 

| the- western Congo to 1 million tons a_ to build a 1,000-ton-per-day plant at San 

year. Ciments et Materiaux de Construc- Miguel. 

tion du Katanga (CIMENKAT) began a Hungary.—The 1.1 million short ton- 

a modernization and expansion program  per-year cement plant under construction 

which was to change from wet to dry at Beremend near the Yugoslav border was 

process and increase production from scheduled for completion in August 1972. — 

100,000 to 130,000 tons per year in 1971 Construction of a cement plant with a 

| and to 65,000 tons in 1973. : capacity of 1.8 million tons was scheduled 

Cuba—Two cement plants under con- to start in 1971 at Hejécsaba. 

struction, one by Czechoslovakia and one India.—Cement' Corp. of India. com- . 

oe by the U.S.S.R., were expected to go into pleted construction of a plant at Mandhar, , 

production in 1972. The country’s total an- _ Madhya Pradesh, and started constructing 

nual capacity for its five plants would then a new plant at Kurkunta, Mysore. 

reach 2,668,000 short tons. | _.  _Indonesia—Tjibinong Cement Co., a 

Ecuador.—Empresa Cemento Chimbor- newly formed Indonesian corporation 

azo, C.A. plans to install new facilities owned 76 percent by Kaiser Cement & 

with a 550 short-ton-per-day capacity at Gypsum and P. T. Semen Gresik, Indone- 

San Juan Chico. The new facilities will  sia’s largest cement company, which is gov- 
| more than triple the present plant capac- ernment-owned, was to start construction 

ity. A consortium of European companies of a 3-million-barrel-per-year cement plant 

| plans to build a cement plant with a 830 at Tjibinong, 30 miles south of Djakarta 

| - tons-per-day capacity at- Selva Alegre, in 1972. The cement plant near Padang | 

about 90 kilometers from Quito. A Japa- Ws being modernized, and the capacity 

nese company was interested in building a W4S being increased at the plant near Gre- 
( plant in the Rio Negro area. sik. Toyo Menka Kaisha Ltd., of Japan in 

Greece—General Cement Co. S.A. was a joint venture with P. T. Gunung N gadeg . 
. . . . plans to build a cement plant. Singarise 

increasing -the capacity of its Olympos 17 iq. of Singapore in a joint venture with 
plant at Volos from 3,900 to 6,400 short P T 5 84P oy J . 

. T. Sumber Wangi plans to build a ce- 
tons per day. In September 1970, a new . 
2 600-ton-per-d ‘nding mill was put ment plant at Bahorok in north Sumatra. 

. per-day grinding mi was pul Both plan ndin ment ap- . | plans were pending govern p 
into operation. A 2,200-ton-per-day rotary roval | 

kiln was expected to be in operation late P . ; , 
in 1971. Expansion and modernization of Iran.—Private investors plan to build a 

the company’s Heracles plant at Drapet- cement plant with a capacity of 1,100 tons : 

sona (Piraeus) is planned along with im- per day. Operations were scheduled for 

provement of cement distribution centers mid-1972. 

| at Thessaloniki, Rion, and Heraklion. Iraq.—The Iraqi Government contracted 

Titan Cement Co. was expanding plant fa- for erection of a 220,000-ton-per-year, wet- 

cilities at Thessaloniki to increase the ca- process plant at Kufa, 100 miles from 

pacity from 720,000 to 1.15 million tons Baghdad. Plans were made to double the 

per year. Completion was scheduled for capacity of the Sarchinar plant in the 

July 1971. The company also plans to ex- north. 
pand its facilities at Elefsis. Titan Cement Italy—Union Cementerie Marchino Emi- 

purchased American Cement Corp.’s inter- liane e du Augusta S.p.A. was installing a 

est in Hellenic Cement Co. Hellenic kiln 5.6 meters in diameter by 85 meters 

planned to add a second kiln at the plant long at its Guidonia plant to increase the 

in Drepanon, Petras, which would raise capacity to 3,900 short tons per day. A 

the annual capacity from 390,000 to 150-ton tube mill with an inside diameter 

770,000 tons by mid-1973. Chalkis Cement of 5.0 meters and a length of 16.5 meters, 

Co. started an expansion program to in- the largest built by Kloeckner, Humboldt, 

crease production from 720,000 to 1.7 mil- Deutz was to be added to the grinding 

lion tons per year at its Avilis plant near plant that was scheduled for operation in 

Chalkis. Halyps S.A. planned to expand 1972. Cementerie Calabro Lucane S.p.A. 

and modernize its plant at Skaramanga by announced plans for a cement plant at 

1973. Castrovillari, Cosenza.
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Japan.—Japanese cement production in- fourth plant, La Tolteca celebrated 60 . 
creased to 62.3 million short tons in 1970, years of operation in Mexico. Capacity of 
an increase of 11 percent. New production the new plant is 1,700 metric tons per day. 
capacity continued to rise with new kiln La Tolteca was enlarging its white cement 
additions amounting to 8 million tons in production facilities at Tolteca, Hidalgo, — 
1970 and 7.5 million tons installed in 1969. to 77,000 tons per year. Cementos Andhuac 
UBE Cement Division of UBE Industries, has increased capacity at its Barrientos 
Ltd. has bulk-loading-dock facilities at its plant from 2,000 to 3,600 tons per day and 
UBE and Kanda plants. UBE maintains a expects to expand facilities to 5,800 tons 

fleet of 10 cement. carriers. with a-total ca- per day -within 4. years.. The company’s “an 
pacity of 79,000 tons to serve 22 packing plant at Tamuin, San Luis Potosi, will 
facilities in Tokyo, Osaka, and other cities. have the capacity increased from 1,700 to 

In October 1970, Osaka Cement Co. signed 3,300 tons per day. Cementos Maya at | 
a pollution prevention agreement with Merida, the only producer in Yucatan, was - 
Prefecture and city governments to build a to increase the capacity from 50,000 to . 

_ cement plant at Usuki City in Oita Prefec- 200,000 tons per year by mid-1971. Cemen- : 
ture. Construction was pending the out- tos Atoyac was expanding to 1,240 tons: per | 
come of court action filed by 16 fishermen day. Cementos Sinaloa, S.A., plans to ex- 
from a nearby village of Kazanashi and pand the capacity of its E] Fuerte plant in 
the “Citizens Conference To Remove Pol- Sinaloa beyond the present capacity of 
lution From Usuki.” Onoda Cement Co. 132,000 tons per year. Twenty-seven plants 

_ built a cement plant at Ofunato in Iwate were operating in 1970. 
Prefecture reported to be the largest in New plants have been announced that 
the world—a capacity of 3,600 metric tons are in the planning or construction stage. 
per day. a Both Cementos de Chihuahua and Cemen- 

Korea, Republic of——Hyun Dai Con- tos Mexicanos have plans for plants in : 
_ Struction Co. was doubling its annual ca- Ciudad Juarez with 330- and 550-ton-per- 

pacity to 440,000 short tons per year. A day capacity, respectively. Trouyet sched- 
2,800-ton-per-day cement plant is planned  uled construction of a 1,100-ton-per-day 
for Chang-Sung by Fives-Lille-Cail of plant at  Pajaritos, Veracruz. A 1,100-ton- 
France and a consortium of other Euro- per-day plant in. the Tepuche area of Cu- : 
pean companies. _ liacan, Sinaloa, was proposed by Cementos | 
Libya.—Plans were made to increase the de Guadalajara. _ | . 

present 390-ton-per-day output capacity of Cementos del Norte, S.A., was to expand | | 
National Cement Co.’s new cement plant plants at Monterrey and Torreon to dou- 
at Homs, about 120 kilometers east of ble capacity, to 310,000 tons per year by _ 
Tripoli. Libyan Cement Co. was construct- mid-1971. | | 
ing a plant at Benghazi that has a 660- ‘Nigeria——The Commonwealth Develop- : 
ton-per-day capacity. Operation was sched- ment Corp. plans to reactivate the Nka- 
uled to begin in 1971. lagu cement plant closed during the civil 
Malawi.—Portland Cement Co. Ltd. war. The Calabar Cement Co. was operat- 

(Malawi) was expanding facilities to dou- ing at about two-thirds of its 9,900-ton- 
ble the plant output. per-month capacity because of unreliable 
Malaysia——A cement plant financed by _ electric power. | | 

German interests will be built on Pulau Paraguay.—The government-owned ce- 
Langkawi, an island off Malaya’s west ment plant, at Vallemi which has been in 
coast. operation for nearly 2 years, increased its 
Mexico.—Cementos California, S.A., annual production capacity to 110,000 

started up its second plant with a capacity short tons. 
of 7,700 short tons per month near La Paz, Philippines.——In June 1970, the Philip- 
Baja California. The company’s other pine cement industry changed from the 
plant is in Ensenada, State of Baja Califor- 94-pound bags to 50-kilo (king-size) bags. 
nia. Cementos Atolonilco, S.A., was dou- The industry in the islands continued to 
bling capacity at its plant in Hidalgo to expand production capacity 39 percent in 
4,400 tons per day. Completion was ex- 1970, despite a depressed market brought 
pected in 1971. La Tolteca, Cia. de Ce- about in part by existing excess production 
mento Portland, S.A. dedicated its plant at capacity. 
Zapotiltic, Jalisco. With the opening of its Island Cement a division of Martinduque
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Mining & Industrial Corp. plant at Anti- meters long, which nearly doubled the ca- _ 

polo, Rizal, started up a second kiln to in- _ pacity.. Anglo-Alpha Cement Ltd. was in- 

crease the annual. capacity to 4.5 million stalling a second kiln at its Dudfield plant , 

barrels and make it the country’s largest. to increase output from 1,500 to 4,300 
| Northern Cement Co. started production short tons per day. Completion was ex- | 

| of its 3.75-million-barrel-per-year plant at pected in late 1971. The No. 4 kiln at the : 
Sison, Pangasinan, in- 1970. Fortune Ce- company’s Ulco works was put into opera- 
ment Corp. inaugurated its plant at Toy- tion in January 1970, increasing the out- 
san, Batangos, in May 1970. This has an put of that plant by about 660 tons per 
annual capacity of 2.25 million barrels. day. Durban Cement Co., Ltd., scheduled 
Four more plants, expected to be in opera- completion of its expansion program to 
tion in 1971, were under. construction: Ili- triple output of the Bellair plant in Octo- 

OO gan Cement Co. at Iligan, Lanao, with a ber 1970 to 5 million barrels. - Pretoria 
| - 2.25-million-barrels-per-year capacity; Mid- Portland Cement Co., Ltd., expanded ca- 

land (Quezon) at Tanay, Rizal with a 3- pacity at Hercules and Jupiter by 610,000 
: million-barrel-per-year capacity; -Floro at tons per year. The company was building 

Lugait, Misamis Oriental, with a 2.7-mil- a new plant at Germiston with an annual 

lion-barrel-per-year capacity; and Conti- capacity of 3 million barrels. Palcaso Ltd. 
. nental at Norzagaray, Bulacan, with a 2.6- was building a cement plant at Phala- 

million-barrel-per-year capacity. Three borwa in the Eastern Transvaal. The plant 
. other plants were reported in advance was to have an annual capacity of 130,000 

stage of planning and were to be com-_ tons and was scheduled for completion in 
pleted in 1972 or 1973. These plants were 1971. a 
Tayabas, at Calatrava, Negros Occidental; Spain—In 1971 Cementos de Liendo 

| Builders, at Samboan, Cebu; and Mabu-_ §.A. was to start building a cement plant 
| hay, at Montelban, Rizal. Twenty more at Liendo, between Santander and Bilbao, 
- proposed cement plants were registered with an annual capacity of 1.1 million — 

with the Securities and Exchange Commis- tons. Completion is expected in 1973. 

sion. Apo Cement Co. at Naga City, Cebu, Taiwan.—Cheng Tai Cement Corp. 
the Philippines oldest cement plant, sus- started construction to increase production 
pended operation in June 1970. Annual ca- from 110,000 to 550,000 short tons per year 
pacity of the plant was 600,000 barrels. at its plant in Kaohsiung. Taiwan Cement 
Romania.—A cement plant was under Corp. virtually doubled capacity of its 

construction at Cimpulung in = Arges Suao plant to 580,000 tons with the addi- 
. County; capacity was to be 2.2 million tion of a fourth kiln. The company re- 

short tons per year. : | : placed three of the five kilns at its Kaohs- 

_ Saudi Arabia—Yamama Cement Co. was’ jung plant with a new kiln rated at 1,600 
authorized to increase output from 110,000 tons per day. Asian Cement Corp. has in- 
to 390,000 tons per year. A 770-ton-per-day stalled a fourth kiln at its Hsinchu plant, 
cement plant is planned for the Shaikh- . which increases annual capacity to 1.9 mil- 
dom of Ras al-Khaimah and was scheduled lion tons. Tung Nan Cement Co. installed 
for completion in 1973. Another plant of a third kiln at its plant in Kaohsiung, 
about the same size was planned for the which increased the capacity by 660 tons 
Shaikhdom of Abu Dhabi. per day. : 

South Africa, Republic of.—Cement Tanzania.—Tanzania Portland Cement 
plant output in the country will be in- Co. Ltd. was increasing the annual capac- | 
creased 2.2 million short tons, or one-third ity of its Wazo Hill plant from 180,000 

of the 1969 output. White’s South African short tons to 440,000 tons; completion was 

Portland Cement Co., Ltd., was installing a expected by late 1971. 
new rotary kiln, 4.8 meters in diameter by Thailand.—Jalaprathan Cement Co., 
68 meters in length at its plant in Lich- Ltd., was constructing a second plant at 
tenburg, on the highland of Transvaal Cha-am with an annual capacity of 2.9 
near Witwatersrand, to increase capacity million barrels. Completion was scheduled 
from 1.2 to 1.9 million tons per year by for March 1971. A 550,000-short-ton-per- 

the end of 1971. Recent expansion at the year plant was under construction for the 
Lichtenburg plant consisted of replacing Siam City Cement Co. at Tambol Tab- 
three small wet-process kilns with a dry-  kwang, off the Friendship Highway in Sar- 

process kiln 3.8 meters in diameter by 54 aburi Province.
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Togo.—Société des Ciements de l’Afrique Associated Portland Cement Manufactur- | 
de l'Ouest, (CIMAO) formed in 1969, was ers Ltd., replaced five wet-process kilns 

| building a grinding plant in the Lomé with two large, dry-process kilns at its 
area to produce annually 110,000 short Hope plant in Derbyshire, raising the an- 
tons of cement using imported. clinker. nual capacity to 13 million tons. The 
Completion was scheduled for mid-1971. plant was designed and landscaped to fit 
The organization was studying the feasibil- in the surrounding area of the Peak Dis- a 
ity of a 1.3-million-short-ton-per-year ce- trict National Park. - 
ment plant at Avéta. . Venezuela.—C. A. Venezolana de Cemen- 

--—---. "Purkey.—Hostas-cement plant was under~ tos was ‘to complete automation of its new ~~ 
construction at Ceyhan and was to have an —_2,700-ton-per-day facilities in 1972. _ 
annual capacity of 1.1 million short, tons West Indies—Guadalupe and Martinique : upon completion, which was expected in were to both have new grinding plants 
1972. | completed in 1971. Clinker purchased from | 
Uganda.—Uganda Cement Industry Ltd. elsewhere will be shipped by water.. 

_ started to triple the capacity of its dry- Two separate -groups announced inten- 
process plant in Tororo, near Kasese to 990 tions to build cement plants in the Do- 
tons per day. Completion is scheduled for inican Republic. One plant would be 

Finke ae ime euns ceeond, cment Constructed at Barahona by the Cementos 
District was scheduled to start producing Barahona C. Pp or A. with | a cap acity of 
330 tons per day in. March 1971. Plans 22,000 barrel Sper day * Th € State-con- -were made to double the capacity of this trolled Fabrica | Dominicana de Cemento 
plant with an additional kiln. plans to expand its plant capacity, and 

| United Arab Republic.—A new cement Gulf & Western Industries, Inc., Proposes 
plant, which would have a capacity of to build a P lant in. Guayacanes. Distribu- 
660,000 short tons per year, was planned Hon | terminals were erected on many for construction in upper Egypt. An ex. smaller islands including Barbados, Nassau, 

i, . . -_ : Curacao, Aruba, Bermuda, Grenada, and pansion program at the Qusiyya plant will St. Vincent | | 
increase capacity to 660,000 tons per year. : 

U.S.S.R.—The Soviet Union continued to Yugoslavia. —The ae Prvoborac cement | 
lead the world: in cement production: a P lant at s olin acer Split was put into. oP . 
record 104.9 million short tons shipped in cration. Increasing the Yugoslav cement 
1970. The Soviet Union has approximately P oe have acity by IS Ps Ween . he | 
110 cement plants, and raw materials are P ant win nave a “Pp “ ty of 500, on supplied by 132 mines. The first rotary tons per year. At Pljevlja, construction was | 
kiln of the Staryy Oskol cement plant in started on a plant that is scheduled for 

Kursk Oblast’, which ‘has an annual capac- C°™P letion in 1973. Construction was ity of 660,000 tons, was put into operation Started in 1970 on a new slag cement plant 
in 1969. About 1.4 million tons of new ce- in Kakanj, Bosnia, that will have an an- 
ment production capacity was added at the ual capacity of 720,000 tons when it is 
Ust’-Kamenogorsk, Alekeyevsk, and other completed in 1974. A plant in Lukovac 
cement plants. near Tuzla was under construction and 

United Kingdom—At Northfleet, Kent, WS to have an annual capacity of 390,000 
the Associated Portland Cement Manufac- ‘0S upon expected completion in 1972. turers Ltd., parent company of the Blue Construction of a 1.2 million-ton-per-year 
Circle Group, started production at what Plant at Usje near Skopje was scheduled 
is believed to be the largest cement plant for completion in 1972. Plans were an- 
ever built. The first of six kilns was fired nounced for a 660,000-ton-per-year plant at 
in the first half of 1970, and the remain- Belgrade, a 440,000-ton-per-year plant in 
ing kilns will be brought into production Kosjeric, Serbia, and a new nuit at the 
at approximately 3-month intervals, with a Podsused plant near Zagreb that will have 
total output capacity of 4.4 million short the Capacity increased by 660,000 short 
tons per year. | tons a year.
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Millions of dollars were spent by the ce- sion of American Cement Corp., at its new : 

ment industry in 1970 to. modernize and plant under construction in Detroit, Mich., — 

improve dust-collecting facilities and to in- will install two ball mills 15 feet in diame- 

crease the capacity and efficiency of pollu- ter by 49 feet long driven by 7,000-horse- 

tion control systems to comply with exist- power motors. One of the largest rotary 

ing and new pollution control standards dryers in the world was put in operation 

and regulations. The cost of pollution at the Cement de Vicat S.A. plant in Cre- 

abatement systems on new cement plants chy, France. The dryer, 17 meters long by | 

was reported to be about 20 percent of the 5.2 meters in diameter, has a rated capac- : 

capital investment. Electrostatic preceipita- ity of 500 metric tons per hour, but a 

tors continued to be the major dust collec: maximum of 700 tons per hour have been | 

tor installed on kilns;. however, glass-bag reached on material that has a mositure 

dust collectors are becoming more impor- content of 15 to 18 percent. 

tant and in some instances have replaced © Each year new improvements are an- 

the precipitators. Kaiser Cement & Gypsum nounced for vertical shaft kilns used to 

installed glass-cloth bag houses with a de- produce clinker, and patents were granted : 

sign efficiency of 99.9 percent on the in 1970. Output has been increased during 

| clinker coolers at its Permanente, Calif., the past 40 years to as much as 220 tons a 

, plant. Maule Industries installed electro- day. Nevertheless, the capacity of the shaft 

static precipitators at both ends of the kilns kiln is very low, averaging about 60,000 

at its new plant in Dade County, Fla. This tons per year compared with rotary kilns, | 

system has been used previously only in which have capacities up to 1.25 million 

Australia. In Lund, Sweden, Mr. D. Ro- tons per year. Vertical kilns were not used 

| mell patented an electro-scrubber dust. to make cement in. the United States but | 

collector using minute, electrically charged were common in many other countries. | 

water drops instead of the large electrodes According to the Portland Cement Asso- : 

- required for conventional electrostatic pre- ciation atomic-absorption spectroscopy is 

cipitators. The patent claims the ability to proving to be a reliable and time-saving 

absorb sulphur dioxide, nitrous gases, and tool in laboratory analytical work. Its 

: other gaseous impurities and particulate growing acceptance in the cement industry 

matter. Water drops are charged by elec- is evidenced by its use by the Portland Ce- 

trostatic induction. ment Association, the Bureau of Public 

In addition to air and water pollution, Roads, and many cement companies. Con- 

there was increased attention given to  tinuing work in several universities indi- 

noise pollution. According to the Portland cates the scanning electron microscope may 

Cement Association, Dragon Cement Co’s. also prove to be a useful device for inves- 

plant, under construction at Thomaston, tigation of the hydration process and other 

Maine, will muffle noise from grinding mills basic areas in cement and concrete 

with precast concrete enclosures. The control _ research. 
room and other monitoring stations will | In July 1970 the National Bureau of 

be soundproofed, and closed circuit televi- Standards published the results of studies | 

sion will be used to monitor the primary on the rate of stiffening of cement pastes 

crusher and kiln flame to protect operators and mortars in Building Science Series 28, 

from the noise of those operations. “Exploratory Studies of Early Strength De- 

There was no indication of a change in velopment in Portland Cement Pastes and 

the trend of manufacturing technology. Mortars.” The American Society for Test- 

Computer control is common in many ing and Materials (ASTM) published part 

plants with programs to cover most of the 9 of the 1970 ASTM Standards containing 

operations from preblending raw materials 110 standards on cement, lime, and gyp- 

to calculating of heat consumption. The sum of which 20 percent are new, revised, 

computer makes possible a greater degree or have changed in status since the 1969 

of automation and the use of more sophis- edition was published. 

ticated sensing and sampling techniques. The ASTM Committee C-1 on Cement 

One continuing trend in the industry is is developing specifications for Types K, 

towards use of larger units of equipment. M, and S expansive cements that expand 

For example, Peerless Cement Co., a divi- during the early hardening period after
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setting to produce shrinkage-compensating States Steel Corp. introduced a new oil 
concrete. Concrete slabs poured with joint well cement that mixes with sea water and 
spacings more than 100 feet have not remains pumpable without additives at 
cracked during several years of exposure. depths to 16,000 feet. The company intro- 
Although applications are limited and duced an expansive cement comprizing 
usage is still relatively small, expansive ce- portland cement, calcium aluminate ce- 
ments are becoming increasingly impor- ment and calcium sulfate designated Type . 
tant. The parking garage under construc- M. Oregon Portland Cement introduced a 
tion at the Chicago O’Hare International new off-white cement. Ideal Basic Industries | 

_ Airport, one of the largest concrete struc- started marketing a Type S expansive cee | 
tures in the world, uses the Type K ex- ment composed of portland cement con- 
pansive cement. Chemically Prestressed taining a large computed C3A content and 
Concrete Corp. of Van Nuys, Calif. devel- calcium sulfate in excess of the usual 
oped and holds the patent for the Type K amount. 
expansive cement, sold under the trade name Various aspects of cement plant design 

| ChemComp. Ciments Lafarge of. Paris, and construction were discussed at the | 
France, will produce and market Chem- Sixth Cement Seminar in Chicago, IIl., De- 
Comp in France. Type K expansive ce- cember 6-9, 1970. Improvements in pyro- | 
ment comprises calcium silicates anhydrous processing, dust control, quarrying, and 
calcium aluminosulfate, calcium sulfate, materials handling were the major topics 

and free lime. | covered in the seminar. — oo 
Limited quantities of controlled fast-set- Raw materials used at the Dewey Rocky 

ting cement have been produced. Although Mountain Cement Co’s. new plant at 
still in the experimental stage, the rapid- Lyons, Colo., contain kerogen in the oil 

hardening hydraulic cement with very high shale members of the shaley-limestone de- 
early-strength development appears to offer posits. Kerogen, which vaporizes at 400 to 

_ promising applications in the manufacture 1,000° F, presented a problem of heat re- 
of concrete products such as blocks, pipe, leased at the feed end. A 1214-foot by 

prestressed and precast forms; paving and 180-foot roaster was installed along with a 
resurfacing; underwater patching; and for 1214-foot by 45-foot dryer. Hot gases and 
slip form structures. unburned kerogens were utilized in the 

Research work at the Bureau of Mines dryer and thereby eliminated the problems 
Research Center in College Park, Md. on of high-backend temperatures in the kiln. , 
finding a use for waste silicofluorides pro- The British Standards Institution pub- , 
duced during the sulfuric acid-superphos- lished BS4408, “Non-destructive Methods of 
phate fertilizer process demonstrated that Test for Concrete, Part 3 Gamma Radiog- 
the fluorides act as byproduct mineralizers raphy of Concrete,” which described a 
in lowering clinkering temperatures by as method for radiographic inspection of 
much as 150°C. In addition, retention hardened concrete up to 450 millimeters 
time is reduced, fuel requirements are low- thick. This method is capable of diagnos- 
ered, and the kiln refractory degradation is ing such faults as incomplete compaction 
minimized.2 | or honeycombing, cavities in the grouting 

General Portland Cement Co., Trinity of prestressing wires, defects in joints be- 
Division utilizing a new manufacturing tween concrete units, and enables accurate 

process introduced a new tan-colored ce- determination of the position of reinforc- 
ment containing no color pigment addi- ing steel in concrete. 
tives to be used in high-quality architec- §—H4H4H4W— 
tural work. One of the first major Sili Ampian, S. G. (and Flint, E. Pe The Effect of 

applications was in the terminal building cates, ‘Aluminates, and *Aluminoferrite. “Paper "to 
of the new Dallas-Fort Worth Airport. be presented at the 73rd Annual Meeting, The 
Universal Atlas Cement Division of United  fgyi™©?" Ceramic Society, Chicago, Ill. in April



2 
MINERALS Y. 

: 
EARBOOK, 1970 

| 00 QUOD 6 2 

| 

t= E10 10 S IH 6d © 

m bm 
HOOD 096 0 et 

=~ 
i) [Aare 

chon 
ont 

a2¢ea,) g. Sess SR SBaR Se Seo N eae Ree neRS | F 

5 Oe 
a aeivA woan ~ 350 SA VE CIOS HOON A 1o 

e 
wr 

- 

wat ved 
vr 

~ - ~ « 
INN 

w~ 

eOUs 
| . | aid ore cirt ; 

13°80 

| 00 

oe 
. 

eo 
, 

‘ 

WHO 

° a SOO NORE 

8 23 © TRS BNANOH UC
R SiG SEOTRASODN

 
| 

mn Ta S nae ARSSRE RS Sa ee ee 
sassanae 

B 

. 

nN aoe 
> 

A 
oO 

oO 

a 

f 

eo = NOMONOD 
_ 

Q | : 5 | HARMS THO SOTHO 
/ 

2 | | BRE BERSLRTASHAN STS 
SSRSE SSS IEEN 9 | 

wm 
> os a ies os ob ok ob ob cs 5 ob 05 ests 

wet 05 05 e5 eo sod 
eo 

oS 
g 

- 

eo | co 

| 2 
Ss @lSRSSESSR 

| 

00 Ht OD AICO QI 69 © =H N00 

| - | |g gy serene eee e 

nA - 
° 

DAOOAGHHI
OWIO WOM 00 QI ft G10 

o os 
SeneSstSes

easeeaas 
me em 

a 

= mo BS |e baer} SB IDIO OI Ol SO OO N
a ~ we lon 

OQ A et 1D (OO? 

 § 
| : 3S | 

Nevonenom wv 3 

a 
: aos 

. 

. 

vl 

= = Hew NASRRAIOS 

o . 

5 
Oa 

(900 © tO oD AO 

~ q | go> Ga 10 rl SH HES 1010 SH b= 00 bx 

2 | #| | Bge week esancecassAasan
egasacs |§ 

g OTs eGorinig
igredgac

taiarigv
esccagea

 © 

a 
© - 

gelato foe 
aSrgvacenan” |3 3 

. 

~ 

| 
be 

§ gy] ESE FAR BAN IANO I
SISSAISBSSHSA

 

-B- 
ag QIAN 6D 69 09 69 

se ee ee eee Al St © 15 00 69 6D 
© 

4 “3 > as Te . woreda cs edohotohedheto
lorovebedenwes nN 

8 8 @ < 

6D 69 03 69 60 60 
10 oD py 

tb 410 aH 

> _3 Od frat eRoonns.
 

a a| | 38 RSS UESSS CARRE RASSS
SRERAE EIS g | 

} Soa e ieiei tee 
be ri eo 

a 
B= 0 69 09 10 SD > > OO v4 v4 19 10 

wn nn 
& | 16 

Ee Bo |e. BE Oe rs Ol oo we eee] oe 

. 

X~ NHL So 

5 , 3 
RBA NASSMA | a 

v | 3 3y on 

| - 

onnor 
a 

: aS mw A yo & MODOODNOK
 es 

: 

a 3g SSBC SSSSSSSHSRSNE
 SSSSSS weg |x 

om 
ae SN ans Seo

n es IN oO k~ 0 OS ¢ Sor 

vet 
go8 ag reone

ansorrs
naagis 

oc OOD 8 

wn 
at 

“ val ot et i ADD OY 60 15 OY. 60 OS rH CVO - 
‘ 

| z ° | | BOO RNS 1S 

So | 
_ | comet o019 

iho = 19 CO I 19 6 S 69 Od 10 40D C9 2 Ht . 

3 | g2b/ 5 SRAURESSERESSRTES
 SES SESS ARS $ 

& | $32 riorrigeredgdorasd
dgvuqeasgea |g 

rit et 
oe |b ee 

3 

< nS 19 01) vat €19 00 19 OD 
co ) 

3 a 1D 1010 OD Ao Wow 

e | *88) 2 BERR SSRNES SBSS SSRE
RSE SERRE | § 5 

| . —Z 
~= 

tke ~ ew eene
n heme 

e 00 & 00 
\ NO < 

: 

Rents Sdwa
ridarvacda

dacaa pcs © g 

wD 

CO wd 
ret rd od MOOnMo

dTaoe 
“a ew - 

moO rio om RAND | H 9 

2] ¢/ § 
= 18) 3 

< 
Ss | & o rah 10 dH oD 

5 

z 

b © 1D GO <Ht OO < OD 
= 

S : 
" wane |e) 8 

S24 3 B 

. 
el 2 

o a 
rib 

% < Tat ES 8D HOD C2 00 HO 10 © 00 10 HIG 00 O10 
2 

= 

Be SHE 19 69 DH CONN = Ss 

4 
' Pepp

er 

— 

tit 
toes 

rw 

& 

\ ' tere \ \ i ia treet 
\ ' ' ' tset

evevee
 

. 

ie 
Pitrbbi tig eter rite piiig! ‘| 3 

| 
SECEUEEE: CUEPEREEEELEREEE

E ‘| 3 

a 

taad 1ettpreugo
ut is 1tperee®e

 ttoetettet 
\ <2 

tee tetrpetr
m eee | oom tees 

1"Sa tee
ta 

i a 

Peete a oo raorrere 
Oo perros 

' 

Y 

ees frets 
tet is rn 

| tretete
 ‘ B 

=a 

ree or ee 
eres 

's tat tie 1 3° 

i 

1 t € ' ' 1s a en | 1 @ ' @e6@ Fb 4 ' tt @ @ 4 1 wid 

Cc 

rouge 
mm 6rdoin et Uz preres 

Bt pore 
\ mn 

oe! 

ree oa tg 1 1O tert rirnare 
Mm et tteree 

' — 

> 
rn oer (6 | IW t a typ Prtttes 

pt pt ' 3 

. 
1 1.8 'g tit t ae t' fiitt 1om teeurtee 

~ 

L 
5 tem F 5 - | 

a te 
' 

» rii¢gt 
Imo rot a1 yore ' 8 

a 
ig e's l \ tits toe orig 

1B ict | paortoe 
t 7 

ome 
on bo; 1-4 1 tent ten tie, 10 8 1 fers 

i 60 

: 
a (EO 1s Pre tae Pt is reere FF} 9% 

per ttomnre
gis 

''rt@m 
ta apee#ge

 
oma 

oy nae ! | 1apA 14.4 a rrine 
! oe 

c o t 
oo ot oitm 

e188 
1 

' ' 

ESR wide 
tities 

‘sag r 4 zo 

aORR LIB i tas ttigiggiigg is
 | 38 

a 8 
4 

~ 
t 

era 2 ies 23 118 les gee (1 BS 

cont oomt 16st bee Bg Site 188 ges 
1 3° 

“see. (18 | SS IF ilg esse 
ii 3 

fe eg gM 1 g4™ led iid | EgeeR is g Ai > 

—{ 
1 a '@D a a 1 gw t ee tom oO a a 

3s m 

See decdaeeia gif Fev s04 3\3& 
pERLC CSS bs ae aon acEé-- B|/ 23 

poebceaeegesge 
epee gc ba Gee? § Sa 

BS SGESUE SESS
 35 RE su boS baa 8 mA 

<q] OSM O
RB OR

O6OGHE
 

~~ a 

OCOOOTA



CEMENT - 283 

Table 3.—Portland cement shipped by plants in the United States,1 by types | 

1969 1970 

. Quantity Average Quantity Average 
Type (thousand Value per _ (thousand Value per — 

376-pound (thousands) barrel §376-pound (thousands) _ barrel 
a barrels) barrels) 
—_——————— 

. General use and moderate heat 
(types Tand II)______._._.... 884,654 $1,216,626 $3.16 363,553 $1,191,215  $3,28 

High-early-strength (type III) _ _- 13 , 485 47,065 3.49 .14,171 50,086 8.53 oo ~ - Sulfate-resisting (type V)-_-..---.- 2,083 ~~ «7,452 3.67 — 38,155 —“‘“‘“‘z«izK*zd:Y HVE 
Oil well. __-----2 ee 2,892 11,079 3.83 3,310 12,627 3.81 
White_____.--.2222 ee 1,928 12,945 6.71 2,243 16 , 832 7.50 
Portland-slag and portland 
pozzolan__._._____________- 386 1,187 3.08 410 1,418 3.46 

Miscellaneous 2?_______.___-__-_ 4,448 16,166 3.63 3,619 14,404 3.98 
eee SS 

Total__................. 409,826 1,312,520 3.20 390,461 31,298,233 3.32 

1 Includes Puerto Rico. 
2 Includes type IV, waterproof cements, and expansive cements. . 

. 3 Data may not add to total shown because of independent rounding. 

4
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Table 4.—Destinations of shipments of all types of finished portland | 
cement from mills in the United States, by States 1 2 

(Thousand 376-pound barrels) 

Finished portland 
Destination . ———_- 

, | | 1969 1970 

Alabama. ____.____-_-_.-_--------.------- +--+ ee ee eee - 6,043 5,314 

Alaska 3_________._-____--------.~--.~---------
------------------------ WwW WwW 

Arizona___._.__.._---_- eee ee nn en ne ee 5,177 5,638 

Arkansas. ___._______-_---- ee en ee ee ee eee 3,845 3,270 

California, northern____..-.-----------------------
-------------------- 17, 733 15,176 

California, southern___......-.--.-----------------
-------------------- 28 , 782 30,316 

Colorado. ______.__.__------ ee en een ee ee ee nn nn een enn 4,817 5,535 

Connecticut 3_______.__..-
_.--i--- eee ee 4,425 4,435 

Delaware?___-.___ ee eee ee ee ee ee ne ee nn nee nen _ 939 860 

District of Columbia *?_____......-_.-__-.....-----------------
-----+----- 1,048 967 

Florida________..-__-__---2- Lee nn ee eee 18, 703 19,165 

Georgia___._._._..---------------------
--------------- = ee 10,880 10,125 

Hawaii___.___.________._-_------------- + en ee = 2, 584 2,447 
Idaho__.____.._ ee ee eee ee ee ee eee ee eee nee 2,584 — 2,704 
Tllinois_____________.__ eee ne ee ee ee eee ee ee eee eee 19,581 | - 17,595 

Indiana____________ ee eee ee ee ee eee ee ee eee 9,510 © 8,530 

Towa... ne ee ee ee ee eee eee ee nee nee 8,865 8,488 

7 Kansas_________ ee eee ee ee ee eee eee en ee eee nee ee 5,656 5,127 

Kentucky_____..__---------------------
----------------------------- 5,804 5,181 

Louisiana. _________._ ee ee eee ee ee ee ee ne ee ee eee 11,699 10,118 

Maine. _____..______ ee nee nee ee ee eee e- 1,069 1,094 

Maryland___________-.-_.-..-----------
----------------------------- 7,230 7,709 

Massachusetts 3_______________-___
---.------- ee eee 6,952 7,198 

Michigan____________..___.------------
------------------------------ 16,459 14,664 

Minnesota__.__._____--------_-_--- eee ee eee eee 9,150 8,391 
Mississippi____.._....._.-----------~--

------------------------------- 4,427 4,328 

Missouri... ____..___- eee eee eee ee eee eee ee ee ne ee nee eee 9,577 9,291 

Montana___.___------------- enn ee nnn nnn nnn eee nnn 2,077 1,699 

Nebraska__._______. ee eee eee enn eee eee ne ee ee eee 4,525 4,437 © 

Nevada.__._____ 8 eee ee ee ee ee ee ee en ne nes 1,683 1,600 . 

New Hampshire?_______.--.-----------------------
------------------ 992 887 

New Jersey 3__.._.__._____--_--_-----------.-------
------------------- 10,963 10,995 

New Mexico___________
_--__----- ~~ en ene nen en nnn nen 2,273 2,282 

New York, eastern________.._.--__----------------
------------------- 4,118 3 , 832 

New York, western___._...-__-----------.---------
------------------- 4,521 5,020 

New York, metropolitan 3____...._..---.-.---.--------------------
---- 8,987 9,016 

North Carolina____..._-_-..--_-----------~----------
----------------- 8, 526 8,099 

North Dakota 3_______...__-___._--------.-----------
---------------- 1,216 1,536 

Ohio___._.______ ee ee ee ee eee eee ee ne enn nee 20,242 17,176 

Oklahoma. _._____-_-_-____..-.--------------- eee ee eee 7,282 6,573 
Oregon_.___.--_--_---_-_---------------

----- 
2-3 enn eee 3,645 3,423 

Pennsylvania, eastern_______....---------------------
----------------- 

12,460 11,144 
Pennsylvania, western. ___-...-------------------------------

--------- 
7,357 6,115 

Rhode Island ?___._..__________-___---------.-------
------------------- 1,031 1,001 

South Carolina__.__..._..._____-----.--------
------------------------ 4,297 4,163 

South Dakota__._____._.._____-_-_-----_--.---------
----------------- 

1,341 1,289 
Tennessee___._____________-_--~---- en een eee eee 7,231 7,320 
TexaS...___.___ ee ee ee ee ee ee ee nen 80,051 28, 792 

Utah. _.._____---_-----_- eee eee ee eee 2,441 2,228 

Vermont 3_______________.----- eee eee ee ee ee eee eee 692 575 

Virginia.________.....--..._------------
------------------------------ 9,117 9,424 

Washington_______._____---------------
----------------------------- 6,125 6,041 

West Virginia___.__...____-..---------------
------------------------- 2,501 2,496 

Wisconsin. ..._____-___--._--------------------
---- +--+ -- === 9,611 8,138 

Wyoming__________-.--.----------------
----------+------------------ 915 989 

Total United States___________----------.-----------------
----- 

399, 709 379 ,956 
Other countries 4_._.._..-_-.--------------------------

--------------- 10,117 10,505 

Total shipped from cement plants_-_-_._-.-------~----------------- 409 , 826 390,461 
eee SS es 

W Withheld to avoid disclosing individual company confidential data; included with “Other countries.” - 

1 Includes imported cement shipped by domestic producers only. 
2 Excludes cement used in the manufacture of prepared masonry cement. 
3 Has no cement-producing plants. 
4 Direct shipments by producers to foreign countries, the State of Alaska, and to Puerto Rico, including 

distribution from Puerto Rican mills.
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Table 6.—Clinker produced at mills in the United States,1 by processes 

. Production 

Number of Thousand Percent of 
Process . plants _ $76-pound barrels total 

| 1969 1970 1969 1970 1969 1970 
LL I TC LE CE Se RLS 

Wet___-------- eee eee 113 112 245,285 237,542 61.0 60.4 
Dry___-----.------- 2 ee t 66 67 157,040 156,022 89.9 39.6 

Total... ®179 179 402,275 393,564 100.0 100.0 
re a 

® Revised. 
1 Includes Puerto Rico. 

: Table 7.—Raw materials used in producing portland cement in the United States 1 
. (Thousand short tons) . 

Raw materials 1968 1969 1970 
—_—— eee 

Cement rock. ___. 2-2 eee 23 , 842 23,315 22 ,824 
Limestone (including oystershell)_..____..____-._...-_--.- 83,751 84,202 83 ,230 

~ Marl... eee 701 716 1,669 
Clay and shale ?______ 2 eee 12,489 12,190 11,833 
Blast-furnace slag. ___...___.._-.-__ 2 ee 1,086 959 853 
Gypsum._-_-._ 2-22-22 eee 3,465 3,569 3,491 
Sand and sandstone (including silica and quartz) ___.._-____ 1,807 1,979 2,193 
Tron materials 3_. 2 652 783 TT7 
Miscellaneous ¢_.... 2.22222 eee 343 369 341 

ce 128, 186 128,082 127,211 
nn rr 

1 Includes Puerto Rico. 
2 Includes fuller’s earth, diaspore, and kaolin. 
3 Includes iron ore, pyrite cinders and ore, and mill scale. 
* Includes fluorspar, pumicite, calcium chloride, soda ash, borax, staurolite, fly ash, bauxite, diatomite, air- 

entraining compounds, and grinding aids. 

Table 8.—Finished portland cement produced and fuel consumed by the portland 
cement industry in the United States,1 by processes 

ee 
Finished cement produced Fuel consumed 

Oil 
Year and process Thousand Coal (thousand Natural gas 

Plants 376-pound Percent (thousand 42-gallon (thousand 
barrels of total short tons) barrels) cubic feet) 
a eee 

1969: 
Wet___....__- 2113 245,344 61.4 5,553 5,093 139,337,469 
Dry. -_-_-..--- 68 154,258 38.6 3,630 981 61,957,351 

Total__.____ 181 399 , 602 -100.0 39,183 6,074 201,294,820 
—eEe——Eea=aeaeaeaEeaaaaaoaoooaoeeeeeeEeeeeeEeeeEeeeeEEeEeEeEeEeEee 

1970: 
Wet__________ 112 235 ,278 60.5 4,347 7,486 143,262,418 
Dry____----_- 269 153 , 912 39.5 3,619 2,542 68 , 550, 508 

Total_______ 181 389,190 100.0 7,966 10,028 211,812,926 
eee 

1 Includes Puerto Rico. 
2 Includes two grinding plants that received clinker from other sources. 
3 Comprises 212,522 tons of anthracite and 8,970,260 tons of bituminous coal.
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| Table 9.—Portland cement produced in the United States,1 by kinds of fuel 

Finished cement produced Fuel consumed 

Oil 
Thousand Percent Coal (thousand Natural gas 

Year and fuel Plants 376-pound of total (thousand | 42-galion (thousand 
. barrels short tons) barrels) cubic feet) 

1969: . 
Coal... ..- 60 2129 ,950 32.5 6,191 wenn | nee een eee 
Oil. ~- 22 - 8 218,677 4.7 aonee 3,338 __--------- 
Natural gas____ 348 2101,714 25.5 wau-- ----. 111,505,526 

- - : - Coal and oil. -_ oe TB 42,805 1027 > — 1,770 - ~~~ 7,255 rece 
Coal and nat- 

. ural gas_____ 21 44 ,809 11.1. 986 _.... 81,949,593 
Oil and natural 

gaS___._____ 18 42 ,894 10.7 a 1,338 42,504,578 
Coal, oil, nat- 

ural gas_ ___- . 8 =~: 19,2538 4.8 236 143 15,335,123 

Total_______ 181 399 ,602 100.0 49,183 6,074 201,294,820 

1970: | e 
Coal....-..--- 42 73,331 18.8 3,560 weee ew eee ewe ewe 
0) | 11 24,946 6.4 oun 5,509 __--.---_ - 
Natural gas____ 48 102 ,314 26.3 ----- _-... 118,817,083 
Coal and oil__-_ 819 49 ,860 12.8 1,762 1,856  -..-.-...-.- 
Coal and nat- . 

ural gas__._. 28 52,999 13.6 1,892 none 30 , 628, 839 
Oil and natural 

gas__..._._. 19 43 ,465 11.2 -aone 1,909 40 , 526,094 
Coal, oil, nat- 

ural gas__._- 14 42,275 10.9 1,252 1,254 21,840,910 

Total__-..__ 181 389,190 100.0 7,966 | 10,028 211,812,926 

1 Includes Puerto Rico. | 
2 Average consumption of fuel per barrel of cement produced as follows: Coal, 95.8 pounds; oil, 0.1783 

barrel; and natural gas, 1,096 cubic feet. . 
3 Includes two grinding plants that received clinker from other sources. . 
4 Comprises 212,522 tons of anthracite and 8,970,260 tons of bituminous coal. 

Table 10.—Electric energy at portland cement plants in the United States,1 . 
| : by processes : | 

Average 
Electric energy used electric 

———  ———_ Finished energy 
cement used per 

Generated at port- Purchased Total produced — barrel 
Year and process land cement plants (thousand of cement 

> OO ————. 8.76-pound produced 
Active Million Active Million Million barrels) (kilo- 
plants’ kilowatt- plants’ kilowatt- kilowatt- Percent watt- 

hours hours hours hours) 

1969: 
Wet... .-.-- 9 265 109 5,508 5,773 59.3 245,344 23.5 
Dry__.-.---. r14 T 836 67 3,126 3,962 40.7 154,258 25.7 

Total______ r23 r1,101 176 8,634 9,735 100.0 399 , 602 24.4 
Percent of total 

electric energy 
used___._..-_-- -- r11.3 _— t 88.7 100.0 ----- ee eeene _--- 

1970: EEE 
Wet... ---- 9 307 109 5,353 5,660 57.5 235,278 24.1 
Dry. _------_ 14 812 69 3,364 4,176 42.5 153 ,912 27.1 

Total__.___ 23 1,119 178 8,717 9,836 100.0 389,190 25.3 
Percent of total 

electric energy . 
used__......__. -- 11.4 --- 88.6 100.0 aa--e w-----e ---- 

r Revised. 
1 Includes Puerto Rico.



288 MINERALS YEARBOOK, 1970 

| Table 11.—-Shipments of portland cement from mills in the United States, | 

| in bulk and in containers, by types of carriers in 1970 

| (Thousand 376-pound barrels) . 

i 

| | Shipments to ultimate consumer 

Shipments from From terminal From plant 

Type of carrier plants to terminal to consumer to consumer Total 

eC —————_—_—_ hiipments 

In In In © In In In 

. bulk containers bulk containers bulk containers 

Railroad____....----.-.--- 44,060 1,865 8,187 408 57 , 368 4,348 70,311 

Truck_____._..------------ 5,645 882 . 83,105 4,588 197,089 26,485 811,217 

Barge and Boat__..-------- 42,657 42 3,950 4 4,508 65 8,527 

Unspecified 2_.....---------  ------- 9 ------- 3 296 75 406 
” gene nn a . 

Total._____.___------ 92,362 2,239 95,277 4,950 259,261 30,973 —%390,461 

1 Includes Puerto Rico. 
2 Includes cement used at plant. 

b 3 Bulk shipments were 90.8 percent (354,538 barrels): container (bag) shipments were 9.2 percent (3 5,923 

arrels). 

. Table 12.—Cement shipments by types of customers in 1970 
(Quantities in thousand 376-pound barrels) 

Highway contractors . 
Building and government Miscellaneous 

District materials! . agencies 2 including own use Total 

Quantity Percent Quantity Percent Quantity Percent 

a 

New York, Maine_.._..---. 25,953 91.4 1,257 4.4 1,192 4.2 28 , 402 

Pennsylvania, eastern --.--~-- 28 , 862 93.3 1,532 —«B.0 515 1.7 80,909 

Pennsylvania, western. - _ ~~~ 8, 582 85.8 1,170 11.7 247 2.5 9,999 

Maryland, West Virginia__.__ 10,310 87.1 1,406 11.9 122 1.0 11,838 

Ohio_._..----------------- | 10,232 87.1 1,217 10.3 303 2.6 11,752 

‘ Michigan.......----------- 24,523 82.3 3,885 13.0 1,405 4.7 29,813 

Indiana, Kentucky, Wiscon- 
sin______----.---------- 18,415 85.8 1,949 12.4 280 1.8 15,644 

Illinois. .......------------ 7,290 91.7 467 5.9 189 2.4 7,946 

Tennessee. ....------------ 7,868 88.6 879. 9.9 131 1.5 8,878 

Virginia, North Carolina, 
South Carolina___........ 10,386 86.9 1,467 12.3 97 8 11,950 

Georgia, Florida_._.._-.----. 18,460 87.1 1,657 10.7 339 2.2 15,456 

Alabama___.....-.-.------ 14,036 87.4 1,794 11.2 223 1.4 16,053 

Louisiana, Mississippi------- 5,363 76.7 1,040 14.9 585 8.4 6,988 

Minnesota, South Dakota, 
Nebraska___.-.-----.---- 5,150 72.8 1,843 26.0 86 1.2 7,079 

Iowa___..--.-------------- 11,230 88.1 1,399 11.0 115 9 12,744 

Missouri..._.------------- 17,800 83.9 3,013 14.2 411 1.9 21,224 

Kansas__....--.-----.----- 7,182 78.1 1,511 16.4 504 5.5 9,197 

Oklahoma, Arkansas--~------ 8,003 72.4 2,847 25.8 198 1.8 11,048 

Texas__...__-.-.----------- 27,942 82.3 3,247 9.5 2,778 8.2 33,967 

Wyoming, Montana, Idaho_- 3,109 68.8 1,064 23.6 345 7.6 4,518 

Colorado, Arizona, Utah, 
New Mexico__.._.-_----. 11,338 83.7 1,829 13.5 386 2.8 18, 553 

Washington___-._.--------- 5,125 78.9 1,259 19.4 111 1.7 6,495 

Oregon, Nevada_____------- 3,500 88.8 439 11.1 5 1 3,944 

California northern_...-._... 14,206 86.8 1,983 12.1 179 1.1 16 ,368 

California, southern........ 26,948 81.3 5,616 17.0 567 1.7 33,131 

Hawaii__..-_.------------- 2,005 95.2 58 2.8 42 2.0 2,105 

Puerto Rico. _..-.--------- 8 , 822 . 93.3 1 _.------ 637 6.7 9,460 
a 

Total_.__..__...---_.. 332,640 85.2 45,829 11.7 11,992 3.1 390,461 

NN 

1 Includes dealers, concrete products manufacturers and ready-mixed concrete manufacturers. 

2 Includes Federal, State, and other government agencies.
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. 290 . MINERALS YEARBOOK, 1970 

Table 14.—Shipments of prepared masonry cement from mills in the United States, 
: | by States 1 

(Thousand 280-pound barrels) 

. Masonry cement 
Destination —_——$ 

' 1969 1970 

Alabama___.--.-.-----.--------- +--+ ee eee eee ee 597 611 
Alaska 2__.._...-.2.---- ee eee WwW WwW 
Arizona_-_-.-.-...-------------------- +--+ eee eee eee WwW WwW 
Arkansas_.__...-.-..---..--------~-- eee eee 343 316 
California, northern 2____-..._-.-....-_-------~-.-------- een wane nen eee 
California, southern 2___.._-.-...----_---- ++ eee eee Lee penn u een nne 
Colorado. _..-..----.---_----------- ee ee eee 223 212 

: Connecticut ?____.--_ eee eee 145 132 
Delaware 2___......._--..-------- ee ne ee eee 59 53 
District of Columbia ?______.._.....202---.- eee 257 200 
Florida.._.........--.------~----- 2 eee ee eee 1,703 1,710 
Georgia__.......-.-.---.------- ee ee eee 1,367 1,278 
Hawali_._.---.----------------- eee ee eee eee T7 
Idaho._...--.--.-.----------~---- +e eee eee ee 13 «12 
Mllinois__..-..------.-------- +e 805 698 
Indiana__...-.-.--------------------- ee ee ee eee 805 - 677 
Iowa......-----.------------------~-- +--+ - ee  eeeeeee 188 173 
Kansas. __.-.-----+~---------------+-+------ ee ee eee ee eee 172 159 
Kentucky.._.-.-.-----.--------- ee eee 634 584 
Louisiana --~_-..--------~--------- ee eee eee 440 339 
Maine. ___...------------- +--+ ee eee 80 81 
Maryland_-____--------------+--~---------------- +e ee eee 687 627 
Massachusetts 2... =e eee eee 315 328 

| Michigan__._......-.---.----.-- 22 eee 1,380 1,085 
Minnesota.__.-.----.---.-.-~-----~------- eee eee 451 345 

_ Mississippi_---------.-...-.----.----------- eee 407 407 
Missouri_ __-.-----------------~--------- eee 229 225 — 

. Montana_.._..--------.-----~-.------- +e ee eee 14 13 
Nebraska... _~.-----.--.----~------------- ++ eee 74 73 
Nevada 2___-_-__---.------.------------- ee ne eee eee ee WwW ween nee ee 
New Hampshire ?______.._--.-.------~----- +a ee eee 92 76 
New Jersey ?__..___- ------_----.~-~ 2+ +e eee eee 600 580 
New Mexico.._.-.-...-.----------------- ee eee 13 14 
New York, eastern_ __-__.-_-_-.- ee  eeeeeeeeee 283 225 
New York, western______...---.-.-----.--- eee 263 239 
New York, metropolitan ?____...2-. eee 326° $24 
North Carolina___.........-.--------------- eee 1,544 1,458 
North Dakota 2__. 2-222 - eee eee 50 47 | 
Ohio....--.----------------------------- ee eee eee 1,632 1,313 
Oklahoma_._.....--------~----+--+-------------- + eee eee 304 296 
Oregon ?___-...--------~---+-----+---- en ee ee eee 2 2 
Pennsylvania, eastern._......-..------------------------ ee 466 475. 
Pennsylvania, western. _---.-----------.---.---------------- +--+ 638 514 
Rhode Island 2. __._....-----.---------------------- + ----------- 28 33 
South Carolina_._...-_--_---..-------.-------~- +--+ eee 916 914 
South Dakota___.._-.-_----------..-------------- +--+ ---eee-- 45 44 
Tennessee____._.._._-..------ +--+ ee eee 1,087 1,031 
Texas__._..-------- +--+ ee ee ee ee ee 1,039 934 
Utah ?_ 2-2 eee eee eee eee eee 5 5 
Vermont ?2_.....----- ~~ ee ee ee eee ee eee 43 38 
Virginia___-..-.--------------------------- ee ee eee 1,317 1,203 
Washington. ______..1--------------------------- eee eee 60 48 
West Virginia__._.-.--.---------------------------------- +e 233 213 
Wisconsin___....._.------------- +--+ ee eee 469 392 
Wyoming..--..----_---------------- +--+ eee eee eee 15 12 

Total United States___...__-_..-_-_--- -- +. eee 22,918 20,905 
Other countries ?___ +--+ eee ee 335 370 

Total shipped from cement plants_..._._._____.-.-- 22-2 ~~ eee 23 , 253 21,275 

W Withheld to avoid disclosing individual company confidential data; included with ‘“‘Other countries.’’ 
1 Includes imported cement shipped by domestic producers only. 
2 Has no cement producing plants. 
3 Direct shipments by producers to other countries and to Alaska, Arizona, and Nevada.
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- Table 15.—Average mill value in bulk, of cement in the United States 1 
(Per barrel) 

eee 
Prepared 

‘Year Portland Slag masonry All classes 
cement 2 cements 2 cement 34 of cement 5 

eee 
1966_.__-------- 2 $3.12 $3.74 $2.83 $3.15 
1967__._------ ee 3.14 3.87 2.86 3.17 
1968__._-.--- ee 3.16 3.86 2.86 3.19 
1969_____.--- ee 3.20 3.84 2.97 3.23 
1970__.2- ee eee 3.32 WwW 3.17 3.37 

W Withheld to avoid disclosing individual company confidential data. . 
1 Includes Puerto Rico. 
2376-pound barrels. 
3 Includes masonry cements made at portland, natural, and slag cement plants. 
4280-pound barrels. _ 
5 Includes masonry cement converted to 376-pound barrels; slag cement (1966-69). 

Table 16.—U.S. exports of hydraulic cement by countries 
(Thousand 376-pound barrels and thousand dollars) 
ee 

1968 1969 1970 
Destination ———— 

Quantity Value Quantity Value Quantity Value 
eee 

Australia_. 22-22-2222 eee 9 $56 5 $215 27 $716 
Bahamas.____.-_- 22-22 44 217 32 220 27 192 
Belgium-Luxembourg________________. 7 55 5 53 1 20 
Bolivia_.... 2222-22 eee 4 42 2 14 (2) 2 
Brazil___..._-..-----22_-- eee (1) 4 3 43 2 | 12 
Canada____.-_______- eee 222 1,117 200 980 460 2,235 
Chile____-__---~_ oe 3 40 5 719 3 26 
Dominican Republic_______....._____- 3 17 1 21 1 30 
Eeuador-_._...__.-.--___.-_-_--_- 1 13 3 25 13 103 
France_____________- ee 1 10 1 13 2 22 
French West Indies__.____.._..______ 349 660 79 146 15 130 
Germany, West_____._____.__________ 4 80 4 84 2 85 
Guatemala. _________________.--___L. (4) 1 1 5 1 8 
Guyana____.____~__-_-___ ee 2 5 10 20 wane ne waueuee 
Indonesia____.._.2...--____-__.-_____ 16 149 10 91 2 15 
Italy___.-.--..--2 eee 2 16 1 5 2 21 
Jamaica.____-_ ee 5 28 5 42 4 26 
Japan___.2- ee 11 197 11 228 12 309 
Leeward and Windward Islands_______-_ 130 271 130 266 88 171 
Mexico___.._-_- 17 197 24 190 38 366 
Mozambique-_________.-_.._____..__-- (1) 1 2 11 2 12 
Netherlands. ___ ~~ eee 2 10 2 12 () 2 
Netherlands Antilles___...._._.__.____ 42 87 12 27 29 70 
Nicaragua___..-.-____..--_ 10 67 4 33 11 83 
Norway-...--..-_---_- eee 3 12 3 13 4 20 
Panama_________ eee 1 16 1 20 1 17 
Peru___.2.2--_ eee 6 42 1 15 1 15 
Philippines. ____.._-_-_____-- ee 3 29 1 12 3 30 
Spain__..2.- 22 e 3 14 3 15 2 23 
Sweden_____.____..-___-_-__ 1 22 2 19 2 31 
Taiwan___.---____--___---__ ee 1 20 wae--e weoa-- 2 25 
United Kingdom____________________-_ 5 23 2 9 2 14 
Venezuela____________._______ ie 2 27 5 AT 1 20 
Vietnam, South. _________._____._-___ () 1 (1) 4 (1) 9 
Western Africa, n.e.c_.____________-__ 4 38 () 2 waunee wa-eeee 
Other___ 22 29 300 19 210 27 351 

Total... eee 942 3, 884 589 3,189 847 5,211 

1 Less than % unit. 

Table 17.—U.S. imports for consumption of cement 
(Thousand 376-pound barrels and thousand dollars) 

eee 
Roman, portland, 

and other Hydraulic cement White nonstaining Total 
Year hydraulic cement clinker portland cement 

Quantity Value Quantity Value Quantity Value Quantity Value 
meee 
1968__.._..____- 6,922 $16,103 152 $242 215 $1,033 7,289 $17 ,378 
1969____._...... 18,818 *21,852 608 1,641 261 T 883 9,687 24,376 
1970_........_.. 11,487 28,596 2,136 4,320 289 1,260 13,812 34,176 eee 

t Revised.
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Table 18.—U.S. imports for consumption of hydraulic cement in 1970, 
by countries and customs districts 

(Thousand 376-pound barrels and thousand dollars) 

Quantity Value Quantity Value 

Country: Customs district—Continued: 
Bahamas......-..-.-..--.. 3,848 $10,189 Charleston. _-_------------ 298 $665 
Belgium-Luxembourg. ______ 90 424 Chicago..__...---_----___- 37 226 
Canada__.-.--.-..----.... 5,845 18,104 Detroit_....----------.--- 1,178 2,316 
Colombia.__._......_-.------ 496 932 El Paso... -.-.-----.-__. on | 2 
Denmark_..-.-..-...----.. 36 200 _ Galveston... .---2 ee 82 190 
Dominican Republic_._..... 4 9 Great Falls_....-----..-.-- 9 36 
France_...........--.----- 14 100 Honolulu_____-----.---__-. 242 481 
Germany, West_____._...-- 39 406 Laredo_....-..-..--..-.--.. 4 12 
Jamaica._._._--..-.-.---.-. (4) 1 Los Angeles__..____.--.-..- 17 106 
Japan___--------_--.--.--- 301 720 Miami____.-..----------.. 1,831 4,567 
Korea, Republic of......-... (4) 3 Milwaukee._.._-----------. (1) (2) 
Lebanon__..---_-------- (4) 1 New Orleans__...-....___. 1 3 
Mexico._._.........-_--.--- 518 1,236 New York City_._...--._.. 1,913 4,060 
Norway._.-.-.--.----.-... 2,607 5,204 Norfolk. .--...--...-------- 647 1,717 
Spain. .....-..-..--.------ 33 199 Ogdensburg. -__.-.-..--...-- 501 1,492 
United Kingdom______._._- 460 1,383 Pembina__._...--.---_._--- 116 445 . 
Venezuela________-_-__-__-- 8 17 Philadelphia -_------------- 38 403 
Yugoslavia__..--._-__.-_-- 13 98 Portland, Maine___.....__.. 32 125 

—_— Portland, Oreg...--.-..--.- 1 5 
Total. _.....__.__.__.... 18,812 34,176 St. Albans__._._...-.-.---- 352 1,401 

—_—= San Juan___._..__-___---_- 658 1,710 

Customs district: Savannah___._..---.---2..- 4 54 
. Anchorage__..--.-.-------- 283 864 - Seattle__..-.---.---------- 808 2,041 

Baltimore_._......-...-.-- 18 39 Tampa_.___...----..---... 2,287 6,060 
Boston_......--_---.-.---- 125 289 —— 
Bridgeport... ..-.....----- 694 1,144 Total__..-.__._------.-.-. 18,812 34,176 
Buffalo_......--.-.----._-. 1,685 3,723 . 

; 1 Less than 14 unit. . 

Table 19.—Hydraulic cement: World production, by countries | 
(Thousand 376-pound barrels) 

Country 1968 1 1969 1 1970 p 

North America: 
Bahamas_..._.....-.--.---.------------------------ 4,000 4,764 4,887 
Canada (sold or used by producers) __.......-....----.- 43 , 436 43,881 42,896 

. Costa Rica... eee V74 926 1,050 
Cuba. __-._------------------------ +--+ ee 4,573 e 4,700 e 5,000 , 
Dominican Republic........._....----..------------- 1,917 - 2,287 2,885 
El Salvador____...-..------..---..-----------~------- 903 833 979 
Guatemala____..-..-.--..--- eee eee 1,055 1,096 1,319 
Haiti_....---_--.----- eee 246 293 369 
Honduras... _....-....----.--.----.---------------- 756 7174 - 885 
Jamaica__.........--..-.-.-.----------------------- 2,398 2,427 2,680 
Mexico___.._...-....1-.--.-.----.----- +--+ +--+ +e 35,919 39,795 41,782 
Nicaragua.........-._------------------------------ 598 639 797 
Panama_._........-.--.--.-----.--_---------------- 967 1,020 e 1,060 
Trinidad and Tobago___._.-____-._.-...--.--.-.--.-. 1,231 1,425 e 1,490 
United States (including Puerto Rico)__-..._.......----- 412 ,040 416,652 406 , 721 

South America: 
Argentina.__....-...--.---.---------------------+---- 24,479 25,248 — 27,962 
Bolivia_.........-.----....----------------------+--- 416 469 674 
Brazil__......_.--....-------------.---------------- 42,691 45,869 52 , 782 
Chile. ___--....-..---------------- +--+ 7,259 8,414 7,910 
Colombia__..........----------~--------------------- 13 ,879 14,119 ~  - 16,165 
Ecuador___..--.._..-----.---.---.--.--------------- 2,545 2,674 e2,700 
Paraguay__...--.------------------------+----------- 141 217 369 
Peru____-_--__-._--------------~----------~--------- 6 , 502 6,667 e 6,740 
Uruguay._...--.-------------------~--+----~-------- 3,020 2,738 2,938 
Venezuela_____.-...---.---------------------------- 14,295 12,196 15,538 

Europe: 
Albania. ..-....--------------------~--------------- 1,771 1,923 e 2,110 
Austria__...-----.- +--+ +e 26 , 696 26,725 28,179 
Belgium__.__.-.----...---.------------------------- 33 , 656 36,757 39 ,455 
Bulgaria__._.....-.--...-.-------------.------------ 20,616 20,827 21,530 
Czechoslovakia.__.......-.--.----------------------- 38,071 39,478 43 ,395 
Denmark___-..-..-.-_-----.-------.---------------- 13,357 15,286 15,268 
Finland____-..-..-----.----.----------------------- 8,654 10,314 10,783 
France. _.....------------------------------+ +--+ +--+ 148 , 888 161,495 169 ,451 
Germany, East___.-._-------------------------------- 44,274 43 , 447 e 44,000 
Germany, West__-.------_-------------------------- 196 ,088 205,675 224,713 
Greece_.._.-._.--------------------------- +--+ 23,917 28,379 28 , 730 
Hungary. ....-------------------------------------- 16 , 423 15,034 16 ,247 
Teeland__...__--..-.-------------------+------------- 586 545 498 
Treland___.____.-.---.------..--~------------------- 7,927 7,464 5,042 
Italy_.....-..-----------.----------- +--+ +--+ ++ 172 , 764 184,684 194,241 

See footnotes at end of table.
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Table 19.—Hydraulic cement: World production, by countries—Continued 
(Thousand 376-pound barrels) 

Country 1968 1 1969 } 1970 Pp 

Europe—Continued 
ae 

Luxembourg. _____._-..-.-.-..---------- +--+ ee 1,120 1,214 1,437 
Netherlands. __.____.....-----..---.---------------- 20,147 19,326 22,457 
Norway_..___-___.-.-.-------.--------------.~------ 13,468 14,611 15,450 
Poland__.________--.--_------------------ +--+ 68 , 015 69 , 364 71,416 
Portugal._.____._._...-----------~----+-------------- 10,912 11,938 13 ,673 
Romania____.__._.._----------------~--------------- 41,196 44,063 47 ,652 
Spain (includes Canary Islands)___.....--..----------- 87,681 92,489 96 ,957 
Sweden____....__....------.+------+--- +--+ eee 22,937 23 , 207 23,418 

- Switzerland__........-.-----------------------------..—s—« 25, 386. 26,584  .. 28,127... 
U.S.S.R__.._.----------------- + + ee eee ee 513,114 526,178 558 , 192 
United Kingdom_____-.-----.------------------.----- 104,796 102,151 99 ,988 
Yugoslavia___......-------------------------------- 22,076 23 , 242 25,793 

- Africa: 
Algeria__......-..-------------+-+----+----+------------- 5,078 5,570 e 5,900 
Angola__...__._.-_.------------------ +--+ ee 1,829 2,246 2,639 
Cape Verde Islands__....---..-----+-.--------------- 58 e 60 e 60 
Congo (Kinshasa) -_--.-.---------------------------- 1,724 1,888 2,252 
Ethiopia_..._.-.--.---~--------.----- +--+ eee 1,020 973 1,061 
Ghana. __._...---------------------+----- eee 1,349 2,392 2,474 
Ivory Coast_....------------------------------+----- 1,935 2,275 e 2,350 
Kenya. .-._.-------------------+---------------------- 3,184 3,764 4,702 
Liberia_._.....------------------------------------- 298 410 © 410 
Libya. -.-...-.-_22-----2---n-eseennnneneennnnneeeee | ceeee ee eee © 290 © 590 
Malagasy Republic. -.--.-----_--.-.----------------- 399 440 440 
Malawi. __..-..------------------+-------- ee 328 446 410 
Moroceo__._.---.------------------------ +--+ ee, 5,840 5,429 6,831 
Mozambique____.----.----.----------------+--------- 1,689 1,788 2,257 
Niger___....--_-------------------------- +--+ ee 135 147 205 
Nigeria_.___..------------------+----+---- ee eee 3,366 3,319 3,495 
Rhodesia, Southern.__--..--..-----~-+--+------------- 1,988 2,240 e 2,290 
Senegal__....-----------------------+---- +--+ - +--+ ee 1,184 1,214 1,413 
Sierra Leone... ---.----------------------------------- 258 e211 e211 
South Africa, Republic of. _...-.--.-----......------- 25,857 29,241 83,720 
Sudan____..__.._---.---------+--- +--+ eee 850 1,026 1,231 
Tanzania___..--.----------------------------------- 915 997 © 979 
Tunisia_.._....-----.------------------- eee ee 2,984 8,536 3,154 
Uganda. --....---.---------------------------------- 909 1,014 1,120 
United Arab Republic. ....----------------------.--- 18 , 452 21,184 21,612 
Zambia____.-...--------------~-----+---- +--+ +e 1,999 1,483 985 

Asia: 
Afghanistan 2. __...--..-----------------------+----- 539 616 © 645 
Burma..__..-..---------------------------- +--+ ee 1,032 1,073 1,172 , 
Cambodia °__.__.-.-------------------+-------+------- 350 350 350 | 
Ceylon._..-..-----------------------+--------- =e 1,301 1,659 1,911 
China, mainland ¢_ __.-...------.-------------------- _ §2,800 58,600 58,600 . 
Cyprus____.-.------------------------------------- 1,395 1,425 1,548 
Hong Kong.....-------.------------+----------- 2+ +e 2,199 2,216 3,096 . 
India___...-..------------------------- +--+ eee 70,009 77,748 79,407 
Indonesia____._...----.-------------------------- 2,404 3,166 3,242 
Tran 2__....-.---------------- +--+ ++ eee ee 11,375 18 , 732 e 15,110 
Traq ¢.-..-.----------------+--------e  --  e - -eee 8,200 ~ 8,200 8,200 
Israel. ....--_-------------+------------------------- 6,485 7,669 8,204 
Japan_.....---------.----+-------------- + eee 279 , 547 301,300 335 ,320 
Jordan._..--.---.---------------------------------- 2,814 2,234 2,345 
Korea, North ¢___...----------------------------.--- 15,800 17,600 23 , 500 
Korea, Republic of. ......--------------------------- 20,944 28,525 34,078 
Lebanon.._.--..------------------------------------ 5,312 7,347 7,593 | 
Malaysia__...--.--.---------_---------------------- 5,494 5,705 6,039 
Mongolia °___....-.-..----------------------+--------- 440 700 700 
Pakistan. ._....-.-------------------+--------+------- 14,289 15,702 15,482 
Philippines.___.-..-.-------------.-.--.------------- 15,034 17,297 14,371 
Qatar. .....------------- + -- eee eee eee eee e 300 e 600 
Ryukyu Islands__.....-..---------------.---..-+----- 1,466 © 1,500 e 1,500 
Saudi Arabia. _....--.--.-----~--------------------- 32,996 3,272 3,817 
Singapore_._..-.-..----.------~------------------+--- 3,325 8,653 4,257 
Syrian Arab Republic__.......--.-------------------- 5,871 5,476 5,676 
Taiwan_____.--..---.------------------------- == 23 , 412 23 , 969 . 25,242 
Thailand._...-.------------.--------~--------- +--+ 13 , 867 14,090 14,500 
Turkey__....__.-.-...---.---------------------------- 27,722 33 ,984 37,355 . 
Vietnam, North ¢__.......-.-.----------.-.---------- 2,900 2,900 2,900 
Vietnam, South. _........-..-.--------------+----+-+-- 850 1,448 1,677 

Oceania: 
Australia..........---.-------------- +e eee eee 23,031 25,271 26,971 
Fiji Islands_._........-..-.--.-----.---.------------ 299 322 352 
New Zealand_____.----_-.---- ee eee 4,474 4,708 4,861 

Total___..._...--..-------------------------------- 3,021,620 r3,179,863 3,350,142 

e Estimate. P Preliminary. t Revised. 
1 Most entries revised slightly from data appearing in 1969 edition of this chapter owing to use of a different 

conversion factor from tons to barrels. 
2 Year beginning Mar. 21 of that stated. 
3 For the period Mar. 30, 1968 to Mar. 18, 1969.
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| By John L. Morning ' 

Imports of chromite balanced domestic the difference between the estimated essen- 
_ requirements for the first time since 1966, tial requirements for defense production in 
reflecting increased world production an emergency period and the estimated 
which established a new high. Metallurgi- supply that would be available. The new | 
cal-grade chromite prices rose for the objectives lowered the basic objectives. for 
fourth successive year, continuing the both metallurgical-grade and_ refractory- 
trend initiated in 1967, primarily as a re- grade chromite as well as subobjectives for 
sult of continued United Nations economic metallurgical-grade chromite. The new 
sanctions against Southern Rhodesia. objectives are shown in table 2. | 
Southern Rhodesia was formerly a leading GSA in July offered for sale, on a com- 
supplier of chromite to the United States. petitive bid basis, 803,527 long dry tons of 
Government stockpile sales of chromite metallurgical-grade chromite. This material 
were strong, particularly for chemical-grade was acquired under the Defense Produc- | 
chromite, of which the General Services tion Act of the 1950’s and stored at Nye, 
‘Administration (GSA) sold 667,000 tons. Mont. An announced sale of the material 

Legislation and Government Programs. Was defaulted, and the chromite was reof- 
—In August, the Office of Emergency Pre- fered for sale in November, but no accept- 

paredness (OEP) found, as a result of an able bid was received. 
extensive investigation, that ferroalloys and Congress on July 10 passed Public Law 
related products were not being imported 91-328, authorizing the disposal of 826,900 
into the United States in such quantities short tons of refractory-grade chromite 
or under such circumstances as to threaten from the national stockpile..In December, 
the national security. This was in response GSA sold 21,840 short tons by competitive 
to an application filed May 24, 1968, by a bidding to Kaiser Aluminum & Chemical 

committee of producers of ferroalloys and Corp. a 
related products under section 232 of the During the year, Government stockpiles — 
Trade Expansion Act of 1962. OEP con- were reduced by a total of 245,000 tons of 

- cluded that, based on available informa- which 161,000 tons was metallurgical-grade 

tion, the domestic ferroalloy capacity con- and 84,000 tons was chemical-grade. At 
- tinues to be sufficient to meet emergency yearend, 259,000 tons of metallurgical- 

defense and civilian requirements. grade, 589,000 tons of chemical-grade, and 
New quantity stockpile objectives for 21,000 tons of refractory-grade chromite 

chromite were established by OEP in Were listed as sold but unshipped. — 
March. OEP defines quantity objectives as 1 Physical scientist, Division of Ferrous Metals. 

Table 1.—Salient chromite statistics 

(Thousand short tons) 

1966 1967 1968 1969 1970 

United States: 
Exports. ..-.-------------------------------------- 19 8 13 49 41 
Reexports_____.----------------------------------- 173 157 126 150 73 
Imports for consumption___........-.......-.---.--- 1,864 1,240 1,084 1,106 1,405 
Consumption__._.___.----------..--..._--.._-----. 1,461 1,855 1,816 1,411 1,403 
Stocks Dec. 31: Consumer-__-.-..---.---------------. 1,306 1,197 912 740 809 

World: Production___.....-.-----.---.--.--_--_________. 4,848 5,041 5,444 5,896 6,527 

295
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Table 2.—-U.S. Government chromium stockpile material inventories and objectives 

(Thousand short tons) 

eee 
. Inventory by program, Dec. 31, 1970 

Type of material Objective National Defense Supple- Total . 
stockpile Production mental 

Administration stockpile 
LL——e«eeeeeeeeeeeeee LC TS! 

Chromite, chemical: Stockpile grade_ _ 260 559 600) _-___ Le 1,159 
Chromite, refractory: 

Stockpile grade____..._._----_-- 368 1,047 ___-_ ~~. Le 180 1,227 
Nonstockpile grade___....-----.-. __.___--_- (1) wenn eee een e eee ee eee (2) 

Chromite, metallurgical: 
Stockpile grade____.-_--_---=__- 22,911 1,791 _L Lee eee 323 2,114 
Nonstockpile grade___---.-----.  _..-_----- 693 901 ___-_---_- 1,594 

Ferrochromium, high-carbon: 
Stockpile grade_______-_--.__.__- — 91 125 ____--.-.-_- 277 402 
Nonstockpile grade___....__-_.. 9 ---_--__-- Lo Lie Lee eee 1 

Ferrochromium, low-carbon:_..._....  .___--___-_ 128 __..-_u eee 191 319 
Ferrochromium-silicon.....------...  .-__------ 26 _____------- 33 59 

. Chromium metal, electrolytic___.___- 4 5 3 4 
Chromium metal, aluminothermic__.. __.______. _________. ___________- 4 4 

ee eee 

1 Less than )4 unit. 
2 455,602 tons of chromium alloys included above, equivalent to 1,083,325 tons of chromite, credited to 

objective. . 

DOMESTIC PRODUCTION 

Domestic mine production of chromite ite consumer in producing chromium al- 
, ceased in 1961 when the last Government loys, refractories, and chemicals. The prin- 

Defense Production Act contract was cipal producers of these products were as 
phased out. However, the United States follows: 

continued to be the world’s leading chrom- 

Company Plant 

Metallurgical industry: 
Airco Alloys and Carbide Division, Air Reduction Co. Inc__._..___.._ Calvert City, Ky. 

Niagara Falls, N.Y. 
. Charleston, S.C. 

Chromium Mining and Smelting Corp.______-_---..--.._........ Woodstock, Tenn. 
Foote Mineral Co____.__...--.----.-------------------.--..--. Vancoram, Ohio 

Graham, W. Va. 
Interlake Inc______-.---------------------------.-------.----. Beverly, Ohio. 
Ohio Ferro-Alloys Corp__._..---------------------_----.------- Brilliant, Ohio. 

Tacoma, Wash. 
Shieldalloy Corp_____-.-_--------------_----------------___--.. Newfield, N.J. 
Union Carbide Corp_-_..------------.------------------.-----. Niagara Falls, N.Y. 

Marietta, Ohio. 
Alloy, W. Va. 

Refractory industry: 
A. P. Green Refractory Co___.-___.---_---.------_--_.......... Mexico, Mo. 
The Babcock & Wilcox Co____.-_--__---_-------------_-...._... Augusta, Ga. 
Basic, Inc_____.----_--_-------------------------.-.-_-_-_-.-.. Maple Grove, Ohio. 
Corhart Refractories Co. Inc___.___----.--_..--.---.......-....... Buekhannon, W. Va. 

Louisville, Ky. 
E, J. Lavino & Co. (Division of IMC)____.___..-____._........_.._ Newark, Calif. 

Plymouth Meeting, Pa. 
General Refractories Co_._._.---.----------.-----.-.----_-.---. Baltimore, Md. 

Lehi, Utah. 
H. K. Porter Co., Ine_________--------------------_....__--.--. Pascagoula, Miss. 
Harbison-Walker Refractories Co. (Div. of Dresser Industries, Inc.).. Hammond, Ind. 

Baltimore, Md. 
Kaiser Aluminum & Chemical Corp___._-----------.-._..__...... Moss Landing, Calif. 

Columbiana, Ohio. 
North American Refractories Co_____---------------.-._-....-.. Womelsdorf, Pa. 
Ohio Fire Brick Co______.._-------_---------------.----_--.--. Jackson, Ohio. 

Chemical industry: 
Allied Chemical Corp___.--_--------.------------_---.-....._...-. Baltimore, Md. 
Diamond Shamrock Corp_-_...---.--------------------------__-. Kearny, N.J. 

Painsville, Ohio. 
Imperial Color & Chemical Department, Hercules, Inc___._.._.___. Glens Falls, N.Y. 
PPG Industries, Inc___--.--..--.-------------------.-.---.-.-. Corpus Christi, Tex.
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CONSUMPTION AND USES . | | 

Domestic consumption of 1,403,000 tons cal-grade ore had a chromium-to-iron ratio | of chromite ore and concentrate con taining of 3:1 and over; 17 percent had a ratio be- 
about 429,000 tons of chromium was about tween 2:1 and 3:1, and 13 percent had a | the same as in 1969. Of the total chromite ratio of less than 2:1. | consumed, the metallurgical industry used . . | | .g, Producers of chromite-bearing refracto- 65 percent, the refractory industry 20 per- . d 278.000 f . cent, and the chemical industry 15 percent. _ ‘Hes consumed 4/ sone tons OF OTE CO ntain- ae The metallurgical industry consumed ing 67,000 tons of chromium. The chemical 
912,000 tons of chromite containing 300,000 industry consumed 213,000 tons of chromite 
tons of chromium in producing 391,000 containing 61,000 tons of chromium in pro- 
tons of chromium alloys and chromium ducing 148,000 tons of chemicals (sodium 
metal. About 70 percent of the metallurgi-  bichromate equivalent) . 

Table 3.—Consumption of chromite and tenor of ore used by primary consumer 
_ groups in the United States | 

(Thousand short tons) 

Metallurgical Refractory Chemical Total . industry industry industry ; Year TN 
Gross Average Gross Average Gross Average Gross Average weight Cr203 weight Cr2O3 weight Cr203 weight Cr2O3 (percent) (percent) (percent) (percent) a 

| 
1966___.-_______ 828 49.6 439 34.6 194 44.9 1,461 44.5 1967__.-________ 866 49.7 310 34.0 179 45.2 1,355 45.5 , 1968______-_____ 804 49.7 311 34.1 . 202 45.1 . 1,316 45.4 1969____.___ Le 898 49.1 302 35.0 211 45.1 1,411 45.5 1970__. 2 Le 912 48.0 278 35.9 213 45.3 1,403 45.2 : 

Table 4.—Production, shipments, and stocks of chromium ferroalloys and | 
chromium metal in 1970 | 

(Short tons) 

erence ee 
. 

Production Producer Alloy ——_—- Shipments _ stocks 
Gross Chromium Dec. 31 
weight content 

Low-carbon ferrochromium__________.________.____ 104,071 73,146 100 , 822 9,281 High-carbon ferrochromium________________.__.__.. 172 ,802 116,703 195,520 25,790 . Ferrochromium silicon____..__________............ 99,108 39 ,364 101 ,327 12,703 Other Meee 15,504 12 ,238 15,562 2,505 me 
Total___----2- 2-2 eee. 390,985 241,451 413,231 50,279 eee, 

1 Includes chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous chromium alloys.
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Table 5.—U.S. consumption by end uses, and consumer stocks of chromium 

: ferroalloys and metal in 1970 

(Short tons) 

. Low- High- Ferro- | 
End use carbon carbon chromium Other! Total 

ferro- ferro- silicon 
chromium chromium 

Steel: 
| 

Carbon_.._-.----------------------
-------- 1,934 5,356 WwW WwW 7,290 

. Stainless and heat resisting._....--..--.-.--- 114,956 63 , 367 49 ,996 3,463 231,782 

Alloy (excludes stainless and heat resisting) ---- 16,780 33 , 706 6,443 3,369 60 ,298 

Tool__..--.----------+------------
-------- 589 1,955 259 WwW 2,803 

Cast irons. _....--------------------------
----- 1,315 6,465 67 576 8,423 

Superalloys_..--.-----------------
------------- 10,977 1,218 145 1,942 14,882 

Alloys (excludes alloy steel and superalloys): 

Cutting and wear-resistant materials____-.----- OW 867 .------- WwW 367 

. Welding and alloy hard-facing rods and ma- 

terials_._....-.--------------------------
- 569 927 Ww 296 1,792 

Nonferrous alloys..1-.---------------------- WwW W a--e---- 883 883, 

Other alloys 2_._..------------------------- 1,196 62 WwW - 158 1,416 | 

Miscellaneous and unspecified___.-.-------------- 4,421 4,823 1,241 2,959 12 ,944 
eee eee eos 

Total.__.__-----------------------------
- 152,787 117,746 58,751 13,646 342,880 

Chromium content_____---------------------
--- | 105,073 16,746 23 , 841 8,535 214,195 

Consumer stocks, Dec. 31, 1970__---------------- 12 ,648 12 ,206 8,567 5,454 33,875 

nn neers 

W Withheld to avoid disclosing individual company confidential data, included in “Miscellaneous and un- 

specified.” 
. 1 Includes chromium metal. | 

2 Includes magnetic alloys. . . 

| STOCKS | 

Yearend stocks of chromite in the three Stocks of chromium chemicals (sodium 

consuming industries were mixed compared _ bichromate equivalent) at producer plants 

with the start of the year. Ending a 3-year increased from 8,27 9 tons in 1969 to 11,176 | 

drop, chromite stocks in the metallurgical tons in 1970. 

industry rose 31 percent as a higher level | 

| of imports and Government stockpile re- "Table 6.—Consumers’ stocks of chromite, | 

leases contributed to supply. Stocks in the Dec. 31 | 

e in i nge | Yr fractory industry showed. little cha g (Thousand short tons) 

during the year, while stocks in the chem1- 

cal industry continued to decrease, drop —Thaustry 1966 1967 1968 1969 1970 qustry 1966 1967 1968 1969 1970 

ping 22 percent. —_——$— $$$ ~—T— 

Producer stocks of chromium alloys in- Metallurgical. ---- 463 459 396 r 296 388 
efractory_.-.--- 578 t 

creased more than 5,600 tons compared (hemical........ 265 252 207 143 111 

with 1969, but the increase was offset by a —— 

similar quantity in drawdown of consumer Total....-- 1,806 1,197 912 +740 808 

inventory. r Revised. 

PRICES 

Published chromite ore prices were $5.50 economic sanctions on Southern Rhodesia, 

to $13.00 per long ton higher at yearend the limited available supply, and increased 

than during the year. Yearend prices te- shipping costs. 

flect delivery price for 1971 shipments. The The price of South African (Transvaal) 

metallurgical-grade chromite price advance chromite was increased in April and again 

continued the trend initiated in 1967 and in October, owing to strong consumer de- 

reflects the continuation of United Nations mand and increased shipping charges. This
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was the first substantial price movement in Cents per pound chromium 
some years; throughout the 1960’s the price “Oct. 1, Jan. 12, Jan. 2, 
ranged from $18 to $21 per long ton. 1969 1970 1971 

GSA sold both metallurgical-grade and High-carbon OO 
refractory-grade chromite by competitive Loerrochromium.._....-- 21.7 28.7 28.7 
sealed bids and received $49.61 and $28.10 chromiam (0.025 : 
per short ton (equivalent to $54.57 and C percent carbon) -_-____- 28.6 31.5 39.5 
$30.91 per long ton), respectively. Chemi-  jQuj8,¢™Omium.—----- 

| cal-grade chromite was sold by negotiation (10-14 percent silicon). 20.6 22.6 27.6 ee during the year at prices ranging from a Cents per pound produet , 
$14.50 to $17.50 per short ton (equivalent F hromi a —_ 
to $15.95 to $19.25 per long ton) . “(40-48 percent grade). 14.85 15.65 @) _ _ Chromium alloy prices continued to rise Electrolytic chromium 
throughout the year with announcements Almateothounic covoeee> POLLO 101.00 115 
made quarterly except: for the second chromium metal_.---. 99.0 99.0 115 | 
quarter. Selected chromium alloy prices "1 Pricing base changed to per pound chromium 
published by Metals Week were as follows: plus per pound silicon TP 

Table 7.—Price quotations for various grades of foreign chromite in 1970 | | 

Source | Cr20z;  Chromium- Price per long Price per ton 
(percent) iron ratio ton, Jan. 1! Dec. 31 12 

South Africa, Republic of (Transvaal)___________ 44 ------------ $19.00-$21.50 $25.00-$27.00 Turkey_..__.- 2-2. 48 3:1 47.50— 48.50 55.00— 56.00 U.SS.R_-. 2-2 eee. «AB 4:1 50.00-— 52.00 3 64.00 U.S.S.R...--2-2-------------------_--_-_-.-. 54-56 4:1 55.20— 59.20 370.00 Tran. __-.---------- ee 48 4:1 ~-----------. 454.00- 55.00 

1 Dry basis, subiect to penalties if guarantees are not met, f.o.b. cars Atlantic ports. 
2 For 1971 delivery. 
3 Estimated. Actual quotations per metric ton f.o.b. loading point. 
4 F.o.b. Iranian ports. 

Source: Metals Week. | 

| FOREIGN TRADE | 

Exports of chromite were approximately Australia were the principal recipients, al- 
the same as in 1969, while reexports de- though 30 countries received shipments. 
creased 51 percent and were the lowest Exports of pigment-grade chromium chem- 
since 1964. Canada received 88 percent and _icals totaled 156 tons valued at $227,433. 
Mexico 12 percent of the reexports. Of the 17 countries receiving shipments, 
Chromite was exported to nine countries, Canada accounted for 60 percent, South 
with Canada, Mexico, and Japan account- Vietnam 15 percent, and Iran 12 percent. 
ing for 90 percent of the total. Exports of sodium chromate and _ bichro- 
Ferrochromium exports were 15 percent mate totaled 4,890 tons valued at 

higher than in 1969, totaling 28,373 tons $1,224,438. Canada received 78 percent of 
valued at over $8 million.. Of the 24 coun- the shipments. | | 
tries receiving shipments, West Germany, Imports of chromite increased signifi- 
the United Kingdom, and Canada were cantly in 1970 compared with 1969 as ship- 
leading recipients, accounting for 80 per- ments from the U.SS.R. and Turkey in- 
cent of the total. creased 47 and 50 percent, respectively. 
Chromium and chromium alloys Both low-carbon and high-carbon ferro- 

(wrought and unwrought) and waste and chromium imports for consumption de- 
scrap exports totaled 225 tons valued at creased substantially compared with those 
$400,000. Canada received 30 percent of of 1969. Low-carbon ferrochromium im- 
the shipments, and the balance was well ports were the lowest since 1964. 
dispersed among 23 other countries. Imports of chromium-containing _ pig- 

Exports of non-pigment-grade chromium ments were as follows: Chrome green, 164 
chemicals totaled 1,031 tons valued at tons; chromium yellow, 5,319 tons; chro- 
$517,561. Mexico, Canada, Hong Kong, and mium oxide green, 1,034 tons; hydrated
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chromium oxide green, 240 tons; molybde- _ At yearend, the fourth stage of tariff re- 

num grange, 95 tons; and zinc yellow, ductions became effective under the 1967 

1,353 tons. Total value of these products “Kennedy round” of tariff negotiations. 

was $3.9 million, 50 percent higher than in Import duties as of January 1971 are 

1969. Chrome yellow accounted for 64 per- shown in table 11. 

cent of total value, of which Japan sup- | 

plied 87 percent. — oo Table 8.—U.S. exports and reexports _ 

Imports of sodium bichromate and di- of chromite ore and concentrates _ 

chromate totaled 3,606 tons valued at (Thousand short tons and thousand dollars) 

$655,245, a decrease of 44 percent com-—§ —————————————_—_— 

pared with 1969. The Republic of South Year Exports Reexports 

Africa, Italy, Japan, and West Germany Quantity Value Quantity Value 

were the ing s liers. Potassium chro- —_———_— TTT ed 

re the leading suppliers. Potasstum Car” = jogg_ 18 $517 126 $5,351 
mate and dichromate imports totaled 80 1969____-_- 49 - 1,915 - 450 5.806 

tons valued at $12,711. 1970...--- 41 2,582 73 | 2,572 

| Table 9.—U.S. imports for consumption of ferrochromium, by countries 

(Short tons and thousand dollars) 

Low-carbon ferrochromium High-carbon ferrochromium 

(less than 3 percent carbon) (3 percent or more carbon) 

Year and country Quantity Quantity 

Gross Chromium Value Gross Chromium Value 

1969 
| 

Australia._..----------------------  -----c520 7-0-5759 7 Tal 587 AIT $80 

France_.._.----------------------- 475 348 $184 _-_----- -------- -----=-- 

Finland__.._----------------------- 0 --re-sre 7073570 7 aa7 2,254 1,303 239 

Germany, West-------------------- r3,113 12,374 r 901 1,924 1,285 © 336 

Ttaly___..------------------------- Woe eee eee eee ee Cee eens 1,102 716 179 

Japan___-------------------------- 661 445 164 2,498 1,674 - 391 

Mozambique_.-.------------------- 560 380 185 ___----- --------  -----2-- 

Norway .------------------------ 77 3,044 | 2,118 _ 188 r 883 630 169 

South Africa, Republic of...--------- 19,794 12,192 4,973 r 8,992 r 4,823 r 933 

Sweden_______---------------------- 
3,800 2,865 1,098 -------  --------  -------- 

Turkey _.__------------------------ 4,947 8,456 1,218 -------- --------  -------- 

United Kingdom- - ----------------- (4) (1) 1 ____----) eee e eee eee ---- 

, Western Africa, n.e.c__-------------- tr 2,256 1,514 580 __------ --------) -------- 

Western Portuguese Africa, n.e.c- - --- 539 366 180 __.----- -------- -------- 

eee 

Total '"...------------------- 39,189 26,058 10,067 18,240 10,848 2,327 

nnn 

1970 

Finland.__.----------------------- wor rcree rr rrgg org 5,919 3,347 638 

France_._.------------------------ 
28 21 Q _____--. weeee---) -------- 

Germany, West-_------------------- 2,579 1,910 922 4,458 3,037 902 

Japan_..-------------------------- 
310 210 71 347 236 13 

Mozambique-____-------------------  ---z-zs5 ---"37335 «7777 7Gal ‘560 298 69 

Norway.-------------------------- 3,387 2,362 1,081 489 352 121 

South Africa, Republic of__---------- 19,735 11,658 4,517 560 322 71 

Sweden_____---------------------- 2,933 2,192 1,146 -_------ -------- -------- 
I 

Total. ___------------------- 28 ,972 18,353 7,746 12,333 7,592 1,874 

tr Revised. 
1 Less than 4 unit.
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Table 11.—U.S. import duties 
Tariff . . 

classifi- Articles Rate of duty, Jan. 1, 19711 
cation 

CHROMIUM ORES AND METAL PRODUCTS : 
601.15 Chromium ore...__-_-_.-.--- ee -____.__-.--_---_ Free. 
607.30 Ferrochromium, less than 3 percent carbon__..-.-.-----.---. 5 percent ad valorem. 
607.31 Ferrochromium, over 3 percent carbon.__--.---------------- 0.625 cent per pound on chromium 

content. 

632.18 Unwrought chromium other than alloys; waste and scrap 2_..._ 6 percent ad valorem. 
CHROMIUM CHEMICALS AND RELATED PRODUCTS 

. 420.08 Potassium chromate and dichromate____._..-.--.-.--....... 1.85 cents per pound. 
420.98 Sodium chromate and dichromate____.-_-..-.--..--.-.--_.. 1.05 cents per pound. 
422.92 Chromium carbide__._.-...-.....-.---------.------------. 7 pereent ad valorem. 

CHROMIUM PIGMENTS | 
473.10 Chrome green___..-__..-_.-__-.-------~------------.-_--.. 6 percent ad valorem. 
473.12 Chrome yellow____..-__-._.______- ee Do. 
473.14 Chromium oxide green_____________._______-.-_____ Do. . 

| 473.16 Hydrated chromium oxide green_:__._._.-_.-__-_---.______- Do. 
473.18 Molybdenum orange______.___..__-___-__--_--__------ ee Do. 
473.19 Strontium chromate______._.._...._---_---.2---_----- ee - Do. | 
473.20 Zine yellow____.__._-_-_____-.=_____- eee Do. 

1 Not applicable to Communist countries. 
2 Duty temporarily suspended on waste and scrap. 

| WORLD REVIEW | 

Albania.—Chromite production in Al- reserves of India remain unknown; how- 
bania has increased steadily since the first _ ever, during 1969, the Geological Survey of 

production was recorded in 1938, rising to India completed a reassessment of portions 
over 300,000 tons by 1963. Official produc- of the minable reserves in Orissa and My- 

_ tion in 1968 was 428,000 tons. Most of the sore, the country’s leading chromite-pro- 
production was from near the Albanian- ducing States. Published findings represent 
Yugoslovia border. A typical analysis of an increase of about 1.82 million tons over 
the chromite is 43 percent Cr,O,, 10 per- earlier estimates. In Orissa proven ore 
cent SiO,, 8 percent FeO, and 22 percent _ reserves totaled 1.34 million tons and prob- 

Al,O, with a chromium to iron ratio of able ore totaled 2.90 million tons, while in 

| 3-1. Historical exports through 1964 indi- Mysore proven ore totaled 1.64 million 
| cate most of the chromite was shipped to. tons and probable ore 1.33 million tons, : 

. Communist-bloc nations, with an ever in- for a combined total for the two States of 

creasing quantity being exported to main- 7.22 million tons. 
" land China. In 1970, a trade agreement _ Pakistan.—Although chromite produc- 

was reached with Yugoslavia for 94,000 tion failed to reach the goal of 60,000 tons 

tons. for the year, target goals for 1974-75 were 
India—The total recoverable chromite — established at 80,000 tons. 

. Table 12. Chromite: World production, by countries 
(Short tons) 

Country ! 1968 1969 1970 P 

Albania_.-----_--.-.----- ~~ -- eee tr 428,000 473 ,000 e 500,000 
Brazil_...-_---.----------------- +--+ eee T 18,775 17,379 30 , 442 

- Cyprus____-.----.--------e eee r 27,673 26 , 368 36,165 
Finland _.._-_.-..----_---------.- eee 39,899 78,623 132 , 838 
Greece_____---.--.------------------------- eee r 14,410 66,811. 58,710 
India____------.-------------- eee r 226,700 249,195 293 ,000 
Tran °___.------------.----------- +--+ eee 99 ,000 154,000 132 ,000 
Japan__..-_------------------- +--+ eee tr 30,746 32,829 12,007 
Malagasy Republic___-_-_------------_-----------.----- eee Lee P 88,000 155,000 
Pakistan. _.__-------------------------------------_-- eee 28 ,683 24 ,922 2 39,412 
Philippines. _______-_-_--_----_---_-__e eee ee-------- 2" 483,441 517,765 634,730 
Rhodesia, Southern ¢____.__....-__.___--_----- eee 420,000 400 ,000 400 ,000 
South Africa, Republic of_._..--.--------------------.-.-.----- 1,270,667 1,320,208 1,573,282 
Sudan__.___-----------------------------ee ee r 24,346 28,895 29 ,393 
Turkey_._..-------------------------- + ee r 461,653 500,342 © 3 526,200 
U.S.S.R.¢ 4.00. eee eee 1,820,000 1,874,000 1,929,000 
Yugoslavia___._------_---------------- eee tr 49,892 43 ,468 44,715 

Total __.__..----------------------------_.-___-______-. "5,443,885 5,895,800 6,526,894 

e Estimate. » Preliminary. * Revised. 
1 In addition to the countries listed, Bulgaria, Cuba, North Korea, and North Vietnam also produce chro- 

mite, but available information is inadequate to make reliable estimates of output levels. 
2 Exports. 
3 Based on crude ore production of 768,167 short tons. 
4 Output from U.S.S.R. in Asia included with U.S.S.R. in Europe.
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Philippines. — Production of chromite a record high of over 1.6 million tons. Of increased 23 percent’ compared with that the total, 364,000 tons was sold locally and 7 of 1969; 83 percent was classified as refrac- _ 1,079,000 tons was exported. | tory-grade and 17 percent as metallurgi- Rand Mines Ltd. (RM), through its cal-grade chromite. Exports of refractory- various subsidiaries, continued to be a : _ grade chromite totaled 482,751 tons. The leading chromite producer as sales ex- United States received 53 percent, the ceeded 300,000 tons. Although most of the United Kingdom 16 percent, and Japan 11 chromite was exported unconverted, a con- _ percent, and the balance was shipped to siderable. tonnage was. utilized. by Middle-.. . ----— _ eight other countries. Japan received all of burgh Steel and Alloy (Pty.) Ltd. (MSA) . the 109,000 tons of metallurgical-grade MSA was formed in 1968 and acquired the chromite exported. , entire capital of RMB Alloys (Pty.) Ltd. In 1969 Acoje Mining Co., Inc. the and The Southern Cross Steel Co. (Pty.) | _ Sole metallurgical-grade chromite producer, Ltd. (SCSC). In 1969 Palimet Chrome a mined 307,710 tons of crude ore, processed Corp. (Pty.) Ltd. (PCC) was added to the 
307,209 tons, and recovered 127,534 tons of group. In 1970, PCC produced 15,000 tons concentrate. Shipments of chromite concen- of chromium contained in low-carbon fer- trate totaled 142,220 tons. Mine develop- rochromium and 4,000 tons of chromium | ment and exploration work continued, and contained in charge chromium. SCSC pro- at yearend the ore reserve exceeded 2 mil- duced 29,000 tons of chromium. Output of 
lion tons. — . ferrochromium by both subsidiaries of | 

Also in 1969, Consolidated Mines, Inc, a MSA totaled 78,500 tons. Both PCC and | refractory-grade chromite producer, mined SCSC installed additional furnace capacity | . and processed 278,488 tons of chromite during 1970; SCSC planned to construct a 7 from the Coto area, from which 11,766  24-kilovolt-ampere furnace for production 
tons of lump ore was recovered. A fines Of charge chromium, with startup sched- _ 
plant recovered 101,185 tons of plus 10-  uled for 1972. : mesh, 159,537 tons of minus 10-mesh, and Zeerust Chrome Mines Ltd. (ZCM) 
7,888 tons of minus 65-mesh chromite con- planned to install additional mining and centrate. A total of 262,117 tons of refrac- milling equipment to raise production by tory-grade chromite products mined from 300 percent over the next 5 years. ZCM, a 
the Coto area were sold. Operations of the Subsidiary of Associated Ore & Metal Cor- 
Zambales Mineral Reservation included poration Limited, formerly exported the mining and processing of 236,747 tons of bulk of its production as concentrate. Be- 
ore in producing 73,512 tons of lump ore ginning in 1971, Feroalloys, Ltd., a subsidi- | 
and 15,048 tons of plus 10-mesh, 32,954 ary of Associated Manganese Mines of tons of minus 10-mesh, and 6,004 tons of South Africa Ltd., will start producing fer- 
minus 65-mesh chromite concentrates. Sales rochromium at a new plant at Mochada- of Zambales chromite products totaled dorp. ZCM will furnish the chromium ore 
140,606 tons. Chromite ore reserves at the requirements. 
beginning of 1970 totaled 8.5 million tons Turkey.—The Andizlik-Zimparalik area in the combined Coto and Zambales ore in southwest Turkey produces about 85,000 | 

| bodies. Exploration and development pro- tons of metallurgical-grade chromite an- 
grams were continued, as was acquisition of nually. A geological study was conducted 
adjoining properties in an effort to increase Which provided structural, petrographic, the ore reserve. and chemical evidence bearing on the ori- 
Romania.—Airco Alloys and Carbide Di- gin of the chromite ores of the area.? 

vision, Air Reduction Co. Inc., signed a wegotiations were carried out between Etibank and Nippon Heavy Chemical In- contract to sell 61,000 tons of ferroalloys, : . mee . La . . . dustries through Mitsubishi Shoji Kaishi, including low-carbon ferrochromium, to Ltd. for three electric furnaces and techni- Metalimport, the Romanian state trading 1 oe d . i 50.000-ton- 
organization. Deliveries call for 7,000 tons ‘4 8u! ferns wn semung up a Th k in 1970 and 54,000 tons over a 4-year pe- Per-year errochromium plant in Turkey. 
riod beginning in 1971. Emin dD. M. Hirt. The Alpi 

South Africa, Republic of.—South Afri- Chrome “Ores” of. the "Andizlik-Zimparalik. area, can chromite production increased 19 per- xethive, see. Bonde’ . mor Noo ee 
cent compared with that of 1969, reaching ary 1970, pp. B16-B29.
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| : _ TECHNOLOGY | | 

Results of beneficiation tests on low- was reduced from 280 to 15¢ grams per 

grade chromite from the Baramya district liter. 7 | 

| in Egypt indicate that chromite containing A chromium-plated gold color was added 

36 to 38 percent Cr,O, with chromium-to- to the family of chromium-plated colors of 

: iron ratios of 1.3 to 1.9 can be upgraded black, sky blue, gun. metal gray, and blue : 

to 47 to 55 percent Cr,O, and chromium- ray, by the Corrilium Corp. (CC). CC 
> Pp 273 ; gray, DY P 

to-iron ratios of 2.5 to 3.5 by tabling and holds patents for five color processes which 

magnetic separation.s The investigation have been described as a major break- 

studied upgrading effects of feed rate, through in the science of electroplating. 

water flow, motor speed, stroke length, and The process was described as electrolytic 

particle sizes during tabling tests and up- chromium plating over other metals in 

| grading effects of feed rate, magnetic field: which the chromium metal appears in one 

strength, and particle size during magnetic of the characteristic colors of the metal it- 

separation studies. _ See -. self. The colors are not obtained by plac- 

The use of chromium ore briquets in ig 4 dye in the electrolytic bath, nor by 

the manufacture of ferrochromium-silicon 4ipping the plated article. 

was described at the 28th annual American Some correlations between the loss of ap- 

Institute of Mining Engineers (AIME) pearance and the nature of the underlying 

Electric Steel Furnace Conference held in metal systems for decorative chromium 

Pittsburgh, Pa. Owing to limited availabil- plating were described. oe 

- - ity of high-quality metallurgical-grade A new type of refractory grain was de- 

lumpy chromite ores, Globe Metallurgical veloped by prereacting high-purity magne | 

| Division of Interlake Inc. conducted labo- S!U™ oxide and low-silica chromium ore 

, ratory and plant-scale tests using chro- concentrate for use im manufacture of 

mium ore briquets as a replacement for high-performance refractory brick. The mi- 

natural lump ore. Although improvement crostructure and physical propertics of the 

in furnace productivity was noted, it was new material were described and compared 

concluded that: the use of chromite briquets) With those of other magnesia-chromium- . 

as a replacement for regular ore was nei- type refractories.® | : 

ther superior nor inferior, but fulfilled the Patent activity concerned — upgrading 

goal desired. oo, | | chromite by acid leaching, production of 

Owing to the high price of tin, consider- sodium chromate, and production of chro- 
mium chloride.” | 

able research and development have been 

undertaken in recent years on processes to 3 Yousef, A. A., T. R. Boulous, G. A. Kolta, 

produce a tin-free steel coating for con- and O. Abdel Aal. Concentration of Low-Grade 

: ae romite Ores for etallurgical an emica 

tainer use, particularly for beer and car- Purposes. J. Mines, Metals and Fuels (Calcutta), 

bonated beverage usage. Since late in 1966, January 1970. pp. 12-18. aL C 

: : en, James . in ine Conversion to 

National Steel Corp. has employed a modi- Chrome. Iron and Steel Eng., v. 47, No. 5, May 

fied Japanese process in producing a 1970. pp. P8920 bl D 

. aitak 3’ Kubach, G. Corrosion Problems in ecorative 

chromium-plated steel suitable for these Chromium Plating. J. Electrochem. Soc., v. 117, 

applications. Equipment, design, and con- No. 7, July 1970, pp. 965-975. ; 

struction materials were described.* Since 6 Neely, J. E., W. H. Boyer, and CA. Marth 
or nek, Jr. Sintered Magnesia-Chrome Grains For 

initia] startup, numerous changes have New Type of Refractories. Am. Ceramic Soc. 

been made. in operations which have im- Bull., v. 49, No. 8, August 1970, pp. 710-713. 
: ‘Bruner, H. K. (assigned to Foote Mineral 

proved the economics of the process. Coat-  Co.), Beneficiation of Chromium Ore to Reduce 

ing weight was reduced 40 percent; plating the iron Content. U.S. Pat. 3,508,906, Apr. 28, 

solution temperature was reduced 10° F to Schafer, H. (assigned to Farbenfabriken Bayer 

110° KF; posttreatment solution temperature A.G.). Alkali Treatment of Chromium Ores. U.S. 

d 20° F to 120° F; effici f Pat. 3,510,256, May 5, 1970. ; . 

was reducec O ; emiciency O Uno, T., and H. Kiyata (assigned to Kiyoshi 

the plating operation was increased 26 per- Miyozaki). Process For Producing Chlorides of 

. d. vlati lution ncentration Chromium and Iron From Chrome Ore. U.S. 

cent; and plating solution concentr Pat. 3,527,561, Sept. 8, 1970.
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In 1970 clays in one or more of the cus- in terms of tonnage and in 20 States in , 
tomary classification categories (kaolin, ball terms of total value. However, declines in | 
clay, fire clay, bentonite, fuller’s earth, or tonnage and value were notably in the. 
common clay and shale) were produced majority. Although the total quantity of | 
commerally in * States ane uerto Rico; aj] clays sold or used by domestic produc- 
no det 5 oe in he Dia OF Clays Was Te- ers in 1970 was approximately 7 percent 
corded in /Alaska, the District of Columbia, less in tonnage than in 1969, the corre- or Rhode Island. Leading in quantity of ; . ; ay: sponding total value figure increased by 1 | output were Georgia, 5.7 million tons; ; . | ae. . ‘Hion- Percent to an alltime high. Moderately Texas, 4.1 million; and Ohio, 3.9 million; hich 1 df 
followed in order by North Carolina, tgner per-ton values were reporte _xOr 
California, and Alabama. Georgia also entonite and fire clay, but the factor led in total value of clays output with chiefly responsible for the 1970 overall in- 
$110.1 million, and Wyoming was second Crease was the sharply higher unit value of 
with $18.8 million. Compared with 1969 the kaolin output, which was 9 percent 
figures, production increased in ,ll States above the figure for 1969. 

_ Table 1.—Salient clay and clay products statistics in the United States | 
(Thousand short tons and thousand dollars) / 

NL 

. . 

_ 1966 1967 1968 1969 1970 | 
Fe 

Domestic clays sold or used by producers___._________ 56 ,718 54,664 57 ,3848 58 ,694 54,853 Value___-_----- 2-2. $221,714 $223 ,987 $246,938 $264,415 $267,912 Exports. __. 2-2 1,074 , 1,149 1,519 1,574 2,076 Value__-___---_.------ 22 = $81,185 $32,432 $44,184 $45,767 $66,116 
tmp fo Consumption oo a2 a neenzzeeeoaoo $2 383 $2 235 $1 951 $1 750 $1 802 alue__-_- 

? , ? ? : > Clay refractories, shipments (value)_._______.._.._ $243 1516 $225,116 $229,660 $257,507 $256,384 Clay construction products, shipments (value)._._. $554,667 $538,110 $590,776 $608 ,982 $548,528 
i
 

_ DOMESTIC PRODUCTION, PRICES, AND FOREIGN TRADE, | 
a BY TYPE OF CLAY | | 

KAOLIN | | | Texas was greater than in the previous 
: year, more than offsetting declines in pro- 

Kaolin produced from domestic sources. duction from California, North Carolina, 
in 1970 increased 4 percent in quantity South Carolina, and Utah. Mines in Geor- 
over that of 1969 and total value, as re- gia accounted for 76 percent of the domes- | ported by producers, increased 14 percent. tic production. South Carolina ranked sec- 
The larger increase in value was due to ond with about 11 percent, and was some companies reporting a higher unit followed in order by Alabama and Arkan- 
value for their product and because a sas. : 
large portion of the production increase There were no changes in prices quoted was in the higher value kaolin used for for kaolin in trade journals during 1970. 
paper filler and coating. Kaolin production Oil, Paint and Drug Reporter, December was reported from mines in 11 Statés. Out- 98, 1970, quoted kaolin prices as follows: 
put in 1970 from Alabama, Arkansas, Flor- TFommer pEvwical ei dministrator, Divisio ° . : ormer physical science administra Yr, ivision ida, Georgia, Idaho, P ennsylvania, and of Nonmetallic Minerals (retired). 

305
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Water washed, fully calcined, bulk car- $60.00 Exports of kaolin, as reported by the 

| Partially calcined, sare basis, per ton. _ 50.90 U.S. Department of Commerce, amounted | 

Paper-grade, uncalcined, same basis, to 816,284 short tons, a 71 percent increase 

PeNo.L coating ..---------------- 38.00-38.50 over that of 1969. ‘Technical advances in 

, No.2 coating-...--.------------ 30-00-38 processing, new production capacity, and 
Filler, general purpose, same basis, per cost reductions gave domestic producers a 

ton__..-------------------------- 17.50-18.00 more competitive position in the world 
Delaminated, water washed, uncal- . . 

cined, paint-grade, 1-micron average, market. These factors, along with the com- 

paame basis, per ton. --- = same basis, 62.00 bination of a dock strike and adverse 

pertone ee 12.50 weather conditions in the United King- 

Nationa pOO paaed Poder eee | dom, normally a major world supplier of 

pound.-__--.----------------...- 0.06-.75 kaolin (china clay), all contributed to the 

| “pound aN, Ce ound. 0.16-.50 | exceptional increase in U.S. kaolin exports. 
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. | eeoco 

app Ab 

gp 00 | 
‘ 

oo Bes BSE Eee FESS Roxy 
Hee Be Boe Peed Bees | 
ZEEE BEES BREED EES? peony 

oo | ab | TE | ee 
| Eel other uses | mm al bed pes BS 

| 5,900 | Eee Refractories | eel 
| Hf Pottery, stoneware, tile =o ee 8 | 

| Rubber | ay | Si | a 
ii od GREW ee BSS Ee aed Bd GY 

300 [ ZAPeper fing and cooting = og | ee 
: é a Se) Bee ES Be YA, \ 

Oo nosy pe [ERE EE] EEE RRS Ree BON Beek Plldg felts 

- SEES) Ty Fe) RSS RT BS Rd Be) ied ice 
- - gery FESS] EEE BEES BG Ra wy pd oy Eee Sr 

§ 2500 1 FNS a0 aeBYg 
a fel Fed Gaal BS ISS Yy Yj rel Y YY 

anaes mm ESSE Read BS ae Se Yy Yj ceesest Possaes GY Uy 

<a [oq Eins) FEES) eee Fs. Rd Bag po Yy setete| faterecd Feteteny [oseaes GY YH 

c pe ES Eee ER eS oe RoR oo) Le mrcteny feteaeet terete] cstecs Uy Yy 

3 FO Gg YY YG - Rood Rood bed po YY ae sty! 
: mal Y won nee Y, . Uy | 

= 1,500 Aha 39Y9GZ YY GY 

ge DAY YGGGZGGGGZ : IED YGGGZZZIZGZIGZ WYUYGGGGGGGGGGGGGZ mA OA ACOA 

“V7 
\GGGGIZGIGGZGZGZGGQQZ 

1956 i958 1960 i962 1964 1966 1968 i970 

Figure 1.—Kaolin sold or used by domestic producers for specified uses.
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The exported material went to destinations amounted to about 538,000 short tons, val- in 53 countries, among which the Nether- ued at $20.6 million, compared with lands, Canada, Italy, Japan, and West Ger- 395,000 tons and $15.3 million in 1969. many, in order of rank, were the principal U.S. imports of common blue clay or countries of destination. Collectively, they ball clay, beneficiated and unbeneficiated, accounted for 8] percent of the exports totaled 17,318 short tons, valued at and 84 percent of the overall increase from $287,000 in 1970, an increase of 35 and 26 | 1969, even though exports to Canada de- percent, respectively, over that of 1969 and clined slightly. Exports to West Germany reversing the decline of about 25 percent _ and to the Netherlands were four times. from-1968. to 1969. ——-—---- 
those of 1969. Exports to France, Japan, : | 
and Italy increased 81 percent, 70 percent, FIRE CLAY | 
and 56 percent, respectively, over those of Fire clay and stoneware clay sold or used . the previous year. Reports also indicated . ; . . . _ by domestic producers in 1970 declined 11 that exports to 19 other countries more . and 9 percent in tonnage and value, re- than doubled. , ) ; . spectively, from that of 1969. This decrease Although kaolin imports have been de- . . ; . . reflects a continuation of an industry trend clining for a number of years, imports in : . from the conventional refractories based on 1970 amounted to 65,335 short tons, valued . : : . fire clay to more custom-designed refracto- at $1,246,155, about the same as in 1969. . ’ . . . . . ries using higher alumina clays or other | The United Kingdom supplied 91 percent; f ‘al | West Germany, 6 percent; Canada, 3 per- ren actory materials. ; . t: and Ta an th Re bli f South Fire clay production was reported in Mei, an i a t ii uP other ° oi d 1970 from mines in 23 States. The first five b ar 0 , " i. rala together supplie States in rank—Ohio, Pennsylvania, Mis- abour Ut percent. souri, California, and Alabama—accounted oo for 75 percent of the total domestic out- 

BALL CLAY put. Among the 10 leading States, Califor- Production and value reported for do- nia and West Virginia had slight gains in mestically mined ball clay in 1970 indicate output, Pennsylvania was unchanged, and | an increase of 4 percent over that of 1969. the seven other States recorded decreases. Most of this increase represents a change Exports of fire clay in 1970 totaled in classification of production by one oper- 167,000 tons, valued at $3.5 million, com- ation in Texas from miscellaneous clay in pared with 163,000 tons and $2.6 million 1969, to ball clay in 1970. California out- in 1969. Countries of destination totaled put also increased in tonnage (12 percent) 45. Canada was the leading recipient (51 and value (8 percent), but all other pro- percent), followed by Mexico (37 per- ducing States recorded declines. Tennessee cent), Japan (4 percent), and all other mines provided 58 percent of the: Nation’s nations (8 percent). No imports of fire output, followed in order of output by clay were reported. 
Kentucky, Texas, Mississippi, Maryland, There are no price quotations in domes- and California. tic journals for fire clay. Oil, Paint and Drug Reporter, December 

| 28, 1970, listed ball clay prices as follows: BENTONITE 
Domestic, airfloated, bags, carload Bentonite production in 1970, although Domestion eraser osiase reper $18.00-22.00 down about 4 percent in tonnage and 2 lent, bulk, carload lots, Tennessee, percent in total value from the 1969 fig- Imported, ‘airfloated, bags, carload 8.00-11.25 ures, was still greater than in any other lots, Atlantic ports, per ton_...-. 49.50-50.75 — previous year. A business decline in the first Imported, lump, bulk, Atlantic ports, 31.50-37.59 half of 1970 and a lower level of domestic 

: exploration for oil and gas were the prin- Ball clay exports in 1970 amounted to cipal factors effecting the decline. Also, 21,914 short tons, valued at $613,000. producers reported lower sales for most These figures are not comparable with other uses. The 14-percent increase in sales those for 1969 and previous years when for use in pelletizing iron ore and concen- ball clay export data were not reported as _ trates was a notable exception. a scparate item. In 1970, clay exports in Bentonite production was reported by the “not elsewhere classified” category operators in 13 States in 1970, compared
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with 15 in 1969. Lower output was reported and imported Italian, white, high-gel, bags, 

from all producing States except Montana _5-ton lots, ex-warehouse, $116.60 per ton. 

and Oregon. The sodium, high-swelling Quotations in the December 29, 1969, issue 

bentonite is produced chiefly in Wyoming, were $14 and $91 respectively. The average 

Montana, and South Dakota. The calcium, unit value reported by producers of do- 

low-swelling bentonite is the product of mestic bentonite sold or used in 1970 was 

the other States. During 1970, Federal Ore $10.07, a slight increase from the $9.82 av- 

| and Mineral Corp. and Youghioheny & erage in the previous year. Per-ton values 

Ohio Coal Co. formed the Federal Benton- reported in the various producing States 

ite Co., which took over the Wyoming Oil ranged from $5 to $18, but as in 1969, the 

Co., Inc. Additional air pollution control average value reported by the larger pro- 

equipment. was being installed by Dresser ducers was near the Wyoming average 

Industrial Minerals Division and by Wyo- figure of $9.83. 

Ben Products, Inc., at their bentonite Exports of bentonite in 1970 totaled 

plants near Greybull. . about 496,000 tons, valued at $12.6 million. 

Oil, Paint and Drug Reporter, December Tonnage exported was about | percent less 

28, 1970, quoted bentonite prices as fol- than in 1969, but the dollar value was 9 

lows: Domestic, 200 mesh, bags, carload percent greater; unit value increased an 

lots, f.o.b. mines, $14.00-$14.40 per ton; average of $2.38 per ton, Countries of des- 
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Figure 2.—Bentonite sold or used by domestic producers for specified uses.
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tination for exports of bentonite totaled valued at $4,928, about the same as in 
77. 1969. | 

Imports of bentonite, chiefly special-pur- : 
_ pose material, were from Canada (60 tons) COMMON CLAY 

and Italy (123 tons) . | 
, Common clay in the collective designa- 

FULLER'S EARTH tion applied in this report to the miscella- 
Production of fuller’s earth in 1970 was eous clay and shale materials of diverse — nearly the same in quantity as in 1969,  ‘YP€S that are used in thé manufacture of . 

~ put total value was about 6 percent lower — Structural clay products, : portland and ee 

because some producers in Florida and Other cements, and lightweight aggregate. 
Georgia assigned lower unit values to their Other clays of various types that, either | 
output. Unit values reported by producers Decause of differing mineral content . or 
operating in other States were unchanged _!ack of identifying data, cannot be placed | from 1969. appropriately in one of the preceding cate- | 

Fuller’s earth is defined as a nonplastic 80€S are also included in this classifica- | 
clay or claylike material, usually high in tion. . : 
magnesia, which has adequate oil decolor- In 1970 the reported domestic produc- 
izing and purifying properties. tion of common (or miscellaneous) clay 

Production from the region that takes in totaled about 39.2 million short tons, val- Attapulgus (Decatur County), Ga. and ued at $57.7 million. Thus, common clays 
Quincy (Gadsden County), Fla., is pre- oe esentee 72 percent o if E athe. ran | 
dominantly the mineral attapulgite. Most percent of the value OF all he clays : 
of the fuller’s earth produced in other 24 shales produced in the United States 
areas in these and other States is predomi- during the year. In addition, i re apr an : nantly montmorillonite. production was reported at 42 885 short | 

- ; . ons, valued at $486,285. Following the 
| Declines in output were rep orted for general business and construction decline Florida, Mississippi, Missouri, and Utah. in the first part of the year, output was 7 

Increases were reported for Georgia, IIli- percent less than in the previous year. 
nois, Tennessee, and Texas. 

Dine eta | Most of the common clays and shales are 
Utilization of fuller’s earth for rotary- used by the producer in the fabrication of | 

| drilling mud decreased 27 percent, and a product. Less than 4 percent of the out- | 
minor declines in filtering, decolorizing, put in 1970 was sold in the crude state, - 
and clarifying, and miscellaneous other and the unit values reported: by producers uses were slightly greater than increases are, therefore, chiefly c ompany estimates 

recorded for absorbent and filler uses. rather than values based on actual] sales of 
Prices for fuller’s earth were not pub- crude clay. The average unit value for all 

licly quoted in 1970, but the per-ton val- common clay produced in the United 
ues reported by producers ranged from $14 States in 1970 was $1.47 per short ton, 
to about $29. The average was $24.35, 0.02 less than in the previous year. The 
compared with $25.77 in 1969. range in unit value reported for the bulk 

Exports of fuller’s earth were the same in _ of the output was from $1 to $2 per ‘ton. 
tonnage and value as in the previous year, Exports of clays that were. not separately 
but the countries of destination totaled 37, classified as to type totaled about 538,000 
compared with 30 in 1969. Canada was tons, valued at $20.6 million, compared 
again the principal recipient, but Cana- with 395,000 tons and $15.3 million in 
dian purchases in 1970 represented only 38 1969. The totals represented a 36-percent 
percent of the total U.S. exports of fuller’s increase in tonnage and a 35-percent in- 
earth, compared with 46 percent in 1969. crease in value. As in previous years, the 
In contrast, exports to the United King- high unit value ($38.33 per ton in 1970) is 
dom, the second ranking country of desti- evidence that all of the material belonged 
nation, amounted to 27 percent of the to grades of a higher order than the com- 
1970 total, compared with 19 percent in mon clays normally produced for use in 
1969. structural products. Most countries, fur- 

Fuller’s earth imports in 1970, all from thermore, have deposits of local clays suit- 
the United Kingdom, totaled 66 short tons, able for manufacture of common brick and
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Figure 3.—Fuller’s earth sold or used by domestic producers for specified uses. 

tile and cement and thus have no need to’ with acid totaled 2,061 tons, valued at 

import such materials. $162,534. The unit values of another na- 

Imports of clays not elsewhere classified tion’s shipments of clays nec. to the 

(n.e.c.) , beneficiated and not beneficiated, United States ranged from about $50 to 

totaled 1,577 tons with a value of $92,144, $140 per ton, evidence that these materials 

and imports of clays artifically activated also belong to grades of a higher order.
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CONSUMPTION AND USES | | 

Heavy Clay Products.—Manufacture of sponding total value (as determined from heavy clay products (building brick, drain the average unit value for each type of tile, vitrified sewer pipe, and other struc- clay used). Kaolin was the principal clay tural clay products), portland and ma- filler consumed in each major use division sonry cements, and lightweight aggregate with the exception of insecticides, in which » | consumed 99 percent of all the common 85 percent of the clay used was fuller’s (or miscellaneous) clays and_ shales pro- earth. Kaolin sold or used as paper filler or | 
duced domestically in 1970, as well as — coating alone, using- the reported average = smaller percentages of the outputs of fire unit value of $23.57, amounted to about 
clay, ball clay, kaolin, and bentonite. In $60 million, or over 22 percent of the | summary, 76 percent by weight of all clays _ value of all clays produced. oe 
produced was consumed in the manufac- Absorbent Uses.—Absorbent uses for 
ture of these clay-based construction mate- clays consumed about 1 percent of the rials. Every use classification of the d- . ; ; 
nets recorded a decline from 1969, and the | Prone vtotal seine “in 1970. Demand ie v eregaye ee enPanded for Fghtweight creased about 12 percent. Clays used were 
Beregate represe Comparable de- — fuller’s earth, bentonite, and clays not clas- crease. Utilization of clays in heavy day  gigeq by the producer. Substantially more 

products decreased 8 percent; in portland than half of the fuller’s earth produced weight aggregate 2 perce nt mm ae was used as absorbent. Animal litter and w Ate, » and in Dulld-  floor-sweepi Oo nd were made al- ing and ‘structural products as a whole, 7 moet exclusively from fuller’s earth . 
percent, reflecting a general slowdown in a | the construction industry. Drilling Mud.—Demand for clay for ro- . | 

Refractories.—Utilization of clays in re- Be Swelling he een O Phe | fractories also recorded an overall decline ‘“"* ! 7 wees P illine-mud i. 
of 6 percent in 1970. All classes of clays, principal clay used Oh oon nae ee | with the exception of fuller’s earth, were although fuller’s earth or nonswelling ben- 
used for this purpose, accounting for more tonite 3s also used mr Some cases to obtain 
than half of the year’s output of fire clay, a desired physical Property or to reduce 
17 percent of the kaolin, and minor ton- the need for the higher cost swelling ben ; 

. nages of bentonite, ball clay, and common tonite. Since swelling bentonite deposits 
clay and shale. The total tonnage used in oanar and, So ced in hal Meht costs for 

of that of all cays producea pout 9 Percent Sipping: bentonite to the drilling site are } " requently much more than the purchase 
There was an evident trend toward use price. For this reason, there is continuing of refractories custom-designed for specific search for other deposits and also for 

needs and toward utilization of higher cost methods to economically refine or process 
materials in their manufacture. Supporting suitable substitutes. 
this statement is the fact that kaolin, a Floor and Wall Tile —Clays used in the 
relatively high-cost, high-alumina clay, wes manufacture of floor “and wall tile are that showed an inccase over het at tag, rincpally of the Kaolin ‘ype, fre cay, - ball clay, common (or miscellaneous) clay, Filler.—All clays are used to some extent and kaolin, in order of demand. Demand 
as fillers in one or more areas of use. In increased approximately one-sixth from 1970, consumption in this end-use classifi- that of 1969. 
cation increased about 3 percent over that . os 
of 1969. Utilization of high-unit-value clay Pelletizing Tron Ore. Bentonite ih used products, chiefly kaolin for paper filling ° # binder in forming Strong peiiets © and coating, increased 6 percent, more iron ore and of some other mineral mate- 
than offsetting slight declines in other Tials. Demand, following a general trend 
filler uses. Filler uses, in general, accounted for several years, increased about 4 per- 
for about 6 percent of the tonnage of all cent in 1970. Of the total bentonite pro- 
clays sold or used by producers during the duced, about 35 percent, nearly all rated 
year and about 28 percent of the corre- as swelling bentonite, was consumed for
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this purpose. Demand is worldwide, and. decreased about 13 percent in 1970, but 

the U.S. deposits are currently the princi- consumption of kaolin in pottery and stone- 

pal source. a | | - ware was slightly higher than in 1969. 

Pottery.—Pottery, whiteware, and related Filtering.—Consumption of clay, princi- 

products utilize kaolinic clays, especially pally bentonite and fuller’s earth, for the — 

those clays that have excellent plastic filtering, decolorizing, and clarifying of oils 

properties and usually are classed as ball and greases was about 17 percent less than 

| clays. Total demand for all types of clays in 1969. | a 

- ~ WORLD REVIEW | | 

Australia.—Production of refractory brick Lobin will apply an acid method for the 

from local raw materials was started at treatment of unspecified clays, and a 100,- 

a new $4. million manufacturing plant 000-ton-per-year plant under construction. 

. at Port Kembla, New South Wales, the sec- near Kielce will make use of a sintering- | 

ond such facility built in that area by Kai- leaching process to produce alumina and 

‘ser Refractories Division of Kaiser Alumi- cement simultaneously from a mill feed 

num & Chemical Corp. of Oakland, Calif. consisting’ of coal schists and aluminous 

Although construction of the new factory = marl.? . — 

: was chiefly in ‘response to rapid growth in Spain.—In Catalonia, a modern _brick- 

demand for refractories by Australia’s do- making plant recently inaugurated in the 

mestic minerals-processing industry, plans city of Igualada, about 35 miles from Bar- 

include eventual expansion to sustain a  celona, has now been in operation long 

substantial volume of export trade enough to provide a striking contrast to 

_ throughout the western Pacific region. the results obtained at an adjacent older 

Greece—Bentonite and kaolin are im- facility that is still in production. Details 

portant items in this nation’s export trade. of the equipment and procedures in use at 

Shipments of these two types of clays in the new installation, as well as the im- 

1968, the last full year reported, totaled proved performance that they make possi- 

about 175,000 tons, valued at nearly $2 mil- ble, were discussed briefly in an industrial 

lion, and went to destinations in at least journal.3 | 

| 10 countries. . Sweden.—Expanded aggregates produced 

New .Zealand.—An outstanding advan- from clays are being field tested as road- 

tage that warrants a bright future for New — building material by the Swedish State 

Zealand’s newly launched steel industry is Board Institute and the city of Avesta 

the close-by availability of an ample sup- (northwest of Stockholm) . Experimental 

ply of the essential raw materials. Immense stretches of highway that incorporate beds 

resources of ironsand occur within 12 miles of expanded material in an asphalt bond 

of the recently completed Glenbrook smelt- and surfaced with conventional black top 

ing complex, there are adequate deposits have been built over terrain that is subject 

of coal and limestone within 120 miles, to severe frost-thaw disturbance. Prelimi- 

and even high-quality bentonite suitable nary studies have indicated that under 

for iron ore pelletizing is found in abund- varying burdens of actual traffic this type 

ance within easy shipping distance at Coal- of construction provides a smooth-riding 

gate. To date, approximately $500,000 has surface with a superior rating for stability. 

been spent in developing this deposit of United Kingdom.—Plans for the disposal 

special-purpose clay, and a processing by pipeline out-to-sea of slurried process- 

plant has been constructed that will pro- ing residues from china clay operations in 

vide 25,000 tons per year of pelletizing Cornwall have generated much discussion 

bentonite for consumption at Glenbrook and acrimony. This proposed solution to a 

and for export, particularly for the steel long-standing problem is being bitterly op- 

mills of Australia and Japan. posed by the people of the village of Gor- 

Poland.—Polish metallurgists have devel- ran Haven, in the path of the projected 

oped two separate processes for the extrac- =. \cials Week. Aluminum. V. 41, No. 18, May 

tion of alumina from clays. A plant with 4, 1970, p. 6. 

an annual capacity of 330,000 tons that is *Svec, J. J. Ceramic Casanovas Produces 150/T 

: 
Tile With 21 Men. Brick & Clay Record, v. 156, 

being constructed between Glogov and No, 2, February 1970, p. 36.
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pipeline, and by the fishermen who cus- sources of this useful clay material resulted 
tomarily draw their livelihood from the from a routine mapping program being 
adjacent coastal waters that may be af- conducted by the Institute of Geological 
fected. Sciences in Berkshire. Engineers of the In- 

Fuller’s earth is produced at present stitute reported the discovery of “impor- 
from deposits in Surrey, Somerset, and tant new deposits of fuller’s earth at shal- 
Bedfordshire at a rate of about 125,000 low depths,” and exploration is being 
tons per year. A potentially valuable addi- carried out by drilling to explore and de- 
tion to the United Kingdom’s known re- _ lineate the extent of the mineral body. 

TECHNOLOGY 

An industrial journal, continuing an an- _cedural information pertaining to a num- 
nual feature, published an informative list- ber of processes developed by Allied 
ing of ceramics-oriented research projects Chemical Corp. for the production of alu- 
that are in progress throughout the United mina from clay.7 
States. More than 1,300 studies were cata- The modern machinery, with its sophis- 
loged by project titles and by names of the  ticated central-control system, and the in- 
organizations and personnel involved. novative operating procedures that make it 

The Bureau of Mines classifies six indi- possible for one plant to produce more 
vidual mineral materials as distinct types than 6 million tons per year of bentonite- 
of clays. For three members of that group, bonded __ taconite pellets for steelmaking 
kaolin, bentonite, and fuller’s earth, pru- were described in an industrial journal. 
duction figures recorded during the last 20 Consumption of bentonite at this Minne- 
years indicate growth rates significantly  sota facility is currently at the rate of 

- greater than that of the national economy, about 200 tons per 24 hours. A magazine 
ball clay also promises to move into the article provided a detailed account of the : 
high-growth class in the seventies. A ra- up-to-date automated equipment and novel 
tionale for the notable prosperity of these handling methods in use in the $1.5 mil- | 
special-purpose clays, based on a techno- ion bentonite-processing plant recently 
logical analysis of the applications in placed in operation by International’ Min- | 
which they serve, was delineated, together erals & Chemical Corp. (IMC) in | 
with some projections of clays end-use pat- Mississippi.9 

terns in the future, in a paper presented The year 1970 was fruitful in significant 
at the 1970 annual meeting of a profes- studies dealing with the theoretical and 
sional society. | practical aspects of the manufacture and 

Production of metallurgical-grade alu- utilization of refractories, those extraordi- 
mina from unconventional starting mate- narily versatile mineral materials that 
rials such as kaolin or other specified make it possible to produce and control vi- 
aluminous substances is the objective of a  olent extremes of temperature and thus 
process for which a patent was issued. force them to serve the needs of mankind. 
This method differs from others proposed Two journal articles relating to refractories 
for a similar purpose in that the raw min- technology were especially deserving of 
eral (kaolin, for example) is “opened up” —TGeramic Bulletin. C = Ceramic Research 
Py being heated and then dissolved in ay 4""No. 2, February 1970, pp. 231-242, 245-250, fused mixture of calcium fluoride and cal- 259-2960, 263-264. 

cium or sodium chloride, a step that is j,, Cooper, James D,, The Demand, Picture. for said to accomplish a selective solubilization jyal Meeting of AIME, Denver, Colo., February 

of the ore’s alumina content.® r he increas- Mi Slatin He 1 (aseigned. to Timax Associates. ) 
ingly earnest consideration being siven tO = Alumina From Low-Grade Aluminiferous Ores and 

new technologies for providing an impor- Miners, US. Fat, $489.54, an. 18,1070, tant share of future aluminum-smelter Clays: Reynolds, Allied Deal. V. 198, No. 3, July 
feeds was exemplified by the announce- *°; Erickson, Donald V. Minntac Story—Agglomer- 
ment that Reynolds Metals Co., second ation. Skillings’ Min. Rev., v. 59. No. 17, Apr. 
largest domestic aluminum producer, has 25, Pit Onan. MC's Aberdeen Plant on 
purchased patent rights and accessory pro- stream. V. 63, No. 2, August 1970, pp. 110-115.
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. mention.10 A sound and color film, ‘“Fahr- in an article.15 Cosponsored by the Bureau 

enheit 3300,” made available for free loan of Mines, a Mineral Waste Utilization 

by the Bureau of Mines and sponsored by Symposium was held March 18-19, 1970, at | 

Kaiser Refractories Division of Kaiser Alu- the Illinois Institute of Technology Re- 

minum & Chemical Corp. presented a sur- search Institute (IITRI), in Chicago. Po- 

. vey of the technology of up-to-date refrac- _tentially profitable applications proposed 

tories practice, emphasing the indispensable for burdensome and _ otherwise useless 

role of refractories somewhere in the course coal-mine gangue, metallurgical slags, phos- 

of the production of almost everything that phate rock residues, powerplant fly ash, 

is bought and sold, used and consumed, in and _ kaolin-processing wastes included utili- 

virtually every phase of modern living.11 zation as soi] conditioners, cement addi- 

The Bureau of Mines issued a publication tives, and components in rotary-drilling 

on the rapidly evolving technology and mud mixtures or as semiprocessed mate- 

utilization of all types of refractories in rials for the manufacture of refractories, 

modern high-temperature processing of ceramics, glass, and a range of building 

metallic and nonmetallic materials.12 _ materials, especially lightweight aggregate. 

By making a change in which part of A general review of this symposium was 

the crushing equipment does double duty, published in an industrial magazine.1é An- 

a Massachusetts lightweight-aggregate pro- other journal article contained a further 

ducer increased plant capacity by approxi- account of current technology that is 

mately one-half. An article in a trade mag- changing fly ash from the status of a costly 

azine reported details of this original nuisance to that of an increasingly valua- 

bottleneck bypass and details of other ble source of revenue as a useful manufac- 

efficiency-promoting practices. The applica- turing intermediate. Consumption in the 

- tion of the new practices enabled this Mas- making of lightweight aggregate is the 

sachusetts facility to turn out expanded only end use known at present that is po- 

clay aggregate in excess of 900 tons per  tentially capable of keeping abreast of fly- 

day with a work force, including sales ash production in the United States.17 

and management personnel, of only 27) ©.———__—— - 
employees.13 The largest Dwight-Lloyd, 10 Jeffers, P. E. Refractories Blast-Off for the 70’s 

traveling-grate sintering unit ever built for Brick Ey a ods. v. 156, No. 1, January 1970, 
the purpose of expanding clays to make Spieckerman, J. A. Trends and Developments in 
lightweight aggregate has been placed in Manche 1070, vines. Processing, v. 11, No. 9, 

- service at a site about midway between 11 Prospective borrowers, who must have avail- 

Grand Haven and Grand Rapids, Mich. 286 ,for°"thould addres applications for short 
This giant machine, with a _ processing time loans as follows: 

grate 8 feet wide and 108 feet long, gives motion Pictures 
. ureau of Mines 

the plant a rated capacity of 1,200 tons U.S. Department of the Interior 
per day of finished product. Details of the Pruebareh Pa 18313 
operation of this out-sized facility and of 2 Kusler, David y., and Robert G. Clarke. Im- 

the testing program that led up to its con- Ber Morton. buMlines Inf, Circ. 8494, 190, 68 
| struction were discussed in a Magazine pp. | 

article.i4 13 Svec, J. J. Masslite Streamlines Operations to 
. . . Save Labor. Brick & Clay Record, v. 156, No. 2, 

Different starting materials for the man- February 1970, pp. 33-35. 

wfacture of lightweight aggregate difler 1 M5) JE ice Rock Prout v.78, No 
markedlv in their burning characteristics 6, june 1970, pp. 48-51, 96. 

and present no less variability in the | * McElrath, A., Jr. High-Efficiency Dust Collect- 
. . . ing for Lightweight Aggregate Production. Rock 

dust-collection problems to which their  proqucts, v. 73, No. 6, pp. 56-59. 

treatment gives rise. Some of the difficul- 18 Stearn, Enid W. Solid Mineral Wastes—Blight 

ties that have been encountered in practice 1070, ona AT T9. 06. Products, v. 73, No. 6, June 

and some of the ideas that have been suc- _ Environmental Science & Technology. Fly Ash 
cessful in coping with them were described ron een pamaing Steadily. V. 4, No. 3, March
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Table 2.—Value of clays produced in the United States, by States 
(Thousand dollars) 

Kind of clay produced in 1970 
1969 1970s 

Kaolin Ball Fire Benton- Fuller’s Common 
clay clay ite earth clay 

Alabama____--_-.._.__.. $7,083 $8,213 x xX x xX 
Alaska___-----2- eee Lee eee 
Arizona._-------....---.  , 394 454 x x x 
Arkansas_..---.-..._.._. 2,426 2,902 x a x oe 
California_-_.-..__.._.... 7,448 6 ,506 x x x x xX 
Colorado____.-_-.2---_-__ 1,619 '1,503 xX x x 
Connecticut___.._______- 341 386 x 
Delaware______..-._.___- di 11 . x 
Florida_......-._._._....... 18,627 12,661 x xX x 
Georgia__-_---.-.-_-_-.._ 98,462 110,149 x xX xX 
Hawali__.__.--_-_...___- 9 11 x 
Idaho______~--.----- 2. 235) 2328 x x x 
Iilinois_.......-.-...-.... 44,821 43,862 xX x x 
Indiana_____-.--__._..._ 2,264 2,139 . x xX 
Towa.._.---------------. 1,660 1,823 x 
Kansas___._....-.._..-.. 21,070 2946 x x 
Kentucky____._-.....-.. 52,076 51,793 xX x x 
Louisiana__.._.....-...... 2,948 1,575 x 
Maine_____.-..-.-_-__-- 256 2 56 x x 
Maryland____.__.-._____ 251,369 251,483 x x xX 
Massachusetts. ____..___-_ 624 582 x 
Michigan._.___.___._..-_. 3,037 2,887 x 
Minnesota____._._--_.-_- 2412 ' 335 x 
Mississippi_____._-_----- 8,660 8 , 062 xX x x x x 
Missouri_____....-.-.-.. 146,405 46,480 x x xX 
Montana._______-___----- 1 63 171 x x 
Nebraska_______._-_----- 223 147 X 
Nevada. ___._-_---_----- W WwW x x 
New Hampshire_______-__- 40 32 x 
New Jersey_.__.___.-..._ 1,128 990 x . x 
New Mexico._.__...----_- 89 91 x x 
New York_______----_-_- 1,783 1,897 xX 
North Carolina__._....... 22,610 33,102 x Xx 
North Dakota_.__.____-_ WwW WwW x 
Ohio_...-...._._._-.-.... 11,693 10,100 x x 
Oklahoma.____.-__----.-. 11,182 '1,120 x x xX 
Oregon___.._.-.-------_- 2321 2180 x Xx x 
Pennsylvania______._____ 319,637 #15,845 x x xX 
Rhode Island_______.__-_ ------_) --.---- 
South Carolina...._....... 10,911 9 ,878 xX xX 
South Dakota_____._-_-_- 1,171 946 x x 
Tennessee___.___._._.-..-. 47,064 47,123 xX x x 
Texas._______._.____.... 8,664 9,587 x xX xX x x x 
Utah___---- 2-2 -------: = 1,286 1,237 x x x x x 
Vermont_______-_---.--- WwW WwW x 
Virginia._.__._._._._..... 1,504 1,672 xX 
Washington_______.___--- 2434 2 436 x x 
West Virginia__.__.____--_ 2348 2238 xX x 
Wisconsin. _.__....-.----- 24 14 x 
Wyoming_____..__._..-.. 18,970 18,829 xX x 
Other 6_._._......._._... 8,910 9,580 

Total 7____._._._._ 264,415 267,912 
Puerto Rico_____._.-.--- 454 486 

W Withheld to avoid disclosing individual company confidential data. 
X Major producing States which account for over 90 percent of production. x Other producing States. 
1 Value of bentonite included with ‘‘Other’’ to avoid disclosing individual company confidential data. 
2 Value of fire clay included with “‘Other”’ to avoid disclosing individual company confidential data. _ 
3’ Value of kaolin included with ‘Other’ to avoid disclosing individual company confidential data. 
4 Value of fuller’s earth included with “Other” to avoid disclosing individual company confidential data. 
5 Value of ball clay included with “‘Other’’ to avoid disclosing individual company confidential data. 
6 Includes Nevada, North Dakota, Vermont, and values indicated by footnotes 1 through 5. 
7 Data may not add to totals shown because of independent rounding.



316 MINERALS YEARBOOK, 1970 

Table 3.—Kaolin sold or used by producers in the United States, by States 
(Thousand short tons and thousand dollars) 

Sold by Used by Total ! 
Year and State producers producers 

Quantity Quantity Quantity Value 
eee 

1966___.---.-_-------_-.-_---------_- eee 3,664 721 4,385 $81 ,984 
1967____---_-_---------------- eee 3 , 336 637 3,973 81,321 
1968____---___-_-_--- 2-2 eee ee 3,579 622 4,201 92 , 486 

1969: 
California. __.-_____.._.-.-_------- 2 ee WwW WwW WwW 268 
Georgia_____._-_.__-_-______--_ eee eee 3,310 366 3,676 87 ,956 
South Carolina__..______.__._.__- eee 481 115 596 8 ,884 
Other States ?____________-_ 2 2 2 154 313 467 5,154 

Total !_.__.-___-2 eee 3,944 794 4,739 102 , 262 

1970: 
Arkansas._____._-_.._..----_--- eee eee WwW WwW 203 1,840 
California____-_._..__.2_-2 2 eee W W 13 187 
Georgia___________-__- eee 3,508 241 3,749 100 ,278 
South Carolina_..____.____.-__-_-_-__-_--- ___- 443 77 519 8,011 
Other States 2.___________._ eee 247 410 441 5,792 

Total?____--- eee 4,198 728 4,926 116 ,109 

W Withheld to avoid disclosing individual company confidential data; included with “‘Other States.’ 
1 Data may not add to totals shown because of independent rounding. 

- 2 Includes Alabama, Arkansas (1969), Florida, Idaho, North Carolina, Pennsylvania, Texas, Utah, and data 
indicated by symbol W. 

| Table 4.—Georgia koalin sold or used by producers, by uses 
(Thousand short tons and thousand dollars) 

China clay, Refractory 
paper clay, uses Total 

, other 
Year _ 

Average 
Quantity Quantity Quantity Value value 

per ton 

1966___-__-_._- ee 2,719 487 3,206 $67 , 156 $20.95 
1967___-_._----_-_- eee 2,708 301 3,009 69 ,327 23.04 
1968___-..---_-_-_-_ 2 eee 2,947 218 3,165 79 ,061 24.98 
1969___-. ee 3,358 318 3,676 87 ,956 23 .93 
1970___-. eee 3,355 394 3,749 100 ,278 26.75 

Table 5.—Ball clay sold or used by 
producers in the United States 

(Thousand short tons and thousand dollars) 

Year Quantity Value 

1966______-_________ 2 Lee 571 $7 ,322 
1967______._______._______- 559 7,446 
1968____________-_-______e 630 8,351 
1969__.-- ee 682 9,720 
1970__._ ee 710 10,149
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Table 6.—Fire clay, including stoneware clay, sold or used by producers in the 
United States, by States 

Sold by Used by Total 
producers producers 

Year and State Nee nn ea EEEIEIDEEInIEnIIEEEEEEEEEEEEIeEEEaE 
Short tons Short tons Short tons Value 

(thousands) 

1966__.____-_-_____-_ eee _------- 2,596,470 6,181,695 8,778,165 $42 ,179 
1967________________ eee --__-_---- 2,512,411 5,460,002 7,972,413 A2 ,157 

- 1968_______--_ eee eee --------- «2,547,878 5,506,074 8,053,952 42 ,094 

1969: . — 
Alabama________-__------------ ~~~ W W 462 ,820 1,994 
Arizona____..__.--- + ------eeeee e ee 15 15 (1) 
Colorado____._._.___._---------------------- 154,188 133 ,975 288 ,163 1,073 
Illinois... 22 2 eee WwW WwW 215,176 ° 1,618 
Indiana_________-___ i eee eee ------e WwW WwW 165 , 847 314 
Kentucky. _________-_-_-.--___--------------- 66,195 131,976 198,171 1,054 
Missouri______.__.___..___------------------ 69 ,843 — 970,521 1,040,364 4,968 
New Jersey.__._.-__--_____------------------ W W 81,764 575 
New Mexico___.___________---_-------------- W W 2,482 12 
Ohio_____-._-_--__---_--_- eee -------------- 1,106,711 924,888 2,031,599 6,731 
Oklahoma_____.______---____---------------- H+ ------- 381 381 4 
Pennsylvania. ___......____-.-_-------------- 382 ,930 823,531 1,206,461 12 ,921 
Texas. eee WwW WwW 635 ,102 1,669 
Other States 2.______._.___..---__-------------- 922,377 1,573,619 932 , 855 4,842 

Total________._--____-_-___------_.--------. 2,702,244 4,558,906 7,261,150 37,775 

1970: 
Alabama_.____________--_-- eee eee W WwW 395,609 2,636 
Arizona_____________---_--- eee eee eee 6+ --- 10 10 Q@) 
California..____.-____--__-___-___--- ~~ eee WwW W 399 ,924 1,276 

' Colorado. .___-_..---..-----_----------------- 151,612 87,157 238 , 769 951 
Illinois__...__...--..-.-__------------------- WwW WwW 182 ,079 1 ,503 
Indiana______...-.-.-_-----_----------------- W W 75,403 202 
Kentucky__....--.._------------------------ W W 160 , 085 916 
Missouri_____/.____---___--.-------_---------- 128 , 668 798 ,002 926,670 4,854 
New Jersey__.___._-------------------------- WwW W W 518 
Ohio_____________.._----__--- eu ---------- 889 , 499 999,584 1,889,083 6,055 
Oklahoma. ___.___-___.--.-------------------- ---------- 405 405 4 
Pennsylvania.._.______..-_.----------------- 392 , 853 816,184 1,208,987 10 ,544 
Texas_____-_-_-____ ~~ eee WwW WwW 351,231 . 1,334 
Utah__.-.--_ 2-2 -- WwW WwW 7,109 24 
Other States 2.________......----------------- 749,866 1,444,721 623 , 147 3,694 

Total__________2___--_________--u__-.--.--. 2,812,498 4,146,013 6,458,511 34,511 
a cn 

W Withheld to avoid disclosing individual company confidential data; included with “Other States’. 
1 Less than 14% unit. . 
2 Includes Arkansas (1969), California (1969), Idaho, Kansas, Maine, Maryland, Minnesota: (1969), Missis- - 

sippi, Nevada (1969), New Mexico (1970), Oregon, Utah (1969), Washington, West Virginia, Wyoming (1969), 
and data indicated by symbol W. 

Table 7.—Bentonite sold or used by producers in the United States, by States 

a a 

Year and State Short. Value Year and State Short Value 
tons (thousands) tons (thousands) 

1966__.__._._.-------..-_ 2,060,616 $22,010 1970: 
1967_._.._.._._----------. 2,042,841 20,490 Mississippi.._...-.... 261,949 $3 ,124 
1968_________-....----.._ 2,487,526 23 ,970 Oregon____.-.--_-_-- 697 8 

————— Texas____________ 73,531 839 

1969: Wyoming___________. 1,905,844 18 , 725 
Colorado_-_..--.------ 1,428 7 Other States!1_._...... 290,824 2,818 
Mississippi_.......--. 299,123 3,525 CT 
Oregon__..----------- 604 7 Total__......__.._ 2,582,845 25,514 
Texas___..----------- 99 ,828 655 
Wyoming......------. 1,952,174 18,871 
Other States!_..._..... 287,055 2,859 

Total__._..._--..-. 2,640,212 25,924 

1 Alabama, Arizona, California, Colorado (1970), Missouri (1969), Montana, Nevada, North Dakota (1969), 
Oklahoma, South Dakota, and Utah.
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Table 8.—Fuller’s earth sold or used by producers in the United States, by States 

Year and State Short Value Year and State Short Value 
tons (thousands) tons (thousands) 

1966____....------------. 759,638 $18 354 1970: 
1967____._.___----------_ 803,919 20 , 539 Florida___..-_.-..-... 422,150 $11 , 657 
1968___..____-----------. 921,550 23 ,176 Georgia.__._._-_._---._. 334,426 7,675 

——— Utah____.___________ 2,586 47 

1969: Other States!_____._._ 222,728 4,529 
Florida and Georgia__. 778,175 21,123 ee 
Utah_._._-__- ee 2,834 51 Total__._...__.-___ 981,890 223 ,907 
Other States!___...... 208,603 4,199 

Total___.__-.-__.... 984,612 25,373 

1 Includes Illinois, Mississippi, Missouri, Tennessee, and Texas. 
* Data may not add to totals shown because of independent rounding. 

Table 9.—Common clay and shale sold or used by producers in the United States, 
by States 

(Thousand short tons and thousand dollars) 

Sold by Used by Total! 
Year and State producers produeers . 

Quantity Quantity Quantity Value 

1966___.--_-__.---- eee 1,156 39 ,005 40,161 $49 , 865 
1967__.-..- ee eee 1,054 38 , 259 39 312 52 , 085 
1968__... eee 1, 456 39 , 647 41,104 56 , 863 

1969: 
Alabama__________________-. 22 ____ LL Lie ee 294 2,144 2,438 3,335 
Arkansas.._.--..----___-- eee eee ee eee 1 eee 833 833 4,091 
California. _..-.-2-_-_ 2 eee 836 1,737 2,573 5 ,876 
Colorado__._ 2-2-2 ee eee WwW w 442, 539 
Connecticut____.--2- 2 eee eee Le 197 197 341 
Delaware.___________-_- 1222 - eee wee 11 11 11 
Georgia___.. eee Ww WwW 1,663 2,001 
Hawali_.________.-- eee eee 8 2 2 9 
Idaho__________---_ WwW WwW 23 51 
Illinois... eee eee WwW Ww 1,648 2,703 
Indiana. _________..---_______-_____________- WwW WwW 1,317 1,950 
Towa__.---__- eee eee 1,199 1,199 1,660 
Kansas___._._-__...-2-- 2 ee Ww Ww 797 1,070 
Kentucky_____.2.-_- 2 ae WwW WwW 1,034 1,022 
Louisiana__.._-_____._--_2 22 eee wee 1,078 1,078 2,943 
Maine___________.__--- -_-_ eee eee eee eee eee 42 42 56 
Maryland_______.___--_.__ 1 ie eee WwW Ww 1,152 1,369 
Massachusetts______.____._____._____..._____. ~________. 332 332 625 
Michigan_________________ 2 eee eee LL 2,667 2,667 3,037 
Minnesota_..___.-.._____-_---.-----e-- eee ee 275 275 412 
Mississippi. ___...-__-_-_________.___.____u___e WwW WwW 1,099 1,136 
Missouri______.-_-___-2 222 Lee 1,211 1,211 1,437 
Montana_________.______--___-- ui ee ee eee WwW WwW 34 63 
Nebraska____._._._._____--____-_-_.___.__.__. Ww WwW 149 223 
New Hampshire_________._.-_-__ eee eee Le 44 44 40 
New Jersey__________-_-____________.___ ue. lee WwW WwW 245 547 
New Mexico________._____-___________ LL eee WwW WwW 67 77 
New York._________-__-_-____ eee WwW W 1,623 1,783 
North Carolina____.__-__._._____.___________u__ WwW WwW 3,342 2,610 
Ohio_____.-______--- 2 eee 215 2,340 2,555 4,962 
Oklahoma__._____________-____________ ee Le 802 802 1,178 
Oregon_________________-______.___ ee WwW WwW 215 314 
Pennsylvania__________-______________._______ 90 1,430 1,520 6,716 
South Carolina.__.___._______ eee eee ee 1,848 1,848 2,026 
Tennessee. ____--____-_-_-_- - eee Ww WwW 1,265 1,130 
Texas__ 2 eee WwW WwW 3,593 5,402 
Virginia.__._..-________ 22 eee Le ee 1,677 1,677 1,504 
Washington_______________-___ ee 25 205 230 434 
West Virginia___...__________________________ WwW WwW 247 348 
Wisconsin____._._____.-_____-__-- ee Leelee. 12 12 24 
Wyoming._____.-_______-_-______ ee Lee 40 40. 99 
Other States ?__.____________-__________ LLL. 1,032 19,770 845 1,208 

Total !___- 2 eee 2,493 39 ,894 42 ,387 63 ,361 

See footnotes at end of table.
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Table 9.—Common clay and shale sold or used by producers in the United States, 
by States—Continued 

(Thousand short tons and thousand dollars) 

Sold by Used by Total } 
Year and State producers producers 

Quantity Quantity Quantity Value 

1970: 
Alabama______________--__ ee ee WwW WwW 2,046 $2,780 
ArkansasS___.- 2 eee eee Lee 812 812 1,063 
California_...-_-....-._...--.-.--_-------------- 210 2,187 2 ,397 4,821 a 

_ Colorado... 2 2 ele — WwW wv 398 552 
_ Connecticut__..... 222-22 eee eee Lee 171 171 386 
Delaware_______.______ 2 eee eee wee 11 11 11 
Georgia. __-_- 2 eee eee eee W WwW 1,601 2,196 
Hawaii_.._-2 22 eee eee eee Lee 2 2 11 
Idaho_____---- 2 eee ee Ww W 13 28 
Illinois.___.-.- 222 eee eee Lee 1,494 1,494 2,359 
Indiana_____-- eee WwW WwW 1,259 1,936 
Iowa___-_.---__- eee eee eee 1,181 1,181 1,823 
Kansas___.. 222 eee eee WwW W 713 946 
Kentucky... -.._-_-- 2-2 WwW WwW 860 877 
Louisiana__.....-_-.. 22 eee eee Lee ee 1,080 1,080 1,575 
Maine___.--- eee eee eee 4l 41 55 
Maryland______._- 2 eee Ww WwW 1,129 1,433 
Massachusetts____....-.. 22 eee eee eee eee 284 284 - 682 
Michigan______..-_-_-_ eee eee eee 2,480 2,480 2,887 oO 
Minnesota_.____.____.____---- eee ee eee ee 227 227 335 
Mississippi. ___.-.._...-_ 2-2 eee eee Ww WwW 974 1,008 
Missouri________.--____-__-_-_-_--_--_ eee eee eee 1,201 1,201 1,626 
Montana_______________._---_-_- eee ee WwW WwW 41 71 
Nebraska__________._._-_.__--- 2 ---_---_---- WwW WwW 90 147 
New Hampshire__._._____.-.--------_---_---- ----_----- 40 40 32 
New Jersey__..__.___.__ i.e eee eee eee W WwW 472 
New York___.~___-__- eee W WwW 1,707 1,897 
North Carolina_____....-..------_---_-------- WwW WwW 3,318 3,102 
Ohio._..._.- 22-22 185 1,846 2,031 4,045 
Oklahoma____.___.._..--.------ eee eee 769 769 1,116 
Oregon_._._.-._-_-.----- eee ee W Ww. 134 172 
Pennsylvania._____....-._._-.----- ---------- 105 1,350 1,456 5,301 
South Carolina.___._.._....__--.---- ~~ - eee 12 1,443 1,455 1,867 © . 
Tennessee. _____._-__-_--_-_ eee eee eee Le eee 991 991 1,461 
Texas_______- ee eee WwW WwW 3,550 4,945 
Virginia_.____.__ 2-2 eee eee 1,633 1,633 1,672 
Washington____.._-.___..-- 22 eee ee 24 216 - 240 436 
West Virginia_.__.__._._.__.____- 2 ee WwW WwW 191 238 
Wisconsin. _____._...-.---_-- ee eee eee oe 8 8 14 
Wyoming__.._____--_-.- eee eee 44 44 104 
Other States 2__________ 2 oe eee ee 839 18 ,358 _ 1,175 1,340 

Total i_o- eee eee 1,375 37 , 869 39 ,244 57,721 

W Withheld to avoid disclosing individual company confidential data. 
1 Data may not add to totals shown because of independent rounding. 
2 Includes Arizona, Florida, Nevada, New Mexico (1970), North Dakota, South Dakota, Utah, Vermont, 

and data indicated by symbol W.
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‘Table 10.—Clay sold or used by producers in the United States in 1970, by kinds 1 
(Thousand short tons) 

a 
aT a 

Ball Fire clay Ben- Fuller’s Common 
Use Kaolin clay andstone- tonite earth clay and Total 

ware clay shale 
eee 

Pottery and stoneware: 
Whiteware.__--___.__________. 120 297 WwW W eee WwW 428 
Other____.---- 2-2 ee 45 20 68 ---e ee LeL ee 38 156 

Total__.___----_---_- eee 165 317 WwW W eee 38 584 

Floor and wall tile..........---.-_.. 15 109 207.2. eee 98 429 
Refractories: _ 

Firebrick and block____________ 692 12 2,428 LLL Lee WwW Ww 
Foundries, steelworks (bulk) -__- WwW W 545 745 _ LLL Le 9 1,481 
High-alumina brick (minimum 

50 percent AleO3)____________ W ieee 48 __ oe Lele Le WwW 
Mortar______--__-.. 22 _ Le WwW WwW 61 __--- LLL Lee W 70 
Saggers, pins, stilts, and wads___ WwW WwW a WwW 
Other_...-- 2-2 WwW WwW 76 W eee il 110 

Total__.--2 eee 821 WwW WwW W ieee. 24 5,001 

Heavy clay products: _ 
Building brick__.______..______ 83 141 2,151 W -_..---. 15,882 WwW 
Drain tile..__-_--__---- 2 eee LeeLee LLL A 846 W 
Vitrified sewer pipe____________ W Lee 495 LLL ee ee Lee 1,384 W 
Other... eee W eee 50 LLee eee Lee 181 WwW 

Total___-__-_-_- 2 eee WwW 141 WwW W ___..-_ 18,293: 21,226 

Lightweight aggregate__________.__ _______ __.____ W eee WwW 9,605 9,606 

Filler: _ | 
Paper coating and filling._____. 2,585 W -_-_ eee WwW -W WwW WwW 
Rubber_____________-- 22 e 871) eee Le re WwW WwW 
Plastics. __-___.___._.---____. W eee eee WwW WwW WwW WwW 
Paint. ___.-__-_---. 2-2 ee 107) Leelee Lee Ww WwW WwW 110 
 Fertilizers_____.__..22_-_______ Sr WwW W 100 
Insecticides and fungicides______ 26 WwW WwW ' 2 192 WwW 225 
Other__._______-- 2 eee. 86 _______ WwW WwW WwW WwW 106 

Total. __.-__..-- eee Ww Ww WwW Ww Ww WwW 3,520 

Portland and other cements_________ 67 ___ Lee 18 1 _.__.._ 10,9038 10,990 

Absorbent uses: 
Animal litter_.....-.--.2------- ee Lee eee LLL LL LLL WwW 240 WwW WwW 
Floor sweeping compound_____. _-.---__  _____._. __-____. ____- ee 330s WwW WwW 
Other_____._-. 2 eee LeeLee LLL WwW W Lees WwW 

0) 0 Ww WwW WwW 712 

Miscellaneous: _ 
Filtering, decolorizing, and clar- 
ifying_._...-.--- eee LeeLee LL LLL 162 Al ______e 202 

Rotary-drilling mud__________- WwW Ww 6 509 67 WwW 586 
Chemicals____.______.________ 63 _______ WwW WwW WwW WwW WwW 
Catalysts (oil refining)_________ 65 W eee eee 3 Ww. WwW 
Pelletizing (iron ore)__.-_.....-. ------_  _-----_-.) ______. 898 _.--e LL 898 
Other__._.-__-.-- ee 392 WwW 96 186 28 191 WwW 

Total___-_... 2 ee WwW Ww WwW WwW WwW WwW 2,783 

Grand total: _ 
1970___..___________... 4,926 710 6,459 2,533 982 39,244 54,853 
1969_____..____.____.._ 4,789 682 7,261 2,640 985 42,387 58 ,694 See Set 

W_ Withheld to avoid disclosing individual company confidential data. 
' Data may not add to totals shown because of independent rounding.
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Table 11.—Shipments of refractories in the United States, by kinds | 

eee 

Shipments 

Unit of 1969 1970 
Product quantity Scanned 

Value Value 
Quantity (thou- Quantity (thou- 

sands) sands) 
Eee 

CLAY REFRACTORIES 
Fire clay (including semisilica) brick and shapes, 1,000 9-inch 269,751 $56,852 224,857 $51 , 078 ; a 

~ except superduty.  — equivalent 
Superduty fire-clay brick and shapes_________.. _._.do_.__-_ 75,189 26 , 268 78,177 27 , 867 
High-alumina brick and shapes (50 percent AleO3; __..do______ "65,240 +*37 ,2936 66 ,416 40 ,673 

and over) made substantially of calcined dia- 
spore or bauxite.! 

Insulating firebrick and shapes__.___...------. -...do__.__. 160,926 r 18,026 55,285 17 ,368 
Ladle brick. ._.__._---_-_------------------. ----do____._ 205,850 27,3886 193,567 28 ,130 
Sleeves, nozzles, runner brick and tuyeres___._. _.._.do______ 154,080 15,545 49 ,873 15,803 
Glasshouse pots, tank blocks, feeder parts and 

upper structure shapes used only for glass 
tanks.! 2 

Hot-top refractories___....._...._---.---...-.. Short tons___ 37,350 3,134 29,717 2,352 
Clay-kiln furniture, radiant-heater elements, ____________ NA *10,3638 NA 9,060 

potters’ supplies, and other miscellaneous 
shaped refractory items. 

Refractory bonding mortars, air-setting (wet Short tons... «78,041 +10 , 432 69 ,507 9,681 
and dry types). 

Refractory bonding mortars, except air-setting ___._do____._ 115,970 11,972 12,106 1,529 
types.’ 

Plastic refractories and ramming mixes 3________ ___.do___.__° 171,180 +'15,855 170,624 15 ,579 
_ Castable refractories (hydraulic-setting)-.____.. _...do___.._ + 178,498 20,155 178 ,987 21,766 

eae ane castable refractories (hydraulic- _._.do_.__._ 41,168 6,168 44,576 6,819 
setting). 

Other clay refractory materials sold in lump'or -____do_.._._ 345,227 8,615 330,835 8,679 
ground form.‘ 5 

Total clay refractories___.....__________ XX +1257,507 XX 256 ,384 

NONCLAY REFRACTORIES ~ 
Silica brick and shapes__________._..__.-----_ 1,000 9-ineh 68,668 117,480 45 ,395 15,251 

equivalent 
Magnesite and magnesite-chrome brick and  ___.do__.-._ 103,642 112 ,601 92 ,912 108 ,126 

shapes (magnesite predominating) (excluding 
molten cast and fused magnesia). 

Chrome and chrome-magnesite brick and shapes _.._do_____. 21 ,637 20,816 16 ,850 17 , 831 
ri aad predominating) (excluding molten 

cast). 

Graphite crucibles, retorts, stopper heads, and Short tons_._ *16,418 +15 , 058 15,957 14, 732 
other shaped refractories containing natural 
graphite. 

Mullite brick and shapes made predominantly of 1,000 9-inch r6,153 +10,128 6,106 10 ,879 
kyanite, sillimanite, andalusite, or synthetic equivalent 
mullite (excluding molten-cast). . 

Extra-high alumina brick and shapes made pre- _..-do_..__._ 73,580 19,343 3,171 9,207 
dominantly of fused bauxite, fused or dense- _ 
sintered alumina (excluding molten cast). 

Silicon carbide brick and shapes made predomi-  ..__do..-.._ 13,793 118,526 3 , 589 13 ,745 
nantly of silicon carbide (including kiln furni- 
ture). 

Zircon and zirconia brick and shapes made pre- __..do____.. 12,310 r 6,983 1,788 6,614 
dominantly of either of these materials. 

Forsterite, pyrophyllite, molten-cast, dolomite,  -...do___.._ 25,645 +48 , 075 25 ,032 49 ,323 
dolomite-magnesite, and other nonclay brick 
and shapes including carbon refractories ex- 
cept those containing natural graphite. 

Mortars: 
Basic bonding mortars (magnesite or chrome Short tons.__ 195,305 r 8,534 90 ,283 8, 803 

ore predominating). 
Other nonclay refractory mortars..___._.... _._..do_..-_._ 25,068 r4,591 25 ,282 4,888 

Nonclay refractory castables (hydraulic-setting). _...do__..._ 138,298 r9,192 41,769 10,358 
Plastic refractories and ramming mixes (wet and 

dry types): 
Basic (magnesite, dolomite, or chrome ore __._do_._.._ 168,474 24,503 147,321 23 ,014 

predominating). 
Other nonclay plastic refractories and ram- ___.do__.... *64,316 +13 , 7108 73 ,004 15,614 

ming mixes. 

See footnotes at end of table.
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Table 11.—Shipments of refractories in the United States, by kinds—Continued 

Shipments 

Unit of 1969 1970 
Product quantity ee 

Value Value 
Quantity (thou- Quantity (thou- 

sands) sands) 

i 

NONCLAY REFRACTORIES—Continued 
Dead-burned magnesia or magnesite___._.__._.- Short tons__. 1117,326 *$8,016 159,883 $12 571 
Nonclay gunning mixes______..___.._-_------ ----do__.... 249,578 26,209 219,580 24 ,440 
Other nonclay refractory materials sold in lump _--.do___--__ * 256,303 110,506 255,141 9,580 

or ground form.! 

Total nonclay refractories_________----- XX +*359,769 xX 354 ,976 

Grand total refractories_________.------ XX +*'617,276 xX 611 ,360 
ee 

‘Tr Revised. NA Not available. XX Not applicable. 
1 Excludes data for mullite and extra-high-alumina refractories. These products are included with mullite 

and extra-high-alumina brick and shapes in the nonclay refractories section. 
2 Now included with fireclay (including semisilica) brick and shapes, except superduty. 
3 Includes data for bonding mortars which contain up to 60-percent AlsO:, dry basis. Bonding mortars which 

contain more than 60-percent AloO3, dry basis are included in the nonclay refractories section. 
4 Represents only shipments by establishments classified in ‘‘manufacturing” industries, and excludes ship- 

ments to refractories producers for the manufacture of brick and other refractories. 
5 Includes data for calcined clay, ground brick, and siliceous and other gunning mixes. 

Table 12.--Shipments of principal structural clay products in the United States | 

ee 
Product 1966 1967 1968 1969 1970 

Unglazed brick (buildings) . 
1,000 standard brick__ 7,606,237 7,117,353 7,556,809 7,289,669 6,495,995 

. Value______________._______thousands._ $292,914 $285,630 $318,365 $318,892 $287,131 
Ungtazed structural tile.._._.-_-_-short tons. 267,431 234,517 191 , 067 241,509 ________- 

Value___..._._____-___.._.-_thousands__- $5,317 $4,900 $4,169 $6,875 ________- 
Vitrified clay sewer pipe and fittings 

short tons__ 1,610,318 1,572,167 1,705,528 1,783,546 1,622,339 
Value______.___.___._.....-thousands._ $96,707 $97,330 $109,465 $120,420 $119,048 

Facing tile, ceramic glazed, including glazed - 
brick_.._._.__.____.__1,000-brick equivalent_. 292,525 230 , 064 211,223 200 , 074 167 ,070 

Value_.______.__._._.-__-_-thousands_. $25,179 $21 , 274 $19 , 708 $19 ,188 $15 ,661 
Facing tile, unglazed and salt glazed 1,000- 

tile, 8- by 5- by 12-inch, equivalent____--_-- 5,207 3,352 3,032 2,965 1,915 
Value__________._______..--_thousands__- $1,284 $837 $750 $729 $469 

Clay floor and wall tile and accessories, includ- 
ing quarry tile.._...__.__.1,000 square feet__ 272,688 257 , 5382 274,512 284,780 250 , 405 

Value___________________..-_thousands_. $133,266 $128,189 $138,319 $142,878 $126,219 

Total value_.______._._-_.-thousands__ $554,667 $538,110 $590,776 $608,982 $548,528
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Table 14.—U.S. imports for consumption of clay in 1970 
(Short tons and thousand dollars) 

Kind Quantity Value 

China clay or kaolin, whether or not beneficiated: 
Australia__._..------------------------------------------------------ 1 (2) 
Canada_____.--------------------_---------------------------------- 1,982 $29 
Germany, West____________------_----------------------------------- 3,699 49 
Japan_.____-_-__------_----------- eee 55 11 
South Africa, Republic of ........_-__-_.-.._.-----.-_-------------------- 25 1 
United Kingdom_______________-____ 2 eee eee 59 ,573 1,156 

Total.._________---- eee 65 ,335 1,246. 

Fuller’s earth: United Kingdom___________________-___----____-__ eee 66 5 

Bentonite: 
Canada___.______-_____- oe eee 60 3 
Italy_.._...____._--__- Le eee 123 . 6 

| Be "183 9 

Common blue and other ball clay, not beneficiated: _ 
Canada____.-.-_--.-_-_____-__- i eee eee 1,654 24 
Germany, West_____-_-_.__.-_-.-_-_- ~~ ~~ eee eee eee 2,755 40 
United Kingdom_____._-__.___-_-___--_-_-- eee eee 9,522 132 

Total. _.--- 22 n eee eeeeeeeeeee «18, 981 196 

Common blue clay or ball clay, wholly or partly beneficiated: | = 
Argentina_____._.__-_-__.__--_-_-_--eeee ee eeeee 55 4 
Netherlands_____.__.___.-_______-__----.--------- eee ee 62 1 
United Kingdom. ________._____-_-__-_- ~~ eee ee 3,270 86 

Total______-_._-_-__ eee eee eee ee 3,387 91 

Clays, n.e.c., not beneficiated: | | 
Canada_______-_. ~~ eee eee ee 54 3 
Germany, West____________-_________- eee eee eee eee 22 1 

Total___.___-. eee eee 76 4 

Clays, n.e.c., wholly or partly beneficiated: 
Canada.______-____-__-__-- eee eee ee 49 7 
Germany, West________________-___-_-_ eee eee 253 18 
United Kingdom____________-_-_-- eee eee 1,199 63 

OS 1,501 88 

Clays artificially activated with acid: . 
Canada_________.-___-____-_- ee eee 1,193 51 
Germany, West_______._________________-_____ eee eee eee 518 A5 
Japan___-_--_-_ eee eee eee 340 66 
Mexico._..-.--_--_- eee eee eee 10 1 

Total___.___.-_------- 2-2 eee 2,061 163 

Grand total__..______-___-_-__-__ eee eee eee 86 ,540 1,802 

1 Less than 1% unit.
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Table 15.—China clay: World production, by countries 
(Thousand short tons) 

Country ! 1968 1969 1970 P 

North America: 
Mexico_______.___ eee 83 99 87 
United States 2_.____.___.___..._._----_--.---------------- ' 4,201 4,739 4,926 

South America: 
Argentina. __.____.____._--_._--------------------------- r8l 89 e 89 
Chile___________-__ eee eee eee 29 49 53 
Colombia_______________--_--_--_~-----_-----_----------- 93 97 102 
Ecuador_._______________----------- eee eee 1 3). el. Se 
Peru___._._____.____---_---.---------------------------- 1 2 e2 

Europe: 
Austria (marketable)__________.----------_---------------- 106 107 e106 
Belgium e____.___--__-___-_- +--+ 110 110 110 
Bulgaria_.___._..____-._--_--_---.------------------------ 140 134 138 
Czechoslovakia____________.:-_.-_-----------_-_---------- 376 378 386 
Denmark ¢____________________-------------- eee 20 20 20 
France 4_____..._-_._-__.---------------------_---------- t 485 e 518 e 529 . 
Germany, West (marketable)__...___.----.---------------- 451 480 493 
Greece______.___-___-._--~___-------_--_-----+----------- r 87 e 66 e 58 
Hungary. _.______-__.__-___-_------------- eee r 69 66 79 
Italy: 

_ Crude___. eee eee eee 90 104 111 
Kaolinitie earth. ___.._____.-___._---------_---------- r21 e 22 e 22 

Portugal____..-_____._-_--____ 2 eee e+e r 46 49 55 
Romania @_______._..-____---u_- ee eee ee 55 55 55 
Spain (marketable)____________..__--__--.---------------- 250 302 e 330 
Sweden________________-___ eee eee eee 31 32 e 32 
U.S.S.R.e_. eee eee eee 1,900 2,000 2,000 
United Kingdom_____.______-___---_---_------ --- +--+ r3,115 3 , 368 3,509 

Africa: 
Angola____._-_._-___.----_------------------------------ 10 1 2 
Ethiopia__......---------------------------------------- 14 14 12 
Kenya_______.-_-____- ee eee -------- 1 2 2 
Malagasy Republic. __..._-.------------------------------ 1 .e] 1 
Mozambique_______._____-._._--..----------------------- rl 1 2 
Nigeria._.._.____-.__--------.--------------------------- (3) 1 1 
South Africa, Republic of_.....__.__------.---------------- 36 37 41 
Swaziland. ______.-_____-____-___-__------------------ +--+ 2 2 2 
Tanzania___.____.___-_-_______-__--- --__------------ +--+ 1 1 1 
United Arab Republie_....____.____----------------------- r 120 86 ¢ 88 

Asia: 
Ceylon__..___-_.__-_-.---_------------------------------ 3 3 2 
Hong Kong____.____.-._-----_--------------------------- 6 5 A 
India: 5 

Salable crude_______-._____--.-_--------------------- 172 200 222 
Processed_.__..._.----------_---------------+--------- 113 113 113 

Indonesia (kaolin powder)...___....----------------------- 8 e3 e 10 
Tran 6___________ eee 35 P37 e 39 
Japan___________-.._--------_--------------------------- 187 214 239 
Korea, Republic of. ___......__.--_----------------------- 133 149 215 ; 
Malaysia________.-__--__-_--_____---.------------------- 2 2 4 
Pakistan 7___________.--_---___-------_--_---------------- 3 4 e 10 
South Vietnam_______.__-..____-_.--_-------------------- 1 el ej] 
Taiwan ¢ 8____.__________- ue ee eee eee 11 12 11 
Thailand________.____- eee +--+ -- (9) (9) 3 

Oceania: Australia !9_____._________________------ +--+ -- 66 72 e 72 

Total____.-___________- i eee e+e 112,767 13 , 847 14,390 
ee 

¢ Estimate. P Preliminary. t Revised. 
1In addition to the countries listed, Brazil, mainland China, East Germany, Israel, Lebanon, Southern 

Rhodesia, and Yugoslavia also produces kaolin, but information is inadequate to make reliable estimates of 
output levels. In addition, Morocco and Paraguay produced less than 500 tons in each of the years covered by 
this table. 

2 Kaolin sold or used by producers. 
3 Less than % unit. 
4 Includes kaolinitie clay. 
5 Series revised to show total salable product; figures in previous editions of this chapter were total crude 

production. Processed kaolin listed was derived from so-called nonsalable crude production, which was as 
follows in thousand short tons: 1968, 386; 1969, 413; and 1970, 371. 

6 Year beginning March 21 of that stated. 
71968 and 1969 data are officially reported figures but totals may be higher owing to unreported production 

from West Pakistan. 
8 Data given are for ceramic and pottery and paper filler clays; in 1969, reported quantities were; ceramic 

and pottery 7,292 short tons and paper filler 4,960 short tons. 
9 Production unreported but small if any. 
10 Includes ball clay.
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oal—Bituminous and Lignite 

By L. W. Westerstrom 1 

Production of bituminous coal and lig- Mine Health and Safety Act of 1969. Defi- 
nite increased substantially in 1970. The nite changes were required in most mine 
output of 602.9 million tons, an increase of operations to achieve respirable dust con- 
42.4 million tons over production in 1969, trol, to increase general ventilation re- 
was surpassed in only two previous years, quirements, to make appropriate equip- 
1944 and 1947. The gain was attributed to ment changes and modifications, and to 
expanded consumption by the electric util- comply with manpower training and cer- 
ities, a greater use at coke ovens, a sub- _ tification criteria. These measures, as would 

| Stantial increase in exports, and a rebuild- be expected, increased mining costs consid- 
ing of depleted stockpiles. | erably. 7 

The big increase in demand for coal, Exports in 1970 gained 14.7 million tons, 

caused serious shortages in the first half of raising the total for the year to 70.9 mil- 
the year. Production, although hampered lion tons. Shipments of coal to Canada 
by some wildcat strikes and railway car and exports of coal to Japan and the Eu- 

shortages during the first half of the year, ropean Coal and Steel Community in- 
improved steadily during the second half creased significantly. _ 

as strikes dwindled and the car supply im- In transportation, a new coal pipeline 
proved. As a result, production was able to running from a mine in northeastern Ari- 
nearly match demand. zona to a powerplant in Nevada began op- 

Despite the 42-billion-ton increase in bi- ¢Yation. Unit-train shipments continued to __ 
tuminous coal and lignite production in grow. The rail cost of transporting coal in- 
1970, underground production in all major creased during the year. Despite increased 
coal-producing states was less than that of Unit-train shipments of coal, two general 
1969. As a result, coal produced from strip freight rate increases raised the average | 
mines in 1970 accounted for 40 percent of ail freight charge from $3.10 per ton in 
the total production, compared with 35 1969 to $3.41 per ton in 1970. 
percent in 1969. In Kentucky alone, coal This chapter includes all bituminous 
output from strip mines increased 15.3 coal and lignite produced in the United 
million tons—9.8 million tons in East Ken- States except Texas lignite and bitumi- 
tucky and 5.5 million tons in West Ken- ous coal and lignite from mines that pro- 
tucky. In West Virginia, strip-mine produc- duced less than 1,000 tons per year. All 
tion increased 7.4 million tons, and in quantity figures represent net tons of mar- 
Ohio, production increased 4.8 million ketable coal and exclude washery and other 
tons. refuse. Statistics are final and are based 

The shortage of coal, the increased cost UPON detailed annual reports of produc- 
of production, the passage of a comprehen- tion and mine operation furnished by pro- 

sive Federal mine safety law, and local and ucers. For production not directly re- 
national antipollution measures drove coal Ported (chiefly that of small mines), 
prices to an unprecedented high. The av- ccurate data were obtained from the rec- 

erage U.S. f.0.b. mine price increased from OFds of the various State mine depart- 
$4.99 per ton in 1969 to $6.26 per ton in ments, which have statuary authority to 
1970. require such reports. Thus, complete cover- 

In developments affecting underground 8¢ Of all mines producing 1,000 tons per 
coal mining, the most significant event was Y€4¥ or more is reported. 
the implementation of the Federal Coal 1 Industry economist, Division of Fossil Fuels. 
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The annual coal production canvass does are based upon railroad carloadings of coal 

not include information on employment. reported daily and weekly by railroads, 

The information, which shows the average shipments on the Allegheny and Mononga- 

number of men working daily, days hela Rivers reported by the US. Army 
worked, man-days worked, and tons per . . 

. Corps of Engineers, direct reeports from 

man per day, was obtained from the Office 7 . d hl d 

of Accident Analysis of the Bureau of mining companies, ah monthly produc: 

Mines. tion statements compiled by certain local 

The monthly and weekly. estimates of operators’ associations and State mine de- 

production, summarized in tables 4 and 5, partments. 

Table 1.—Salient statistics of the bituminous coal and lignite industry 
: in the United States 

nn 

Item 1966 1967 1968 1969 1970 
. 

Production__....-thousand short tons- - 533, 881 552 , 626 5A5 , 245 560, 505 602 , 932 

Value___._..__-----------thousands._ $2,421,293 $2,555,378 $2,546,340 $2,795,509 $3 , 772 ,662 

Consumption... ..-thousand short tons- - 486 , 266 480 ,416 498 , 830 507 ,275 517,158 

Stocks at end of year: . 
Industrial consumers and retail 

yards__._..-------------d0---- 74,466 93 , 128 85,525 . 80,482 92 ,275 

Stocks on upper lake docks_-do-_--- 2,342 2,280 1,937 1,484 1,468 

Exports 1____..----------------d0---- 49 ,302 49 ,528 50,637 56,234 70,944 

Imports !____------------ ------0---- 178 227 224 109 36 

Price indicators, average per net ton: 
Cost of coking coal at merchant 

coke ovens_.....--------------- $9.81 $10.33 $10.58 $10.75 $12.28 

Railroad freight charge ?..--------- $3.01 $3.00 $3.01 $3.10 $3.41 

Value f.o.b. mines (sold in open - 

market)._....----------------- $4.24 $4.34 $4.38 $4.65 $5.89 

Value f.o.b. mines-_ .----.--------- $4.54 $4.62 $4.67 $4.99 $6.26 

Method of mining: 
Hand-loaded underground 

thousand short tons-- 28,243 19,219 14,755 11,700 9,599 

Mechanically loaded underground 
do.__- $310,281 329,914 329 , 387 335,430 329,189 

Percentage mechanically loaded - --- 91.7 94.5 © 95.7 96.6 97.2 

Percentage cut by machine. _------ 51.0 49.1 48.4 46.2 46.1. 

Mined by stripping 
thousand short tons-_- 180 , 058 187,134 185,836 197 ,023 244,117 

Percentage mined by stripping - ---- 33.7 33.9 34.1 85.2 40.5 

Mined at auger mines 
thousand short tons-_. 15,299 16,360 15,267 16,350. 20,027 

Percentage mined at auger mines-_-- 2.9 2.9 2.8 2.9 3.3 

Mechanically cleaned 
thousand short tons-- 340,626 349 , 402 840 , 923 334,761 323 ,452 

Percentage mechanically cleaned. - - ---- 63.8 63.2 62.5 59.7 53.6 

Number of mines____----------------- 6,749 5,873 5,327 5,118 5,601 . 

Capacity at 280 days 
thousand short tons-_- 683 , 000 707,000 694 , 000 694,000 740,000 

—— 

Average number of men working daily:3 . 

Underground mines__------------- 107,614 107 ,432 102 ,940 99,269 107 ,808 

Strip mines-_--------------------- 21,752 21,439 22 , 358 22 ,323 28,395 

Auger mines. _----.-------------- 2,386 2,652 2,596 2,940 3,937 
eee sn a 

Total___._-------------------- 181,752 181,523 127 , 894 124,532 140,140 

a 

Average number of days worked: 3 
Underground mines-_-__.----------- 215 216 217 224 229 

Strip mines___-.----------------- 247 248 243 247 236 

Auger mines-.._----------------- 144 133 145 139 148 
a 

Total__.__-_-.---------------- 219 219 220 226 228 

———_—————— 
ee ee eee ee

e 

Production per man per day: 
Underground mines_-_-_-short tons-- 14.64 15.07 15.40 15.61 13.75 

Strip mines__.__----.-.------do_--- 33.57 35.17 34.24 35.71 35.96 

Auger mines_._------------do---- 44 43 46.48 40.46 839.88 34.26 
enn 

Total. _._---------------d0o---- 18.52 19.17 19.37 19.90 18.84 

a
 

1 Bureau of the Census, U.S. Department of Commerce. 

2 Interstate Commerce Commission. 

3 Based on data supplied by Accident Analysis Branch, U.S. Bureau of Mines.
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~ DISTRIBUTION AND SHIPMENTS 

Shipments of bituminous coal and lig- changes in mine inventory decreased 0.7 
| nite, summarized by district of origin, State million tons. 

of destination, type of consumer use, and = -The quantitative changes in total tons 
method of transportation, show the partici- shipped, expressed in indices, that took 
pation of the bituminous coal and lignite place throughout the country, by geo- 

industry in the local and national markets graphic division, State of destination, and 
of the United States. consumer use, are shown for the years 1957 a 

_ The distribution data by consumer use ang 1966 through 1970 in table 40. To in- 
do not necessarily conform to the con-  gicate the size of the bituminous coal and 
sumption data because the latter represent lignite market in each geographic division, 
actual use at consumers’ facilities, whereas State, and consumer use category, the 1957 

the distribution data represent shipments {ota} tons shipped are shown in lieu of the 
from the smmes, some of which were in index numbers of 100, which each tonnage 
transit or in consumers’ storage. figure represents (except those otherwise 

Total shipments in 1970 increased 6.8 noted) . 
percent from those of 1969, and most geo- - oa 
graphic divisions shared in the increase. These distribution data are based on re- 
The largest increases were in the East Ports submitted quarterly to the Bureau of 

North Central region, followed by the East Mines voluntarily by producers, sales 
South Central and West North Central re- 2gents, distributors, and wholesalers, who 

gions. Of the total 38.1-million-ton net in- "0rmally produce or sell 100,000 tons or 
crease in 1970, shipments to electric utili- ™Ore per year. The unprecedented cooper- 
ties were up 27.4 million tons. Coke and tion of these respondents resulted in their | 

gas plants increased their receipts of coal teporting about 94 percent of all coal pro- 
by 4.4 million tons, and overseas exports duced or shipped. To account for total in- 
increased 12.4 million tons, Shipments to ustry shipments, estimates for the 
retail dealers and all other industrial mar- T¢€™Maining shipments are included, based on | 
kets decreased 0.9 and 4.5 million tons, re- ata from coal trade and other reliable 
spectively. Miscellaneous items such as rail- 0! Statistical reporting agencies. 
road fuel, mine fuel, Canadian and US. Additional details of bituminous coal 

| Great Lakes dock storage accounts, U.S. and lignite distribution for 1970 are pre- | 
tidewater dock storage accounts, and net sented in a Bureau of Mines report.2 | 

| TRANSPORTATION 

Unit trains continued to increase their Car shortages were further eased, when 
share of coal traffic, particularly at new in mid-year, the N & W and the C & O-B 
mines. Innovations in coal loading were & O railroads began a permit system for 
made. At some mines, where space was the movement of export coal to their . 
available, track loops that permitted Hampton Roads, Va., port facilities. Under 
smooth, continuous loading of cars were the system, exporters or transshippers need 
installed. Coal loading and car movement a permit from the rialroad for the number 
was also enhanced by the incorporation of of cars they require, based on the expected 
facilities that automatically moved cars of arrival and availability of ships. The pur- 
various sizes and capacities by the loading pose of this system was to free more cars 
point. for movement of coal to domestic utilities 

Car utilization improved substantially by and steel plants. 
the issuance of new regulations by the In- In the fall of 1970, commercial operation 
terstate Commerce Commission, which ac- of the 273-mile Black Mesa slurry line 
celerated the return of empty hopper cars from Peabody Coal Co.’s Kayenta mine in 
to owning railroads. The regulations pro- 

hibited major coal carriers from loading 2U.S. Bureau of Mines. Bureau of Mines Bitu- 
cars foreign to their lines and required minous Coal and Lignite Distribution, Calendar 
them to return cars to the owner. year 1970. Miner. Ind. Survey, Mar. 23, 1971, 39
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northeastern Arizona, to the Mohawk pow- ables the pipeline to deliver the equivalent 

erplant at Davis Dam, Nev. began. The of one and one-half unit-train loads every 

delivery capacity of 660 tons per hour en-_ day. 

FOREIGN TRADE 

In 1970 the United States exported 70.9 the remaining 4 percent went to Brazil | 

million tons of coal, an increase of 14.7 and Chile. 

million tons over the amount exported in Shipments of coal to the Iron Curtain 

1969 and only 5.5 million tons short of the countries during 1970 amounted to 466,000 : 

record year of 1957. The increased demand tons, all destined for East Germany and 

for U.S. coal stemmed from an unprece- Romania; 1969 exports to these Eastern 

dented rise in world steel production, a de- _ Bloc countries totaled 159,000 tons. 

pletion of large coal stockpiles, and a reduc- Exports of coal fluctuated widely prior 

tion in coal mining capacity. to 1961 because of various emergencies 

After World II, bituminous coal exports abroad; since then, with no major fuel 

became an important item of foreign emergencies, exports have increased consid- 

trade, contributing significantly to our in- erably. There is reason to believe that be- 

ternational balance of payments. In 1970 cause of its high quality and competitive 

the total value of coal exported was $951 price, U.S. coal will continue to provide an 

million and represented 2.3 percent of the important part of the coal supply in Can- 

total national export value (excluding ada, Japan, and Western Europe. 

shipments for defense). Nearly 96 percent Imports of bituminous coal and lignite 

of U.S. exports in 1970 were shipped to are very small, totalling only 36,400 tons in 

Japan, Canada, and Europe. The bulk of 1970. 

| WORLD REVIEW 

World production of coal totaled 3,288 level. Production increased in Europe, Af- 

million tons in 1970, an increase of 3.7 rica, and Oceania, and declined in South 

percent over the total of 1969. The United America. 

States supplied nearly 613 million tons of Production in the U.SS.R., the largest | 

bituminous coal, anthracite, and lignite, or coal-producing country in the world, was 

| 19 percent of the world output in 1970. estimated at 688 million tons in 1970, an 

North America’s contribution to world ‘increase of 2.7 percent from the 1969 ton- 

output increased 8.2 percent from the 1969 nage. 

TECHNOLOGY 

Improvements were made in the area of _rock-dusting systems, which includes surface 

electric power distribution and utilization storage tanks that deliver rock dust 

since the passage of the Federal Coal Mine through boreholes to pressurized cars or 

Health and Safety Act of 1969. Trailing tanks for delivery to the working faces as 

cables on face equipment with regard to needed. 

the number of temporary splices permitted Production from surface mines and high- 

by the new law caused some operating dif- _ wall coal-recovery augers reached new highs 

ficulties in 1970. However, equipment and in 1970. In area stripping, large shovels 

techniques to make permanent cable and draglines accounted for most of the 

splices were perfected in 1970. production; the 220-yard dragline contin- 

With the passage of the new safety act, ued to be the largest operating machine. At 

the control of duct and methane assumed a_ large mines, where the overburden was 

position of great importance in coal mining. — thick, shovels and draglines in sizes of 100 

Dust control methods involved water infu- to 120 yards were most often used. At 

sion, use of water sprays, and improved mines where large machines could not be 

ventilation. More mines adopted bulk used, such as in mountainous terrain
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where equipment followed the outcrop, The Bureau demonstrated that slurries 
mining companies used a wide range of of coal in high-temperature tar can be hy- 
machines to remove overburden. Those most drogenated to an oil over fixed beds of 
widely used were diesel-powered shovels pelleted cobalt molybdate catalyst. 
and draglines, front-end loaders, and large wetoht. | 

bulldozers. ‘These units are easily moved coal. sluery soon one C a wri Pal ee 

from mine to mine and provide flexibility sulted in 91 percent of the moisture and 

re ng ermande Ming al A, ashtree coal ‘being converted to igus 
| nearly all of the output, ‘Tractor-miler  hyuSted to 96 percent of the pate feed, 

combinations were most often used over Sulfur content of the oil was as ‘ow as 02 

sauely Tet termin, om the Teng percent. These ress contin the techn 
stockpiles at the power plant. cal feasibility of converting coal to low-sul- 

Substantial research was conducted in rar utility tuels compatible with air pollu- 
coal utilization by the Bureau of Mines. 6 ; 
The coal gasification process, designated Coke research during 1970 continued to 

the “Synthane” process, was further devel- ¢™phasize the use of coals not presently 
oped and tested in a pilot plant for con- used in coke-making, coals of marginal 
verting coal to pipeline-quality gas. The Coking quality, and western coals for mak- 
economic and operational feasibility of the ing metallurgical-grade cokes. At the 
gasification process were judged attractive Grand Forks Coal Research Laboratory, 
by an outside engineering firm. Design of five high-volatile western coals presently 
a prototype plant is underway. The proc- used in commercial coke-making are being 

ess is capable of gasifying caking as well as investigated. All five coals require the ad- 
non-caking coals. Other advantages of the dition of low- and medium-volatile coals fo - 
process are that more than one-half of the produce a metallurgical-grade coke. Studies 
ultimate methane is produced in the gasi- completed on two of these coals show that , 

fier and that it includes an efficient and char produced from the parent coal is in 
novel methanator for upgrading the coal some cases an acceptable substitute for ex- 

gases to pipeline quality. pensive blending coals, At Pittsburgh, the 
In a second program, successful pilot addition of coal breeze to a coal-char mix- | 

plant tests at the Morgantown Energy Re- ture resulted in a stronger coke than that 

search Center demonstrated that strongly produced from a blend containing low-vol- 
caking coal can be gasified in a fixed-bed tile coal. 
unit if mechanical stirring is employed to During the year, plans were completed 

break up agglomeration in the fuel bed. between the Bureau of Mines and a major 
one reneeney ° coals dth agglomerate American coal-producing company to re- 

the locale .n which the largest potential niques developed at the Morgantown En- 
markets for synthetic gas are located. Al- "SY Research Center. The site chosen for 
though the Bureau’s fixed-bed: operation the cooperative project 1s near Cassville, 
requires the use of screened coal, it is at-  Monongalia County, W. Va. Flyash, itself a 
tractive for large-scale application, because Major waste product, is used to neutralize 
it offers high throughput and economy of the acidic components in the soil and to 
operation. act as a soil conditioner as well.
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Table 3.—Annual average unit heat value of bituminous coal and lignite 
produced and consumed in the United States, 1955-1970 1 

(Btu per pound) . 

y Total production - Domestic consumption 
ear 

Thousand Trillion Average Btu Thousand Trillion Average Btu 
short tons Btu per pound short tons Btu per pound 

me 

1955 464 ,633 12 ,080 - 13,000 A423 , 412 10,940 12 ,920 

1956 500 , 874 13,013 12,990 432,858 11,142 12,870 nn 
1957 492 , 704 12,800 12,990 413 ,668 10,640 12,860 
1958 410,446 10,663 12,990 366 , 703 9,366 12,770 
1959 412 ,028 10,581 12,840 366 , 256 9,332 12,740 ; 

1960. 415,512 10,662 12 ,830 380, 429 9,693 12,740 
1961 402,977 10,308 12,790 374,405 9,502 12,690 
1962 422,149 10,782 12,790 387, 774 9,826 12 5670 
1963 458 , 928 11,712 12 , 760 409 , 225 10,353 12,650 

1964 486 ,998 12 ,418 12,750 431,116 10,899 12,640 

1965 512,088 13 ,017 12,710 459,164 11,580 12,610 
1966 533 , 881 18 , 507 12,650 486 ,266 12,205 12 , 550 . 

1967 552 ,626 13 ,904 12 ,580 480,416 ~11,981 12,470 

1968 545,245 13 ,664 12 ,530 498 , 830 12,401 12,430 

1969 560,505 13 , 957 12 ,450 507 ,275 12,509 12,330 

1970 602 , 932 15,001 12,440 517,158 12,708 12,290 

1 Prior to 1970, the average heat content of the annual output of bituminous coal and lignite was measured 

at 13,100 Btu per pound. This value was based on an estimate made in 1949. (Wynn, Jr., George J. Average 

Heating Values of American Coals by Rank and by States. BuMines Inf. Cire. 7538, 1949. 11 pp.) In recent 

years this heat value has not been representative of the average unit heat value of the total annual coal supply 

because of the large annual increases in utilization of coal of lower heat values by the electric utility industry. 

, The annual production values shown in this table are weighted averages of known and estimated Btu values 

: of coal shipments to each major consuming sector. They include, for example, the Btu value of coal consumed 

at electric utility generating plants as reported to the Federal Power Commission and compiled by the National 

Coal Association. Currently, electric utility plants account for 65 percent of total domestic coal consumption. 

The averages for United States consumption exclude shipments overseas and to Canada, the preponderance of 

which is of high-Btu-value metallurgical coal, thus accounting for the difference in values between total pro- 

duction and domestic consumption.
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Table 5.—Production of bituminous coal and lignite in the United States, 
with estimates by weeks 

(Thousand short tons) 

ee ene LL LL I TET AE CARA PE ETS ONENESS 

1969 1970 . 

Week ended— _ Maximum Average Week ended— Maximum =. Average 
Production number of production Production number of production 

working per working working per working 
days day days day . — 
eS 

Jan. 4_____.___ 4,551 13 21,517 Jan. 3__.______ 2,735 12 21,368 
Jan. 11___._...._ 10,826 6 1,804 Jan. 10___-_____ 9,382 6 1,564 
Jan. 18__-.__..__ 11,400 6 1,900 Jan.17._____.. 11,550 6 1,925 
Jan. 25__...... 10,922 6 1,820 Jan. 24_____... 10,853 6 1,808 
Feb. 1.._-_.... 10,891 6 1,815 Jan. 31__..__._- 12,165 6 2,028 
Feb. 8._._.... 11,038 6 1,840 Feb. 7_____... 11,096 6 1,849 
Feb. 15_....... 11,229 6 1,872 Feb. 14_____.-. 11,885 6 1,981 
Feb. 22_...... 10,821 6 1,804 Feb. 21_.__._.. 11,722 6 1,953 
Mar. 1_._____- 9,218 6 1,586 Feb. 28_..___. 12,375 6 2,063 
Mar. 8._______ 7,893 6 1,316 Mar. 7_.___... 11,562 6 1,927 
Mar. 15_...... 10,196 6 1,699 Mar. 14___.._: 12,125 6 2,021 
Mar. 22______. 12,020 6 2,003 Mar. 21____... 12,285 6 2,048 | 
Mar. 29_._.... 11,733 6 1,956 Mar.28.._._.. 12,250 6 2,042 
Apr. 5... -__. 9,994 5.3 1,886 Apr.4______.. 10,746 5.3 2,027 
Apr. 12______- 10,791 6 1,799 Apr. 1il_____-. 12,195 6 2,033 
Apr. 19_..__... 11,269 6 1,878 Apr.18_____.. 11,650 6 1,942 
Apr. 26..._... 11,451 6 1,909 Apr.25_.___.-. 11,795 6 1,963 
May 3.._._-.. 11,451 6 1,909 May2_____... 10,854 6 1,809 
May 10.____._ 11,380 6 1,897 May9_____-.. 11,556 6 1,926 
May 17__..... 11,431 6 1,905 Mayi16____-_. 11,598 6 1,933 
May 24_____.. 11,617 6 1,986 May 23___.__. 11,782 6 1,963 
May 31______- 9,929 5.1 1,947 May 30__._____ 11,674 5.1 2,289 
June 7_____..- 11,723 6 1,954 June 6_______. 11,668 6 1,945 
June 14_______ 10,090 6 1,682 Junel18___.___. 12,042 6 2,007 

. June 21______. 9,924 6 1,654 June20___.__. 11,970 6 1,995 
June 28.____._ 11,325 6 1,888 June27_____.. 10,683 6 1,781 
July 5..._.._... 4,612 1.9 2,427 July 4________- 6,845 2 3,423 
July 12____-___- 4,995 2.2 2,270 July 11_______- 6,504 2.2 2,957 
July 19________ 9,253 4.3 2,152 July 18___.__.._ 10,706 4.3 2,490 
July 26________ 9,752 5.3 1,840 July 25...____.. 10,610 6 1,768 
Aug. 2__...... 11,577 6 1,930 Aug. 1_______. 10,616 6 1,769 
Aug. 9........ 11,6938 6 1,949 Aug. 8___-.-... 11,984 6 1,998 
Aug. 16.__._.. 11,521 6 1,920 Aug. 15___.... 12,595 6 2,099 
Aug. 23....... 10,675 6 1,779 Aug. 22___.-__. 12,104 6 2,018 
Aug. 30_______ 11,406 6 1,901 Aug. 29_______ 12,366 6 2,061 
Sept. 6_..____- 9,848 5 1,970 Sept.5._._.__... 12,630 6 2,105 
Sept. 13_...... 11,632 6 1,989 Sept.12.....__ 11,395 5 2,279 
Sept. 20._..... 11,839 6 1,973 Sept.19__._... 12,664 6 2,111 
Sept. 27_._....__ 11,980 6 1,988 Sept. 26._...._ 12,706 6 2,118 
Oct. 4.._._..._ 11,658 6 1,943 Oct. 3___---__. 12,265 6 2,044 
Oct. 11_....... 12,086 6 2,014 Oct.10_.-____. 12,852 6 2,142 
Oct. 18_..-._.. 11,567 6 1,928 Oct.17___--... 12,613 6 2,103 
Oct. 25........ 11,874 6 1,979 Oct. 24__._._.. 12,474 6 2,079 
Nov. 1...----. 11,869 6 1,978 Oct. 31_.---... 12,605 6 2,101 
Nov. 8_._..-.. 11,607 6 1,985 Nov. 7_-.-._.. 12,886 6 2,147 
Nov. 15______- 10,670 5.3 2,018 Nov. 14_______ 11,869 5.3 2,240 
Nov. 22_...... 11,678 6 1,946 Nov. 21__.._.__. 18,205 6 2,201 
Nov. 29...-_.._ 10,579 5 2,116 Nov. 28._._... 10,723 5 2,145 
Dec. 6___..... 12,499 6 2,088 Dec. 5_____... 18,192 6 2,198 
Dec. 18______- 12,333 6 2,056 Dec. 12______- 11,792 6 1,965 
Dec. 20_._._.. 12,056 6 2,009 Dec. 19__.__.. 18,285 6 2,206 
Dec. 27______- 8,261 4.5 1,886 Dec. 26______- 9,075 4.5 2,017 
Jan. 3__.. 5,922 13 21,974 Jan. 2_____ LL 8,223 14 2,056 

Total... 560,505 295.9 1,894 Total. __ 3 602,932 296.7 2,032 
nS 

1 Figures represent output and number of working days in that part of week included in calendar year shown. 
2 Average daily output for the working days in the calendar year shown. 
3’ Data may not add to total shown because of independent rounding.
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| COAL-—BITUMINOUS AND LIGNITE 34] 

Table 9.—Production of bituminous coal and lignite in the United States, in 1970, 
by districts, and by underground, strip, and auger mining 

(Thousand short tons) 

District Underground Strip Auger Total 

1. Pennsylvania eastern__..-....----- 22,859 21,124 661 44 ,644 
2. Pennsylvania, western__.....-.-.-- 34,678 5, 749 119 40 , 546 
3. West Virginia, northern_.___._...-- 34,180 8,784 180 43,143 
4A, Ohio__._-_.___-__-__------------ 18,111 35,818 1,422 55,351 
5. Panhandle___..-..-_..-.-----.--- 8,466 348 wo----e 8,814 
6. Southern Numbered 1.__-...-.---- 33 ,293 4,747 987 39 , 027 oo 
7. Southern Numbered 2.____....---- 113 , 229 34,628 16,198 164,056 
8. West Kentucky___.._-.--..--.----- 19 ,367 33,131 305 52,803 
9. Illinois_.___..___--._-.----------- 32,093 33 , 026 pau eee 65,119 

10. Indiana_._-________..-_-----.----- 2,094 20,169 meee ee 22 ,263 
11. Iowa______---_ ee 423 565 -----ee 987 
12. Southeastern. _______.......------ 10,019 12,094 149 22 , 262 
13. Arkansas-Oklahoma__._..-.-.-..-- 270 617 q 895 
14. Southwestern______.._.._.-..-_--- wou eee 1,874 eeu 7,874 
15. Northern Colorado___..._...------ 581 wee eee ------- 581 
16. Southern Colorado_._._._...------ 4,215 2,167 ~------ 6,382 
17. New Mexico_____-_--.--_-_--_--- eauanee 6,556 ~------ 6,556 
18. Wyoming____...-........----.--- 118 7,105 ween eee 7,222 
19. Utah____- ee 4,733 pe -eoee weeee ee 4,733 
20. North-South Dakota__.__.._--.-.- ~------ 5,639 ------- 5,639 
21. Montana_______-_-_-___----.--ee 28 8,419 pee eeee ‘3,447 
22. Washington___._..._._..--.------ 32 554 wo---ee 586 . 

Total 1-- 22 338 , 788 244,117 20,027 602 , 932 

1 Data may not add to totals shown because of independent rounding.
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344 . MINERALS YEARBOOK, 1970 

Table 12.—Method of haulage at bituminous coal and lignite underground mines 

(Thousand short tons) 

. . Production from mines 

State Reporting Reporting Reporting With . Not 
rail mine  rubber-tired shuttle conveyor reporting Total 

cars mine cars buggies haulage type of 
only haulage 

Alabama_..-...-...----- 4,602 -.-------. ) -2w eee ee 4,358 118 9,078 
Arkansas....-.---.------ 45 -.-------- -----.---- 6 --.-.----- 51 
Colorado__...-_.-__..--- 1,791 .-.------. 2 878 1,187 3,858 
Tilinois. 1.22... --..- 4,446 ...------. ) ---------- 27,257 390 82,093 
Indiana__-._.__-__.-___- 185) -2oeee eee Lee ee 1,909  -..---___- 2,094 
Towa__.......--.-------- 423 --ue eee ene enn nnn eee eee eee 423 
Kentucky_..-...._-.---.- 16,485 5,887 2,997 25,046 12,195 - 62,610 
Maryland._.........-..-. 8 2 46 135 47 238 
Montana (bituminous) --_-- 28 none eee eee eee ee eee eee eee eee eee 28 
New Mexico_-__-.-_-.-.- 0 .------- | eee ee eee Lee ee 988 _..---_-_- 938 
Ohio___...-------------- 11,430 10) _--- ~~~... 4,348 2,323 18,111 
Oklahoma._...-.--.----- 0 --- eee eee eee ne eee 219 ___--- LL. 219 
Pennsylvania. ..-._--..-- 33,048 64 15 20,096 2,159 55,382 
Tennessee___...--_-.-._- 1,134 244 35 2,188 749 4,350 
Utah___---.-...---2-- Le 3,061 - 90 _.- LL... 845 137 4,733 
Virginia.._.....-._.--_- 7,478 5,305 21 14,517 697 28,018 
Washington___._.___--_-. 820 Leen eee ee eee eee ee Lee eee eee eee eee 32 

' West Virginia....._.----- 79 , 556 2,182 — 849 82 ,286 1,591 116 ,414 
Wyoming._.-..-. 22-2 Lo ieee eee Lee 110 q 118 

Total. _..-.--.---- 163 , 753 13 , 734 3,965 135,136 22,200 338 , 788
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: 346. . MINERALS YEARBOOK, 1970 . 

| Table 15.—Number and production of underground bituminous coal and lignite _ 
mines using gathering and haulage conveyors, and number and length of units in use, 

in the United States, by States 1 | 7 . 

Number ' Production Number .. Average Total 
of mines (thousand of units . length length | 

State short tons) in use - (feet) (miles) 

| 1969 1970 1969 1970 1969 1970 1969 1970 1969 1970 

Alabama_-_.------ 7 6 3,389 4,869 84 67 2,076 1,836 988.0 23.8 
Arkansas_..:..-. © 1 1. 25 6 2 - 2 1,500 1,500 6 6 
Colorado_-_._.--- - 6 11. 1,961 1,908 27 - 31 2,168 1,172 11.1 6.9 
Tilinois__.-...--- -20 23 29,663 30,755 204 246 2,478 2,743 95.7 127.8 

a Indiana__..._..-. 2 1 1,888 1,909 13 9 2,600 5,400 6.4 9.2 
. Kentucky: _.--~- &4 75 39,385 83,230 436 338 1,807 1,881 149.2 120.4 

Maryland. ___--- 4 4 196 135 7 7 1,057 928 1.4 1.2 
New Mexico. --_-- 1 1 832 988 6 #8 2,550 2,550 2.9 3.9 
Ohio___...-..--- 19 19 15,914 17,697 108 = =s_—s«daO7,—i‘ia1 9954 2,121 40.0 43.0 . 

Oklahoma.-.--_-_--. 2 — 2 115 219 2 8 500 =: 11,625 2 2.5 

Pennsylvania__.. 109 96 36,925 35,100 © 574 562 1,896 1,875 206.1 199.6 

Tennessee. ....-. . 9 6 2,163 2,280 - 40 ~~ 24 2,739 3,003 . 20.8 13.7 
Utah._.-------- 12 13. 4,084 5,186 45 65 1,397 (1,287 11.9 15.8 

: Virginia_._...--. 40 44 18,598 18,256 232 308 2,179 2,209 95.7 | 128.9 
West Virginia -__-- 317 284 95,424 89,6389 1,313 1,226 1,810 2,075 450.1 481.8 
Wyoming__.....- 1. 1 122 110 4 4 1,500. 1,500 1.1 1.1 

Total__--- 634 §87 250,584 241,737 3,097 3,012 1,920 2,068 1,126.2 1,179.7 | 

1 Includes all mines using belt conveyors, 500 feet long or more for transporting coal ‘underground. Excludes 

mainslope conveyors, _ “ .
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Table 19.—Bituminous coal and lignite strip mines using power drills in bank | 
or overburden in the United States, by States — 7 

eee 
Production Number of power drills 

Number © ————_——— —« —— SSC 
of mines Quantity 

State (thousand Horizontal Vertical Total 
short tons) | 

1969 1970 1969 1970 1969 1970 1969 1970 1969 1970 — 
eee 

Alabama__.....-_..... 47 51 7,169 7,173 5 7 48 50 53 57 
- Alaska__... 2252222222 3 a) 667 - -———*+B4Q- I BB a rn 
Arizona...-.-.2- 22...) LL. Lo wee 1382 Le ~-- --- . 2 a 2° 
Arkansas_....._._.____ 4 4 160 194 1 1 3 4 4 5 
Colorado. .._..__-_____ 7 q 1,905 2,165 2 2 qT 9 9 11 
Tllinois_..-._2 Le 27 26 32,199 32,750 19 21 22 27 Al 48 
Indiana___._..________ 24 25 17,823 18,241 9 9 33 36 42 45 
Towa__...-..---._____- 9 9 482 544 8 8 il 9 19 17 
Kansas__...-._.._____- 4 5 1,313 1,627 T 9 1 1 - §8 10 

SSMS a ms 
Kentucky: . 

Eastern. __________ 57 65 6,122 6,182 27 30 42 45 69 75 
Western_.......... 31 30 22,713 24,099 11 12 AT 48 58 60 cE 

Total._......... 88 95 28,885 30,281 38 42, —s 89 93 127 1385S 
Maryland___-..-.---.. 10 8 .- 552 500 2 2 5 4 7 6 . Missouri... .........-- 8 9 3,299 4,447 10 9 5 6 15 15 

Montana: 
Bituminous_______- 2 2 166 3,096 ___ --- 2 | 4 2 4 oo 

. Lignite_______..._. 1 --- Lo -- +--+. 1 --- --- --- it --- | 

, Total. ________- 3 2 167 3,096 1 --- 2 4 3 4 
New Mexico_______-_._ 2 2 3,628 6,406 1 2 3 1 4 3 
North Dakota (lignite) __ 1 2 1 7 1 1 a iil 1 2 
Ohio___..--..---.--_.. 106 101 25,490 30,589 33 43 106 99 189 142 
Oklahoma. ___________- 5 6 1,048 2,197 4 7 8 6 12 13 . 
Pennsylvania____._._.___. 214 225 18,348 14,467 46 40 134 138 180 178 
Tennessee___._...____. 30 44, 2,050 2,160 18 22 25 31 43 53 
Virginia_......-_.._._.. 17 19 1,610 2,247 7 7 21 24 28 31 
West Virginia__....._.._ 140 118 11,484 11,710 44 39 94 95 138 134 
Wyoming.___-_.___.___. 5 5 2,400 4,492 5 4 6 6 11 . 10 eee 

Total___..-_.... 754 767 155,530 175,974 262 276 626 649 888 925 Ss 

Table 20.—Equipment used at bituminous coal and lignite auger mines a 
in the United States, in 1970, number of units OO 

State Augers Power Power Bull- Front-end Power Motor 
. shovels drills dozers loaders brooms graders 

eee 
Alabama. —__-..----_.-.____ 2 _- -- 2 _- -- 
Kentucky__2...-...-_..... 218 17 8 59 8 -- 1 
Maryland____._._-_.______ 7 -- -- 1 1 _- -- 
Ohio__..2.2-2- 2 45 1 -- 11 7 -- 2 
Oklahoma_____.____._.____ 1 _- -- a -- -- -- 
Pennsylvania__........_... 48 3 5 3 3 -- -- 
Tennessee___... 2. 7 1 -- 4 1 -- 1 
Virginia____....-_.__._____. 85 _- 3 13 14 oe 2 
West Virginia.__............ 154 2 23 151 43 _ 5 

Total___....._.._... 562 24 39 304 77 -- 11 
EE eT 

Table 21.—Bituminous coal and lignite mechanically loaded underground 
in the United States, ‘by type of loading equipment 

(Thousand short tons) 
i 

Type of loading equipment 1969 1970 
ee ne 

Mobile loading machines: 
Direct into mine cars or onto conveyors._...___---.-_._-_.___-____ 22,178 23 , 303 
Into shuttle cars__._-__-_ eee 133 , 222 128 , 073 

Continuous-mining machines: 
Onto conveyors. .______________-..-_-_._-__. eee 17,574 13,871 
Into shuttle cars or rubber-tired mine cars__._____________.__._____ 125,943 128,214 
Onto bottom.____-___.-2 eee 29,125 27,810 

Longwall machines. .__.___.____..-__--_.-_.__-_____ 6,344 7,132 
Duckbills, scraper loaders, hand-loaded conveyors. .....__..._......___- 1,046 784 

Total mechanically loaded 1___._._____....-..-_____ ee 335,431 329,189 
eee 

1 Data may not add to totals shown because of independent rounding.
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_ Table 24.—Production at bituminous coal and lignite underground mines 
, in the United States, by States and methods of loading — - 

, (Thousand short tons) mS | 

mo | vo Hand-loaded _ Mechanically loaded Total underground 
State production. 

1969 1970 1969 1970 1969 1970 : 

Alabama. ....2--..----..-.---- 188 109 9,098 8,969 _ 9,287 9,078 
Arkansas_.-.------------------  ------- w------) 61 51 61. 51 
Colorado_....--...---.-.-.--.- 12 i ~ 3,603 3,847 - 3,615> 3,858 - 
Iilinois__......-.--..-.-------- 3 ww----- 30,079 32,093 30 , 082 32,093 . 
Indiana__.._.-...-------------  ------- 0 wee eee 2,110 2,094  — 2,110 2,094 

, Iowa_-....---.-..------------- 2 2. 366 421 : 368 423 
a Kentucky.._..-..-.--------.-- 6,048 5,076 58,288 © 57, 534 64,336, 62,610 — 

Maryland____...--..-.-_-_-...- 82 45 240 193 322. 238 
Missouri__-__-.-.--...----.---- 1 ------- ~------ ------- LO Lee 
Montana_.._....---.--..-.---- 1 wane nee | 38° = §=—— 28 35. 28 
New Mexico_..__..-.-..-.--.--. 4 bene 832. - 938 836 | 938 
Ohio_.._..--.---..------------ 144 61 18,481 18,050 18,625 18,111 | 
Oklahoma.__...-.--..----------  ~-_---- wennnee 115 219 115 219 

: Pennsylvania_-.-.-._-.-.------ 257 149 55,782 55,2383 .- 56,039 55,382 
Tennessee. __.....--_-----.---- 423 161 4,050 - 4,189 - 4,473 4,350 | 
Utah__..-.-.---------- eee 5 138 ~=——4, 652 4,720 | 4,657. . 4,733 . 
Virginia......-.--.-------.--.- 2,420 1,998 27,953 26,020 30,373: £28,018 | 
Washington__.....---2. ee eee ee eee ee. * 538 32 53. 32 
West Virginia__.....---..-_-~.-- 2,111 1,974 119,512 114,440 121,623 116,414 
Wyoming......----.-----------  ------- a 122 118 122 118 | 

Total 1__..--..-.-------- 11,700 9,599» 835,480 = 829,189 347 , 132 338 , 788 

1 Data may not add to totals shown because of independent rounding. . 

Table 25.—Mechanical cleaning at bituminous coal and lignite mines in the 
United States, in 1970, by States 

oo (Thousand short tons) 

Mechanical cleaning -- | | 
. Total ——— 

State production Number of Cleaned 
; cleaning Raw coal coal Refuse 

plants | 

Alabama_.-...----------------- © 20,560 22 21,382 18,228 8,158 
Alaska. -..------------~-------- 549 2 91 58 34 

. Arkansas......-.------~.-------- 268 1 29 27 2 
Colorado__....-.--------------- | 6,025 3 2,336 2,029 307 
Illinois. --.--.------------------ 65,119 39 64,134 §1,151 12,983 
Indiana__.....--.---------.---- 22,263 12 22,924 17,711 5,214 
Kansas___.-..------------------ 1,627 3 2,374 1,621 753 
Kentucky. ._---.--.-----.------ 125,305 49 51,290 40,094 11,195 
Missouri_.._.--.---.--.-----.-- 4,447 4 2,815 ' 2,086 780 
New Mexico_._.._-...---------- 7,361 1 1,168 930 — 239 
Ohio__.-...-------------------- 55,351 18 19,540 14,528 5,012 
Oklahoma. -.-.----------------- 2,427 4 798 . 447 351 
Pennsylvania__.....-.-..--.---- 80,491 74 68,201 51,284 16,917 
Tennessee. ___-.-_-------.------ 8,237 4 1,961 1,533 429 
Utah_._-....------------------- 4,733 7 4,002 3,434 568 
Virginia_..-....--------.--.---- 35,016 33 27,247 20,978 6,270 
Washington._..-..-..-----._---- 37 2 69 32 37 
West Virginia__.._.-.-------.---. 144,072 136 136 , 166 102,259 33,908 | 
Wyoming. ____.----------------- 7,222 1 79 77 2 
Other States 1_.._.._..-.-------- 11,820 --- ------- ~------ w---2-- 

Total 2._--..-.-----------. 602,932 415 426 ,606 323,452 103 , 159 

1Includes Arizona, Iowa, Maryland, Montana, and North Dakota. 
2 Data may not add to totals shown because of independent rounding.
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'- "Fable 26.~Mechanicai cleaning of bituminous coal and lignite in the — 
United States, by types of equipment 

(Thousand short tons) ; . LY 

Pe Type of equipment a - 1969 1970 

Wet methods: : / | Cos 
JigS_------ ee ee ee ee eee 155,027 140, 457 
Concentrating tables_................--.------_---------e------- (is 45, BBB -. 44,058 
‘Classifiers... .......-----..------------ eee eee 3,401 3,593 
Launders___..._._.....-.--------------2------------- +e 4,644 5,199 oe 

Dense medium processes: | | | 
|. Magnetite_._.-...- 22 e ee eeeee 71,701 76,590 - 

Sand__.___...----.-------- ~~~ eee 24,023 . 28,290 ... 
Calcium ehloridé_--.--------------.------------------------ - 1,911. 1,714. - 

. Total t__... 2. ene 97,636 101,593 
Flotation......-....-.-.---.2-- +2. eee eee eee 9,560 10,694 

Total, wet methods 1______.. 222 -eeeeeeeeee 315,596 305, 594 
Pneumatic methods____......-..---.----------------2------2--- eee 19,163 17,855 

_ Grand total !____..-2---- ++ e eee =e 334,761 323,452. 

1 Data may not add to totals shown because of independent rounding. - Aan . 

_ Table 27.—Mechanical cleaning at bituminous coal and lignite mines in the , 
: ~ United States, in 1970, by States and by underground, strip, and auger mining 

7 . . Oo (Thousand short tons) 

oo, w Underground mines | Strip mines . Auger mines Total, all mines 1 

. State | | Total . Total Total Total 
produc- Cleaned produc- Cleaned produc- Cleaned produc- Cleaned 

. os tion tion 7 tion tion . 

Alabama___.._..-------- . 9,078 8,732 11,339 4,490 143) 2 ee | 20,560 -18,223 
Alaska. ....2.--.-------- -2---- fee eee 549 58 ...---. ------- 549 58 
Arkansas.__.....-...-..- 51 ___---- 217 | 268 27 
Colorado_._......-..-... 3,858 1,999 2,167 ek: ) | eee 6,025 -2,029 
Tilinois............-.-.-. 82,098 22,841 38,026 28,310 -_-.... -..-... 65,119 51,151 
Indiana.......--...-.... 2,094 1,384 20,169 16,327  -._.-.. --..-.-. 22,263 17,711 
Kansas.._....-.--. 22-222 eee eee eee ee 1,627 1,621) ..-.--- flee 1,627 1,621 
Kentucky. ............-. 62,610 26,161 52,8386 138,932 9,859 .L..... 125,305 40,094 
Missouri_.__.----------. wee eee wee 4,447 2,086 c--eo feel: 4,447 2,036 
New Mexico_._---......- 938 930 6,428 ...-.-- -------) Luu eeee 7,361 930 
Qhio_.......-.---------. 18,111 11,592 35,818 2,707 1,422 _ 229. 55,351 14,528 
Oklahoma. .............- 219 219 2,201 220 TT BART 447 
Pennsylvania_........... 55,882 41,981 24,447° 9,261. 661. +..42 #£80,491 51,284 
Tennessee. __......._.... 4,850 1,494 3,729 . 39 157 ...---- 8,237 1,533 
Utah._-.....-.-.-....... 4,783 $3,484 ..-----) peewee ene e eee 4,733 3,434 
Virginia...............-. 28,018 20,798 5,108 #93. 1,895 93 35,016 20,978 
Washington__._......--- 32 32 § cue e eee eee eee tee eee 37 32 
West Virginia............ 116,414 98,853 21,885 7,548 5,772 1,858 144,072 102,259 
Wyoming ___...-.-____--. 118 - 77 7,105) -.2---.  -ee---- +--+ ---- 7,222 V7 
Other States 1_._...._--_ 689 -....-. 11,021 -._---- V1.2.) 11,820 -- Lee 

Total 2._._...-.... 338,788 235,022 244,117 86,699 20,027 1,729 602,982 323,452 

1 Includes Arizona, Iowa, Maryland, Montana, and North Dakota. 
2 Data may not add to totals shown because of independent rounding.
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Table 28.—Mechanical crushing of bituminous coal and lignite at mines in the 

, United States, by States : 

nce . 

Number of plants Coal crushed 
State crushing coal (thousand short tons) . : 

: 1969 1970 1969 1970 a 

Alabama. -..----.----------- 22 - 26 7,865 . 7,838 

Alaska. _....---------------- 3 3 667 670 

Arkansas. .....-------------- 6 4 206 _. 4178 

- Colorado....-..--..---.------ 34 28 8,496 3,450 

Tllinois......-.-.-----.------ 56 50 41,291 . 41,085 

Indiana_.....-.-.----------- 26 21 13 , 632 18 ,600 

lowa__--.------------------- 12 11 "157 "838 
Kansas_..........----------- 1 1 250 250 

Kentucky_....--.----------- (187 145 43 ,122 48,070 

Maryland. .----.--.--------- 9 12 — 694 154 

Missouri... .---------------- 47 8 . 2,874 - 2,896 

Montana: . as 

Bituminous._.......----- 10 , 6 710 845 

Lignite.....-.-.--------- 2 2 306 200 

Total... -.2..-~.-.--- 12 8 _ 1,016 1,045 . 

New Mexzico.....-.---------- 4 4 / 4,464 4,456 

North Dakota (lignite)-...---- 15 14 . 4,542 . 4,567 

Ohio_.......--.------------- 95 . 98 . 26,128 26,106 

Oklahoma.....-------------- © 5 ff 6 . 1,520 1,500 

Pennsylvania... ..-------.---- 163 154 87,348 36,950 

Tennessee. _...-.-----.------ 43 43 . 4,072 3,935 

Utah___-.-.---.------------- 14 14 1,605 1,595. 

Virginia.....--.--.---------- 64 6 | 16,189 16 ,056 

. Washington-......----------- _ 3 2 11 4 

a West Virginia.........------- 217 225 51,227 50 , 967 

Wyoming. --....------------- 8 11 2,477 2,422 
. 

' Total. ....---..------- 946. 958 265 , 353 264,182 , 

‘Table 29.—Thermal drying of bituminous coal and lignite in the United States, | 
by type of drying equipment 

‘Number of thermal | Thermally dried | 

oe Type of drier . _ drying units (thousand short tons) 

1969 1970 - 1969 -1970° 

ere oe ts PE SS ST SN 

Fluidized-bed__.........-..--.--- 80 15 40,689 . 42,595 

Multilouver.........----.--..---- - 29 24 10,067 8,554 | 

Rotary.......----------.-------- 5 4 1,204 876 

Screen... _....-.-..-------------- 25 16 5,100 4,806 

Suspension or flash. -..----.------ 85 29 7,381 5,410 

Vertical tray and cascade_._.....-- 18 15 2,691 1,924 
ee 

- Potal.-....-.------------- 192 168 67 , 082 64,165 
ee 

Table 30.—Comparison of thermal drying of bituminous coal and lignite | 

with mechanical cleaning at mines in the United States, by States , 
(Thousand short tons) . 

a UT OO 

Number of cleaning plants Production 
—_————— mechanically Thermally 

State Total With thermal cleaned dried 

drying 

1969 1970 1969 1970 1969 1970 1969 1970 
a 

Colorado. _.....--.------ 4 3 1 1 1,701 2,029 552 648 

Tilinois.......-.--.-----. 48 39 21 16 54,911 51,151 10,717 10,129 

Indiana.....-.---------- 11 12 4 3 16,570 17,711 1,813 1,942 

Kentucky._.-..--------- 52 49 10 9 47,149 40 ,094 3,529 3,296 

North Dakota (lignite)....  --- --- 2 2 ~------ eee 112 199 

Ohio.._.....-.-----..--- 19 18 6 6 15 ,567 14 ,528 4,212 8,555 
Pennsylvania.....-..---- 77 74 10 9 50 , 755 51,284 4,547 6,143 

Utah._...--------------- 6 7 2 2 3,157 3,434 715 1,120 

Virginia........--.-.---- 88 33 8 10 21,176 20,978 10,121 8,589 
West Virginia........-.-- 143 186 55 53 106 ,297 102 , 259 30 , 764 28 ,544 

Other states_.....-...--. 47 44 --- --- 17,478 19 ,984 waue--- ~------ 
nC 

Total__......-.... 485 415 119 111 334,761 323 , 452 67 , 082 64,165 

qemeeesfaredeinmenem eee pener P 
 n
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Table 31.—Thermal drying of bituminous coal and lignite at mines in the United States, 
: by States | 

(Thousand short tons) 

Number of Grand total Thermally 
State thermal drying | production _ dried 

1969 1970 1969 1970 1969 1970 

Colorado. .........-----.--.----------- 1 1 5 ,530 6,025 552 648 oe 
Illinois. _.-......--.--.---.-..---------. 389 24 64,722 65,119 10,717 . 10,129 | 
Indiana. _.......-.-..-----.----------- 5 4 20,086 | 22,263 1,813 1,942 . 
Kentucky -........-..--.--------------. 18 ..12.. 109,049. 125,305. ..-3,529 - -$,296 = == 

a “North Dakota (lignite)........-.-.------ 2 2 4,704 5,639 | 112 199 
Ohio___.--...-._------_--------------. 18 13 51,242 55,351 4,212 3,555 
Pennsylvania___.........--------.----. ll ill 78,631 80,491 4,547 6,143 
Utah_-.._-.-.-- 2 eee 2 2 4,657 4,133 715 1,120 
Virginia__.........-_.-.-------.-.-.-.. 19 23 35,555 35,016 10,121 8,589 
West Virginia_...........-.--.-.---.-.. 82 71 141,011 144,072 30 , 764 28 ,544 
Other States_........--..--------------  --- --- 45 ,317 58 ,918 woe-e-e wouanee 

. Total__.._-.--_--_-.------..-... 192 163  1560,505 602 , 932 67 ,082 64,165 

1 Data may not add to total shown because of independent rounding. 

Table 32.—Bituminous coal and lignite loaded for shipment by railroads and 
by waterways in the United States, in 1970, as reported by mine operators 

(Thousand short tons) 

Total 
: . Route | State By State for route 

— RAILROAD . 
Alaska__..-..----._----_.---_--.--- +e. -- Alaska_....-. ~~ ------- 457 457 
Atchison, Topeka & Santa Fe.__..........-..--. /fIllinois.-_---.----------- 807 1.640 

New Mexico_---..--_---- 1,333 * 
Tilinois.........-.-.----- 449 . 

Baltimore & Ohio. .......-..------_---_-----... JOhio._.--_..-22 2+. 10,116 32.752 
[Wraet Vives toro 7727 2,679 wae 
West Virginia.......-..-- 19 ,508 

Bessemer & Lake Erie_.__..................... . Pennsylvania-___....-.--- 2,002 . 2,002 . 
Tilinois....-.--.---2-- ee 10,788 

Burl Northe Montana (bituminous and 288 urlington Northern_.._..........------------- ontana (bi inous an 
lignite)__._...-.---.--- 8,416 19 , 268 

North Dakota (lignite). --- 2,754 
oo Wyoming____.-.-..------ 2,072 

Cambria & Indiana_.._..........-_.......-.-.. Pennsylvania... .....--.-- 2,817 2,817 
Carbon County. _..-.....-.-.-----.----------. Utah......---..------.-- 651 651 

Ch ke & Ohi eEntcky ~~ -------777-7- 18, 838 
Chesapeake 0 io_-- 2 eee 

| Virginia -o 2222222 13 69,718 
. West Virginia_........_-- 40 ,820 

Cheswick & Harmar. -_.____.._._.-.--.--..-.... Pennsylvania__......---- 174 174 
Chicago & Eastern Illinois__............-------- (aMpois”--772oooo 722 rro77 2,766 } 5.455 

Indiana. _........------- 2,689 
Chicago & Illinois Midland._._............-.... MTllinois._.......-.-.--_-- 1,880 1,880 
Chicago, Milwaukee, St. Paul & Pacific.......... Indiana-__-.-..--_------ 3,861 3,861 
Chicago & North Western..............-..---.- /Illinois._....-..-.------- 1,758 1.768 

Jowa._....-..--.-------- 5 ’ 
Chicago, Rock Island & Pacifie_............--.-. JTllinois..._..-..-.---..-- 1,474 1.794 

Towa....-.-....--.------ $20 , 
Clinchfield_.........-.-.--.-..-_.---_--._..... /Kentucky._...--.-.----- 639 4.812 

Virginia. .........-..-.-- 4,173 ’ 
Colorado & Wyoming_..__.._..-_.-......-..... Colorado_...-......----- 602 602 
Denver & Rio Grande Western_....._......----- Gah nnn oor rco 3,756 } 5.808 

Utah_._.-- ee 2 ,052 ’ 
Erie-Lackawanna............-.-..-_-.....---.. Ohio_._--.-..--_.-----.- 174 174 
Gulf, Mobile & Ohio....__..._......-.-._...... Mllimois.......-.-.------- 5,936 5,986 
Tilinois Central._.............2.2.-2- 2-22 eee {Kentucky 22227727200772 14,872 27 621 

Kentucky-_._...-.-.---.. 12 ,749 ’ 
Interstate. _..-....----.---.------.....------- Virginia_...........--.-- 4,626 4,626 
Kansas City Southern....._.......-.-.-.--..--- (Okibomay 2227772222772 1,045 1.421 

Oklahoma____-_._.__-.-- 876 ’ 
Kentucky & Tennessee__._..................-.. Kentucky... .-.-.-...- 407 407 
Lake Erie, Franklin & Clarion.................. Pennsylvania........._.- 368 868 

See footnotes at end of table.
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: Table. 32.—Bituminous coal and lignite loaded for shipment, by railroads and 
by waterways in the United States, in 1970, as reported by mine operators—Continued | 

_ (Thousand short tons) 

| Total 
Route State By State for route 

RAILROAD—Continued _ 
ame nttctrrccc too 2,298 

Louisville & Nashville_.....-..--..---.=-------- )Kentucky~.--.----------- 43 ,231 46 ,345 
. (Fenmessee- ~---------27-- 579 

. oS Virginia_.._....-2--.202.- 237 
Mary Lee.__.--..._-.-.--.------.--..---..-.. Alabama.__._.-2 ~~~... 928 928 

. (Kansas_.....-..-222-.--- 1,165 | 
. Missouri-Kansas-Texas.............-.---------- }Missouri_....._.-...-..- 458 }.. 1,856 

(Oklahoma... 2-2-2222 233 
Arkansas_._..---.-.----- 237 |. 

Missouri Pacifie_...-.--- ~~ eee Tilinois._.-.--.--- 5,439 | 5 701 

: Missouri. ._.....--..---- 8 ’ 
, Oklahoma_--------.----- 17 | 

Monongahela. _......--.-.-...-.-.---......-.. West Virginia... . | 7,302 . | 7,302 
. Towa...-.-..-------- 2+. 15 

- Kentucky. _.-..-.-_-_--- 11,724 
Norfolk & Western... ..2_ 2-2 ee Missouri_._..-----_-_.-- 309 73 200 

oo, : . Ohio... 2.222 7,296 , 

Virginia__...--2-- 22 ee 20 ,694 
West Virginia.__..._....-_ 38 ,102 

Penn Central (includes coal shipped over Kanawha {Illinois_......_._....-_.-- 2,940 
& Michigan, Kelley’s Creek, Toledo & Ohio Cen- |Indiana._._.._.--__.__ 9 ,262 
tral, and Zanesville & Western)_.__.........-.. j{Ohio_....-.- 2-22-22 _- 11,756. 50 ,967 

Pennsylvania...---.-..-- 21,835 
a West Virginia._.....__. 2. - 6,174.5. - 

| Pittsburgh & Shawmut__...._............-...-.. Pennsylvania_..-......-. |” 2,220 2,220 
. Vaabamas ~-----77---777 ~ 337 

St. Louis—San Francisco_..._........-.-.--..-.. ]Arkansas_._......- 22 .-- 21 2 503 
. Kansas_.-._-------.----- 416 (— , 

. Oklahoma._..__..-...--- 1,729 
Soo Line_._--_-.....---.-------.---.-.-...-.. North Dakota (lignite) ____ 511. 511 

. . Alabama. __....--.------ 3,413 
7 Indiana__-_.-------__--- - 1,498 

Southern.__--.---.--..----------------.-.--.. {Kentucky .--.-_-.22--. 523 11,418 
Tennessee. ._..--...- 2 - 2,424 
Virginia...-...--.-...--- 3,560 

Tennessee. __..-.._._.-..-----.---.------.--.. Tenmessee___.__________- 676 676 
Tennessee Coal, Iron & Railroad Co_...._._..... Alabama __.-.--___..___ 2,013 2,013 
Toledo, Peonia & Western.............-_-__.-_. Imlimois_-_.....2- 2. __ 634 634 
Union Pacific. ........-..------.------ 2-8 (Woon wrrrcTrcrc272 407 2.325 

. Wyoming-_-_._.---.-222-. - 1,918 ’ 
Unity___--..-------.-----------------.- Pennsylvania____..-_- -___ - 1,024 1,024 
Utah._...----- 2 eee) Utah eee 1,243 1,243 

, Maryland_____-._-_____- 136 
. Western Maryland._..-----------..-.-.------. }Pennsylvania__.-----._-- 395 6 , 226 . 

West Virginia_.......___- 5,095 
Woodward Iron Co__-...-----..--------------. Alabama___.----.____._- 1,017 1,017 

Total railroad shipments......-..2..---.. .--------------_------ 409 ,111 409,111 

WATERWAY 
Allegheny River_............-..---.---_---.-.. Pennsylvania__.......-- 954 954 
Black Warrior River......-..-.--------.-----..- Alabama__.. 2 --2-_-- 3,785 3,785 
Cumberland River._.........-..--....-....-...: Kentucky. ..___-___-_--- %5 75 
Green River._-----..---.---.------------------ 0 -----d0---2 2 15,467 15 , 467 
Illinois River. .....--....---.---------------.- Imllinois_._~_--- 222 2,569 2,569 
Kanawha River---.-------------.---.----.---. West Virginia_.......____ 6,105 6,105 
Monongahela River_._.......-..-....-..---...- fPennsylvania_____.____-- 22 ,045 32.158 

West Virginia_.__-....._-. 10,113 “ees 
Ohio R Tlinois- ----------------- 2 1808 

io River..._..-.----------- ele entucky.__..--.------- 94 
Ohio_..-.._--_.------..- 4,764 18 , 672 
West Virginia._...-..__-_ 7,062 

Tennessee River_....-.-.--_.-----..----------- a 949 1.552 
Tennessee__-_----------- 603 { ’ 

Total waterway shipments__.._.__.--.--.2.0 -L- Lee eee 81,337 81,337 

Total loaded at mines for shipment by rail- 
roads and waterways.._.._-...--..----- -  --__----_ eee eee 490 ,448 490 ,448 

Shipped by truck from mine to final destination... _..____-____-__.-______- 13,977 73,977 
Coal transported to electric utility plants adjacent 
to or near the mine__-_-_-__-----.---.--------- Lee 34,373 34,373 

Used at mine!___._-----.------- eee eee 4,134 4,134 

Total production__....-.----------- eee Lee 602 ,932 602 ,932 

1 Includes coal used at mine for power and heat, made into beehive coke at mine, by mine employees used for 
all other purposes at mine.
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Table 33.—Bituminous coal and lignite shipped by unit train in the United States 

_ (Thousand short tons) 

State . 1969 1970 : 

Alabama..._..--.------------ eee eee eee eee eee 2,257 3,088 
Arkansas. -_.-......------------------------------------- ee 40 w-a---- 
Colorado. _-.....--....---------------------------------- +e ------ 1,336 2,427 

Illinois. ---.-.-.-.-.-.------------------------- +--+ 17,621 17,217 . 
Indiana.__...._-__.....-.----------- + - eee 1,913 2,997 

we ce Kansas. ---.-.-----------2---2 2-2 ene e nner ener n nee rte neni iee. en _ 96 ee LSD TT tei coe fe cece ene 

Kentucky: | - 
Hastern...........-.----------------+--- +--+ eee 7,420 9,361 © . 

 ° Western._._.......---.------------------1-- + --------e-e 6 , 845 8,762 

Total___._-...---------------------- +--+ ee 14,265 18,123 
Maryland..__......-.--------.-.------------------------------ ee 150 232 
Missouri____._.-.--------------------- +--+ eee eee 365 ------- 
Montana (bituminous) ----.-.-.------------------+------------------ 2 3 ,022 
New Mexico..__.._------.-------------------+--------------- +--+ ++ TA2 -- 1,180 7 

. North Dakota (lignite)............--.------------------------------- 1837 916 
Ohio....-.....---------------------------- +--+ ee 13 ,014 13 ,308 
Oklahoma_-__.....-...-.-.-.------.---~------ eee ee 934  gf4 
Pennsylvania__._...-........-----------------.--------------------- | 20,370 21,325 
Tennessee _~.._.---.----------------------- ee w~------ 398 
Utah... eee eee 2,081 2,055 
Virginia_......-..._.------------- +--+ 5 , 067 5,861 
West Virginia__........-.----.----.-.-.-------- eee 40 , 733 80,110 
Wyoming.....--.-------------------------------------------------- ------- 107 | 

Total }___.----------------- +2 nee eee eee e eee ees 121,722 128,289 

_.1 Data may not add to totals shown because of independent rounding. | .
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Table 34.—Consumption of bituminous coal and lignite, by consumer class, 
: with retail deliveries in the United States | 

. {Thousand short tons) 

Manufacturing and mining industries _ 

. oe, _ . Bunker, _ . Other __ Retail Total 
| . Electric lake Steel manufac- deliveries of 

| Year and month power vessel Beehive Oven and turing toother classes 
- utilities 1 and coke coke rolling § and con- shown 6 

a foreign? plants plants mills? mining sumers 5 
; . indus- 

| tries 4 

1966....--...-...-...-.. 264,202 609 2,869 93,523 7,117 98,481 19,965 486,266 
1967_......-.----------- 271,784 467 1,372 90,900 6,330 92,464 17,099 480,416 
1968........--.--------- 294,739 | 417 1,268 89,497 5,657 92,028 15,224 498,830 

1969: a ; . | . 
January......-..---. 29,041 1 73 7,379 633 8,642 8 ,007 48,776 
February....-.-..... 24,771  -..-.-. 70 6,937 563 7,774 2,323 42 ,438 
March. ._.-..-.-.-.. 26,304 3 86 7,579 608 8,182 1,747 44,459 

| April._......--..--.. 22,383 28 97 #§=«7,581 ATT 1,348 614 88 ,523 
May.-...-------.--- 23,142 36 88 7,866 A411 6,925 434 38 ,902 
June........----.--.- 24,391 ~ 31 87 7,656 374 6,442 387 839 ,368 . 
July. ...------------ 27,178 41 78 7,755 348 6,094 512 42,001 
August............-. 26,794 40 111 7,729 832 6,140 622 41,768 
September_.......... 24,544 89 120 7,594 361 6,096 866 89 ,620 

. . October.....-..----- 25,226. 44 111 7,981 414 6,734 1,244 41,754 
November_.......... 25,735 36 105 7 ,664 A476 7,118 1,300 42 ,434 

' . December........--. 28,957 14 = 182 8,022 563 7,934 1,610 47 ,232 

7 Total__..-......-. 308,461 313 1,158 91,743 5,560 85,374 14,666 507,275 

1970: 
| January......----..--.- 80,167 .._.... 133 7,659 702 7,707 2,078 48 ,446 

February,...---..---. 26,121 2.2... 126 7,238 577 6,959 1,481 42,502 
. March........-..--. 26,668 #3 —§=§ 123. 8,116 582 7,166 1,072 43 ,730 

April_.....-.-....... 24,170 28 123 7,853 510 7,079 540 40 ,303 
May.-...----.-..-.-. 24,118 40 114 8,099 410 6,657 203 39 ,641 
June.......-----..-. 25,625 39 114 7,786 353 6,240 604 40,661 
July_.....-----..--. 27,521 40 117 7,841 332 5,913 516 42 ,280 
August_....-...--... 28,458 37 114 7,822 327 5,984 672 43 ,414 
September._......... 26,424 37 117 7,809 328 5,997 1,038 41 , 750 
October_......--.... 25,254 37 122 8,216 369 7,197 1,339 42 ,534 
November._.......-. 26,453 27 113 7,957 385 7,607 1,300 43 , 842 
December.......-.-- 29,481 10 112 8,185 535 8,403 1,329 48 ,055 

. Total_............ 320,460 298 1,428 94,581 5,410 82,909 12,072 517,158 © 

’ 1 Federal Power Commission. 
2 Bureau of the Census, U.S. Department of Commerce, Ore and Coal Exchange. 
3 Estimates based upon reports collected from a selected list of representative steel and rolling mills. 
4 Estimates based upon reports collected from a selected list of representative manufacturing plants. Revised. 

5 Estimates based upon reports collected from a selected list of representative retailers. Includes some coal 
shipped by truck from mine to final destination. Revised. 

6 The total of classes shown approximates total consumption. The calculation of consumption from produc- 
tion, imports, exports, and changes in stocks is not as accurate as the “Total of classes shown’’ because certain 
significant items of stocks are not included in yearend stocks. These items are stocks on Lake and Tidewater 
docks, stocks at other intermediate storage piles between mine and consumer, and coal in transit. 

Table 35.—Stocks of bituminous coal and lignite in the hands of commercial 
consumers and in the retail dealers’ yards in the United States, in 1970 

Days’ supply at current rate of consumption 
on date of stocktaking 

Total Manufacturing and mining 
stocks industries 

Date (thousand Electric = ——————__—__—______—_—_- 
short power Other Retail 
tons) util- Oven Steeland manu- dealers Total 

ities coke rolling facturing 
plants mills and 

mining 
industries _ 

Jan. 31____.__----_---- 70,776 54 31 17 39 5 45 
Feb. 28__..-..---_---- 67 ,805 54 30 18 38 6 45 
Mar, 31__-.-.--------- 67 ,888 58 32 19 41 6 48 
Apr. 30.....---------- 10,743 65 33 21 40 6 53 
May 31__......------- 75,761 71 85 25 49 9 59 
June 80__.....---_---- 77,925 67 36 29 51 18 58 
July 31_._.....--__-..- 71,849 62 26 33 51 16 53 
Aug. 31_......-__----- 73,120 61 27 33 53 15 52 
Sept. 30__......._.---- 78,297 68 27 29 55 12 56 
Oct. 31__....-.._-_---- 86 , 853 81 31 29 52 10 63 
Nov. 80...._-.--_---_-- 91 ,555 79 33 27 50 11 63 
Dec. 31_...-.-----___- 92 ,275 75 34 20 43 9 60
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Table 36.—Distribution of bituminous coal and lignite, in 1970, by method of | 
movement and consumer use | 

(Thousand short tons) 

: -. . Used at 
Shipments Electrie Coke and Retail All Railroad mines and 

. utilities gas plants dealers others fuel sales to | 
So , employees 

Total shipments to all destinations in the 
United States, Canada, and Mexico by 

__........... #ll_ methods of movements and con- So , i 
sumer use, and overseas exports...... $39,851 103,048 14,782 186,501 752 1,486 

Shipments to all destinations in the oe . 
nited States, Canada, and Mexico by | | 

specific method of movement and con- 
sumer use: 

_ Method of movement: oo 
All-rail....-..-..-.----.-.... 175,678 55,790 7,867 162,057  -....--- - uu Llle. 
River and ex-river......-...... 74,187 26 ,278 625 6,071 ..,- eee Lele 
Great Lakes ?__..-...-..-.... 20,945 13,850 2,661 9,713 2. e ee Lele 

' Tidewater ?__....2.---2---2 2. 5,054 5,181 - 41 260 .,.----- eee ele 
Truck..--..-----+----------- 39,909 1,960 3,628 38,400 ,------ wee 

Tramway, conveyor, private 
railroad..-..---.-.-----... 28,578 840 lee eee pence eee see eee e eens 

Method of movement and/or con- 
sumer uses unknown......-.-2-. .------. poe teen ween eee 752 1,486 

Total. ..-.--5--.-------------- 389,351 108,048 . 14,782 186,501 752 1,486. 

| Canadian U.S. U.S. . . 
Great Great tidewater Overseas Net change . 

a _ Lakes” Lakes dock  exports5* in mine Total 
commercial dock storage ¢ inventory 

docks 4. _— storage 4 . 

Total shipments to all destinations in the 
United States, Canada, and Mexico by 
all methods of movements and con- . 
sumer use, and overseas exports-_-_-.-- 261 —-16 2... LL. 51,766 - 66 597 ,992 

Shipments to all destinations in the 
| United States, Canada, and Mexico by . 

specific method of movement and con- 
sumer use: 
Method of movement: 

All-rail... 2-2-2 eee eee eee eee eee eee eee eee eee ees teeeeee- = 291,992 
River and ex-river_.....222.2.. ---e ce eee cee cee ee ce eee 107 ,161 
Great Lakes ?_ 2.02 ee eee eee eee ee ee eee 47,169 
Tidewater ?_. 2-2 fee ee eee eee eee ene 10,446 
Truck._..---.--------------- ------ ee eee eee ene nee eee tane--e- =——«68, 897 
Tramway, conveyor, private 

railroad. _..-2--2---- ee eee eee eee eee ce eee 28,612 
~ Method of movement and/or con- 

sumer uses unknown..........-- 261 —16 _..22 28. 51,766 66 54,816 

Total_..-.-2.2- 22k 261 —16 _....22. 51,766 66 697 ,992 

1 Includes overseas exports from producing districts 13 and 17. 
* Excludes shipments to Canadian Great Lakes commercial docks and U.S. dock storage for which consumer | 

uses are not avajlable; however, includes vessel fuel, the destinations of which are not available. 
3 Excludes overseas exports for which consumer uses are not available. 
4 Consumer use unknown. 
5 Excludes Canada; consumer use unknown. 
6 Excludes overseas exports from producing districts 13 and 17.
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Table 37.—Distribution of bituminous coal and lignite, in 1970, by district | | 

of origin and consumer use. 

(Thousand short tons) 

LE 

. . _ -Used at 

District of. origin } _ Electric = Coke and Retail All Railroad mines and 
- utilities | gas plants dealers others fuel sales to 

employees 

r
R
 

1___-__ iu -------------- 31,089 4,959 669 6;728 106 323 De 

2_______--.------------- 8,804 24,563 406 5,TT2 1. 22 

8 and 6____------------- 36,809 5,371 262 5 , 334 49 — 24 

A___.------------------ | 41,893 -----.--.- 1,501 12,094 ~ 129 ot 17 

Y “1,192 16,055 ~ 6381 1,030 19 — 658 , 

8__-2-__ eee 62 ,009 34,718 7,094 27,821 ~ | 238 ~ 218 

9_.____- +--+ ---- 47 ,844 17 832 4,708 © 57 ____-_------ 

10_________.------------ 50,745 4,617 1,282 10,919" 19 57 

V1__ 2 eee 15 ,956 202 392 5,895 12 4 

12_______-___-.---------- 812 ____------ 1 69 _2L eee LLL eee 

13____.__---_-_-.---..---. 11, 296 6,586 391 22,198 ___----_- 2 

J4_______ eee +e 640 _-------,- 170) LLL eee LLL eee 

15 3... eee 6,981 ~ 154 —— 55 287 ~~ eee Le ----- 

16___.__--_-_---.------- 522 __-------- 26 42 _o-ue eee 2 

17____-__ eee 2,357 © 3,322 353 2592 _______--e Lele 

18__._____-___-_--------- 6,525 __-.------ 8 i) 

19_..____- eee eee--- = (ss, 4 34 ~ 92 661 - 14 6 

20___..----------------- 1,005 1,745 600» 896 - 1 44 

7 4,870 _..------- 151 V1 9 114 

22 and 23___------------ 2,287 _...------ 36 492 8 _u_-------- 

-  Potal_._..-.------ | 389,851 . 103,043 14,782 86,501 752 1,486 

ee - Canadian: — US. US. -~ 
Great . Great. __ tidewater. Overseas Net change 

Lakes ©. Lakes — dock: | exports > in mine Total 

: commercial dock. storage 4 inventory 

. ~ oo docks4 ~° storage ‘4 

1_______ eee -- +--+ ------- 24 _--------- 2,709 40 46 , 647 

Q2____-__--.-------------- 22 — =—8B Lee eee eee +e ee —1 © ° 89,581 

8 and 6___.--._---------- 5 72 Lee -- 2,275 ° © —118 50 , 053 

A_____- 2+ =---- — 64 — - ‘-108 ---L-----) --+------- 104 55 ,699 

7__- ene eee ee +--+ ---- 84 _-_-.---=-  17,480°7° ——”" 19 37,128 

8________-__-----.-------- 170 24 _--------- 28,902 . —167 © . 161,022 

9__________ eee --- +--+ ------- —§ Loe leeee ee eee eels 453 53 ,360 

10_______-____----------- ---------- —54 ----------  ---------- 15 67 ,660 

V1... ene eee eee eee eee eee eee nee nee eee +e * 180 22,641 

12... eee eee eee eee - woe eee ee ee eee ee ee ee ee eee eee ee eee eee 882 

13_._. 0 eee eee e eee eee ee eee eee $e -------- (8) . . 38 ~ 20,511 

14______ eee ee ---------- eee eee = ree ee eee 190 ._____.---. ~. 1,000 

153... ee eee eee eee eee eee eee ee ee ee eee ee -- 148 7,625 

16___..-_ eee eee eee eee eee eee eee nee eee nen ee eee ener - oe oe 593 

17_____ eee eee penne eee ne eee eee wee ---- (8) —22 6,602 

18_._ 2 eee Lee eee eee eee eee eee ee een eee ---------- —5T 6,498 

19... eee Lee eee eee eee eee eee eee eee nee ree eee eee 3 . 7,215 

20________ eee ee eee eee we eee ene eee eee eee eee nee e ee 260 35 4,586 

Q1.... eee ce eee enn eee een ee nen een eee eee ee 1 5,916 

22 and 23________--_----- eee nen e nn eee eee enn nee ene ene cere e ene reece r ree 2,773 

Total__...-------- 261 —-16 _._------- 51, 766 66 597 ,992 

1 Producing districts are defined in Bureau of Mines Bituminous Coal and Lignite Distribution Calendar 

Year 1970; Mineral Industry Survey, March 23, 1971, 39 pp. . 

2 Includes overseas exports. 
3 Excludes Texas. 
4 Consumer use unknown. 
5’ Excludes Canada; consumer use unknown. 
6 Included with ‘‘All Others.”
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Table 38.—Distribution of bituminous coal and lignite, in 1970, by destination 
and consumer use 

(Thousand short tons) 

Destination Total Electric Coke and Retail All 
utilities gas plants dealers others 1 

New England: 
Massachusetts.._..-.--------.--------- 608 44400 ee 29 135 
Connecticut ________---..-------2----- 1,832 1,700 wou en ee a------ 182 

. ..Maine, New. Hampshire, Vermont, Rhode Bo bs . Sc 
Island__........-.-.--2-2 22 eee 1,128 1,067 wenenee 10 51 

Middle Atlantic: 
New York.___-__._...--.._-_-_-__------. 28,082 11,579 6,051 87 5,315 
New Jersey_.-_.---.------------------ 4,951 4,272 334 3 342 

- Pennsylvania__............_.-._-----. 63,009 28 ,381 26,527 822 7,279 
East North Central: 

Ohio. --...--------------------------- 67,875 37,145 12,699 1,888 15,643 
Indiana_._-__..---------------------- 42,885 22,780 12 ,672 826 6,107 
Illinois... --.-------222--------------- 42,310 29 ,453 3,688 2,590 6,579 © 
Michigan____--.--...-..-.----.-------. 36,633 23 , 244 4,942 1,008 7,439 
Wisconsin. ..-_...2-22- 22-2 ---- =: 17,808 10 ,986 352 1,523 4,447 

West North Central: 
Minnesota..__.-..-.--- 22 eee 8,769 6,181 604 675 1,309 
Towa_--.-------------------1--------- 6,159 4,190 wan ee-e 210 1,759 
Missouri. ...---..-.-------....-.-.... 18,397 11,497 293 109 1,498 
North Dakota and South Dakota_______- 4,799 4,103 a 205 491 
Nebraska and Kansas___.__.._._.__._.- 1,974 1,600 wou -eee 55 319 

South Atlantic: 
Delaware and Maryland.__._____........ 18,928 7,790 5,087 © 69 1,032 
District of Columbia_..__........._ .-- 1,113 681 elu nee AT 385 
Virginia___..------.------------.----- 11,065 6 ,653 27 550 3,835 
West Virginia........-....--.-.-..--.. 24,395 14,329 . 5,080 226 4,760 
North Carolina_......_............--.. 21,696 19 ,075 woe eee 515 2,106. . 
South Carolina._.__._....-.-.-_- 22 -- 6,143 4,153 ooo -ee 290 1,700 
Georgia and Florida___................ 18,219 12 ,600 we ue nee 149 470 

East South Central: 
Kentucky....-.---------------------- 23,672 19 ,108 1,591 602 2,371 
Tennessee. ____-----.----------------. 18,815 15 ,500 177 638 2,000 
Alabama and Mississippi__..........-.. 27,198 16 ,248 8,583 150 2,267 

West South Central: Arkansas, Louisiana, 
Oklahoma, Texas_..-...._-.-----..---.-- 1,144 wee e eee 1,125 9 10 

Mountain: 
Colorado. ....---.-------------------- 5,136 83,264 1,024 271 577 
Utah__.._----------- eee 3,010 463 1,937 129 481 
Montana and Idaho____._...---.--.--- 1,065 652 wo ---e 228 185 
Wyoming___..-.-.-..--.-------------- 3,809 3,589 waeenee 25 195 
New Mexico. ....-.--..--------------- 6,032 6,021 wo----- 1 10 
Arizona and Nevada__._-.......-...--- 1,180 1,089 wa ene 74 67 

Pacific: 
Washington and Oregon._.._..._.-____- 374 pane nee ~------ 18 296 
California_.-.-...-.-.-------------.-- 2,317 ele le 2,177 128 12 

Alaska__....-----.----------------------- 612 151 wen nnee 27 434 
Canada ?2._...---.--.--------------------. 18,381 8,310 7,220 391 2,460 
Mexico__...-.-.---------------------- ee 163 enne--- 0 eee eeee ~------ 163 
Destinations not revealable.__...._......... 32,969 1,103 953 145 3 768 
Destinations and/or consumer uses not avail- 

able: 
Great Lakes movement: . 

Canadian commercial docks___._.___ 261 wou-eee enone ee wo--eee ~------ 
Vessel fuel... --2-2- 1,072 wane wooenee weno ene ~------ 
U.S. dock storage._....._-.-.------- —16 ~------ -o--a-ee -e----- ~------ 

Tidewater movement: 
Overseas exports (except Canada).__ ‘451,766 wo---ee wo----- wouenee ------- 

. Bunker fuel___._--.-2-----2- eee fee wane nne ee pene eee eon --ee 
U:S. dock storage._......--.-.-----.---  ------- w------ ------- w~------ ------+ 
Railroad fuel: 

U.S. companies__.__......-.-.------ 721 woneene enone eaceene ~ou---- 
Canadian companies___......___--- 31 -e----ee o---- ne ~eu-eee wouenue 

Coal used at mines and sales to employees-_ 1,486 w------ w~------ w------ w------ 
Net change in mine inventory___......-- 66 ------- w------ we eeeee ~------ 

Total___......-..----.-.---_..---.. 597,992 wannnee w------ _------- wouenee 

1 Excludes vessel fuel and bunker fuel, the destinations of which are not available. 
2? Excludes shipments to Canadian Great Lakes commercial docks and Canadian railroad companies. 
3 Includes overseas exports from producing districts 18 and 17. 
4 Excludes overseas exports from producing districts 18 and 17.
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Table 40.—The changing levels of bituminous coal and lignite markets— 

indexes of physical volumes shipped to markets, by geographic division, 

State of destination, and consumer use 

a
 

1957 Index 1957 = 100 (except where noted) 

Geographic division, State of destination, (thousand. ———— eee 

and consumer use short 1966 1967 1968 1969 1970 

tons) 
a 

Total__..--------------------------------- 493,895 107.8 111.9 110.4 113.4 121.1 

Electric utilities.__....--.---------- 160,754 169.0 184.2 185.0 194.1 211.1 

Coke and gas plants___..----------- 112,901 89.1 88.4 85.5 87.4 91.3 

Retail dealers_...._._---.----------- 39,230 52.7 47.9 45.1 39.8 37.7 

All others (includes vessel and bunker 
“fuel)_____----------------------- 108,711 93.7 91.9 89.2 83.7 179.6 

Railroad fuel (U.S. and Canada)_---- 9,581 13.7 12.3 10.5 8.9 7.8 

Canadian Great Lakes commercial 
docks (consumer use not available)... 2,785 15.4 13.2 16.2 18.0 9.4 

U.S. Great Lakes dock storage (con- 
sumer use not available) 2_____---- NA -—102.0 —120.4 -—178.6 -—246.7 —105.3 

US. tidewater dock storage (con- . 

sumer use not available) °.._-_---- NA 15.4 .O —119.2 .0 0 - 

Coal used at mine and sales to em- 
ployees._..---------------------- 3,125 67.1 53.7 47.9 46.4 47.6 

Net change in mine inventory--.-.--- 1,142 25.5 58.1 7.3 17.9 5.8 

Overseas exports (excludes Canada— 
consumer use not available)_....--- 55,666 60.2 61.4 61.1 10.7 493.0 

New England_-__--------------------------- 11 ,909 91.3 81.8 58.4 AT.5 30.0 

Electric utilities........-..--------- 6,012 157.3 135.8 97.1 81.1 53.4 

Coke and gas plants__.------------- 1,345 33.8 35.9 11.7 .0 .0 

Retail dealers_._.......------------- 1,279 14.5 12.8 10.7 5.9 3.0 

All others.____---.---------------- 3,273 23.8 28.3 25.2 21.7 9.7 

Massachusetts___....------------------ 5,354 82.5 75.1 53.6 41.6 11.4 

Electric utilities.........-.--------- 2,575 156.1 132.7 94.0 72.3 17.2 

Coke and gas plants... -------------- T51 .0 .0 .0- .0 .O 

Retail dealers__..._..--------------- 755 14.4 14.6 15.1 7.7 3.8 

All others_..-_------.-------------- 1,273 22.5 38.8 26.5 24.0 10.6 

Connecticut___.--.-.------------------ 4,105 182.4 116.8 73.4 55.9 44.6 

Electric utilities_.......-.---------- 2,567 182.1 157.0 97.7 719.2 66.2 

Coke and gas plants_.--.----------- 594 76.4 81.3 26.6 0 .0 

Retail dealers.......--------------- 139 8.6 8.6 .T 7 0 

All others_____..---.-------------- 805 36.4 33.3 43.0 32.5 16.4 

Maine, New Hampshire, Vermont, Rhode 
Tsland._.....------------------------ 2,450. 42.0 37.8 43.7 46.5 46.0 

Electric utilities_._....------------- 870 87.8 82.6 104.4 112.9 122.6 

Retail dealers___.._.--------------- 385 16.9 10.9 5.7 4.2 2.6 . 

‘All others_.__.-------------------- 1,195 16.7 13.8 11.8 11.8 4.3 

Middle Atlantic___.._-----.---------------- 92 ,596 101.4 104.1 98.6 96.6 98.3 

Electric utilities.....__.------------ 31,662 182.8 140.0 131.4 137.9 139.7 

Coke and gas plants__...----------- 38,448 87.1 88.0 83.2 719.9 85.6 

Retail dealers._.___---------------- 2,498 43.8 38.5 34.4 28.7 36.5 

All others_..._-------------------- 19,988 86.5 86.2 84.3 712.0 64.7 

New York_..-------------------------- 26,753 94.6 102.0 91.8 90.9 86.1 

Electric utilities......._-_.---------- 12,335 101.2 116.2 101.9 104.5 93.9 

Coke and gas plants.__..----------- 5,693 103.3 105.0 89.7 95.7 106.3 

Retail dealers____._.----.----------- 769 33.8 21.5 19.9 11.7 11.3 

All others._.._..------------------ 17,956 84.0 85.8 84.6 TA.1 66.8 

New Jersey__---.---------------------- 7,814 111.2 100.7 87.5 10.4 63.4 

Electric utilities__.....------------- 4,284 166.9 149.5 127.8 107.0 99.7 

Coke and gas plants__.-.----------- 1,249 40.9 39.2 38.0 34.7 26.7 

Retail dealers_.__......------------- 130 12.3 11.5 5.4 10.8 2.3 

All others_.._.-------------------- 2,151 AT.1 44.5 40.8 21.8 15.9 

Pennsylvania. _._-..------------------- 58,029 103.2 105.5 103.2 102.8 108.6 

Electric utilities_......_..---.------- 15,0438 148.9 156.9 156.6 174.1 188.7 

Coke and gas plants__--..---------- 31,506 86.0 86.9 83.8 78.8 84.2 

Retail dealers__.____---_----------- 1,599 51.1 48.8 43.7 38.3 51.4 

All others__._._-------------------- 9,881 97.0 95.7 93.6 81.3 73.7 

East North Central__.....------------------ 5170, 697 112.6 115.1 114.5 116.8 120.7 

Flectrie utilities...._.._-.----------- 66,436 151.7 162.8 166.1 173.7 186.1 

Coke and gas plants____.-.--------- 38,757 86.6 83.8 80.8 85.6 88.6 

Retail dealers.__.__.___-------------- 21,321 54.9 50.3 46.0 38.9 36.7 

_ All others_.___.-_----------------- 544,183 104.5 102.0 99.6 96.1 91.0 

Ohio....____--------------------------- 55,612 103.6 105.6 107.7 111.8 121.2 

Electric utilities. ..____....--------- 20,193 140.3 149.0 155.8 161.8 183.9 

Coke and gas plants._..------------ 15,661 78.1 74.1 73.2 80.6 81.1 

Retail dealers._.__----------------- 5,077 45.9 43 .2 40.0 32.7 37.2 

All others______------------------- 14,681 100.4 101.1 101.8 103.6 106.6 

Indiana. ______------------------------ 34,938 110.0 115.8 115.2 118.2 121.3 

Electric utilities._.__._..----------- 12,853 144.7 160.5 167.3 174.2 177.2 

Coke and gas plants___------------- 18,736 89.2 89.7 84.0 84.2 92.3 

Retail dealers.___.-.--------------- 2,796 41.6 38.3 35.7 23.5 29.5 

All others._.__--------------------- 5,553 115.5 115.7 111.7 120.4 110.0 

See footnotes at end of table.
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Table 40.—The changing levels of bituminous coal and lignite markets— 
indexes of physical volumes shipped to markets, by geographic division, 

State of destination, and consumer use—Continued 

1957 Index 1957 = 100 (except where noted) 
Geographic division, State of destination, (thousand ——————————________———- 

and consumer use short 1966 1967 1968 1969 -1970 
tons) 

East North Central—Continued 
Tllinois....-------- 2 eee. 542,718 108.6 109.3 101.7 105.9 99.0 

Electric utilities.__.........--..---.. 18,584 149.6 158.7 151.9 163 .5 158.5 
Coke and gas plants_____...-------. 3,925 92.4 87.9 78.2 94.6 94.0 
Retail dealers...-..2.-2.----+-+--+.-. 8,623 49.4 47.2 38.4 — 35.7. 30.0. oe 
All others______---._-.-_----------.- 511,586 92.2 83.6 76.5 69.6 56.8 

Michigan________-._._-----_---.---.---.-. 26,255 182.4 133.2 140.1 135.9 139.5 
Electric utilities...........---..-... 9,839 187.7 199.3 211.7 217.8 236.2 
Coke and gas plants__------------.. 4,877 102.8 94.1 100.8 98.9 101.3 
Retail dealers__.......-----.-.-.-.- 3,368 54.4 44.1 43.8 34.6 29.9 
All others. ._-_.-----.---------_---. = 8,171 115.8 113.5 117.1 101.0 91.0 

Wisconsin _______._-.-_----------...... 11,174 134.7 139.4 134.9 134.0 154.9 
Electric utilities...........-.....-.. 4,967 152.7 168.3 167.6 171.8 221.2 
Coke and gas plants_.......--.-.-.- 558 83.0 89.1 60.8 17.6 63.1 | 
Retail dealers__....-...--.---..---. 1,457 145.2 181.4 136.9 119.4 104.5 
All others... ---- eee 4,192 116.6 114.8 105.4 101.8 106.1 

West North Central__......._-_.-.---._.__. 520,824 124.7 128.5 131.3 145.7 168.5 
Electric utilities_......... 22-22 2__ 8,278 198.8 214.9 238.8 261.0 333.1 
Coke and gas plants___.__..__._____ 1,518 76.5 75.6 40.5 89.3 59.1 
Retail dealers___._._.___-----.-_..... 4,079 46.3 40.3 38.5 37.9 80.7 
Allothers._...--..----.-----.-..._ 56,949 93.2 88.9 77.7 83.9 TTA 

Minnesota__._--_.--_---_----_---__.... 5,832 144.0 133.9 187.5 151.9 164.5 
_ Electric utilities_____..---.------..- 1,810 255.5 228.6 277.6 253.6 341.5 

Coke and gas plants......-.......... 1,206 78.9 717.0 32.3 82.2 50.1 
Retail dealers_......-.... 2-222 2-- 553 —Ss«d1 28.8 123.9 148.8 . 157.0 122.1 
All others__..--_.------.------.... 1,763 79.0 78.9 63.7 93.6 14.2 

Towa__-__---.--_--_--------------..--.. 54,878 111.5 113.8 112.3 116.3 126.3 
Electric utilities..........-...._..... 1,846 157.9 174.8 185.6 199.1 227.0 
‘Retail dealers__......-.---.-----... 1,254 35.2 28.3 21.0 18.5 — 16.7 
All others. ___.-___--.---.---------. 51,778 117.2 110.6 100.6 99.3 98.9 

Missouri_.._...-----------.---------.- 6 , 862 123.8 1386.8 187.0 161.7 195.2 
_ Blectric utilities...-...-.-.--------.-. = 2, 605 228.38 266.6 272.3 342.7 441.3 . 

Coke and gas plants___._.___.____.- 312 67.0 70.2 72.1 117.0 93.9 
Retail dealers.__._..-...---.-.-.-.... 1,495 (18.5 12.6 10.0 8.2 7.3 
All others__._.----_-...-...._..... 2,450 84.2 83.1 78.9 68.7 61.1 

North Dakota and South Dakota__....... 2,416 124.0 141.8 156.5 165.4 198.6 
Electric utilities..............- -_ _.. 1,378 157.7 190.3 227.0 237.5 297.8 
Retail dealers___..__...__________-- 517 77.0 71.0 60.3 44.5 39.7 
All others. __._--------- ee 521 81.6 84.1 65.5 94.6 94.2 

Nebraska and Kansas__...._..._........ 1,336 102.3 93.9 101.8 110.9 147.8 
Electric utilities_......-.-._.--- _-- 639 124.6 134.7 171.4 178.2 250.4 
Retail dealers.__.._______._-.___.-- 260 23.1 17.7 19.6 36.2 21.2 
All others. _...-------_._-- ee e-- A437 116.9 19.4 49.0 54.2 73.0 

South Atlantic. __........_---...__-._.-.... 52,560 153.1 168.4 168.2 170.4 174.2 
Electric utilities...........__...--... 22,251 231.5 267.7 272.1 279.4 293.4 
Coke and gas plants.__.___._....-.. 11,321 92.0 91.4 88.1 92.6 89.6 
Retail dealers_..._..-....-._...--.. 4,765 52.6 50.6 50.7 42.5 38.7 
All others. ___.---.-_.---------.... 14,223 112.9 113.7 108.9 104.8 100.5 

Delaware and Maryland_____________._.. 10,358 136.0 144.4 142.7 144.9 184.5 
Electric utilities._..._...._.___._... 3,000 270.3 290.4 286.5 278.1 259.7 
Coke and gas plants_____...._..._._... 5,414 91.7 99.6 93.2 99.2 93.0 
Retail dealers_..-..-..-.-._-__- ---- 420 26.4 22.1 21.4 18.8 16.4 
All others_____----------_---------. 1,524 58.8 49.5 68.6 79.9 67 .7 

District of Columbia__.__.__....-..._--. 1,097 681.8 680.8 680.9 112.6 101.5 
Electric utilities_......_.._-.._.-_-.- 609 81.6 89.7 110.5 125.5 111.8 
Retail dealers_..__..---.----_------- 188 53.7 A7.3 44.1 42.6 25.0 
All others_____---.-__------------- 300 699.7 6 83.7 648.7 180.0 128.3 

Virginia_._...-----------------.----.--. 10,553 135.8 140.8 137.6 123.1 104.9 
Electric utilities.._.........-_----.. 4,485 185.9 200.6 204.3 185.8 150.0 
Coke and gas plants.._..._._..---.- 165 157.6 43.6 2.4 7.3 16.4 
Retail dealers___._.._.-.------_--__-.. 1,756 47.3 42.9 41.0 32.8 31.3 
All others. _...-----...----------.. 4,197 117.8 122.3 112.9 99.3 91.4 

West Virginia...._...._..._...-.-_..... 15,771 127.4 147.4 155.8 154.4 154.7 
Electric utilities...............-.--. 6,290 152.5 201.4 218.0 220.1 227.8 
Coke and gas plants___._._._..-.--. 5,742 90.4 85.1 85.8 88.9 88.5 
Retail dealers___._..-__.____-.----- 302 101.7 129.8 140.7 87.7 74.8 
All others_.___----_-_._.-.-------. 3,487 147.4 154.1 160.2 149.6 138.5 

North Carolina__-__.._.-.._------.--.-. 8,716 176.1 210.0. 194.0 214.7 248.9 
Electric utilities._._..._.._.__.-..-.. 4,953 246.8 289.7 Fiae $24.5 385.1 
Retail dealers.__._._.__.-.____---.. 1,248 51.2 51.0 9.6 44.6 41.3 
All others______.---_----_.------.- 2,515 98.9 100.6 92.8 82.9 83.7 

South Carolina______...__-.-.----..-... 3,050 167.8 182.1 153.9 174.4 201.4 
Electric utilities_..........__..-_--- 856 378.5 452.9 381.0 427.6 485.2 
Retail dealers__...._..._----------- 321 92.2 83.8 85.7 94.7 90.3 
All others__..-..----.------------.- 1,878 84.5 75.2 61.9 72.3 90.8 

See footnotes at end of table.
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Table 40.—The changing levels of bituminous coal and lignite markets— 
indexes of physical volumes shipped to markets, by geographic division, _ 

State of destination, and consumer use—Continued 
ne 

1957 Index 1957 = 100 (except where noted) 
Geographic division, State of destination, (thousand ——————_-—__—— 

and consumer use short 1966 1967 1968 1969 1970 
tons) 

$$ $$$ 
South Atlantic—Continued 

Georgia and Florida._.----------------- 3,015 351.7 381.2 399 .7 396.4 438.4 
Electric utilities............._-.---.. 2,108 455.3 499 .0 534.8 533.2 597.7 

| Retail dealers_..._.-....----..----- 530 42.1 33.4 38.7 30.8 28.1 
All others_____-.-----_------.--.-- 377 208.0 211.1 152.0 145.6 124.7 

East South Central_____.-_....---------.-.. 48,283 126.9 141.7 139 .7 144.9 159.8 
Electric utilities_.............--.-.. 28,572 159.8 184.2 180.7 189.7 215.7 
Coke and gas plants_.___..-_.--.-.- 10,380 90.0 97.0 92.1 98.6 99.2 
Retail dealers_.....-.-.-.-_._....-.. 2,494 50.7 46.1 50.1 53.2 55.7 
All others_____----------_--------- «= 6 , 88387 97.3 97.8 108.5 94.4 97.1 

Kentucky. __-._..--..-.-.-_--------.-- 11,167 158.0 170.6 168.5 182.3 212.0 
Electric utilities....../...-....-.... 6,758 187.6 208.4 208.6 232.3 282.7 
Coke and gas plants_.._...._...-.-.. 1,683 104.0 116.3 108.8 108.6 94.5 
Retail dealers___......---.-.------- 834 66.2 59.7 67.1 64.7 72.2 
All others_._._..-..-.-----_-.-...- 1,892 140.0 132.3 122.9 121.1 125.3 

Tennessee. ____..-.-------------------- 15,104 98.1 120.4 111.4 111.2 121.1 
Electric utilities..........--.--....- 9,876 115.7 149.6 133.8 138.1 156.9 
Coke and gas plants___.___..._.-.--- 258 69.8 67.4 71.3 68.6 68.6 
Retail dealers___._._..----.-.-..... 1,206 50.4 46.0 48.4 54.4 52.9 
All others__.-_--__---u--- ui... 3,764 69.0 71.2 75.8 61.7 53.1 

Alabama and Mississippi._.............. 17,012 132.1 141.6 146.0 150.4 159.9 
Electric utilities_........-_--....--. 6,938 195.3 209.7 220.4 221.6 234.2 
Coke and gas plants___._.__._....-.. 8,489 87.8 94.0 89.4 97.6 ~ 101.1 
Retail dealers____.__...-.-..-.-.--- 454 22.9 21.4 23.1 28.9 33.0 
All others. _.._-._----- uuu --u--. = =61,181 119.5 127.2 160.5 115.9 192.0 

West South Central: Arkansas, Louisiana, 
Oklahoma, Texas___._-......------------- 1,868 58.0 51.1 52.2 49.7 61.2 

Electric utilities 7.........--2-......- 65 07 .0 .0 0 .0 
Coke and gas plants__._......_...... 1,050 90.3 78.3 80.8 87.7 107.1 

- Retail dealers_........-.-_---.----- 161 17.4 14.3 8.1 4.3 5.6 
All others_____..-.---_,---.-------- 592 18.2 18.6 19.4 0.2 1.7 

Mountain__._._--.-..--------------------- 8,779 160.6 162.4 169.4 187.0 230.5 
Electric utilities...............-.-.. 1,487 605.0 639.0 674.2 792.8 1,045.8 
Coke and gas plants____._..___..... 3,772 83.9 17.5 19.7 75.5 48.5 
Retail dealers.________-._-.-_-_--.-_. 1,350 17.3 71.6 63.2 60.9 53.9 
All others______-__-_----- ue ---eu. = 2, 220 53.9 53.6 59.5 61.1 68.2 

Colorado___.-.-.---------------------- 93,264 144.1 144.6 152.2 143.6 157.4 
Electric utilities_._......... 22. --- 687 401.5 424.9 439.8 434.6 475.1 . 

- Coke and gas plants_____._.....-.-.. 1,324 93.1 79.8 85.3 69.4 17.3 
Retail dealers.._._..-------.---..-- 326 105.2: 88.7 96.9 98.8 83.1 
All others___--.2-.----- eee 927 40.1 49.1 54.0 49 .6 62.2 

Utah.___-_---_-- eee lee. «= 88, T48 719.3 76.1 15.7 19.5 80.3 
Electric utilities.........---.-.-.--. 367 132.4 130.5 132.7 111.4 126.2 
Coke and gas plants__.._....-.-.... 2,448 18.9 76.2 16.7 13.8 79.1 
Retail dealers_____._....---_-_----- 334 55.7 57.8 40.1 49.7 38.6 
All others_____.--___-.- 1. eu +e 599 61.9 52.8 56.4 79.1 80.3 

Montana and Idaho____._-_-.-_.-.----- 923 107.8 104.9 112.9 115.2 115.4 
Electric utilities 8..........---.-.--- 1 181.6 183.3 265.4 334.6 364.2 
Retail dealers_._.__..--..--_-_----- 593 63.6 72.0 59.2 49.9 38.4 
All others_________..-..-----_-.--- 329 89.1 64.7 65.7 51.1 56.2 

Wyoming___.__-____---..-.---------.--- 607 428.5 410.9 445.1 547 .6 627.5 
Electric utilities...........-......-- 340 716.8 673.8 17.1 905.0 1,055.6 
Retail dealers___.__..-...---------- 61 63.9 45.9 49 .2 42.6 41.0 
All others_____.._____._..- -- -.--- 206 60.7 85.0 113.6 107.3 94.7 

New Mexico 9______-.-_-..------------- 92 184.1 223.1 211.3 288 .3 532.9 
Electric utilities 9......._._-.__-_.- - 37 190.5 230.8 218.6 299.4 554.9 
Retail dealers_._._...-....-.-_-.--- 12 58.3 A1.7 33.3 16.7 8.3 
All others_____.._-_-.__--_____----- 43 30.2 39.5 37.2 27.9 23.3 

Arizona and Nevada___.___.-_---_--..-- 145 509.7 482.8 640.7 760.7 813.8 
Electric utilities 19__.._._.........-- 5 186.3 197.3 267 .2 320.0 310.1 
Retail dealers___.____.-_-_..._--.-- 24 383.3 104.2 75.0 41.7 308.3 
All others. ___._.__.-.-___--_------ 116 19.8 12.1 13.8 18.1 57.8 

Pacific. _._.-.------.-----.-----------.-.--- 3,142 82.0 82.5 81.0 85.4 85.6 
Electric utilities_._.........-_------- 4 .0 .0 .0 .0 .0 
Coke and gas plants___.____..---.--. 1,708 107.7 118.1 121.3 123.7 127.5 
Retail dealers__._.___..__.-.------- 377 71.1 54.4 40.8 62.1 54.6 
All others_____-._-___---_-.-------. 1,053 44.4 35.1 30.4 31.9 29.2 

Washington and Oregon_____-_..-.------ 1,324 51.9 40.9 33.9 34.1 28.2 
Electric utilities___........_-_..----- 3 .0 .0 .0 .9 .9 
Retail dealers_._..._._-.-.-_--------- 367 69.2 52.0 39.0 35.7 21.3 
All others____.._-.----_---__-------- 954 45.4 36.7 32.1 33 .6 31.0 

California____..._-__--.--------------- 1,818 103.9 112.8 115.3 122.7 127.4 
Electric utilities_..........---.----- 1 .0 .0 .0 .0 .0 
Coke and gas plants._____._---.----- 1,708 107.7 118.1 121.3 123.7 127.5 
Retail dealers__._.....------------- 10 140.0 140.0 110.0 1,030.0 1,280.0 
All others__-__-_-------------------- 99 35.4 20.2 14.1 15.2 12.1 

See footnotes at end of table.
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Table 40.—The changing levels of bituminous coal and lignite markets— | 
indexes of physical volumes shipped to markets, by geographic division, | 

State of destination, and consumer use—Continued | 
Eee 

; 1957 Index 1957 = 100 (except where noted) 
Geographic division, State of destination, (thousand ——————_______ 

and consumer use short 1966 1967 1968 1969 1970 
tons) 

Alaska__.---- 222-2 eee 829 103.5 114.8 - 97.0 81.1 73.8 
Electric utilities_._.........----____ 470 43.4 28.7 28.1 29.6 32.1 
Retail dealers_____--_------------.. 49 89.8 87.8 75.5 67.3 55.1 
All others_____ 22-2 310 196.8 249 .7 204.8 161.3 140.0 

Canada 11_____. ee ------- 17,878 88.4. 85.8. 98.7) 9867 104A 
Electric utilities. __.......-----_____ 567 194.7 869.8 998.4 1,160.0 1,465.6 
Coke and gas plants___-_..-...-.-.. 4,602 127.2 119.8 145.5 140.1 156.9 

; Retail dealers._._._......----_____. 857 65.1 51.6 60.2 47.8 45.6 
All others. ___----2------------ ee. = 7,188 61.4 55.3 AT .2 38.8 34.2 

Canadian Great Lakes commercial docks (con- 
sumer use not available)____.--......-...._.. 2,785 15.4 13.2 16.2 18.0 9.4 

Canadian railroad companies____.._.......... 1,884 2.5 1.8 1.6 1.5 1.6 
Mexico ?____ eee eee NA 94.7 108.8 129.8 147.7 286.0 

All others #___-2 22 ie NA 94.7 108.8 129.8 147.4 286.0 
Destinations not revealable: 8__--.__._______. _______ 87.8 72.0 154.9 157.6 1215.1 

Electric utilities 8_____-_ eee LL 62.0 98.0 237.4 292.4 221.9 
Coke and gas plants 8__-2- ee Le 83.4 42.8 78.3 102.1 254.8 

. Retail dealers 8__._ 2-2 eee Le 80.8 49.5 59.6 136.4 146.5 
All others 8_2_ 222 Lee 124.6 172.7 147.8 50.0 #£1187.3 

Destinations not available: . 
Great Lakes vessel fuel 4__.......... 1,859 56.7 47.2 47.3 51.2 57.7 
Tidewater bunker fuel 4___._________ 41 31.7 12.2 .0 .0 .0 
Railroad fuel, United States com- 

panies §__ 22 ee----. )=— 7,697 16.4 14.9 12.7 10.7. 9.4 

NA Not available. 
1 Includes overseas exports from producing districts 13 and 17. 

' 2 For Great Lakes dock storage the annual base period is 1959 = 100. The 1959 annual tonnage was 304,000 
ons. 

3 For tidewater dock storage the annual base period is 1959 = 100. The 1959 annual tonnage was 26,000 tons. 
4 Excludes overseas exports from producing districts 13 and 17. 
§ District 15 shipments to Illinois included with Iowa. 
6 A considerable block of tonnage is included under ‘“‘Destinations not revealable.” 

_ 7 For electric utilities in Arkansas, Louisiana, Oklahoma, and Texas the annual base period is 1963 = 100. 
The 1963 tonnage shipped to electric utilities was 24,000 tons. 

8 For electric utilities in Montana and Idaho the annual base period is 1959 = 100. The 1959 tonnage shipped 
to electric utilities was 179,000 tons. 

® For total shipments and electric utilities to New Mexico the annual base period is 1963 = 100. Total 
shipments to New Mexico were 1,132,000 tons and for electric utilities 1,085,000 tons. 

10 For electric utilities in Arizona and Nevada the annual base period is 1962 = 100. The 1962 annual ton- 
nage shipped to electric utilities was 335,000 tons. 

1! Includes shipments to Canadian Great Lakes commercial docks and Canadian railroad companies. 
12 Since tonnages for Mexico were first published in 1960, yearly indexes are based on 1960 = 100. The 1960 

tonnages were total 57,000, all others 57,000. 
18 Since “‘Destinations not revealable” were first published during 1960, the calendar year indexes are based 

on 1960 = 100. These figures are as follows: Calendar year total not revealable 1,380,000, electric utilities 
497,000, coke and gas plants 374,000, retail dealers 99,000, and all others 410,000. 

14 Included in summary at beginning of table in ‘All others.” 
15 Included in summary at beginning of table in “Railroad fuel.’’
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Table 42.—Average value per ton, f.o.b. mines, of bituminous coal and lignite 
produced in the United States, by States 

1969 1970 
State —— 

Under- Strip Auger Total Under- Strip Auger Total 
ground ground . 

Alabama__-----. $9.44 $5.23 $5.55 $7.47 $11.33 $5.52 $5.75 $8.09 
Alaska__-.---.-. 9 __-- 6.54 a 6.54 _--- 7.389 a 7.89 
Arkansas_____.__ 8.43 7.71 ~--- 7.90 9.01 8.13 _--- 8.30 
Colorado__-.-... 6.15 3.59 w--- 5.27 7.05 3.71 a 5.85 Oe 

—  - Fiinois. 22.2222. 4.438 4 28 an 4.32 6.38 4.53 aoe 4.92 
Indiana__.-_..-. 4.77 4.05 a 4.13 5.79 4.47 eee 4.60 
Towa_____..----- 3.77 3.75 ---- 3.76 4.03 4.17 --ue 4.11 
Kansas_.._.-._._... 9 __-- 5.42 ---- 5.42 ---- 5.59 a 5.59 
Kentucky._..... 4.57 3.53 3.39 | 4.14 6.75 4.46 5.37 5.68 
Maryland_._.... 8.77 4.01 2.30 3.85 «625 4.87 5.99 5.01 
Missouri___..._.. 4.838 4.33 a 4.33 ---- 4.39 ae 4.39 

Montana: 
Bituminous... 9.17 1.83 _--- 2.18 9.39 1.76 oe 1.83 
Lignite__.—-. won- 2.03 _--- 2.03 a 2.13 a 2.13 

Total_____ 9.17 1.89 eee 2.13 9.39 1.79 woe 1.85 
New Mexico.__.. 8.37 2.58 _--- 3.66 5.54 2.50 _--- 2.89 
North Dakota ° 

(lignite)_._.....  ---- 1.85 _—— 1.85 _u-- 1.95 a 1.95 
Ohio_...-.-..--. 4.65 3.79 3.63 4.10 5.43 4.41 4.18 4.74 
Oklahoma_ .-._--- 7.83 5.65 8.43 5.80 13.86 5.50 8.43 6.27 

- Pennsylvania._... 6.53 4.24 4.04 5.87 8.12 5.38 5.51 7.27 
Tennessee _ _ __--- 3.94 3.65 3.27 3.80 5.07 4.71 4.69 4.90 
Utah__....__.--. 6.31 a a--- 6.31 7.28 ---- ae 7.28 
Virginia.__.._.-- 5.73 3.64 3.43 5.42 7.62 4.66 4.64 7.03 
Washington__-__-- 8.40 6.26 ---- 8.21 13.47 8.50 ---- 12.81 
West Virginia-- --_ 5.90 4.77 4.61 5.73 8.07 7.06 8.34 7.93 
Wyoming_-_-__-.- 6.40 3.27 a--- 3.36 6.72 3.33 a 3.38 

Total_..... 5.62 3.98 3.81 4.99 7.40 4.69 6.08 6.26 

Table 43.—Production and average value per ton, f.o.b. mines, of bituminous coal and 
lignite sold in open market and not sold in open market, in 1970, by States 

(Thousand short tons) 

Production Average value per ton, f.o.b. mines 

State Sold in Not sold Sold in Not sold 
open in open Total open in open Total 

market market market market 

Alabama. _._.-_.--.__------ 12 ,664 7,896 20 , 560 $6.41 $10.78 $8.09 
. Alaska. _.._......----------- 57 492 549 9.41 7.15 7.39 

Arizona._.__..-..---..------ 132 wn------ 132 WwW one W 
Arkansas____...._.....----- 268 wauenee 268 8.30 _ooe 8.30 
Colorado._...--.--.-.------ 4,355 1,670 6 ,025 4.35 9.77 5.85 
Illinois.......-...-----.--.. 62,983 2,136 65,119 4.86 6.96 4.92 
Indiana___.__.._-..--.-.-.. 22,212 51 22 ,263 4.60 4.47 4.60 
Towa_.......---.----------- 929 59 1987 4.13 3.77 4.11 
Kansas_____.....--.._-_---- 1,627 _------ 1,627 5.59 aoe ' 5.59 
Kentucky____-__._...-_.-.. 116,941 8,864 125 ,305 5.50 8.19 5.68 
Maryland_____.....-__-_--- 1,615 wenn ene 1,615 5.01 nau 5.01 
Missouri__.._...--.-_-__--- 4,447 ween nee 4,447 4.39 _--- 4.39 

Montana: 
Bituminous__.....--_--- 3,124 -a----- 3,124 1.83 a 1.83 
Lignite._.._.--.-------- | 323 ------- 323 2.18 a 2.18 

Total__.-.....-_----- 3,447 -o----- 3,447 1.85 neue 1.85 
New Mexico....--.-------.. 6 ,068 1,293 7,361 2.45 4.95 2.89 
North Dakota (lignite) - .__--- 5,520 119 5,639 1.91 4.00 1.95 
Ohio_.._...--------------.. 48,773 6,579 155,351 4.76 4.61 4.74 
Oklahoma. -__--_------_---- 2,427 _------ 2,427 6.27 a 6.27 
Pennsylvania____....-.----. 50,962 29 ,529 80 ,491 6.32 8.90 7.27 
Tennessee. ._.___--.-------- 8,218 19 8,237 4.90 6.87 4.90 
Utah.__-._.._..----.-------- 2,835 1,898 4,733 5.01 10.67 7.28 
Virginia.__......-...-.._-.. 34,757 259 35,016 7.03 8.00 7.03 
Washington.__-..._...-_---- 37 wau---e 37 12.81 a 12.81 
West Virginia_......_....-.. 125,229 18 , 843 144 ,072 7.65 8.76 7.93 
Wyoming___...._--_-_------ 4,751 2,472 17 222 3.61 2.95 3.38 

Total____...._..._--_. 1521,253 81,679 1602,9382 5.89 8.59 6.26 

W Withheld to avoid disclosing individual company data. 
1 Data may not add to totals shown because of independent rounding.
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: Table 44.—Summary of operations at lignite mines 1 in the United States, 
| in 1970, by States 2 

an 

tem Montana North Dakota Total® 
Number of mines_----------------------------- 2 20 a 

Production (thousand short tons): 
Shipped by rail 4..__--------------.-__----- 322 3,265 3,587 
Shipped by truck_________-------___-_----- 2 568 570 
Mine-mouth generating plants____________.- ----- 460 460 
Used at mines §________--------- 2 ------ ----- 1,346 1,346 

Total 3_____-_-_ eee ee 323 | 5,639 5,963 
Average value per ton_._..-_____--_.-___------- $2.13 $1.95 $1.88 
Number of shovels and draglines___________-_-_- 2 48 50 
Average number of men working daily_______---- 17 306 323 
Average number of days worked___..________---- 218 241 240 
Number of man-days worked (thousands) _-_----- 4: 74 78 
Average tons per man per day_______-___------- 87.16 16.49 TT .02 a. 

1 All strip. oO 
. 2 Exclusive of Texas (lignite). 

3 Data may not add to totals shown because of independent rounding. 
' 4 Includes coal loaded at mines directly into railroad cars and hauled by trucks to railroad sidings. 

5 Includes coal used at mine for power and heat, used by mine employees, and for all other purposes at mine. 

Table 45.—Exports of bituminous coal, by country groups | 
(Thousand short tons and thousand dollars) 

1968 1969 1970 
. Country group ee 

Quantity Value Quantity Value Quantity Value 

Canada (including Newfoundland) and Mexico. 16,822 $143,021 16,905 $147,312 18,846 $197,934 

Overseas (all other countries): 
West Indies and Central America___.--_-_- 1. 11 1 8 1 9 
Bermuda, Greenland, Miquelon and St. . 

Pierre Islands._._._...--_..---_----.- 83 30 3 41 2 44 
South America___.-..-_.--------------- 2,569 26,401 2,869 30,904 2,920 40,929 
Europe_____.____---.-_---_-----.------ 15,403 154,991 15,088 163,415 21,503 303,352 
Asia_._________---_--_.-----_---------- 15,839 171,525 21,368 243,765 27,649 408,172 
Afriea_......_--.--.------------------- (4) Lo LLL e Lee (4) 1 
Oceania_.____._-_-...----.-------.----- ------- +e (4) 7 23 349 

Total_______.__-___-__-_---__-_-.--_--_- 38,815 352,959 39,329 438,140 52,098 752,856 

Grand total_._-_.______-__-___----__--. 50,687 495,980 56,234 585,452 70,944 950,790 

1 Less than 14 unit. 

Table 46.—Bituminous coal exported from the United States, by countries 1 
(Thousand short tons and thousand dollars) . 

1968 1969 1970 
Country Neen nn nn en ne 

Quantity Value Quantity Value Quantity Value. 

Australia_.....-...--.----------  ------- wee nnne panne neue eee 23 $346 
Austria__...-._.-.---2--------- ee --- ~oua-e- wanna ee ------- 65 919 
Argentina____.-..--.---------- 441 $4,450 ATT $5,017 596 8 , 222 
Belgium-Luxembourg._._..._--. 1,052 10 ,843 943 10 ,394 1,881 29 ,9T7 
Brazil___....__._.__-_--_--_---- 1,787 18 ,227 1,843 19 ,818 2,020 27,691 
Canada__________--_---------. 16,748 142 ,156 16 ,789 145 ,710 18 ,673 195 ,133 
Chile___..-_---.----.--------- 306 3,343 519 5,697 275 4,705 
Eeuador_.__.____---__-_-------  ------- ~au-u-- 20 253 ~------ ------- 
France___..___----.------.----- 1,459 13 , 787 2,253 24,192 3,346 46,177 
Germany: 

East_.._...___.-_-----_-.-- 101 1,171 87 1,111 396 5,942 
West__..._-____.-_-_--_---- 3,785 36 ,273 3,451 34,942 5 ,022 65 ,876 

Hong Kong.___--..------------- ------- ------- ------- ------- 10 180 
Treland__._._.--_-------------- 168 1,707 83 918 69 1,014 
Italy_....-_.-.-_---_---------- 4,254 43 ,576 3,679 40 ,824 4,205 59,711 
Japan__.._..-_--.--_---------- 15,822 171,418 21 ,367 243 , 753 27 ,637 407 ,963 
Mexico__.._____.-------------- 74 865 116 1,602 173 2,801 
Miquelon and St. Pierre Islands__ 3 30 3 41 2 44 
Netherlands_______-_-.-_------- 1,491 14,904 1,622 17 ,544 2,112 27 ,941 
Norway..--------------------- 305 3,043 248 2,726 192 3,051 
Portugal._.._--_-------------- ------- ------- 15 230 wonoe-- ------- 
Romania._____-----_---------- 83 953 72 891 70 1,380 
Spain__.._.-.----------------- 1,480 15 ,923 1,825 20,910 3,153 46 ,971 
Sweden_..._------------------ 761 8,003 668 7,365 764 11,586 
Switzerland___.___------------- 28 303 ~o----e ~oeeeee ~eeueee weoe eee 
Uruguay_____.-_-------------- 34 373 10 114 26 274 
Yugoslavia_____.-------------- 436 4,504 141 1,366 225 2,681 
Other__.._.._.-.-------------- 19 128 3 34 9 105 

Total_______-__-_--_---- 50,687 495 ,980 56 ,234 585,452 . 70,944 950, 790 

1 Amounts stated do not include fuel or bunker coal on vessels engaged in foreign trade, which aggregated 
107,749 tons ($1,097,120) in 1968; 59,152 tons ($738,409) in 1969; and 67,424 tons ($916,181) in 1970.
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Table 47.—Bituminous coal exported from the United States, by customs districts 
(Thousand short tons and thousand dollars) 

1968 1969 1970 Customs district eee Quantity Value Quantity Value Quantity Value 
Baltimore, Md_________________ 2,436 $22 ,501 2,654 $24 , 746 4,723 $62 , 880 Boston, Mass__._._._---2 2 a 1 10 ----- Le ~-u-eee Buffalo, N.Y.__.-22- 425 3,371 _ 444 3,653 189 1,698 Chicago, Tll_-_-_ 2 29 203 43 298 9 W020 _. Cleveland, Ohio__________. 15,540. 181,031 - “15,656 ~~ 184,975 18,048 187,003 Detroit, Mich__________________ 92 914 70 728 69 1,050 Duluth, Minn___--_____ 3 32 5 54 3 69 El Paso, Tex___.-_.---_________ 44 559 45 616 64 831 Laredo, Tex.__________________ 29 304 70 981 108 1,953 Los Angeles, Calif.__._.._______ 8 80 93 1,073 262 - $3,579 Miami, Fla_____- 2222-22 Le ------- a wennnee Q) 3 Milwaukee, Wis._________..____ 10 13 ee woo nee wnoeeee wee nee Mobile, Ala__... 222-2 1 7 1 6 378 4,465 New Orleans, La_..._--__-_-_____. 31 354 79 852 460 5,597 New York City________________ 85 873 ---- eee wenn eee 10 108 Norfolk, Va._.--------------_.. 31,820 334,781 37 , 023 416 ,918 46 ,223 676 ,344 Ogdensburg, N.Y__.-__--________ 64 682 40 442 30 414 Pembina, N.D_________._______ 9 86 w----ee wo--eee 3 61 Philadelphia, Pa__..-.--.-----2 6 weno ee 6 53 297 3,625 Port Arthur, Tex__-_.--.--__... ___..... > ~noeeee w~----ee wee w eee 16 263 Portland, Maine___._.__________ 1 17 1 9 wann--e aa----- Portland, Oreg_..-.__--.-._.._. ___.._ we--nee wo-n--- ne anne 51 708 Providence, R.I___..-_-_.______- 5 44 ee eon eee wenn ee wan aae- St. Albans_____.. 22-222. 5 64 1 14 ------- w--4--- San Diego, Calif.__.-._-._.______ (4) 2 () 5. tI 17 San Francisco, Calif....---..---.  -- ------- w-----e ~------ () @) Savannah, Ga__.--_---- (4) 2 ----nne ------- wn eeeae a Seattle, Wash__..._.---2-_--2e ee ------- 2 19 -@) 19 Tampa, Fla_.--..-2---_ eee ~------ — ) (1) @) 1 7 

Total___-22 2. = 50,687 495 ,980 56 , 234 585 , 452 70,944 950,790 
1 Less than 4% unit. 

Table 48.—Bituminous coal 1 imported for consumption in the United States, 
by countries and customs districts 

1968 — 1969 1970 
Country and customs district Short Value Short Value Short Value tons (thou- tons (thou- tons (thou- 

sands). sands) sands) 
Country: 

° Australia... 22 90 $2 w---4-- mouue wae ene ----- Canada__.-.- 2-2 -__ -224,298 1,897 108,857 $1,074 36 ,312 $450 India____----2 eee --.-- 30 3 85 4 Japan_._-_-_---- 22 eee ----- ~----ee ----- 15 2 Netherlands__._________.______..  _.__ ae 11 2 wo aun ----- Norway_----..-.-..__________... __..._. a eeu eaae _.--- 16 (?) South Africa, Republic of_......... ___.._. monet 6 2 ween eee ~---- United Kingdom___.______._____. 6 1 waeeene a 13 1 
Total___-.-2 2. = 224,394 1,900 +*108,904 1,081 36,441 457 

SSS 

Customs district: 
. Buffalo, N.Y___--- 1,344 26 2,297 34 1,416 29 Chicago, Ill___._--2-- 36 ,525 237 98 2 ------- ----- Detroit, Mich.._.__..___.________ 129 3 18 2 104 3 Duluth, Minn__-__..--_..-.-.._.. 10,212 153 4,371 65 7,185 103 Great Falls, Mont__-__........... 10,103 100 35 ,845 304 17,145 160 Honolulu, Hawaii_._______._._... ___. _u--- wun ee a 15 1 Minneapolis, Minn_______________ 6 1 wenn eee wun ~--.--- ----- Mobile, Ala__-.-..-- eee ----- ~------ a 16 ¢3) New York City_.___.-___._.--o. 8 -~---- Al r6 85 4 Pembina, N.D___________________ 12 ,430 177 12,796 185 10, 460 155 Philadelphia, Pa__.__._.___.______ 90 2 6 2 13 1 Portland, Maine_____-.--_.-...2.. 153,555 1,201 43 ,779 401 2 1 St. Louis, Mo_....-22--- 28 eee, w---- ------- a -- (2) (?) Seattle, Wash______.-_______-__._..  _____. -~---- 9,653 80 ~------ ----- 

Total_..------222 et. 224,394 1,900 108,904 1,081 36 , 441 457 
t Revised; Ogdensburg, N.Y. district revised to none. 
1 Includes slack, culm, and lignite. 
2 Less than % unit.
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Table 49.—Bituminous coal, anthracite, and lignite: World production, 

by eountries 

(Thousand short tons) 

nanan 

Country ! 1968 1969 1970 P 

I 

North America: 
Canada: 

. 

Bituminous_--.--_---------------------------07 070-7 8,758 8,652 12 ,785 

Lignite___-_----------------------"---0 ror r rrr - 2,250 2,021 3,820 

Greenland: Bituminous--------------------------------- 
30 23 e 22 

Mexico: Bituminous. -_-------------------------------- t 2,872 2,709 2,980 

United States: 
Anthracite (Pennsylvania) -------------------------- 11,461 10 ,473 9,729 

Bituminous._._-------------------------r +r rt 540 , 428 555 , 493 596 ,969 

Lignite 2___.---------------------------e rer 4,817 5,012 5,963 

South America: ' 

Argentina: Bituminous-.----..~-------------------0-07-7> 
520 575 e 585 

Brazil: Bituminous (marketable) - - ---------------------- 2,606 2,685 2,609 

Chile: Bituminous--.--.------------------------ +r -rre- 1,776 1,878 1,669 

Colombia: Anthracite and bituminous_.-_---------------- 3,417 3,656 ©3,660 — 

eru: 
Anthracite_._..------------------------------7--

-- 8 8 e8 

Bituminous_..------------------------------- rrr 169 171 e172 

Venezuela: Bituminous_-_-_--.--------------------------- 
34 35 (44 

Europe: 
Albania: Lignite ?._...-.-----------------------------7- 

638 e 705 736 

Austria: Lignite 4.--------------------------r cern rr rne 4,604 4,234 4,045 

Belgium: 
Anthracite__.-.---------------------------------

-- 5,409 4,863 4,063 

Bituminous___.-.-----------------------------rr
re 10,912 9,687 8,461 

Bulgaria: 
‘Anthracite_..-.-.-------------------------------

7-- 194 198 e198 

Bituminous__.----------------------------------
-- 290 210 e 240 

a Lignite 3__._-------------------------------------- 
31,176 31,561 31,786 

Czechoslovakia: 

. Bituminous_-_..----------------------------7---7
-- 28 ,580 29 ,837 31,076 

Lignite 3__.__----------------------------
-- 0000 r re 82 ,546 87 , 454 89 , 466 

Denmark: Lignite----------------------------- 57-77 -- 838 475 e 440 

France: 
. 

Anthracite_._.----------------------------------
-- 11 ,688 11,116 10 , 850 

Bituminous_.-----------------------------------
-- 34,511 33 ,619 30 ,326 

Lignite.._._------------------------------- 7-07-77 3,551 3 , 252 3,070 

Germany, East: 
Bituminous._.._--------------------------------

-- 1,741 1,468 e 1,400 

Lignite 3._..._--------------------------------0--- 
272 ,395 280 , 596 287 ,262 

Germany, West: 
Anthracite..._.---------------------------------

-- 12 ,507 11,692 10 , 700 

Bituminous__..-------------------------
- oer 110 ,965 111,061 113 , 541 

Lignite_._..-------------------------------- 07-777 111 ,902 118 ,415 118 , 792 

Pech_____---------------- 2-2 - eon ne 919 841 739 

_ Greece: Lignite_..---------------------------------7--7 
6,314 7,423 8,576 

Hungary: 
Bituminous._----.------------------------------

-- 4,676 4,556 4,576 

Lignite 8__....------------------------------------ 25 ,321 24,653 26 ,102 

Ireland: 
Anthracite...._---------------------------------

-- 114 e110 87 

Bituminous___.---------------------------------
-- 69 e 59 83 

Italy: 
Bituminous... --------------------------------77-

- 402 334 330 

Lignite_._...-----------------------------------
-- 1,905 2,131 1,536 

Netherlands: 
Anthracite._...__--_-----------------------------

-- 6,191 6,098 5,010 

Bituminous______-_------------------------------
-- 1,376 272 ae neeee ee 

Poland: 
Bituminous... ------------------------------------

 141,801 148 , 823 154,485 

Lignite 3___.___.---------------------------------
- 29 ,630 34 ,022 36,118 

Portugal: 
Anthracite_.___._--__---------------------------

-- 438 398 299 

Lignite____...----------------------------------
-- 34 9 eg 

Romania: 
Anthracite 5_______._------------------------------ 17 17 17 

Bituminous 5___------------------------------7---- 7,902 8,288 e 9,000 

Lignite 8....__------------------------------------ 10,082 12 ,035 e 23 ,580 

Spain: 
Anthracite__.__---.-----------------------------

-- 8,155 3,050 3,166 

Bituminous.___-_-------------------------------
-- 10 ,428 9,767 8,614 

Lignite.___-------------------------------------
-- 3,097 3,020 3,115 

Svalbard (Spitzbergen): Bituminous: 

Controlled by Norway - ---------------------------- 381 424 513 

Controlled by U.S.S.R. (shipments) ¢- --------------- 440 440 440 

Sweden: Bituminous-_---------------------------------- 
22 24 ejl 

See footnotes at end of table.
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Table 49.—Bituminous coal, anthracite, and lignite: World production, 
by countries—Continued 

(Thousand short tons) 

Country ! 1968 1969 1970 p 
Europe—Continued . 

U.S.S.R.: 6 
Anthracite.___._._.---_--------------------------- 84,763 84,684 e 87,000 — 
Bituminous______.._..----------------------------- 417,759 430 , 443 e 436 ,000 

_ Lignite §___________-------------------------------- 1 152,448 154,859 e 165,000 
United Kingdom: 

Anthracite__._.....------------------------------- 4,345 4,002 4,061 : 
Bituminous____._._-_-.--------------------------- 179 ,414 164,619 155 , 292 

Yugoslavia: vs 
Bituminous.-_-___-_------------------------------- 920 752 709 

; Lignite 3_......_._._---_-_--------2- eee 28 , 546 28 , 456 30,621 
Africa: 

Algeria: Bituminous 7__._.-.._--.---------_-----------e (8) 30 e18 
Congo (Kinshasa): Bituminous...__..........-.--------- 18 73 112 
Morocco: Anthracite_.._.-___...-.--------_-- eee 497 438 ATT . 
Mozambique: Bituminous____________------_-_---_---_-_e 346 305 387 
Nigeria: Bituminous. ___...___._---_--.------_- i eee (9) 17 39 
Rhodesia, Southern: Bituminous. ______._..--_-.----_-_- 103,608 103,673 e 3,700 . 
South Africa, Republic of (marketable): 

Anthracite.......-....._..------------------------ 1,505 1,699 1,850 
Bituminous.....--.-..---.---- eee 55,435 56 ,450 58 ,349 

Swaziland: Bituminous___________-__-_ oe ee 107 115 136 
Tanzania: Bituminous. __.___._- 2 ee 4 3 3 
United Arab Republic: Bituminous. ._-_.._._._-___---.-.  -_----_-- 4 pole eee 

Act Zambia: Bituminous. _._..-.-- eee 633 438 676 
sia: 

Afghanistan: Bituminous !!__ 22 eee eee eee r138 150 e 150 
Burma: Bituminous. __......-.-.---.--.-.----. eee r17 17 e17 
China, mainland: 

Anthracite e_____._-.---.- 2. ----- eee r 22,000 22 ,000 22 ,000 
i gore and lignite e_.......__....-_------.---_- 308 ,000 338 , 000 378 ,000 
ndia: 

Bituminous_______._......-.-------_------2- 2 eee 78,058 83 ,126 79 ,816 
_ Lignite.........- 22 eee 4,548 4,616 3,908 

Indonesia: Bituminous_._.__......-.---.------------.-- 194 211 195 
Iran: Bituminous !!___...-.---.----- ee 331 276 356 
Japan: . 

Anthracite___.._._..-.-.--.---.----------- ee 1,641 1,350 1,145 
Bituminous____......._-----.--------------------- 49 ,698 47 ,918 42,611 
Lignite__.........-------.-------------------- + -- 369 274 438 

Korea, North: . 
Anthracite___._....__.------------------.----.---- r 20,400 22,200 24,000 
Bituminous and lignite__....._.__._..-----.--------- 5,000 5,400 6,300 

Korea, Republic of (South): Anthracite._......--..-_---- 11,290 11 ,324 13 ,662 
Mongolia: Bituminous and lignite__.__.._.__._-_--.-.--. 1,380 1,600 1,930 
Pakistan: Bituminous and lignite__.._.-...--.-.----..---- 1,404 1,400 e 1,500 
Philippines: Bituminous_____......_..---_---------.--_- 35 . 58 AT . 
Taiwan: Bituminous_.__.__....-------------_---------- 5,527 5,120 4,931 
Thailand: Lignite e_.___....-__------------------------- 335 384 440 ; 
Turkey: . 

Bituminous !9___._ 22-22 eee 4,753 5,234 4,820 
Lignite 10... eee 5,818 6,075 6,272 

Vietnam, North: Anthracite e._......---.--------------- 3,300 3,300 3,300 
Oceania: 

Australia: 
Bituminous___......._..--.--..---.--------------- 45 ,006 50,851 54,548 
Lignite__...........-..-..----------.---------.--- r 25,728 25 ,602 26 ,679 

New Zealand: 
Bituminous__.........---------------------------- 2,491 2,606 2,669 

Lignite_....--------------------------------------_____190_— 188 219 
World total: 

Anthracite__.........--..-------------------------.--- 200 ,923 199 ,020 201 , 622 
Bituminous !2____........--__..-.---.----------------. 1,757,160 1,784,415 1,827,201 
Lignite_.......-...---.------.-----.------------------- 809 , 082 837 ,472 867 ,984 
Mixed Grades 8_______... 22.12 ee --- +--+ 319,201 350, 056 391 ,390 

All grades. ......-..--.----------------------------- 3,086,366 3,170,963 3,288 ,197 

e Estimated. P Preliminary. t Revised. . 
1In addition to the countries listed, Ecuador produces coal, but output was less than 500 tons annually in 

the years covered by this table. 
2 Excludes production from the State of Texas. . 
3 Includes material reported in national sources as brown coal. 
4 Available sources give only lignite production; a small quantity of bituminous coal also may be produced. 
5 Official sources report the aggregate of anthracite and bituminous, distribution to these separate grades is 

estimated from reported total. 
6 Run of mine. 
7 May include a small amount of anthracite. 
8 Less than unit. 
9 Revised to none. 
10 Sales. 
1 Year beginning March 21 of that stated. 
12 Includes pech coal from West Germany. . ; . . 
18 Anthracite plus bituminous coal for Colombia and bituminous plus lignite for mainland China, Mongolia, 

North Korea, and Pakistan.





C 5 e t it oal—Pennsylvania Anthracite 

By D. R. Federoff 1 

Data in this chapter refer only to an- was attributed to the continuing decline in 
_ thracite or hard coal, mined in the north- the demand for anthracite for Space-heat- _ 

eastern part of the Commonwealth of ing. — | | 
Pennsylvania. This anthracite region is di- Exports of anthracite totaled 789,499 
vided geologically into four fields: North- tons, an increase of 26 percent over the 
ern, Eastern Middle, Western Middle, and 627,492 tons shipped in 1969. The increase 
Southern. The area is also grouped by was attributed to the greater demand from 
trade usage into three regions: Wyoming, Asia and Europe. A more accurate meas- 
Lehigh, and Schuylkill. urement of the importance of exports to 

Production of Pennsylvania anthracite in the industry can be obtained by adding 
1970 was from 209 underground mines, 179 the quantity shipped for use by the USS. 
strip pits, 97 culm and silt banks, and five Armed Forces in West Germany to the 
dredges, and totalled 9.7 million short tonnage reported by the Bureau of Census. 
tons, a decrease of 7 percent from that of This computation indicates that approxi- 
1969. Of this total, 47 percent was pro- mately 1,481 million tons were actually ex- 
duced at strip mines, 31 percent at culm ported, or about 15 percent of the total : 
and silt banks, 18 percent at underground 1970 production. | | 
mines, and 4 percent from river dredging. Although there was a decline in produc- 
Compared with tonnages produced in 1969, tion, the average number of men working 
dredging declined 24 percent; underground daily at anthracite operations remained ap- 

_ production, 17 percent; culm and silt proximately the same, as the productivity 
banks, 7 percent; and strip mine produc- rate decreased approximately .90 tons per 
tion, less than 1 percent. | man-day; 6.55 tons in 1970, as compared 
Total value of the 1970 output was with’ 7.45 tons in 1969. The total number 

$105.3 million, an increase of 5 percent of man-days worked was 1,447,000, or ap- 
over that in 1969. Production of pea and proximately 5 percent more than in 1969. 

_ larger sizes declined 8 percent from that of Legislation and Government Programs. 
1969, and the buckwheat No. 1 and -—State and Federal Government pro- 
smaller category, 7 percent. Although the grams in the environmental area continued 
pea and larger sizes amounted to 34.4 per- through 1970 and included underground 
cent of 1970’s output (35.1 percent in mine fire control, refuse or culm bank-fire 
1969) , they accounted for 45.8 percent of control, surface subsidence, mine-water 
the industry’s total revenue because of drainage control, and reclamation of old 
higher prices received for these sizes. The strip pits. 

. average value for the pea and larger sizes A survey of anthracite solid waste 
was $15.06 f.0.b. preparation plant, a gain accumulations (refuse banks) undertaken 
of $1.50; while the average value for the in 1967, disclosed a total of 861 banks con- 
buckwheat and smaller was $8.92, a gain of taining over 910 million cubic yards of 
$0.99. As a result, the average value for all material that occupy a total of about 19 
sizes (excludes dredge coal), increased to square miles. In relating the distribution 
$11.03, 11 percent more than in 1969. of these banks to urban areas in the four 

Apparent consumption of anthracite in anthracite fields, it was discovered that 73 
the United States during 1970 was esti- percent, or 582, of the banks are located 
mated at 8.2 million tons, a decline of 6.4 within 2 miles of the traffic centers of the 
percent. Although use data are incomplete principal areas of population. ‘Twenty- 
for anthracite, the major part of the loss ~ -¥ Statistical assistant, Division of Fossil Fuels. 

391
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Table 1.—Salient statistics of the Pennsylvania anthracite industry 
i 

1966 1967 1968 1969 1970 

i
 

Production: . 

Preparation plants_....-..---short tons_.12,189,106 11,481,582 10,799,260 9,920,130 9,804,221 

Dredges._....-------------------d0o.--- 661,017 631,660 605,920 535,369 409 ,354 

Used at collieries for power and heat 
do.... 141,141 142 ,821 55,653 17,417 15,823 

Total production......---------do...-12, 941,264 12,256,068 11,460,833 10,472,916 9, 729 ,398 

Value.._...--.-.------.--thousands_. $100,663 $96,160 $97,245 $100,770 $105,341 

Average sales realization per short tons on prep- 
aration plant shipments (excludes dredge coal): 

Pea and larger__...----.----.~--------- $11.11 $11.53 $12.40 $13 .56 $15.06 

Buckwheat No. 1 and smaller___.-....--- $6.40 $6.35 $6.87 $7.93 $8.92 

All sizes___....----.--.-------------- $8.08 $8.15 $8.78 $9.91 $11.03 

Percentage of total preparation plant shipment 
(excludes dredge coal): 

Pea and larger_..--..--.--------------- $5.6 84.8 34.6 35.1 84.4 

Buckwheat No. 1 and smaller._....------ 64.4 65.2 65.4 64.9 65.6 

Exports !_........--------------short tons... 766,025 594,797 518, 159 627,492 789,499 

Consumption, apparent 2... ____. _ do._..11,400,000 10,800,000 10,160,000 8,809,000 8,248,000 

Average number of days worked_ _-__--------- 203 219 217 232 241 

Average number of men working daily__-..---- 9,292 7,750 © 6,932 5,927 6,000 

Output per man per day___._...--short tons_- 6.87 7.21 7.62 7.45 6.55 

Output per man per year__._-.--.-----do-.-- 1,395 1,579 1,654 1,728 . 1,516 

Quantity cut by machines__......-----do-.-- 246,658 146 , 908 61,245 68 ,300 125,779 

oe Quantity mined by stripping--....--.--do---- 5,258,408 4,740,187 4,696,163 4,578,732 4,541,452 

Quantity loaded by machines underground . 

do__.. 2,590,547 1,997,806 1,475,000 1,326,598 1,150,596 

Distribution: 
Receipts in New England ?___..---do---. 4149,010 --------- ------2-- 0 --en----5 0 --aa5-eae 

Exports to Canada !____.--_--.---do_..- 624,280 448,744 401,314 472 , 763 438 ,008 

Loaded into vessels at Lake Erie5_.....-. 208,482 206 ,975 204 ,682 209 , 000 154,002 

1U.S. Department of Commerce, 1966-70 export data does not include shipments to U.S.. military forces. 

See NOTE, tables 3 and 28. - 0 

2 Beginning with 1961 exports to the U.S. military forces in West Germany were taken into consideration. 

See NOTE, tables 3 and 28. . 
~3 Commonwealth of Massachusetts, Division on the Necessaries of Life. 

4 Data discontinued after September 1966. 
- &Ore and Coal Exchange, Cleveland, Ohio. 

seven banks were burning at the time the use banks. A preliminary report of inves- 

survey was taken. | tigation evaluating the cost data, quench- 

Current environmental problems in the ing and excavating cycles, safety 

highly populated northeastern part of procedures, equipment performance, and 

Pennsylvania are attributed to past unreg- environmental factors (control of fumes 

ulated mining methods. Smoke and nox- and dust) was prepared. 

ious gases emanate from burning refuse Projects were also undertaken in surface 

banks, acid mine water pollutes streams, subsidence control caused by underground | 

and hazardous deep and surface mine mine voids. Research on underground void 

openings pose a serious threat to public filling and sealing with dry ash was ex- 

safety and economic growth. tended to include the use of fly ash-ce- 

Long-range plans are being projected to- ment-water grouts containing up to 10 per- 

ward completely eliminating the refuse cent portland cement and 100 gallons of 

banks and pits, which are unsightly and water per ton of solid. Flow. characteristics 

unsafe. The quantity of material in refuse of the mixture were good, and the airtight 

banks is currently being diminished to seals obtained served as effective roof sup- 

some extent by reclaiming marketable coal, port. The method has now been applied 

and by using the waste for backfilling of jin anthracite coal fields where under- 

abandoned strip pits and underground ground fires or subsidences have created se- 

my am was initiated to develo rious problems. r S . . 
progr oy oy: P The Bureau of Mines and the Geological 

methods and to demonstrate the feasibility P -aued her hvdrolozic data 

of quenching and removing burning coal urvey continued to gather hy 1 Opie Th 

refuse. An important phase of the project for evaluating mine water problems. Ihe 

involved setting up instruments to monitor studies involve determination of the vary- 

the atmosphere. Data were obtained con- 18 heights of underground mine pools, 

cerning the types and concentration of hydrostatic pressure effects upon barrier 

gases and dust emitted from burning ref- pillars and mine dams protecting active
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Figure 1.—Coalfields, regions, and counties of the Pennsylvania anthracite area. | 

mining operations and discharges from Susquehanna River. It will employ flash 

flooded mines into surface streams. __ evaporation to produce ultrapure water for 
The Commonwealth of . Pennsylvania sale. Plans call for obtaining steam from 

contracted for an acid mine discharge d ind den . . 

plant to be located near Wilkes-Barre, Pa. Proposed independent electric _ stations 
The plant would treat 5 million gallons of | which would use culm as a fuel; otherwise, 
acid water per day now flowing into the _ the plant will include its own boilers.
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| DOMESTIC PRODUCTION | 

Production of Pennsylvania anthracite pared with 63.0 percent for 1969. Two 
totaled 9.7 million tons in 1970, a decrease mining machines (1 more than in 1969) 
of 7 percent, or 743,518 tons less than in undercut 125,779 tons of anthracite. 

. 1969. All sources registered declines. . Production from strip mines totaled 4.5 

percen , see region ooeibated 54 million tons, and accounted for 47 percent 
| otal production, the same of total anthracite production in 1970, 

level as in 1969; the Lehigh region, 25 per- compared with 44 percent in 1969. Output 
cent (23 Poot in 1969); and the Wyo- in the Lehigh region declined approxi- 

| ming region, percent (23 percent in mately 13 percent; however, production in 

Production from the four fields was a ne 8 4 ane wyoming regione follows: 16 percent from the E 0 NG . creased by 3 percent and H percent, re- | 
vl ve § per at from Woo 4 at - spectively. Of the total strip mine output, 

37 ? Pr from the South ern Middle, 46 percent was mined in the Schuylkill re- 
Pen hen v . a we and 21 per- _ gion, 32 percent in the Lehigh region, and 

cent from the Northern held. 22 percent in the Wyoming region. 
| Of the total fresh-mined coal (strip plus There were 94 power’ shovels (10 less 

nigh Scgion) atcoumted. for 23° percene,  @ah 19 1960), and 145 draglines (19 les 
| Or a, oe? than in , being used in stripping 

regio ape pecan. percent; and Wyoming = pennsylvania anthracite and in the recov- _ 
3 > a9 | 4 . ery of anthracite from culm banks. 
Underground production continued to . i 1 ) , 

decline in 1970. Of the total underground Production from culm a ty 000 t 3.0 
output, the Lehigh region accounted for 2 eee eee ties ons 
percent, the same level as in 1969; less than mn 1969, oF 3 decline of iu per 
Schuylkill region increased its total to 66 Cone Nat . by ree was .“ ows: 
percent (60 percent in 1969); and Wyo- ye region, 52 percent; Le *BD XE 
ming région, 32 percent (38 percent in ee ” Bereen’ and the Wyoming region, 
1969) , a decrease of 16 percent. Each of per “ ° . | . 

the three regions showed losses in 1970. Dredging operations produced approxi: 
Output in the Lehigh region decreased 24 mately 09,000 tons in 1970, a decrease of : 
percent; Schuylkill region 9 percent; and 24 percent comp ared with . the Prewrous 
the Wyoming region 30 percent. year. As the preponderant part of the river 

_ Mechanical loading of underground an- ©°#l is “captive” tonnage (coal used by the 
thracite in 1970 declined by 13 percent Producer), it is not nearly as responsive to 
from the previous year with a correspond- fluctuations in the general market as the 

ing decrease in mechanical equipment; small sizes produced from other sources. 
however, of the total underground output, Approximately 4 percent of the total an- 
66.1 percent was loaded mechanically com- _thracite production was dredged. 

DISTRIBUTION 

For the 1969-70 coal year, shipments of | buckwheat No. 2 (rice) dropped by 7.7 
Pennsylvania anthracite were about percent, while buckwheat No. 3 (barley) 

9,567,000 tons, approximately 271,000 tons, increased by 1.2 percent; other sizes, not 
snipme ab. Shipments 1968-69 coal year otherwise identified, increased by 7.7 per 

° cent. Increased shipments to western Ku- 
within the United States declined 3.0 per- rope ewe “tne ° a a large part to ex- 
cent, while exports to Canada increased by panded requirements of the U.S. Armed 
5.7 percent. In contrast, the exports to ces in German 
countries other than Canada decreased 3.6 oF “s , mma y 
percent. Shipments into the New England area, 

Shipments of pea and larger sizes, to the the Middle Atlantic States, and the Lake 

markets in the United States, during the States, declined by 23.1 percent, 0.9 per- 
1969-70 coal year, decreased by 10.5 per- cent, and 7.8 percent, respectively. How- 

cent from the level achieved in 1969. ever, the shipments to “Other States” in- 

Buckwheat No. 1 declined 6.3 percent, creased by 4.9 percent.
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| CONSUMPTION AND USES 

Apparent consumption of Pennsylvania of anthracite in 1970 was as follows: 49 
anthracite in the United States in 1970, percent for residential and commercial 
calculated as production minus exports, in- heating purposes, 23 percent for electric 
cluding that exported to West Germany power generation, 11 percent for the iron 
for use of U.S. Armed Forces, totaled 8.2 and steel industry, and 17 percent for 
million net tons, a decline of 6.4 percent. other uses. 
Although use data on anthracite are in- The Federal Government continued to 
complete, the major part of the loss was supplement the fuel needs of the USS. _ 
attributed to the continued decline in the Armed Forces in West Germany with pur- 
use of anthracite for space heating. A sig- chases of anthracite. Shipments in 1970 
nificant portion of the coal was consumed were 692,000 tons compared with 992,000 
by electric utilities. in 1969, a decrease of approximately 31 

- The approximate domestic consumption _ percent. 

STOCKS 

Monthly data on stocks held in retail at the end of 1970, compared with 
yards indicated that dealers operated with 1,297,000 tons at the end of 1969. 7 

_lower inventories during the first 6 months Stocks at coke plants totaled 121,000 tons 

of 1970. However, dealers increased their at the end of the year, a decrease of 6.9 

stocks thereafter, and by the end of De- percent from that of 1969. : 
cember had 202,000 tons in inventory, an | | 
increase of 42.2 percent over yearend stocks Stocks at the Upper Lake docks (Lake 

| of 1969. Superior and Lake Michigan) dropped 

The utilities reported a decrease of 15.3 from 21,000 in 1969 to 6,000 in 1970, a de-— 
percent in their inventory—1,099,000 tons crease of 71.4 percent. 

| PRICES AND SPECIFICATIONS : oe | 

-Based on total production, including col- $0.99 over that of 1969. Increases per ton | 

liery fuel and dredge coal, the value of for the larger sizes—egg, stove, chestnut, 
Pennsylvania anthracite averaged $10.83 pea—were $0.98, $1.35, $1.55, and $1.73, re- 

per short ton in 1970, an increase of 13 spectively. The per ton increases for the 

percent from the $9.62 per ton recorded in smaller sizes were as follows: Buckwheat 

1969. Total value reached $105,340,747, an No. 1, $1.73; buckwheat No. 2 (rice), 
increase of 5 percent. Average values for $1.67; buckwheat No. 3 (barley) , $1.57; 

all sizes of anthracite increased in 1970. buckwheat No. 4, $0.84; buckwheat No. 5, 
Although the larger sizes of anthracite 94918: and other, $0.84. All the above 

amounted to only 34.4 percent of the prices include dredge coal. 
year’s output (35.1 percent in 1969), they A holesal . ted it 
accounted for 45.8 percent of the industry’s verage w otesate Prices as quo un 
total revenue because of an 11 percent per the Black Diamond magazine were as fol- 
ton price increase. The average. value for lows: Egg and stove, $16.75 to $17.95; chest- 
the pea and larger group of sizes was nut, $16.50 to $17.90; pea, $14.50 to $15.40; 

$15.06 per ton f.o.b. preparation plant, a buckwheat No. 1, $14.00 to $15.00; buck- 
gain of $1.50. wheat No. 2 (rice), $14.00 to $15.00; and 

The average value of the buckwheat and buckwheat No. 3 (barley), $13.00 to 

smaller sizes was $8.92 per ton, a gain of $13.25. 

FOREIGN TRADE 

Exports of anthracite totaled 789,000 eign countries in 1969. Shipments to Can- 
tons, an increase of approximately 26 per- ada declined from approximately 473,000 
cent over the 627,000 tons shipped to for- tons in 1969 to 438,000 tons in 1970, a de-
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crease of 7 percent. However, shipments to Although anthracite from the Pennsylva- 

the European countries increased from ap- nia region is shipped to the Netherlands 

proximately 106,000 tons in 1969 to 302,000 to. and use by the Oe womate Gelivery 

tons in 1970. The remainder was exported wo Germany, it is not considered an ex- 

to markets in Australia, South America, port and therefore, is not included in the 
and Asia. | export total. | 

| WORLD REVIEW 

| _ Precise data from all anthracite produc- Japan’s imports of anthracite for the 
ing countries are not available. Some fig- January-November period totaled 1,384,238 
ures are only estimates and some countries tons, compared with 1,296,023 tons for the 

include in their data coals which by U.S. same period in 1969, an increase of ap- 

standards are of no higher quality than proximately 7 percent. Canada, mainland 
semianthracite. Despite these inadequacies, China, the Republic of Korea, and the Re- - 
information is sufficiently accurate to indi- public of South Africa supplied 76 percent 
cate general trends. of the total. 

Europe, including the U.SS.R., main- |= The approximate consumption of an- 
| tained the lead in world production with thracite in Japan for the same period was 

approximately 125.4 million tons, or 62.2 as follows: Gas plants, 7 percent (9 per- 
percent of the total world output. Produc- cent in 1969); coke plants, 13 percent (7 
tion in the Soviet Union, the world’s larg- _ percent in 1969); chemical plants, 14 per- 

est producer, was estimated at 87.0 million cent (22 percent in 1969); briquet plants, 
tons, an increase of 2.7 percent over that 29 percent (26 percent in 1969); and 
of 1969 and accounted for approximately ‘other’, 37 percent, (36 percent in 1969). 
43 percent of the total world output. Spain’s anthracite shipments during 1970 

Other leading anthracite producing were dispatched largely to West European 
countries, included North Korea, with 11.9 countries, particularly to the European 

‘percent of world output, and mainland Economic Community (EEC). West Ger- 
China, with 10.9 percent. Production of many was the principal consignee during 
anthracite in Eastern Europe and Asia in- this 9-month period (January-September) 

| creased 4.3 percent from 1969. Total world with a total 89,957 tons, or approximately 
production was approximately 201.6 mil- 79 percent of the total shipment of 114,086 
lion tons in 1970 compared with 199.0 mil- tons. | 
lion tons in 1969. Shipping arrangements for the exports of | 

Italy’s anthracite imports from January anthracite from the Republic of South Af- 
to June of 1970 totaled 378,094 short tons rica were numerous, and reportedly there 

of which 79 percent was supplied by the were contracts for shipments to Belgium, 
Republic of South Africa, the United the Netherlands, Italy, and Japan during 
Kingdom, and the U.S.S.R._ . the period from February to March. 

TECHNOLOGY | 

Little progress has been made during period of 10 years demonstrated that low 
the past several years in improving anthra- ash anthracite, high in anthraxylon, which 
cite underground mining techniques. The has low friability and correct size and 
Pennsylvania Department of Mines and _ shape, had definite advantages over any 
Mineral Industries continued research and other media for use as a filter medium in 
development on automated anthracite min- sewage sludge beds, alkali and acid filters, 

ing methods with semilongwall and pitch etc. Modern trends are toward coarser 
capabilities. filter media, and more attention is being 

Research continued on the preparation given to pretreatment and the removal of 
characteristics of the Kidney Seam in the impurities before the water reaches the 
northern anthracite field. filter. 

Data collected from laboratory experi- Many filters are using sands which are 
ments and actual field operations over a_ too fine and these sizes cannot be increased
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to the optimum size needed without in- program to preserve old mine maps for fu- 
creasing particle weight to a point where ture studies of subsidence, for mine fire 

| proper expansion is impossible with the control, and for evaluating building sites.2 
available wash water velocity. By using an The data accumulated by the map folio 
anthracite filter, a coarse grain size can be program proved an invaluable aid in de- 

: obtained and the particle is still light veloping a report requested by the U.S. | 
enough to permit the correct degree of ex- Army Corps of Engineers relating to a : 
pansion. High filter rates can be main- proposed dike project in the northern an- 
tained without sacrificing the quality of ef- _thracite field. _ i co 
fluent. Coatings do not. build up on the At the end of fiscal year 1971, a total of 
anthracite to the extent that they do on 8118 maps have been recorded on 20,788 
sand, and the anthracite is not soluble in frames. Adding to this, 1,310 frames were 
acids or alkalis. Losses due to attrition used for recording the subsidence report of 
amount to approximately 0.2 percent an- the U.S. Army Corps of Engineers, and 
nually, a rate no greater than that of 1,078 frames were used for recording 
sand. Data on 10 years operation show mine-map folios, making a grand total of 

| very little change in particle size or loss of 93,176 frames of microfilm record. 

filter medium. As a solution to the problem of acid 
In brief the research demonstrated that: drainage from coal mine waste, experi- 

Cost is volumetrically for anthracite filter- ments are being conducted on a huge gob 
media lower than for sand; a high degree pile on the theory that oxygen produces 

of expansion is obtainable, guaranteeing the sulfuric acid that seeps from the gob 
cleaner filters; coarser sizes can be used for piles. Laboratory experiments have sub- 

higher rates; longer filter runs up to 150  gtantiated the theory that as little as 1 
percent are possible; wash water costs are foot of earth may choke off the oxygen 

reduced 30 to 50 percent; and cleaning is needed to unite with the waste to produce 
: easier because of reduced cementing with the acid3 

lime, manganese or iron. | | 
Maps of abandoned underground mines 2 Gait, G. B. Microfilming Maps of Abandoned 

in t anthracite region continued to be Anthracite Mines: Mines in the Western Middle 
in the anthracite region cont ._. Anthracite Field. BuMines Inf. Cir. 8519, 1971.- 
microfilmed as part of a Bureau of Mines 8 Coal Mining and Processing, December, 1971. 

Table 2.—Standard anthracite specifications approved and adopted by the Anthracite 
. Committee, effective July 28, 1947 | 

, | Percent | 

| Size Round test mesh Over- _ Undersize 4 Maximum impurities ! | 
(inches) size 

maxi- Maxi- Mini- Slate Bone Ash? 
. / mum mum mum 

Broken._.................... Through 4%___-_-- 2-2-2. eee eee 1% 2 11 
Over 34 to3___ eee eee Le 15 a 

Egg___...---.....--......... Through 3 to 8___.-._... 5 wane eee 1% 2 11 
Over 27%_---------------. -.--- 15 7% ..-.- 3 11 

Stove__._.-..-...-.-.-...... Through 2%._....------.. 7% 2... wii... 2 3 11 
Over 154_ __----------2--. -2--. 15 TM ----- ----- ------ 

Chestnut___................. Through 1% .--.--.-.--.. 7% i. . -uLLe 3 4 11 
Over 8... ---- eee Le 15 Y 

Pea___....-.-...-........... Through 84..........-._. 10 ween eee 4 5 12 
| Over %._.-.------------- ----- 15 ee 

Buckwheat No. 1__.-....._.... Through %%.._._.-_.-..... 10 ween eee eee eee 13 
Over 5... eee Le 15 TY% wun nee fee 

Buckwheat No. 2 (rice)___..._. Through §4...._....-..-.. 10 ween nee eee tee 13 
Over 3%. __-.------------. ---e 17 Ti un----  -----) --neee 

Buckwheat No. 3 (barley)_.... Through ?%...._.......... 10 meee eee eee tee 1§ 
Over 34__._.---------- 2 eee 20 3810 eee ee eee eee eee 

Buckwheat No. 4__._......... Through 34______.._._.... 20 ween eee eee eee 15 
Over §4,__ 2 Lee 30 10 enen eee eee tee e 

Buckwheat No. 5............. Through 3%;_.___._.__...... 30 No limit wenn eee 16 
en 

1 When slate content in sizes from broken to chestnut, inclusive, is less than above standards, bone content 
may be increased by 1}4 times the decrease in slate content under the allowable limits, but slate content 
specified above shall not be exceeded in any event. . 

A tolerance of 1 percent is allowed on maximum percentage of undersize and maximum percentage of ash 
content. 

Maximum percentage of undersize is applicable only to anthracite as it is produced at preparation plant. 
Slate is defined as any material that has less than 40 percent fixed carbon. 

Bone is defined as any material that has 40 percent or more, but less than 75 percent, fixed carbon. 
2 Ash determinations are on a dry basis.
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Table 5.—Sizes of Pennsylvania anthracite (excluding dredge coal) prepared at plants, 

| by regions . 

. (Percent) 

. S; Lehigh region Schuylkill region 

ize a 
1966 1967 1968 1969 1970 1966 1967 1968 1969 1970 
a TT 

Lump ! and broken ------------------ ---- -2--  -2-20 -s-n  -e-e -e-z cerg oce-g ocx-g 777 

Egg__---..-------------------------- 2.7 4.6 4.5 4.6 4.0 0.9 1.2 1.2 1.2 1.0 

Stove___....------------------------ 11.1 11.0 10.3 10.0 9.4 9.3 9.4 9.4 9.8 10.7 

Chestnut......---------------------- 12.4 12.1 12.0 18.1 11.1 12.0 10.7 11.1 11.3 12.3 

Pea.__.___.. wenn ne neeeneeeeeeeeee 7.4 9.0 10.9 10.7 9.2 8.3 8.0 7.7 7.4 8.3 

Total pea and larger__....------ 33.6 36.7 87.7 38.4 33.7 30.5 29.3 29.4 29.7 32.3 
. : ne 

Buckwheat No. 1.....---------------- 11.3 10.5 11.0 11.7 10.2 12.1 11.0 11.0 11.2 11.0 

Buckwheat No. 2 (rice).__-------.---- 9.9 8.9 9.6 11.2 9.4 10.2 9.2 9.5 9.2 9.8 

Buckwheat No. 3 (barley)_....-....--. 9.1 9.1 10.3 10.8 11.9 18.3 11.1 11.8 14.5 18.1 

Buckwheat No. 4.......-.-.---.------ 6.2 6.0 6.6 8.0 7.2 7.0 6.7 6.5 7.0 6.8 

Buckwheat No. 5.......-------------- 14.8 15.9 16.9 16.9 14.7 14.1 12.8 13.0 18.2 13.5 

Other 2.......---.-..---------------- 15.1 12.9 7.9 8.0 12.9 12.8 19.9 18.8 15.2 18.5 
a 

Total buckwheat No. 1 and . : 
smaller..............-.--...- 66.4 63.8 62.8 61.6 66.8 69.5 70.7 70.6 70.3 67.7 

ee CT 

Wyoming region 3 . Total 

Lump! and broken...---------------- © © (@ one ---> ® @, ©) -s-z -s-s 
Egg__...-------.-------------------- 38.4 3.0 1.9 3.1 2.4 2.0 2.6 2.2 2.5 2.1 

. Stove......... eee ee eeuee- 18.1 12.0 11.7 12.0 10.3 10.8 10.5 10.2 10.4 10.3 

Chestnut..__.-....-.-.-------------- 17.2 15.8 15.6 15.9 15.5 18.5 12.4 12.5 12.8 12.7 

Pea..__....... eee eeeeeeeee 12.6 12.1 12.2 12.2 11.5 9.8 9.8 9.7 9.4 9.3 
ae 

Total pea and larger-..---..-.-. 46.8 42.9 41.4 48.2 39.7 85.6 34.8 34.6 35.1 34.4 

. Panne ERE 

Buckwheat No. 1_..__..--------------- 15.0 18.8 14.4 14.7 15.4 12.7 11.5 11.9 12.2 11.8 

Buckwheat No. 2 (rice).._-.---------- 9.7 9.4 9.2 9.4 8.7 9.9 9.2 9.4 9.7 4 

Buckwheat No. 8 (barley)_.....--.---- 10.8 10.6 10.3 9.7 10.7 11.6 10.4 11.1 12.4 12.2 

Buckwheat No. 4._----..------------- 4.7 2.6 2.6 3.6 5.3 6.2 5.4 5.5 6.4 6.6 

Buckwheat No. 5....-...------------- 4.3 6.0 5.1 2.6 4.5 11.6 11.9 11.8 11.6 11.8 

Other 2_......_._-- ee eeeeeeeeee-e--- 9.2 15.2 17.0 16.8 15.7 12.4 16.8 15.7 12.6 138.8 
a 

Total buckwheat No. 1 and 
smaller.............--.-..... 58.7 57.1 58/6 56.8 60.3 64.4 65.2 65.4 64.9 65.6 © 

eee 

1 Quantity of lump included is insignificant. 
2 Includes various mixtures of buckwheat Nos. 2 to 5 and coal of relatively low dollar value. 

3 Includes Sullivan County. . 
4 Less than 0.05 percent.
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Table 6.—Sizes of Pennsylvania anthracite (excluding dredge coal) prepared at plants, 
7 by regions | 

(Percent) 

gs LEHIGH REGION SCHUYLKILL REGION © 

Shipped Shipped Shipped Shipped 
__ by rail by truck Total by rail by truck Total 

Egg...--------.---------+-------- eee 8.0 0.4 5 4.0 °}2.4 0.1 1.0 
Stove. _..--.---___--..--- += -- e eeee 15.0 4.5 9.4 14.0 8.5 10.7 
Chestnut__.........------..---------------- 9.1 12.9 11.1 10.1 13.8 12.3 
Pea... 2-2. ee ee eee ee 6.8 11.3 9.2 5.5 10.2 8.3 

_ Total pea and Jarger...-.-------------- 38,9 29.1 88.7, 82.0, 82.6 = 82.8 
Buckwheat No. 1__..........---------------- 10.1 10.4 10.2 8.7 12.5. 11.0 
Buckwheat No. 2 (rice)__.--..--------------- 2.8 15.2 9.4 4.3 13.4 9.8 
Buckwheat No. 3 (barley)_--..--------------- 7.8 15.5 11.9 9.3 15.6 13.1 
Buckwheat No. 4___............------------- 12.4 2.6 7.2 9.9 4.8 6.8 
Buckwheat No. §.-_..-...-.--.--.----------- 27.8 3.0 14.7 26.3 4.8 13.5 
Other !__._.....--------------- eee 2 24.2 12.9 9.5 16.3 13.5 

Total buckwheat No. 1 and smaller_---_- 61.1 70.9 66.8 68.0 67.4 67.7 

-- WYOMING REGION 2 . TOTAL — 7 

Kgg-..-...---.------.---------------------- | 9.1 1 2.4 6.1 2 2.1 
Stove__........-.-.--- nn ee eee 21.3 6.5 10.3 15.4 7.1 10.3 

Chestnut_........-------...------------ e+e 16.5 15.2 15.5 10.8 °° #138.9 12.7 

Pea__...----- een n nnn ne nee 6.3 13.3 11.5 6.0 11.3 9.3 

Total pea and larger_-.-..------------- 58.2 985.1 39.7 37.8 = 82.5 34.4 

Buckwheat No. 1__..------------------------ 10.2 17.2 15.4 9.4 13.3 11.8 
Buckwheat No. 2 (rice)_.......-------------- 4.4 10.2 8.7 3.8 12.9 9.4 

Buckwheat No. 3 (barley) _--.---------------- 11.4 10.4 10.7 9.2 14.2 12.2 

Buckwheat No. 4..__.-.--------------------- 14.8 2.0 5.8 11.4 3.6 6.6 
Buckwheat No. 5__.._....------------------- 5.2 4.3 4.5 23.6 4.3 11.8 

Other !__... o-oo nen nee eee 8 20.8 15.7 5.8 19.2 13.8 

Total buckwheat No. land smaller... 46.8 64.9 60.38 62.7 67.5 _65.6 
1 Includes various mixtures of buckwheat Nos. 2 to 5 and coal of relatively low dollar value. _ 
2 Includes Sullivan County. ; 

Table 7.—Production of Pennsylvania anthracite in 1970, by regions and counties 
- (Thousand short tons and thousand dollars) | 

Rail shipments Truck shipments — Colliery fuel ~~ Total” . 

Source production } 

Quantity Value? Quantity Value? Quantity Value Quantity Value 2 
REGIONS | : ee 

Lehigh: . i _ . - 

Preparation plants___- 1,118 $12,150 1,266 $138,452 6 $79 2,390 $25,682 

Schuylkill: 
Preparation plants-_-_- 1,946 19,672 2,893 32,214 5 61 4,844 651,947 

Dredges_.-.--.-.---- 328 2,180 81 812 __.-... ------- 409 2,493 

Total Schuylkill !__- 2,274 21,852 2,974 82,526 5 61 5,258 54,440 

Wyoming: 
Tot Preparation plants °_.. 534 7,121 1,547 18,044 5 55 2,086. 25,219 

otal: ; 
Preparation plants..... 38,598 88,943 5,706 638,710 16 195 9,320 102,848 

Dredges........--.-- 828 2,180 81 812 ...--. ------- 409 2,493 

___Grand total!...... 8,926 41,128 5,787 64,022 16195 9,729 105,341 
COUNTIES . : __ 

Berks, Lancaster, and . mS ~ 

Snyder_.......------.- 828 2,180 81 812 ...-.-. -..---- 409 2,493 

Carbon _._...-...--.----- 824 8,517 189 1,018  ..---.  ..---- 463 4,530 

Columbia _......--------- 175 2,855 214 1,764 _--.--. ..----- 389 4,119 
Dauphin-_-....---.-.-.-- 14 174 74 250 ...---- ------- 88 425 

Lackawanna..-.....------ 175 2,218 226 2,911 1 $3 402 5,182 

Lebanon. ___ eo eee e eee eee een ween eee een cee ee pete nee eee e ene ce eeeee  -n2-=2e 

Luzerne_...--..-.------- 922 11,222 1,916 21,654 10 127 2,848 33,003 

Northumberland... ..--.-- 242 2,001 764 8,738 1 3 1,007 10,741 

Schuylkill. ...-....-.-.-- 1,746 17,454 2,256 26,417 5 62 4,007 43,933 

Sullivan_.....--..---.-.. .------ ------- 116 964 _...... _---1-- 116 964 

Susquehanna......-.-----  een--- enn n ene ween ne ween ne cern nee rene eee creer e orrtrrte 

Total 1_....._..... 8,926 41,123 5,787 64,022 16 195 9,729 105,341 

1 Data may not add to totals shown because of independent rounding. . 

2 Value given for shipments is that at which coal left possession of producing company; does not include 

selling expenses. 
3 Includes Sullivan County.
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a Table 8.—Pennsylvania anthracite produced, by fields 
(Thousand short tons) — - 

, Field | 1966 1967 1968 1969 1970 

| Eastern Middle: Breakers and washeries____...-.-. 2,009 2,039 1,559 =—s- 1, 588 1,511 | 

Western Middie: . 
Breakers and washeries__._._.....-..-------.. 3,025 2,893 2,840 2,806 2,540 
Dredges._..-_.------.---------------------- 26 27 17 #5 WwW 

Total_._....---_--.-...---------.-------- 3,051 2,920 2,857 2,811 WwW 

- Southern: a oo a 
Breakers and washeries__.......---_.-__-_--__--- 3,781 3,604 3,557 3,183 3,183 
Dredges.___..---..-.--.-.-.---------------- 635 ' 605 589 530 WwW 

7 Total____-----_------.----- ee eee eee 4, 416 4,209 4,146 3,718 Ww 
Northern: Breakers and washeries !___.........-_-- 3,465 3,088 2,899 2,366 2,086 

Total: 1 . . 
Breaker and washeries____......__-.-_.-._._.... 12,280 11,624 10,855 9,938 9,320 
Dredges__---------------------------------- 2.662 632 606 535 409 

Grand total___...-----.------------------- 212,941 12 ,256 11,461 10,473 9,729 

W Withheld to avoid disclosing individual company confidential data. 
1 Includes Sullivan County. 
2 Data may not add to totals shown because of independent rounding. 

Table 9.—Pennsylvania anthracite produced in 1970, classified as fresh-mined, 
_ culm-bank, and river coal, by fields and regions 

(Thousand short tons) . 

Fresh-mined coal 
SOs From From . 

Source Underground mines culm river Total 1 
 — —_—_—————__ Strip banks dredging 

- Mechanically Hand Total! . pits 
loaded loaded oe 

. | FIELDS 

” Eastern Middie__._._...- 16 3 19 857 635 ..-.---- 1,511 
Western Middle___._.___- 93 » 214 307 1,088 - 1,145 WwW WwW 
Southern. _....-...-.-2-- 485 375 860 1,591 733 WwW Ww 

_ Northern 2__.....--_..--- 556 ..---=-- 556 1,006 524 uuu. 2,086 

. Total 1.-.-__..2_.. 1,151 591 1,742 4,541 © 8,086 409 9,729 

REGIONS . 

Lehigh_-.....-.-...--_.. 35 3 38 1,431 921 LL. -L. 2,390 
Schuylkill__...-----.-... 560 588 1,148 2,104 1,591 409 5,253 
Wyoming ?_____.._-.___. 556 2... 556 1,006 §24 12-2. 2,086 

Total.__--_.--___ 1,151 591 1,742 4,541 3,036 409 9,729 

W Withheld to avoid disclosing individual company confidential data. 
1 Data may not add to totals shown because of independent rounding. 
2 Includes Sullivan County. 

Table 10.—Production of Pennsylvania anthracite from strip pits 

Mined by Percent of Number of Average 
stripping fresh-mined men number 
(thousand coal employed of days 
short tons) worked 

1966_....._...------------------------------ +e 5,253 56.2 2,085 225 
1967___...---.---------------------------------- 4,740 59.3 1,883 237 
1968__.__._---..-------------------------------- 4,696 65.7 1,891 239 
1969_______.___---------~---- +--+ eee 4,579 68.5 1,787 256 

1970: 
Lehigh region_____....-.------------ +2 1,431 97.4 517 300 
Schuylkill region. _.__..--..-----.-----.------ 2,104 64.7 783 244 
Wyoming region }_______.------.--~---------- 1,006 64.4 509 264 

Total or average____...--.---...----------- 4,541 72.3 Pp 1,809 p 265 

P Preliminary. 
1 Includes Sullivan County.
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Table 11.—Power shovels and draglines used in recovering coal from culm banks and ~ 
. _ Stripping Pennsylvania anthracite, by type of power 

1968 1969 1970 

Type of Number Number Number Number Number Number 
power of of Total of of Total of of Total 

power drag- power drag- power drag- 
. shovels lines shovels lines shovels. __lines 
ee 

Gasoline_______. 6 5 11 3 3 6 4 2 6 Electric_ ~ ee eee 26 40 66 27 37 64 18 40 58 a _ Diesel_.-.-____- 81 $144 — 225 © 74. 124 =.) 198 |... 72. ..-..104..--176 oo Diesel-electric... .______ Lo. A nee 1 Lo ween eee eee Le 
A 

| Total___._ 113 190 303 104 165 269 94 146 240 
— 

Table 12.—Production of Pennsylvania anthracite from culm banks, by regions 

(Thousand short tons) 

CC rr eee 
Year Lehigh Schuylkill Wyoming Total 1 

. region region region 
eee ee 

1966_.-..----- +e 971 1,390 578 2,938 
1967_-..---2 ee 1,134 1,710 782 3,627 1968___..----------------------_------_--- 958 1,868 883 3,709 
1969__--- 2 775  . 1,815 662 3,253 
1970___--.2 ee 921 . 1,591 524 3, 036 

eee 
1 Data may not add to totals shown because of independent rounding. 

. Table 13.~Pennsylvania anthracite produced by dredges, by rivers, including tributaries 

| (Thousand short tons and thousand dollars) 

A Te ir i th ip eeeneererernsyeenneannanneeses 

Schuylkill River Susquehanna River —— Total 1 

Year . Average Average Average 
Quantity Value -value Quantity Value. value Quantity Value value 

(per ton) | (per ton) (per ton) 
eee 

1966__ 57 $180 $3.16 605 $2,107 $3.48 | 662 $2,287 $3 .46 
1967... 39 116 3.00 593 2,140 3.61 632 2,257 3.57 
1968... 45 157 3.50 561 2,066 3.68 606 2,224 3.67 
1969... 53 185 3.50 483 2,091 4.33 535 2,276 4.25 
1970... WwW WwW . W WwW Ww WwW 409 2,493 6.09 

eee aS SSS Oe eS SS SS Sr ps PEt genes Ae 

W_ Withheld to avoid disclosing individual company confidential data. 
1 Data may not add to totals shown because of independent rounding. ‘ 

: Table 14.—Estimated production of Pennsylvania anthracite, by weeks, in 19701 
eee 

Week ended— Thousand Week ended— Thousand Week ended— Thousand 
short tons short tons short tons 
i 
Jan. 3...-- 2-22 _ 231 May 9. _.-. -__L_. 168 Sept. 12____.._.--_ __ 161 

5 | 1838 16___.-22 222 -- 171 19____ Lee 232 
17__- 2-2 218 23....------.-- 202 26_..-.--_..--- 215 
24.22 182 30..--.-.-.-2-. 189 Oct. 8_.___--__---- 229 
81_.-2--2- 08 194 Jume 6.2... LLL. 184 10_..-_..-----. 204 

Feb. 7...------_~__ 204 2: 195 17____- e+e 199 
14.2 222-22 198 20..-----2---Le 222 24.2000 ee 215 
21_..-..2--- 8. 193 1 186 $1_.....-------- 176 
28_2-- 2 174 July 4....-- -_. LL. 76 Nov. 7_..-..------- 199 

Mar. 7......---__-. 188 11-2222 2 Le 81 14____ 22 Le 182 
p See 194 18.2.2... 2. 194 21_._.--....--- 210 
21_.2 2-222 165 26.22.2222 ee 191 28 2.------- 192 
28.2... 8 188 Aug. 1--__.-__-___- 199 Dee. 5___.__-.. --- 198 

Apr. 4.....- 22-222. 177 re 193 12__..--.------ 152 
Weel 167 15.2222 231 19___ ee 178 
18_22 2 170 22.0 208 26___....------ 163 
26.2 eel 185 29.22 Le 208 Jan. 2___-...--...- 2153 

May 2..-.-....- _- 171 Sept. 5.--.. -- 2 __- 191 ————_ 
Total_._.__._- 9,729 eee 

1 Estimated from weekly carloadings as reported by the Association of American Railroads and other fac- 
tors; adjusted to annual production from Bureau of Mines canvass. 

2 Figures represent output of working days in that part of week included in calendar year shown.
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Table 15.—Estimated monthly production of Pennsylvania anthracite 1 
. (Thousand short tons) 

rm 

| Month 1966 1967 1968 1969 1970 
re enn eee ee reese ee 

January__...------------------------ 1,108 1,101 965 973 808 
February__..--..--.----------------- 1,091 939 962 911 770 
March_-__.-------------------------- 1,033 979 960 898 | 814 

April...-----2--2--7--7-0 700700700077 1,058 952 926 916 759 
ay__-.----..~-----------+--------+-- 1,103 1,102 986 869 163 

June_____...--.--------.------------ 998 995 824 812 809 
| July... e+ +--+ ee 745 899 853 704 107 

August____...--- 22-2 -- eee 1,191 1,132 1,016 877 898 
September.._........---------------- 1,145 1,071 953 947 880 
October. _......--------------------- 1,221 1,073 1,136 985 895 
November_._......-...----.---------- 1,145 1,017 994 831 815 

December___........---------------- 1,103 996 © 886 750 811 

Total___....-.---.------------ 12,941 12,256 11,461 10,478 . 9,729 
en 

1 Production is estimated from weekly carloadings, as reported by the Association of American Railroads, 
and includes mine fuel, coal sold locally, and dredge coal. 

‘Table 16.—Pennsylvania anthracite loaded mechanically underground, by fields 
(Thousand short tons) . . 

Scraper Pit-car Hand-loaded face Total 
loaders ! loaders conveyors, all mechanically 

Field. | types 2 loaded 3 

1969 1970 1969 1970 1969 1970 1969 1970 © 
gre Ste SS 

Northern__.........---.-------.-- 452 393 14 4 829 159 795 556 

Eastern Middle. __....---...----- 4 ae 10 8 14 16 

Western Middle_.........-.------ 24 85 w...--- ------ 83 58 108 93 

Southern__._....-.-------------- 276 288 ..---. ------ 184 248 410 485 , ; 

Total $_.__._...----------- 157 674 14 4 556 472 1,327 1,151 
| 

1 Includes mobile loaders. 
2 Shaker chutes, including those equipped with duckbills. — 
3 Data may not add to totals shown because of independent rounding. 

| Table 17.—Pennsylvania anthracite loaded mechanically underground 
(Thousand short tons) 

qq ee ip i pS SS SSS Ss SS SS nnn 

Scraper loaders Mobile loaders Conveyor ! and Total 2 loaded 
Yy ot pit-car loaders mechanically 

ear eee 
Number Quantity Number Quantity Number Quantity Number Quantity 
of units loaded of units loaded of units loaded of units loaded 
nS 

1966_.....-.---- 151 788 30 328 383 1,474 564 | 2,591 

1967.....-.----- 119 707 21 201 228 1,090 368 1,998 

1968__.....--..- 131 710 26 121 184 643 341 1,475 

1969___..-..... 106 567 25 190 158 570 289 1,327 

1970_.__..-.--.- 103 491 20 183 147 476 270 1,151 
een 

1 Includes duckbills and other self-loading conveyors. 
2 Data may not add to totals shown because of independent rounding. 

Table 18.—Trends in mechanical loading,! hand loading, and stripping of 
Pennsylvania anthracite 

(Thousand short tons) 
a . 

Fresh-mined coal 
a 

Underground Strip pits 
Year ———SSeSeSeeSssesSesSeSeSSSSSSSSSSSSSSSSeeE eee 

Mechan-_ Percent Percent Percent Total? 
ical of total Hand of total Total2 Quantity of total 

loading under- loading under- fresh- 
ground ground mined 
nS 

1966__.__-.------ 2,591 63.4 1,498 36.6 4,088 5,253 56.2 9,342 

1967____..-.---- 1,998 61.3 1,260 38.7 3,258 4,740 59.3 7,998 

1968____.------- 1,475 60.2 975 39.8 2,450 4,696 65.7 7,146 

19469_____.-...-- 1,327 63.0 779 37.0 2,106 4,579 68.5 6,685 

1970_____-__..-- 1,151 66.1 591 33.9 1,742 4,541 72.3 6,283 
SM MSE or nn 

1 Mechanical loading includes coal handled on pit-car loaders and hand-loaded face conveyors. 
2 Data may not add to totals shown because of independent rounding.
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Table 19.—Average sales realization of Pennsylvania anthracite (excluding dredge coal) 
‘at preparation plants, by regions and sizes 

_(Per short ton) 
ee LL CC ETC A SE REE 

Si _ Lehigh region Schuylkill region 
ize eee 

| 1966 1967 1968 1969 1970 1966 1967 1968 1969 1970 

Lump ! and broken___..---. ----2  --ee eee eee eee eee eee 
Egg_..-------------------.$12.46 $12.68 $12.99 $14.16 $14.90 $12.42 $12.49 $18.26 $13.66 $14.27 
Stove. ..-.------.....-.... 12.08 12.51 12.93 14.05 14.98 11.30 11.80 12.82 18.92 15.35 
Chestnut_................. 11.95 12.46 12.98 14.08 15.19 11.04 11.58 12.66 18.84 15.29 
Pea__.-.------------------ 9.00 9.42 10.388 11.75 18.56 8.66 9.15 10.44 11.91 18.46 

Total pea and larger_. 11.37 11.76 12.18 18.48 14.65 10.51 11.00 12.15 18.38 14.81 

Buckwheat No. 1___........ 8.45 9.01 9.70 11.18 12.78 8.68 9.02 10.08 11.56 “13.26 
Buckwheat No. 2 (rice)._... 9.82 9.62 10.24 11.49 12.94 8.28 8.67 9.80 11.30 12.99 
Buckwheat No. 3 (barley)... 7.53 7.78 8.29 9.42 11.07 7.19 7.48 8.18 9.54 11.05 
Buckwheat No. 4____._..... 5.59 5.48 5.72 5.92 7.16 5.32 5.50 5.91 6.67 7.60 
Buckwheat No. 5........... 5.88 5.46 5.54 5.80 6.20 4.61 4.70 4.95 5.84 5.54 
Other ?__-----..--.......... 2.99 3.18 3.36 8.55 4.14 3.57 3.95 3.56 3.73 3.68 

_ Total buckwheat No. 1 . . oo 
and smaller_....... 6.26 6.49 7.20 8.39 8.51 6.28 6.18 6.65 7.76 8.77 

. Total all sizes........7.98 8.42 9.08 10.338 10.74 7.58 7.60 8.26 9.48 10.72 

Wyoming region 3 — . Total | 

Lump 1! and broken__._...._ 12.50 14.96 14.80 _____ ----. 12.50 414.96 14.80 ..-. ~~... 
Egg_.-.-------.------.--.. 12.51 12.74 18.24 18.86 15.62 12.48 12.65 18.12 13.95 14.93 
Stove__.-.--..-.------.... 12.17 12.66 13.40 14.32 16.00 11.77 12.25 18.02 14.06 15.41 
Chestnut__._.-..---.---.-. 12.04 12.31 18.58 14.58 16.75 11.59 12.03 18.02 14.12 15.67 
Pea__...--.-------------.. 10.84 10.73 11.61 12.81 14.838 9.35 9.75 10.80 12.14 13.87 

Total pea and larger... 11.65 11.99 12.98 18.96 15.98 11.11 11.53 12.40 18.56 15.06 | 

Buckwheat No. 1_-_----..... 9.01 9.60 10.56 11.77 18.62 8.74 9.19 10.18 11.53 A8 .26 | 
Buckwheat No. 2 (rice)__--. 9.18 9.59 10.59 11.79 18.77 8.77 9.16 10.11 11.47 18.14 
Buckwheat No. 3 (barley)... 7.80 7.44 8.26 9.48 11.07 7.28 7.51 8.20 9.49 11.06 
Buckwheat No, 4.-.....-... 6.16 5.65 5.80 7.55 7.16 5.56 5.51 5.84 6.56 7.40° 
Buckwheat No, 5.---..----. 5.48 4.55 4.17 4.65 4.41 4.98 4.95 5.06 5.47 5.65 
Other #_--.---------------- 2.04 2.45 2.45 | 1.98 4.50 38.09 38.48 3.22 3.16 4.00 

Total buckwheat No. 1 | . | 
and smaller___..... 6.96 6.58 7.04 7.88 9.56 6.40 6.385 6.87 7.93 8.92 

Total all sizes__...... 9.18 8.91 9.48 10.51 12.09 8.08 8.15 8.78 9.91 11.03 

1 Quantity of lump included is insignificant. 
2 Includes various mixtures of buckwheat Nos. 2 to 5 and coal of relatively low dollar value. 
3 Includes Sullivan County. . 

Table 20.—Average value of Pennsylvania anthracite from all sources, by regions 1 
(Per short ton) 

1969 | 1970 
‘Region OO ES 

. L Shipped Shipped Colliery Total Shipped Shipped Colliery Total 
by rail by truck fuel by rail by truck fuel 

Lehigh.................. $9.89 $10.89 $12.05 $10.34 $10.87 . $10.63 $13.30 $10.75 
Schuylkill. ......-..---.- 7.96 9.89 11.11 8.94 9.61 10.94 11.91 10.36 
Wyoming ?2____......-... 11.87 9.84 10.11 10.51 13 .32 11.66 11.58 12.09 

Total_._..._----_-- 9.11 10.07 11.23 9.62 10.47 11.06 12.34 10.83 

-1 Value given for shipments is that at which coal left possession of producing company; does not include 
selling expenses. 

2 Includes Sullivan County. 

Table 21.—Wholesale prices of Pennsylvania anthracite, in 1970, by sizes 1 
(Per short ton) 

Size Winter Spring discount Summer-fall End of year 

Egg and Stove. ___----------.-.-----. $16.25-$16.75 $15.75-$16.75 $16.25-$17.25 $16.75-$17.95 
Chestnut_._.........---.------------  16.00- 16.50 15.50— 16.50 16.00- 17.00 16.50— 17.90 
Pea__...........---.---------------- 18.10 14.00 18.50- 18.60 14.00- 14.10 14.50- 15.40 
Buckwheat No. 1__--....-.-.--.-----.  12.65—- 18.60 18.00- 18.10 18.50-— 18.60 14.00- 15.00 
Buckwheat No. 2 (rice)__..........--.  12.60- 18.60 18.00- 18.10 18.50- 13.60 14.00—- 15.00 
Buckwheat No. 3 (barley)._....._......._ 11.50— 12.10 12.00 12.50 13.00— 13.25 

1 As quoted in the Black Diamond Magazine. All prices are per short ton f.o.b. at mines. °
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| Table 22.-Employment at operations producing Pennsylvania anthracite 
| 7 (including strip contractors) in 1970 — | | 

| | Lehigh Schuylkill Wyoming Total 
region region region £9 ——————________—_. 

. . _ | . 1970 p - 1969 

Average number of men working daily: . a . 
Underground _--__.--------.--------.-- 25. 7839 600 1,414 1,397 
In strip pits... 22-2 ee 517 783 509 1,809 1,787 
At culm banks____...-- 2.2 ee 140. . 251 . ~ 103 494 488 
At preparation plants____......._----.- 521 805 329 1,655 1,635 
Other surface________._.. 2-212 uae 13 - 225 328 566 559 

Total excluding dredge operations_ ____ 1,216 2,853 1,869 5,938 5, 866 
Dredge operations_-____----------------  --------- — 620 Lee : 62-0 61 | 

Total. eee eee eeee------------- =, «1,216 (2,915 1,869 — 6, 000 5,927 | 

Average number of days active: | 
All operations except dredges_____._.__- 246 238 241 241 232 

| Dredge operations__......-------------  -+------- 808 ____--_-. 303 | 293 

. Average, all operations__.._......-_.- 246 239 241 240 232 | 

Man-days of labor: _ | ; . ' 
All operations except dredges_____._._.- 299, 222 677,833 451,150 1,428,205 1,358,774 
Dredge operations__-._-_.-2--- eee eee Lee 18,795  _---_---- 18,795 17,881 

Total, all operations__...___________- 299 , 222 - 696 ,628 451,150 1,447,000 1,376,655 

Average tons per man-day: - - | 
All operations except dredges.___......- 7.10 ° . 6.92 4.81 6.29 7.15 
Dredge operations_-.......------------- wennene-s 26.84 2. ue. 26.34 29.94 

Average, all operations__........----- | 7.10 7.45 4.81 . 6.55 7.45 

| P Preliminary. | | . | | 
7 1 Includes Sullivan County. 7 . 

Table 23.—Employment at operations producing Pennsylvania anthracite 
(including strip contractors) by counties 

: County 1969 1970> . County 1969 1970» 

Berks, Lancaster, Lebanon, | Luzerne_____-......--,-------- 2,076 2,102 
Snyder, and Susquehanna. _-_-_-_ 59 “5T - Northumberland__-....-----.-- 718 727 

Carbon__--..--.-.-.----------- 217 220 Schuylkill. __---------.----.--- 2,244 2,278 
Columbia____......-.---------- 148 145 Sullivan__.....--.-.-.--------- 26 26 
Dauphin. ____......------.---- 73 74 —___——_ 
Lackawanna-_----.------------ 371 376 Total___.--------------- 5,927 6,000 

p Preliminary. |
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Table 25.—Truck shipments of Pennsylvania anthracite in 1970, by months, 7 
and by State of destination 1 

(Thousand short tons) | 

Percent 
Destination Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total? of total 

: : trucked 

Pennsylvania: _ | 
Within region.__. 192 166 154 123 114 123 122 163 164 195 151 180 1,847 40.8 
Outside region... 240 210 206 101 178 148 124 181 145 154 147 195 1,979 43.7 

New York...--_--_-. 34 35 38 20 37 32 27 87 86 39 45 87 418 9.2 
New Jersey__._.--... 21 20 24 8 20 17 12 15 12 18 18 17% 198 4.4 
Delaware______-____-_ 2 2 2 -1 1 2 1 1 2 2 1 2 18 4 
Maryland____..._.-- 8 8 7 4 2 3 2 2 3 3 3 4 50 1.1 
District of Columbia, (@) (8) () () -.. -. -. ® @® @® © @& 2 "1 

_ Other States__....___ 2 2 1 1 1 1 2 1 2 1 2 15 3 

Total:2 1970__. 499 443 4382 257 353 326 289 352 3863 4138 362 487 4,527 100.0 
1969__. 544 509 463 396 333 360 261 336 38638 480 393 4838 4,821 100.0 

dre Compiled from reports of Pennsylvania Department of Mines and Mineral Industries; does not include 
edge coal. . . 
2 Data may not add to totals shown because of independent rounding. 
3 Less than }4 unit. 

| Table 26.—Shipments of Pennsylvania anthracite, by destinations 1 

(Thousand short tons) 

. Destination 1966 1967 1968 1969 1970 

TRUCK SHIPMENTS | 

Pennsylvania: oe, 
Within region__-....._.---------.--....---...----.-------. 2,348 1,986 2,021 1,918 1,847 
Outside region. _....----.---------------------..---..-.--.. 2,685 2,485 2,269 2,151 1,979 

New York__.__._..----------.---------------------------- +e 477 418 409 369 418 . 
New Jersey__....-----.----------------------------- =e 392 286 248 247 198 
Delaware_._.__....---------------.---------------------- ee 26 23 26 22 18 
Maryland___.._.-.-----..-------------------------------- ee 69 89 188 94 50 
District of Columbia.__.._......--.------.-...---.------------- 8 6 2 2 2 
Other States___.__.....--..-----.-------------------------- +e 21 20 18 17 15 

Total 2-0... .-.-----.~---..-------------- ~~ «66,021 5,312 5,181 4,821 4,527 

New England States__....._........---.--------------------.-- 221 174 163 107 102 
New York.__._._.__..-._-_-------.~-----.------ +e 957 703 606 645 455 
New Jersey____..___.....--_--.---------------.--------------- 399 323 263 291 173 
Pennsylvania_____....-....--..------------------------------- 1,247 1,052 846 940 847 
Delaware_______.-_.---...- +--+ eee eee 4 5 1 (3) 1 
Maryland_____.._.--.---..--.-----.~-------------------------- 210 83 32 34 19 
District of Columbia___.._...---.-.---------------------------- Ps 10 e ; a 

irginia_.........--.---.------------------_-------+---------- 
Ohio___..-.------.-.-_- ee ee 121 85 98 215 151 
Indiana_-_-.._----_... 2 ee eee 67 51 43 70 66 
Illinois. __...-______-__-..---..------~---------- +--+ 103 114 108 102 93 
Wisconsin ____.........------..----------------- +--+ e+e 19 16 14 6 12 
Minnesota____.......-....-----------~-------------~------ +--+ 25 22 13 25 51 
Michigan_..........------------------------------------------ 54 | Al 42 33 53 
Other States__...__..----._.-------...-----------------+------- 305 244 233 312 408 

Total United States 2_________.__..-.......--..-----..--. 3,768 2,936 2,476 2,792 2,447 
Canada_-_____-_-____-.--...----------- +--+ ee 434 306 308 373 384 
Other countries_._..--_.-....-.-.---.-.-------------- +--+ +--+ 741 894 697 853 691 

Grand total 2_______-.---------------------------------- 4,943 4,136 3,481 4,018 3,522 

1 Compiled from reports of Pennsylvania Department of Mines and Mineral Industries; does not include | 
dredge coal. 

2 Data may not add to totals shown because of independent rounding. 
3 Less than 14 unit.
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Table 27.—Consumption of Pennsylvania anthracite in the United States, 
by consumer categories 

‘(Thousand short tons) | 

Residential Tron and steel 
and. Colliery Electric Cement industry Other Unaccounted 

Year commercial __ fuel utilities 1 plants —————-_—————___ uses for 3 
heating @ Coke Sintering and 

making pelletizing 2 

1966... 5,622 141 2,192 187 515 897 1,715 131 
1967_..- 5,085 148 2,186 239 528 819 1,800 50 

a ~~ 1968-_-- 4,759 6 2,208 ——« 281 582  —«<CT BW’ 1,635 Gm re 
1969___. 4,209 17 1,849 213 543 623 1,355 .....---.--.- 
1970__.- 4,042 16 1,897 WwW 472 464 1,857 -.-.-------- 

nn 
e Estimate. W Withheld to avoid disclosing individual company confidential data. Included in “‘Other 

uses.”’ 
1 Federal Power Commission. . 
2 Annual Statistical Report, American Iron and Steel Institute. 
8 Data discontinued after December 1969. 

. Table 28.—U.S. exports of anthracite by countries and customs districts 

(Thousand short tons and thousand dollars) 

nae 
1969 1970 

Quantity Value Quantity Value 
en A 

COUNTRY 

Argentina__......---------------------------------------- (1) $1 2 $24 
Australia__.....------------------------------------------ 5 105 4 i 207 
Brazil__........------------------------------------------ 4 197 1 53 
Canada_-_-.-.---.-.--..------------------ ee eee 473 6,117 438 5,851 
Chile. _._..-.--..----------.------------~----+-----------+- 1 17 1 17 
France____..--.---.-..-------- ee eee eee 1 14 229 3,226 
Germany, West__....----------------------------------+--- 41 423 8 719 
India. __..------.------------------------+---------+-------- 3 36 (2) 11 
Jreland___.....--.-.---.------.--------------------------- 1 39 2 43 
Italy_......--.--.--------------------------+------------- 40 419 61 733 
Mexico____._...--.----.---.-------- +--+ + + -  -- 8 123 5 115 
Netherlands. __......-.-..-.----------------------+----~---- 23 454 1 8 
Peru____.-_-.------------------------- ++ ee eee 3 49 6 121 
Philippines. _.-...---.-.---------------------------------- 1 22 — 1 25 
Surinam___.__..-.---.-...-------~----.~-------------- +--+ (2) 6 1 42 
United Kingdom_-_.........------..--------------+--------- ¢5) 1 1 39 
Venezuela. _.--------------------------------------------- 9 197 16 377 
Vietnam, South. ___..-.--.-----------------------+--------- -------- 00 -------- 11 128 
Yugoslavia. .....-...-----1-.------~---------- +--+ +--+ -- 14 183 (2) - 15 
Other___...-.-..----.--.----------------- +--+ (4) 17 1 101 

Total. _...........--------------.------------------ 627 8,420 789 «11,215 

CUSTOMS DISTRICT 
Baltimore. __......----.------------------------ +--+ ---- ee 2 78 2 50 
Buffalo_._.....-.----.-.------------------ +--+ eee 137 2,120 95 1,443 
Cleveland... ....---------_---...---------- ~~ -- eee ee ene eee +e eee 10 155 
Detroit_._......_.....----_.-----------------------+-------- 20 399. 5 274 
Houston____..-._.-.------.----- eee eee ee 2 86 5 293 
Laredo___...-.--.-..-.----.------------- +--+ 8 123 5 115 
Mobile___.......-..-_---.---_---------------------------- (1). 4 1 23 
New Orleans__........---.-------.--------------------- +--+ 3 15 1 68 
New York City... ..-.-----...---------------------------- 3 78 3 126 
Norfolk. _......----.--.-.----------~--------------------- 2 40 Al 569 
Ogdensburg_____.......----.------------------------------ 68 855 62 1,144 
Philadelphia_.......-..-----.--.-------------------------- 377 4,485 558 6,906 
San Francisco._...._-.-.--....-..-.------.----------------- 1 19 (4) 16 
St. Albans__.......-.----_--..-------- +--+ -- 1 17 (2) 3 
Other__.....-..---------- eee 3 Al 1 30 

Total_.....--.-...--...------------ +--+ ++ ee 627 8,420 789 11,215 
re A nS SSS Se SS SS SPSS 

1 Less than 4 unit. 

NOTE: According to the Association of American Railroads, 976,501 short tons of anthracite was exported 
to Europe during 1970, compared with 1,111,967 tons for 1969. Of this total 685,599 tons was consigned to 

West Germany and the Netherlands, including exports to the U.S. Military forces. This compares with 1,037,470 

tons for .
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_ Table 29.—Anthracite:1 World production, by countries 

(Thousand short tons) a 

Country 2 1968 1969 1970 P 
2 Ser SSS SS SSS i ch SSS SSS 

Belgium__.._.--..------------------- eee 5,409 4,863 4,063 
Bulgaria __._..__.---------------------2-- eee 194 198 © 198 
China, mainland ¢____.-.------.------..2..--- ~~. -------- t 22,000 22,000 | 22,000 
France___._.._---------------.-----4-4-- eee 11,688 11,116 10,850 
Germany, West. _-----------------.---2- 2.2 eee + 712,507 11,692 10, 700 

| Treland___..-.--------------------- eee eee 114 e110 87 
: Japan____.-.----------- oe 1,641 1,350 1,145 

Korea, North °¢..__----------------- eee eee 720,400 22,200 24,000 
. Korea, Republic of. .__....-..-..- 222 eee eee 11,290 11,324 13 , 662 

Morocco. _....------------------ ene eee eee 497 . 438 ATT 
Netherlands. ._..--..--------_ eee ee 6,191 6,098 5,010 

. Peru____--_.--------22---- eee 8 8 e8 
Portugal__..-.-.---.--.---.--_.2 2 eee 438 — 398 299 
Romania ¢..:.......-.-.-.------- eee ee 17 17 17 
South Africa, Republic of. .._-__-----_ eee 1,505 1,699 1,850 
Spain_.-..---------2--- eee 3,155 3,050 3,166 
USS.R_..- 2 eee eee r 84,763 84,684 e 87,000 
United Kingdom_._____. 22 e ee 4,345 4,002 4,061 
United States (Pennsylvania)___._-__.___...-_.__--______- eee 11,461 10,473 9,729 
Vietnam, North ¢._..-... 2-22 eee eee 3,300 3,300 3,300 

' Total... 2 eee ---- 7 200, 928 199 ,020 201,622 

e Estimate. P Preliminary. r Revised. 
1 An undetermined amount of semianthracite is included in figures for some countries. 
2 In addition to the countries listed, Canada, Colombia, New Zealand, and South Vietnam produce anthra- 

cite; in Colombia output may total 100,000 tons per year; in New Zealand and South Vietnam (and possibly 
in other countries) output is insignificant.



| Cobalt 

By John D. Corrick * | 

The unusually high demand for cobalt national and supplemental stockpiles. On | 

| in 1969, which resulted from a serious August 27, the General Services Adminis- 

shortage of nickel, began to ease in 1970. tration (GSA) announced that it was offer- 

Consumption of cobalt in the United ing cobalt metal for sale in various forms 

States in 1970 was 13 percent below that at the rate of approximately 2 million 

of the previous year, and closely approxi- pounds per month. Sale to individual pur- 

mated the consumption reported for 1968. chasers was limited to 500,000 pounds pers 

The weakened market for cobalt was em- month. Total sales for the year were 

phasized by the fact that Government sales 2,484,730 pounds of cobalt metal. Off-the- | 

- through December 1970 totaled 2,484,730 shelf sales of cobalt were made by the Gov- | 

- pounds of contained cobalt, down 72 per- ernment through July. Beginning in Au- | 

cent from the 8,899,200 pounds sold in a | gust 1970. Government stocks were offered : 

| similar period in 1969. | | on a competitive-bid basis. a | 

Legislation and Government Programs.— As of December 31, 1970, total U.S. Gov- 

| On July 10, 1970, the President signed Pub- ernment inventory of cobalt was 79,127,330 | 

lic Law 91-317 authorizing the release of pounds. Of this | quantity, 72,747,581 | 

a 40.2 million pounds of cobalt from the pounds was stockpile grade, 

Table 1.—Salient cobalt statistics : 

, (Thousand pounds of contained cobalt) , 

nn . 

1966 1967 1968 1969 1970 
NTT 

United States: 
Consumption_____._.-------------------- 14,205 13,976 12,998 15,608 138,367 

Imports for consumption___-------------- 18,823 8,215 9,068 11,475 12,414 

Stocks, Dec. 31: Consumer. _----------.--- 1,996 2,471 2,139 2,191 1,890 

Price: Metal, per pound___.....--.------- $1.65 $1.85 $1.85  $1.85-$2.20 $2.20 

World: Production, mine_.-...--------------- 46,782 44,028 41,968 43,338 52,052 

a 

DOMESTIC PRODUCTION 

Cobalt continued to be produced in the  balt-copper deposit of The Hanna Mining 

United States in a concentrate, a byprod- Co. remained inactive during the year. 

uct of iron ore mining. The cobalt-bearing Idaho Mining Co. completed an explora- 

concentrate was processed by Pyrities Co, "0M and development program at cobalt 

Inc. of Delaware, which developed a to- properties in the south-central part of 
. Idaho which it obtained in 1967. The pro- 

tally new solvent extraction process for the . . . 
gram included more than a mile of drift, 

recovery and refinement of copper and cO- 400 feet of incline shaft, and several thou- | 

balt from sulfate solutions generated as a sand feet of diamond drilling. The results 
result of hydrometallurgical treatment of were being evaluated at yearend. 

pyrite concentrates. The process was intro- 

duced in April 1970. The Blackbird co- 1 Physical scientist, Division of Ferrous Metals. 

415
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| CONSUMPTION AND USES | | 

Consumption of cobalt in the United in table 4, in magnetic alloys, superalloys, 
States in 1970 was well below the high salts and driers, and cutting and wear-re- 
rate of 1969, which resulted from cobalt’s sistant materials. Total U.S. cobalt con- 

use as a substitute for nickel in electroplat- sumption was approximately 13 million 
ing. Principal uses in 1970 were as shown _ pounds in 1970. 

Table 2.—Cobalt materials consumed by refiners or processors in the United States 
(Thousand pounds of contained cobalt) 

eee 
Form } 1966 1967 1968 1969 1970 

sw eee 
Alloy and concentrate____..____...2-._----. 1,214. 1,168 1,184 r 516 274 
Metal___-----.-- 2-2 eee =, 699 1,618 1,831. 2,819 2,639 
Hydrate___._---2 ee 35 18 14 25 32 
Other____...----2 ee «6 2 11 1 9 

t Revised. . . 
1 Total consumption is not shown because some metal and hydrate originated from alloy and concentrate, 

and a total would involve duplication. 

Table 3.—Cobalt products 1 produced and shipped by refiners and processors in 
| | the United States | 

(Thousand pounds) - . 
tm 

(1969 © 1970 , 

Production Shipments Production . Shipments 

Gross Cobalt Gross Cobalt Gross Cobalt Gross Cobalt 
weight content weight content weight content. weight content 

SS LA A I PP SS hsp py rsreeeurasniiiacneperemetas , 

Oxide__________- 604 425 590 415 458 322 434 305 
Hydrate_..______ 759 421 576 316 585 338 584 330 © 
Salts2_.___....... 5,890 1,658 5, 836 1,654 6,355 1,677 6,184 1,620 
Driers___....-._. 9,017 631 8,662 607 8,662 662 8,691 666 

eee 
Total__._.._ 16,270 3,135 15,664 2,992 16,060 2,999 15,893 2,921 

eee 
1 Figures on metal withheld to avoid disclosing individual company confidential data. 
2 Combined to avoid disclosing individual company confidential data. | 

Table 4.—Cobalt consumed in the United States, by end uses . 
(Thousand pounds of contained cobalt) 

EL CC A CC eS TPE ise rennnneresinnnmnas 

Use 1970 
i 
Steel: 

—  Carbon__..------2-- eee eee eee WwW 
Stainless and heat-resisting____.__._.__._.________________________.___._- 114 
Alloy (excludes stainless and tool). ____-_.____-__---____ eee. 136 
Tool_._.----------------- eee 534 

Cast irons. __.._-_.---------.---------- eee eee WwW 
Superalloys___..__.----_----_--..-_---- ee ee ee eee 2,322 
Alloys (excludes alloy steels and superalloys): 

Cutting and wear-resistant materials 1___._.______._________________ 1,395 
Welding and alloy hard-facing rods and materials______.____.___.____..___.__._..____.. 181 
Magnetic alloys__..__.____-_--.--------_--_-___-_-____ ee. 2,374 
Nonferrous alloys__-____......_---_-..-_-----________--________ 549 
Other alloys. ___---_----_----.---- eee 981 

Mill products made from metal powder___________________________________.._._....__. WwW 
Chemical and ceramic uses: 

Pigments_____-_-_---------.------------ eee 155 
Catalysts_._____._--____.-..----- 2 2 eee. 402 
Ground coat frit_.--.-_-_-.---------.-- 2 eee 129 
Glass decolorizer__._-_------.--------_--_-----_-___ eee et 69 
Other___.___-------------------- = ee 7 

Miscellaneous and unspecified__________.__-._-_--__-____ ee. 1,403 

Total. ___.---------------------- ++ eee 10,751 
Salts and driers: Lacquers, varnishes, paints, inks, pigments, enamels, glazes, feed, electro- 

plating, etc. (est.)___---------------_-------- 2 eee 2,616 

Grand total__-_.----------------------- eee 13 ,367 
——_e_—_—_—_o LL LL TLS SSS 

W Withheld to avoid disclosing individual company confidential data; included in “Miscellaneous and 
unspecified.”’ 

1 Includes cemented and sintered carbides and cast carbide dies or parts.
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Table 5.—Cobalt consumed in the United States, by forms 

(Thousand pounds of contained cobalt) 

Form 1966 1967 1968 1969 1970 

Metal_....-..----.------------------ 11,768 ~=——11, 610 10,456 12,057 10, 056 
Oxide____.--_----.------------------ 768 — 654 . 573 646 626 
Purchased scrap_____.----.----------- 48 120 T 143 328 69 
Salts and driers_____._-_.___-------__- 1,621 1,592 1,826 2,577 2,616 

—  Potal. ee --------------- 14,205 13,976  *12,998 ~~ 15,608 18,367 © OO 

r Revised. | 

: PRICES | | 

The producer price for metal granules much as $3.15 to $3.50 per pound abroad, 
(shot) containing 99 percent or more co- approached or equaled the producer price 
balt in 500-pound kegs, and that for elec- by August 1970. 
trolytic cathodes (broken) containing ap- Cobalt metals sold off-the-shelf by GSA 
proximately 99.9 percent cobalt in in the first part of the year were priced at 
551-pound (250-kg) drums, remained at $2.20 per pound of contained cobalt, f.o.b. 
$2.20 per pound, f.o.b. New York or Chi- carriers conveyance at Government storage 
cago, throughout the year. locations. On August 27, GSA announced 

The free market price for cobalt that that it was offering cobalt metal for sale 
developed in the last half of 1969 steadied on a competitive-bid basis. The competi- 
by the middle of 1970. This price, which  tive-bid price obtained throughout the re- 
reached $3 per pound domestically and as mainder of the year was $2.15 per pound. 

| FOREIGN TRADE 
Exports of unwrought cobalt metal and ($396,258) , respectively. Exports of wrought 

alloys and of waste and scrap totaled cobalt metal and alloys, 563,293 pounds, | 
2,136,309 pounds, gross weight, having a gross weight, having a value of $2,544,766, 

| value of $3,252,568. These exports went to went to 29 countries. The imports of co- 
23 countries. Japan and the United King- balt salts and compounds totaled in table 
dom received the greater part, 894,166 7 came principally from the United King- 
pounds ($1,673,063) and 494,239 pounds dom and West Germany. 

Table 6.—U.S. imports for consumption of cobalt metal and oxides, by countries 

| (Thousand pounds and thousand dollars) 

Metal © Oxide 

Country 1969 1970 1969 1970 

Gross Value Gross Value Gross Value Gross Value 
weight weight weight weight 

Belgium-Luxembourg.- 3,047 $6,001 2,914 $7,114 1,152 $1,980 710 $1,393 
Canada_-__-.--------- 814 1,505 463 1,093 --- --- --- --- 
Congo (Kinshasa)_---. 5,832 9,937 6,930 14,308 8 16 --- --- 
Finland___----.--.--- 383 724 452 1,103 --- --- --- --- 
France_____..-...---- 163 340 33 72 --- --- --- --- 
Germany, West___.__- 12 19 110 325 15 26 _-- —— 
Japan._...-.--..----- 5 6 --- --- (1) (1) --- _-- 
Netherlands____-_..-- 10 ll 45 70 --- --- --- --- 
Norway_.-.----.----. 1,686 3,084 794 1,748 --- --- --- _-- 
United Kingdom. - ---- 85 98 132 187 (1) 1 (*) 1 

Total._........ 12,087 21,725 11,873 26,020 1,175 2,023 710 1,394 

1 Less than 1% unit.



| 418 MINERALS YEARBOOK, 1970 | 

: _ Table 7.—U.S. imports for consumption of cobalt, by classes 
(Thousand pounds and thousand dollars) 

| _—s—~—Ss”iMtind = s”*~*=“‘*‘*é*é*éCe:*=<“‘é‘<t” OCSdit nd) Otel 
compounds 

Year > OS ?V_—_""—_— 
Gross Value Gross Value Gross Value Gross Cobalt : 
weight weight weight weight content © 

1968__....------------ 9,219 $16,285 1,186 $2,118 107 $90 10,512 9,068 
1969_____--.------.--. 12,037 21,725 1,175 2,023 131 67 13,343 +©11,475 
1970__-_-------------- 11,878 26,020 710 1,394 157 92 12,740 12,414 

. AU ny . 

- e Estimate. r Revised. — 

| WORLD REVIEW 

The format for table 8 has been centrates at the company’s Kwinana refin- 
changed in 1970 to show both mine and ery, Western Australia. In addition to 

: _ refinery cobalt figures separately by coun- nickel briquets, the plant will produce 700 
try. | | tons per year of cobalt plus nickel sulfide. : 

The quantity of cobalt produced in the Sherritt Gordon ‘Mines Ltd.’s ammonia- 
, free world in 1970 increased about 24 per- leach process was used at the refinery. The 
| cent over the preceding year. The Congo refinery is unique in that all incoming 

(Kinshasa). showed the largest increase. concentrate was dry and arrived in covered 
| Production in Canada, Finland, and Zam-_ tank cars from Western Mining’s Kam- 

bia also increased, but production from  balda flotation mill. The concentrate was 

Morocco decreased. | | transferred pneumatically from the tank 
Australia.—Western Mining Corp. Ltd. cars to leach tanks. Central Austin Pty. 

_ announced in May the first shipment of Ltd. announced the discovery of cobalt de- 
| nickel briquets refined from Kambalda con- posits with an estimated value of $598 

Table 8.—Cobalt: World production, by countries 
. | . (Short tons) . . 

. _ Mine output, cobalt content ! “Metal 2 
.. Country Se 

1968 1969 1970 » 1968 1969 1970 p 

' Australia_.....-________- 263 260 e 260 _--- ae ae 
Canada 3_____._. 2,015 1,628 2,614 1,306 818 1,752 
Congo (Kinshasa)___..... 11,462 411,680 15,386 11,628 11,680 14,742 
Cuba ¢____.2222 ee 1,400 1,700 1,700 ----- wanne wana 
Finland__..__.___._...__. ¢71,100 e 1,200 e 1,300 557 858 1,111 
France 5____.2-..-2--_-- w---- wane ae 882 e 900 e 900 
Germany, West 5_______._- wenee weuee ~oene r 893 937 911 
Morocco. ____..-._--___- 1,662 1,554 666 ----- ----- ----- 
Norway----------------- NA NA . NA 6 709 6 810 6 862 
U.S.S.R.e 7 eee. = 1,600 1,650 1,700 1,600 1,650 1,700 
Zambia_..____._._____-_ 1,482 1,997 e 2,400 1,319 1,983 2,262 

Total___.____.____. 720,984 21,669 26,026 r18,894 19 , 636 24,240 

e Estimate. P Preliminary. r Revised. NA Not available. . 
1 In addition to the countries listed, Bulgaria, Cyprus, East Germany, New Caledonia, Norway, Poland, 

Spain, and Sweden are known to produce ores (copper, nickel, and/or pyrite) that contain recoverable quanti- 
ties of cobalt, but available information is inadequate to make reliable estimates of output levels. The United 
States also produces cobalt-bearing ores, but data are withheld to avoid disclosing individual company data. 
Other nations may also produce cobalt as a byproduct component of ores and concentrates of other metals. 

2The United Kingdom recovers cobalt metal from intermediate metallurgical products imported from 
Canada, but data on output are inseparable from the total reported by Canadian producers. Czechoslovakia 
presumably recovers cobalt from materials imported from Cuba, but data are inadequate to estimate output. 
Belgium and Japan, which import substantial quantities of crude materials containing cobalt, have not recorded 
output in recent years but may be producing metal and/or cobalt compounds. Total U.S. output is not avail- 
able. Poland apparently processes cobalt-bearing copper ores but no data on cobalt recovery are available. 

3 Actual mine output not reported. Data presented for mine output show cobalt content of all products, in- 
cluding nickel oxide sinter shipped to the United Kingdom and nickel-copper matte shipped to Norway for 
further processing. Data presented for metal production show total cobalt content of all products less cobalt 
output recorded for Norway. Thus, the metal data include cobalt content of oxides and other compounds that 
are not reduced to metal. 

4 Mine output not available; data presented show metal production. 
5 Domestic mine output if any, is negligible. 

be Produced entirely from nickel-copper matte imported from Canada; domestic mine output is recovered 
abroad. 

7 Insufficient data are available to permit separate estimates for mine and metal production.
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million in Western New South Wales, 18 (GECOMIN), the new name of GECOMIN 

miles west of Broken Hill. The deposit became Générale Congolaise des Mines 
was composed mainly of cobalt-bearing py- (GECOMINES), as of March 11, 1970. 
rites. Discovery of another ore body with GECOMINES operated a total of eight 
significant cobalt and copper values was mines in the Congo’s Katanga Province. | 
announced by Tasman Minerals N.L. from The largest proportion of GECOMINES 
drillings at its Federal Leases in N.W.  copper-cobalt ore production was from the 

| Queensland. Freeport Sulphur Company’s western area near Kolwezi. There were 
subsidiary, Freeport Queensland Nickel, three open pits, Kamoto, Musonoi, and | 

reached agreement with Queensland au- Ruwe, along with one developing under- = = = = — 
thorities for a 140-mile railroad linking ground mine, Kamoto. The Congo’s cobalt 

its Greenvale property with a plant site production increased 32 percent in 1970 
near ‘Townsville, Queensland. The Green- over 1969, reaching 30,772,000 pounds. 
vale area was estimated to contain 45 mil- Total ore feed from the various mines of , 
lion tons of lateritic material averaging GECOMINES to concentrators and washing 
more than 1.5 percent nickel and 0.1 per- plants amounted to about 10 million tons : 
cent cobalt. Freeport operated a pilot plant annually. GECOMINES operated two hydro- 
in Louisiana for adapting an ammonia- metallurgical plants in the Congo (Kin- | 

leach process to Australian laterites. Startup shasa) for the recovery of cobalt and cop- 
of the Greenvale venture was planned for per. Approximately 75 percent of the 
1974. The eventual capacity will be 3 mil- copper and all of the cobalt was electro- | 

lion pounds of cobalt per year. won. The Luilu plant is essentially a mod- | 
Canada.—Following settlement of a ern version of the Shituru plant. Basically 

lengthy strike in 1969 at the Ontario oper- the ore was roasted and leached to extract 
ations of International Nickel Company of ©°PPer and cobalt. The cobalt was precipi- 
Canada, Ltd. (Inco) and Falconbridge tated from solution following the precipi- 

Nickel Mines Ltd., cobalt production at- ‘#40 of iron and copper. The cobalt , Pp na a 
tained prestrike levels in 1970. Cobalt de- precipitate was redissolved and the cobalt 

oo. . electrodeposited. A third Dorr Fluo-Solids 
liveries by Inco were 1,980,000 pounds in oaster was being installed at the Luilu 

| 1970, compared with 1,870,000 pounds in plant and was expected on stream by Jan- 

1969 and 1,790,000 pounds in 1968. Falcon- uary 1972. The new roaster will about 
bridge produced 1,984,140 pounds of cobalt double the plant’s throughput of copper-co- 

_ in 1970, compared with 1,873,910 pounds in balt concentrates from the present 408 tons 
1969. Falconbridge continued to ship its per day to 794 tons per day. Main feeds to | 
nickel-copper matte to its refinery in Kris- | Luilu were sulfide and oxide concentrates 
tiansand, Norway, where the cobalt content from Kamoto and Kolwezi concentrators. | 

was recovered. Cobalt deliveries by Falcon- The sulfide concentrate contained 43.0 per- 
bridge in 1970 were lower than in 1969. cent copper and 2.5 percent cobalt, whereas 

Part of the increased production replen- the oxide concentrate contained 24.0 per- 

ished cobalt stocks partly depleted during cent copper and 2.0 percent cobalt.? 
1969. Production of cobalt by Sherritt Gor- Finland.—Outokumpu Oy, located at 
don Mines Ltd. was 828,930 pounds in. Kokkola, Finland, has produced pure co- 

1970, compared with 668,000 pounds in balt since 1968, using its own leaching 
1969. Sales of cobalt for the 2 years were process and Sherritt Gordon’s hydrogen re- 
706,000 and 725,000 pounds, respective- duction process under a licensing agree- 
ly. Sherritt Gordon completed extensive ment. Over 95 percent of the cobalt pro- 
tests at their Fort Saskatchewan demonstra- duced in Finland was exported. Cobalt 
tion plant on Le Nickel’s laterite ore from metal production was 1,111 tons in 1970, 
New Caledonia. The company reported compared with 858 tons in 1969. 

satisfactory results. Japan.—In 1970 Japan again ranked as 
Congo (Kinshasa).—Following an agree- one of the leading consumers of cobalt in 

ment reached in 1969 between the Union the world. Consumption was reported as 

Miniére S.A. affiliate, Société Générale des 
Minerais (SGM) and the Government com- , , 

pany La Générale Congolaise des Minerais op. 30 85. Mining. V. 6, No. 10, September 1970,
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2,467,000 tons of cobalt. The Natural Re- ernment-owned Uganda Development 

sources Association announced that a Japa- Corp. Ltd. as part of Ugandian President 
nese seabed mining venture, operating Obotee’s announced nationalization of the 
northwest of Tahiti, successfully collected country’s manufacturing, mining, transpor- 
manganese nodules containing cobalt and tation, and plantation industries. The im- 
nickel of commercial value, on a continu- mediate effect of this announcement on 
ous basis from a depth of 3,760 meters. Kilembe Copper Cobalt’s plans to con- 

Morocco.—Production of cobalt was struct a. new cobalt processing plant in } 
. reported as 666 tons in 1970, down 57 per- Uganda were not known. The new plant 

cent from the previous year. Ugine was to be part of the company’s copper 
Kuhlmann, although experiencing difficul- mining complex at Jimja. 
ties in the production of cobalt in Zambia.—The Zambian Government, 
Morocco, expected to maintain or slightly through the Industrial Development Cor- | 
increase output in 1971. poration of Zambia (INDECO), acquired 

_ Philippines.—Marinduque Mining and _ 651 percent of Roan Selection Trust Ltd. 
Industrial Corp. announced plans to pro- properties and assets in Zambia. The 
ceed with development and construction of major portion of cobalt shipped from Rho- 
a nickel mine and refinery on Nonoc Is- kana Corporation’s cobalt plant in Zambia 
land in the Philippines. Annual capacity was in the form of crushed cathodes. A 
was estimated at 75 million pounds of vacuum degassing plant installed at Rho- 
nickel; 70 million pounds will be in the kana 2 years ago made it possible for the 

: form of pure nickel powder: or briquets, metal to meet stricter market demands. 
the remaining 5 million pounds will be Roan Consolidated Mines Ltd.’s plant at 
mixed with 3 million pounds of cobalt in a Chambishi produced 358 tons of contained 
semirefined form. Commercial operation cobalt as cobalt hydroxide from Chibu- 
was planned for July 1972. : luma concentrate, which it sold to Rho- 

- Southern Rhodesia.—According to relia- kana. Estimated reserves at Chibuluma as of 
ble sources, extensive exploration was taking June 30, 1970, were 6,712,000 tons of ore 

place in Southern Rhodesia. Preliminary containing 4.8 percent copper and 0.21 
indications suggested cobalt-nickel deposits percent cobalt. The output of copper-leach 
of considerable size. cathodes decreased in 1970, reflecting the 

| Uganda—Kilembe Copper Cobalt Ltd. changeover to cobalt production and the |. 
was asked to sell half of its 70-percent in- greater availability of smelter capacity for 

| terest in Kilembe Mines Ltd. to the Gov- treating copper concentrates. 

| TECHNOLOGY 

Bureau of Mines metallurgists reported Co-Ni master alloys (0, 22, 50, 70, 91, and 

the recovery of high-purity nickel and co- 100 weight-percent Ni), with vanadium 
balt from crude nickel and ferronickel by additions of 0, 0.9, and 2.7 weight-percent. 
electrochemical means.3 A semi-pilot plant The addition of vanadium to Co-Ni alloys 
process utilized solvent extraction to re- caused a decrease in the alloy’s resistance 
move and separate cobalt and iron from to oxidation. Mechanisms by which vana- 
nickel, with the subsequent electrodepo- dium decreased the resistance of the alloy - 
sition of nickel and cobalt from purified to oxidation were believed to be the val- 
chloride-based electrolytes. The process uti- ency effect and the formation of low-melt- 
lized water-insoluble organic amines, which _ ing phases. 
enabled the production of commercial-sized Powerful permanent magnets composed 

nickel and cobalt cathodes of a purity of cobalt, copper, and cerium having field 
higher than commercial electrolytic metals. strengths greater than cobalt-platinum 
The cobalt metal product contained about 
1,100 parts per million (ppm) solid im- ~~” 

purities and 200 ppm gaseous impurities. 3 Brooks, P. T., and G. M. Potter. Electro- 
Bureau scientists also reported on reac- chemical Recovery of High-Purity Nickel and Co- 

tions of cobalt-nickel-vanadium alloys with Nines Rent, Sree Moe 1990 oe erronickel- Bu- 
oxygen at temperatures between 1,351° and C . poet, re M.. and J. Ww. Jensen. Reaction of 
1,429° K.t The alloys tested consisted of BuMines Rept. of Inv. 7371, 1970, 20 pp.”
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magnets, were introduced by Sel-Rex.5 globin and myoglobin analogs in which co- 

These magnets were designed principally balt was substituted for the iron. A new 
to compete with the more costly cobalt- version of the electric automobile employ- 
platinum magnets. Sel-Rex estimated cost ing novel cobalt-lead batteries was intro- 
savings of about 75 percent and weight duced by Electric Fuel Propulsion Inc. 
savings of 50 percent, compared with co- The battery had an energy density more 
balt-platinum magnets of comparable than double that of the ordinary lead-acid : 
strength. Of three types introduced, Per- battery. More significant, however, was its 
maflux C had a coercive force of 4,800 low internal resistance, which allowed it to 

a ~oersted and an intrinsic coercive force of accept huge recharging currents without ~~ ~~ 
6,200 oersteds. Permaflux C appeared well damage. Numerous technical papers were 
suited for use in miniature applications re- | presented on cobalt metal, alloys and alloy | 
quiring high coercivity such as electron- systems, magnetic materials, alloy steels, 
beam focusing devices, electronic switch and microstructure analysis of alloys.® 
gear, servomechanisms, inertial guidance. § — WH 

system components and other electronic and he, no Engineering. V. 72, No. 5, Novem- 
electromechanical devices. Research contin- € Becker, J. J. Permanent Magnets. Scientific 

ued on the development of other combina- ee V. 223, No. 6, December 1970, pp. 
tions of cobalt-rare earth elements (co- 7 Thompson, E. R., and F. D. Lemkey. Uni- 

| ——-Baltsamarium and cobalt-prascodymium) tae eR ns Ve do No 10, Octo 
to find materials with still higher energy ber 1970, pp. 2799-2805. | 
products and coercive forces.é 8 Chemical & Engineering News. V. 48, No. 41, 

Other developments of interest included Sep c 28, 1970, Dp. A ublicati 2 obalt—Quarterly Publication on Cobalt and 

investigations on eutectic cobalt alloys’ tts eS ng Oat, information Genter, Battelle 

and the oxygen binding ability of hemo- MMarch-December. 1970... ,





Coke and Coal Chemical 
By Eugene T. Sheridan * | 

_.... Coke production in the United States to- _ miscellaneous industrial plants. A small 
taled 66.5 million tons in 1970, an increase quantity of coke was sold for residential 
of nearly 3 percent over the output re- heating, but this market is declining rap-_ - 
ported for 1969. Both oven- and beehive- idly and will soon be nonexistent. 
coke production increased, but the bulk of Breeze production increased 6 percent, : 
the increased output was from oven-coke mainly because more coal was carbonized, 
plants. but also because the breeze yield increased 

Production remained stable throughout — slightly. Unsuitable for most metallurgical 
the year; monthly output was only about applications because of its small size and 
300,000 tons larger in December than in high ash content, the larger part of the 
January. Peak production was in October, breeze production is used by producers for 
when output reached 5.8 million tons. All steam raising, sintering iron ores, and 

of the increased. output of oven-coke plants other industrial purposes. However, 45 per- 
was from furnace plants as merchant-plant cent of the 1970 output was sold, mainly 
production for the year declined slightly. for use as a reductant in electric furnaces 
Demand for coke was about equivalent that smelt phosphate rock to produce ele- | 

to production during the first 9 months of | mental phosphorus. Sales of breeze in 1970 
| the year, and producers’ stocks were ap- were 36 percent higher than in 1969. 

proximately the same size at the end of Coal costs increased substantially in | 
September as when the year began. Stocks 1970. The average delivered value of cok- 
of oven coke increased, however, during ing coals at oven-coke plants increased 
the last quarter and, at the end of Decem- $1.79 per ton; the value of coking coals re- 
ber, were equivalent to 22.5 days’ produc- ceived at beehive plants increased $1.07 
tion at the December rate of output. per ton. Price increases were reported by 

Blast furnaces continued to use the plants in all States, but the largest in- 
bulk of the Nation’s coke production, re- creases were noted for the coals received 
ceiving 93 percent of the coke distributed by coke plants in Maryland, New Jersey, | 
by producers. The remaining coke was New York, and Pennsylvania. 

consumed principally in foundries and 1 Mineral specialist, Division of Fossil Fuels. 

Table 1.—Salient coke statistics | 

-_ | 1966 1967 1968 1969 1970 
United States: 

Production: : 
Oven coke__ thousand short tons__- 65,959 63, 775 62 , 878 64, 047 65,654 
Beehive coke____.__.__...._.do___- 1,442 806 T75 710 ' $71 

Total 1,._...-.-_--------do___- 67,402 64,580 63 , 653 64,757 66 , 525 
Exports_......-.---.______.__.do___- 1,066 710 792 1,629 2,514 
Imports. __....---.---_--------do__._ 96 92 94 173 153 
Producers’ stocks, Dec. 31_______do___-_ 3,079 5,468 5,985 3,120 4,113 
Consumption, apparent. ___.....do____ 66,019 61,572 62 , 438 66,166 63,171 

Value of coal-chemical materials used or 
sold___.__......-----.--thousands__ $309,143 $292,579 *$281,250 $288,963 $293 , 464 . 

Value of coke and breeze used or sold 
thousands.__ 1,187,595 *1,119,288 *1,187,402 1,402,716 1,899,116 

Total value of all products used or sold 
thousands__ ' 1,496,738 *1,411,867 1,468,651 1,691,679 2,192,580 

World production: 
Hard coke_____._thousand short tons__ 342,194 334,970 *348,112 *3866,210 382,510 
Gashouse and low-temperature coke 

thousand short tons-__ 37,043 34,273 731,293 t 29,857 27,619 

r Revised. | 
1 Data may not add to totals shown because of independent rounding. 
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| Production of coke-oven gas increased chemicals remained at about the 1969 level 

about 3 percent because of the larger throughout the year. Plant prices of both 
quantity of coal carbonized. Output of am- hard and soft pitch increased significantly; 
monia, crude tar, and crude light oil de- price decreases were recorded for ammo- 
creased because of the lower yield of these nium sulfate and ammonia liquor. 
products recovered for each ton of coal Foreign trade in coke was relatively 
carbonized. Approximately the same per- small, but exports were 54 percent greater 
centages of the production of crude tar than in 1969. The bulk of the coke ex- 
and crude light oil were sold as in 1969. _ ported was shipped to Canada, Japan, 

Coke prices increased significantly during Mexico, and Romania. Imports were insig- 
1970. ‘The average value of receipts of nificant, amounting to less than the domes- 
$29.97 per ton for all grades of oven coke tic output for 1 day. 
and $19.89 per ton for all grades of bee- The total value of all coals carbonized 

| hive coke represented price increases of was $1,171 million, and the total value of 
about 25 percent for each type of coke. all products of carbonization was $2,193 
Most of the oven-coke price increase was million. The combined value of coke and 
attributed to blast-furnace coke, which in- breeze, the principal products, accounted 
creased about 31 percent in value per ton for 87 percent of the total value of all 
at the producing plant. Prices of most coal _ products. 

| COKE AND BREEZE 

| DOMESTIC PRODUCTION output for the past 5 years, is shown in ta- 
‘ bles 6 and 7. 

io” mente woke production. from month Coke was produced in 20 States in 1970. 

slightly upward trend in 1970, and total The relative amounts of coke p roduced m 
production was about 3 percent greater the various States have changed little in 

| than in 1969. Peak production for the year the ee cecade, “hak. t that a onmecicat 
was recorded in October when the output i _ Massachusetts have ceased to be Pro- 
of oven and beehive coke totaled 5.8 mil- ucing States. Because coke is used Prine 
lion tons. The average daily output of all pally for blast-furnace fuel, the coke indus- 
plants in December 1970 was about 3,000 try 1s concentrated Mm the Fastern and 
tons greater than in December 1969. Table North Central States in the major steel- 
5 compares the monthly and average daily P roducing 1970" and ane pu of toe “ . 
production of oven and beehive plants in output Mow ee Was procucea in a 
1970 and 1969. cast of the Mississippi River. About 5 mil- 

The terms “merchant” and “furnace” de- 20" pons, 7 percent of the total, was Pro- 
note the ownership or affiliation of oven- duced ” California, Colorado, Minnesota, 
coke plants. Furnace plants are owned by, MsOUr TOA’ ane van. t d _ 
or are financially affiliated with, iron and “ted for 97 me oe ne noe, nd 
steel companies and mainly produce blast counted for 2 percent of the output an 
furnace coke for use in their own blast aS followed by Indiana, Ohio, Illinois, 
furnaces. Merchant plants produce various and Alabama, ” me ret pam The 
grades of coke for sale on the open mar- combined ourpurl oF these lve states was 
ket. A few merchant plants, however, are about two-thirds of the national total. 

associated with chemical companies and Pennsylvania had more than double the 
gas utilities. production of any other State. These data 

The number of merchant and furnace 27¢ Shown in table 8. 
plants operating throughout the year re- An average of 1,379 pounds of coke was 
mained about the same as in 1969. All of | produced for each ton of coal carbonized 

the increased output, however, came from in the United States in 1970. The 1970 
furnace plants as merchant-plant produc- yield of coke from coal, which averaged 
tion remained at the 1969 level. Furnace 68.95 percent, has remained fairly constant 
plants supplied 91 percent and merchant during the past decade. 
plants 9 percent of the total output. The Breeze is the term applied to the small 
monthly output of merchant and furnace _ sizes of coke that result from screening. Al- 
plants in 1969 and 1970, as well as annual though there is no designated size, breeze
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refers generally to coke that passes through _ creases in 1965 and 1970, the coke rate has 
a ¥%4-inch screen. Coke producers currently declined each year during the past decade | 
consume about 55 percent of the breeze and the amount of coke required to pro- 
produced, principally as a fuel in agglom- duce a ton of pig iron and ferroalloys in 
erating plants. The remainder is sold, blast furnaces in 1970 was only 1,267 
mainly for use as a fuel for smelting phos- pounds, compared with 1,433 pounds in 
phate rock to produce elemental phospho- 1961. The net effect of this Il-percent re- 
rus. During the past 5 years the amount of | duction in coke rate over the 10-year pe- 
breeze sold has increased significantly. The riod can _ best be emphasized by noting 

«quantity sold in 1970 was nearly double that if the 1970 output of 91.8 million 
the quantity sold in 1966. tons of blast-furnace pig iron and ferroal- 

The breeze yield varies substantially loys had been produced in blast furnaces 
within and between States according to the operating at the 1961 rate, total blast-fur- | 
coals carbonized. The lowest yield, 3.28 nace coke requirements for the year would 
percent, was recorded for Pennsylvania have been 65.8 million tons, rather than 
while Indiana had the highest yield, 6.19 the 58.2 million tons actually ‘consumed. 
percent. The national average yield has Tables 13 and 14 show the quantities of | 
not varied significantly during the past coke used and sold in each State in 1970. 
decade. | A total of 66.7 million tons of oven and 

An average of 98 pounds of breeze was beehive coke was sold and used for all 
produced for each ton of coal carbonized purposes, of which about 90 percent was | 
at oven-coke plants in 1970. This quantity oven coke supplied by furnace plants. The 
amounted to 4.91 percent of the coal car- bulk of this coke was retained by produc- 
bonized. Breeze yields of beehive-coke ers for use in their own blast furnaces. 
plants were substantially higher, but bee- Furnace plants sold about 3 million tons 
hive breeze production was negligible be- of coke, 35 percent of the total coke sold 
cause only a few plants had recovery facili- commercially. Fifty-six percent of the fur- | 
ties. . 7 nace-plant sales was shipped to other 

Production and disposal of breeze, by blast-furnace plants. 
State, in 1970 is shown in table 9. Table Merchant plants distributed nearly 6 
10 shows the quantities consumed by pro- million tons of coke in 1970, 96 percent of 
ducers for various uses and the quantities which was sold on the open market. Prin- 
sold during the past 5 years. cipal markets were blast-furnace operations 

without coke facilities, independent gray- | 
| CONSUMPTION AND SALES iron foundries, nonferrous smelters, and 

Apparent consumption of coke in the chemical plants. A few merchant plants 

United States in 1970 totaled 632 million °P&T@€ coke ovens to supply their own re- 
tons. This consumption, (domestic produc- ae ent coke aout * a creent it the ne. 
tion plus imports, minus exports and chant cone istributed is use OY proeue 
changes in stocks) was almost 3 million ‘* This coke was used pemeipa iy in ; ; hemica] plants and affiliated foundries. tons less than the quantity consumed in P _ 1969. Although the quantity of coke con- One percent of the coke distributed was 
sumed per ton of pig iron and ferroalloys ‘Supplied by beehive plants. The bulk of produced increased slightly in 1970, about the beehive coke also was sold to blast-fur- 
two-thirds of the decrease in total demand ace plants. 
was the result of a lower overall require- All States except Alaska and Hawaii re- 
ment for blast-furnace coke, caused by a_ ceived shipments of coke in 1970. Alabama, 
nearly 4-million-ton decline in blast-fur- Illinois, Michigan, New York, Ohio, and 
nace pig iron and ferroalloys production in Pennsylvania, which are the major iron- 
1970. Apparent consumption of coke in the and steel-producing States, received about 
United States in 1970, including a break- four-fifths of the total. 
down for that used in iron furnaces and The bulk of the coke distributed was 
for all other purposes, is shown in table blast-furnace coke that was consumed 
II. within the producing State, as most blast 
The decline in blast-furnace coke, con- furnaces are integrated with coke ovens. A 

sumption ratios between 1966 and 1970 is few companies, shipped coke to affiliated 
shown in table 12. Except for slight in- blast furnaces in adjoining States.
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About 5 percent of the coke distributed — VALUE AND: PRICE | 

was shipped to fomenes. une chief nore Coke prices increased significantly during 

ents of foundry coke were the automotive, 1970; the average value of receipts for all 

farm-machin crys machine-tool, heavy-ma- grades of oven coke reached $29.97 per 
chinery, railroad, and electrical-equipment ton, and beehive coke averaged $19.89 er 

industries. Most of these industries are 7 i Bec pee P 

concentrated in the East and Midwest. In ton. The 1970 values represented increases 

1970, the combined consumption of Ala- of nearly 25 percent for both types of 

bama, Illinois, Indiana, Michigan, New » Moit of the oven-coke price increase was - 
Jersey, New York, Ohio, Pennsylvania, and Pri y | 

. . ; attributed to a 3l-percent increase in the 
Wisconsin accounted for about four-fifths 
of the foundry-coke shipments. Found value of blast-furnace oven coke. Foundry 

| coke also was O eame d P 39 other State. coke and other industrial coke from oven- | 

° - “8+ coke plants increased 16 percent and 24 

Coke used for miscellaneous applications percent, respectively, in price 

was widely distributed, with 44 States re- The large variance in the prices of 

| ceiving shipments of other industrial coke. blast-furnace and foundry oven coke was 

The principal consumers were nonferrous attributed principally to lower recovery 

Seat ca te cement a a a _ carcrun 1d lemen- properties (large size, low moisture, ash, 

| tal phosphorus. Alabama, Idaho, | Minne- — volatile, sulfur and phosphorus content) of 

| _ sota, Ohio, and Pennsylvania received the foundry coke, which make it a more valua- 

largest quantities of other industrial coke. ble product. The differences in the average 

| Minor quantities of coke were used for values of oven and beehive coke were due 

residential heating. This market, which in largely to additional transportation costs of 

| past years received as much as 10 million coal delivered to oven-coke plants. - 

tons of coke annually, is virtually nonexis- Average receipts, f.o.b. plant, for com- 

tent now. | | | mercial sales of the different grades of 

. - coke, as reported by. producers, are shown 

STOCKS. in table 18. 

| Although production of oven coke in- | 
creased 3 percent in 1970, the amount of FOREIGN TRADE 

| coke distributed by producers was about 1 There was a strong demand for U.S. 

: million tons less than in 1969, and their coke in foreign markets in the early part 

stocks increased accordingly. The bulk of of 1970, as exports increased to 2.5 million 

the increase in stocks was caused by cur- tons. This was 54 percent more coke than 

tailment of shipments to blast-furnace was exported in 1969 and more than dou- 

plants in the latter part of the year, when _ ble the quantity exported in 1968. 

demand for blast-furnace coke declined. The principal foreign market was Ro- 

Oven-coke plants ended the year with an mania, which received 389,000 tons, 15 per- 
average of 22.5 days’ supply in stock at. the cent of the coke shipped. The market in 

December rate of production. This was Romania was opened in 1969 with ship- 
nearly 5 days more supply on hand than ments of 129,035 tons. There had been no 

at the end of 1969. The bulk of the stocks Shipments to Romania in prior years be- 

was at furnace plants, which had, roughly, C4Us¢ of trade restrictions with Communist 

24 days’ supply, compared with only 5.9 countries. Other countries receiving sub- 

days’ supply at merchant plants. stantial] coke shipments were Mexico, Can- 

Only 2,000 tons of beehive coke was on ade, Japan. Venerucla. Bulgaria, ane Neer 
hand at th ipments to Canada, w ich until 1 

com pose d he ene oe net fone tora was was the principal export market, increased 

Stocks of “oke breeze at voducers’ about 20 percent, but were less than half 

plants at the end of 1970 were approxi -. orgs * re on era of 854.087 ~ tons shipped in . Shipments to Mex- 

mately at the same level as at the end of ico, the second largest foreign market, were 
1969. Small decreases were noted, though 49 percent less than in 1969. 

in Michigan and Pennsylvania. About four-fifths of the coke exported 

Data on stocks are shown in tables 16 was shipped from the Baltimore, Detroit, 

and 17. Laredo, Mobile, and Philadelphia customs
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_ districts. Shipments from Baltimore, Mobile, tional shipments to foreign countries by _ and Philadelphia were significantly larger export companies. | . 
than in 1969. Imports were insignificant, amounting to Table 19 shows exports of coke by coun- less than I percent of the apparent con- try and customs district for 1968, 1969, and sumption. Ninety-six percent of the im- 1970. The total quantities shown for each ported coke came from Canada, and almost year are substantially larger than those re- all of the remainder was from France and ported shipped by producers, as shown in West Germany. Import data for 1968, 1969, tables 1 and 15, because there were addi- and 1970 are shown in table 20. —_© ee 

COKING COALS 

| QUANTITY AND VALUE OF COAL valued at $17.70, was required for each ton CARBONIZED _ of oven coke produced in 1970. Beehive | —_ ; ovens required an average of 1.64 tons of A total of 95.1 million tons of bitumi- (a) per ton of coke output, but coal costs nous coal was carbonized at high tempera- averaged only $11.99 per ton of coke pro- 
tures for the production of coke in 1970. duction because of the lower unit value of — The coke industry consumed about one- the coals charged. 7 : | sixth of the 1970, bituminous coal output, Tables 22 to 2h present data on coals 
coke production was the second largest carbonized at oven- and_beehive-coke coal market. Only the electric-utility, indus- plants. = oe | | try, which presently consumes about one- | | | half of the production, ranked higher in | BLENDING. _ usage. In addition to bituminous coal, . | | | | 472,000 tons of anthracite was used in cok- | The blending of coals at oven-coke | _ ing coal blends. Anthracite was used prin- plants is standard practice because individ- 

_Cipally in the production of foundry coke ual coals do not possess all of the proper- __, because its use enhances the physical prop- les required for the production of high- erties of coke, giving it greater size and quality coke in slot ovens. In general, density, properties that are desirable for blending As used to improve the chemical 
the smelting of iron in foundry cupolas. and physical properties of coke, to control | 

The delivered average value of all coal ihe pressure developed during carboniza- | . . tion, to regulate the yield of products, and carPonized by oven-coke plants in 1970 was to broaden the use of lower quality coals $12 41 per ton, and the value of that re- which could not be used alone for the cetved by caabbanoase P lants averaged production of metallurgical-grade coke. $7.31 per fon. The difference nm value was Standard oven-coke operating practice is attributed mainly to transportation charges . for coal shipped to oven-coke plants. as all based upon the use of relatively small pro- 
beehive plants are located at ‘or near the P ortions of low-volatile coals and high per- source of th 1 th | I | centages of high-volatile coals. High-vola- etree te Coal they consume. In some tile coals are not used exclusively because - Instances, transportation costs exceed the they produce low yields and weak coke. 
value of the coal at the mine; this par- Low-volatile coals, when added to high- tially accounts for the high value of the volatile coals improve the yield and the coal consumed in some States. . “P y | . physical properties of the coke. However, The average value per ton of coals deliv- the proportions of low-volatile coals used cred to both oven- and beehive-coke Plants must be restricted because they are highly was about 18 percent greater than in 1969. expanding, and, if used alone or in large Coals delivered to some States, however, proportions in the mix, they would damage 
had _increases in average value per fon oven walls when coke was discharged. ranging from 25 to 30 percent. The high- Some plants add medium-volatile coals or est coal prices were recorded for Maryland, other materials such as anthracite or coal- New Jersey, and New York, where the de- tay pitch to their high- and low-volatile livered value of coals received by all plants coals. Additions of medium-volatile coals averaged $15.63 per ton. can regulate the volatile matter in a mix An overall average of 1.45 tons of coal, to the desired content, while anthracite
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| and pitch impart strength, size, and den- in Boyd, Floyd, Harlan, Letcher, and Pike 

sity to the coke. | Counties. . 

Blending also permits the use of some Illinois produced coking coals that were 

high-sulfur content coals otherwise unsuit- used in Ilinois.and Indiana; Alabama, Col- 

able for coke production. Such coals can orado, and Utah produced coking coals 

be blended with low-sulfur coals to the ex- that were used for coke production mainly | 

tent that the coal mix contains no more within each producing State. Most of the 

| total sulfur than that contained in the coals carbonized in California, Colorado, 

coals normally used for producing high- and Utah were produced in the latter two 

quality coke. _ States. 

The overall proportions of high.-, Data showing the origin of coals re- — 

medium-, and low-volatile coals used in ceived by oven-coke plants, by volatile 

coal mixes by the coke industry has varied matter content, are shown in table 28, 

little in the past decade, but there are while table 29 shows the source of the 

wide variations in the proportions of the coals received by oven-coke plants in var- 

different types used by individual plants. ious States. 

West Virginia plants and those in the a 

Western States used the largest percentages | CAPTIVE COAL 

of high-volatile coals in their blends, while 

plants in Minnesota and Wisconsin used More than one-half of the coal received 

relatively high percentages of low-volatile by oven-coke plants was produced by com- 

coal. Compared with furnace plants, mer- pany-owned or affiliated mines. This cap- 

chant plants used larger percentages of tive coal, ordinarily does not move in com- — 

low-volatile coal because this type produces mercial channels. Iron and steel producing 

strong foundry coke, which is produced companies own the bulk of the captive. 

mainly by merchant plants. mines and, in 1970, 57 percent. of the coal 

Table 26 shows the quantities of coals received by furnace plants was captive. 

carbonized at oven-coke plants, by vola- Some merchant plants also own coal mines, 

tile-matter content, for 1966-70. Table 27 but only 29 percent of the coal they ree 

shows the volatile-matter content of the ceived in 1970 was their own production. 

coals received by oven-coke plants in var- The quantities of captive coal received by 

ious States. oven-coke plants in 1970 are shown in 

table 30. 

| | SOURCES | 
STOCKS 

Although 22 States produce bituminous , 

coal, only 12 produced coking coal that was Month-end stocks of bituminous coal 

shipped to coke plants. Of this number, and anthracite at oven-coke plants are 

only 10 can be considered suppliers of cok- shown in tables 31 and 32. Bituminous- | 

ing coals, as the combined shipments of coal stocks reached their highest yearly 

Indiana and Tennessee were less than level during June when month-end stocks 

100,000 tons. | were 9.2 million tons. The lowest level, 6.6 

Of the coals received by oven-coke million tons, was reported at the end of 

plants, 34 percent was produced in West July after a curtailment in bituminous 

Virginia and 30 percent in Pennsylvania. coal production because of the vacation 

| West Virginia shipments were principally period of coal miners. 

low-volatile coals from McDowell and Wy- Bituminous coal stocks at the end of 

oming Counties, medium-volatile coal from 1970 were about 15 percent greater than 

Wyoming County, and high-volatile coals when the year began. The 8.9 million tons 

from Boone, Fayette, Kanawha, Logan, on hand at all plants on December 31, 

Marion, and Mingo Counties. Pennsylvania 1970, was equivalent to about 34 days’ sup- 

supplied, principally, high-volatile coals ply, based upon the December rate of con- 

from Green and Washington Counties and sumption. 

low-volatile coals from Cambria County. Only small quantities of anthracite are 

Another major supplier of coking coal stocked. Stocks at the end of 1970 totaled 

was Kentucky, which supplied 14 percent only 121,000 tons, about 7 percent less an- 

of the shipments to coke plants. Virtualiy — thracite than was on hand at the end of 

all was high-volatile coal produced mainly 1969.
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| COAL CHEMICALS 

The term “coal chemicals” refers to the pared with the unit values of the coke and 
materials recovered from the volatile mat- breeze produced, from each ton of coal 
ter released from coal during carboniza- carbonized. . 
tion. Normally, three basic materialsk—am- 
monia, tar, and light oil—are recovered at COKE-OVEN GAS 
oven-coke plants through a series of com- | . . 
plex condensation and absorption processes. _ COKe-oven gas is the gaseous material == 

. _ The remaining material, which is rich in that remains after tar, ammonia, and light a 
| hydrogen and methane, is called coke-oven Ol! have been removed from the volatile gas. Except for ammonia, which is re-  ™atter evolved in carbonization. Because it 

covered as an aqueous solution or con- 48 a relatively high calorific value, pro- 
verted to a salt and sold as produced, the ucers use most of the gas as fuel for 
basic materials are, in most instances, fur- heating coke ovens and other steel- and al- ther processed to yield a number of pri- lied-plant furnaces. Small quantities are 

| mary organic chemicals or chemical mix- 4/80 sold for distribution through city 
tures of which the most important are ™4ins and for other industrial use. 
benzene, toluene, xylene, solvent naphtha, Gas yields vary, but the quantity of gas 
crude chemical oil, and pitch. Although Produced for each ton of coal carbonized 
most oven-coke plants in the United States 1 all slot ovens in 1970 was 10,440 cubic 
are equipped to process tar and light oil, feet. This was only slightly less than the 
the extent to which individual plants pro- yield of 10,480 cubic feet recorded for 
duce the various products depends upon 1969. However, total gas production in- | 
economic conditions and the general size creased about 4 percent over that of 1969 | 
of the plant, as yields of the various chem- because an additional 3 million tons of 
icals are relatively low. con ble or ened k 1970. oduction 

able 37 shows coke-oven gas produ Yields of chemicals vary with the kind by State, the quantities of pas used for 
of coals carbonized, carbonizing tempera- heating ovens, and the amount of surplus 
tures, and operating techniques and equip- gas used or sold. Nearly 40 percent of the : 
ment, but approximately 315 pounds of output was used at the plants to heat coke 
of light oif en dB pound o pn 20 pounds ovens. Gas used otherwise is called surplus | | 

, . gas and is used by producers to fire boil- 
recovered for each ton of coal carbonized. ers transferred to steel or allied plants to — 
In standard units of measure these quanti- peat open-hearth and other metallurgical 
ties amount to about 10,500 cubic feet of furnaces, sold for industrial use, or distrib- 
coke-oven gas, 10 gallons of tar, and 3 gal-  iteg through city mains. A small part of 
lons of light oil. Ammonia is recovered as the production was wasted because storage 
ammonium sulfate at most operations, and facilities at most plants are limited, and 
the yield per ton of coal is approximately tye gas was burned in the atmosphere 
20 pounds. Data on production and sales when production exceeded demand. of basic chemical materials and derivatives Table 38 shows the disposal of surplus 
at oven-coke plants.in 1970 are shown in gas by the two segments of the oven-coke 
table 33. industry. Whereas 88 percent of the sur- 
Table 34 shows the heating value and plus gas produced by furnace plants was 

coal equivalent of products other than consumed by producing companies, mer- 
coke produced at oven-coke plants. Al- chant plants used less than 50 percent of 
though the quantities vary from year to the surplus gas they produced. Of the sur- 
year, most of the changes were due to dif- _ plus gas sold, furnace-plant sales went pri- 
ferences in the amount of coal carbonized, marily for industrial use: only about 60 
rather than fluctuations in yields. In terms percent of the gas sold by merchant plants 
of heating value, the products, not incdlud- went to industrial plants, and the remain- 
ing coke, recovered in 1970, were roughly der was sold to gas utilities. 
equivalent to the heating value of about ‘Table 39 shows the quantities of various 
one-fourth of the coal carbonized in slot gases used to heat ovens in each State and 
ovens. Table 35 shows values for the chem- the total gas consumption in terms of 
icals and surplus gas used and sold, com- _coke-oven gas equivalent. Coke-oven gas
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was the principal fuel used for heating total value of all coal-chemical materials — 

slot ovens, but some operators used blast- sold. 
furnace gas, a mixture of coke-oven and 
blast-furnace gas, or natural gas for under- COAL TAR AND DERIVATIVES | 

firing. Over 450 billion cubic feet of coke- , ‘ | | 

oven gas equivalent was so consumed, of Crude coal tar is a black, viscous mix- | 

which 84 percent was coke-oven gas, 1] ture of complex organic compounds that 

percent was blast-furnace gas, and the re- condense from the volatile matter when it 

mainder was natural gas. is cooled. Most of the tar is recovered in | 

| Surplus coke-oven gas used and sold in collecting mains at the ovens when the gas 

1970 was valued at $148 million. This is a has been cooled by spraying with ammonia 

7-percent increase from the 1969 value. No liquor; the remainder is recovered princi- | 

value is reported by producers for coke- pally from the primary coolers when the 

oven gas used to heat coke ovens, but gas undergoes further cooling. 

applying the average value of $0.254 per All oven-coke plants produce tar. How- 

thousand cubic feet reported for surplus ever, yields of tar vary widely among 

gas to the gas used for underfiring, the plants; in 1969, they ranged from 5.92 to | 

total value of all coke-oven gas used and 9.69 gallons per ton of coal carbonized. 

- sold in 1970 would be $245 million. This Generally, from 4 to 5 percent of the 
; . value is equivalent to about one-fifth the weight of the coals carbonized is recovered 

. total value of the coal carbonized. as tar. High-volatile coals evolve a larger 

percentage of tar; hence, California, Colo- 

| COKE-OVEN AMMONIA rado, Utah, West Virginia, and Pennsylva- 

| | nia, which used the most high-volatile coal 

Coal carbonized at high temperatures re- in their blends, had the highest tar yields. 
leases nitrogen, which oven-coke operators Conversely, plants using higher percentages 

| recover either as ammonia liquor, a weak of low- and medium-volatile coals and an- 
solution of ammonia (about 7 grams per  thracite, such as those mainly producing 
liter of solution) , or as a crystallized solid foundry coke, had the lowest yields. 

(ammonium sulfate and diammonium ~ Production of coal tar at oven-coke 
phosphate). This ammonia must be re- plants in 1970 decreased 1 percent from 

moved prior to further processing of the _ that of 1969. The average yield of tar de- 
gas because it would otherwise form corro- creased slightly to 8.00 gallons per ton of 

7 sive salts which would damage equipment coal, compared with 8.33 gallons in 1969. 

or, if released as a waste material, would Table 41 shows the quantities of tar pro- 
create steam pollution problems. duced, used by producers, sold, and in 

Most of the coke-oven ammonia is re- stock in the various States at the end of 

acted with sulfuric acid to form ammo- 1970. 
nium sulfate. In 1970, 92 percent of the am- Coke-plant operators used 51 percent of 

monia recovered was used to produce the tar produced in 1970. Of this quantity, 

595,000 tons of ammonium sulfate and 72 percent was processed (refined or 

42,000 tons of diammonium phosphate, “topped”) , 28 percent underwent no proc- 

and 15,000 tons of ammonia was collected essing and was burned for fuel, and less 

as an aqueous solution. than 1 percent was used for miscellaneous 
Table 40 shows production and sales of purposes, such as tarring ingots, road ma- 

ammonia products and yields in 1970 in terials, and tar paints. The remaining 49 
terms of sulfate equivalent. Compared with percent of the production was sold, princi- 

1969 the yield-of ammonia declined 5 per- pally to tar-distilling plants which refined 
cent, and total output fell 6 percent. it to produce many tar derivatives. 

Sales of ammonium sulfate increased 1 Most of the coke plants that processed 

percent and ammonia liquor sales were tar in 1970 topped their tar. In so doing, 

about the same as in 1969. The average the low-boiling distillate fraction, consist- 

value per ton, f.o.b. plant, of ammonium ing mainly of tar acids, bases, and naph- 

sulfate decreased $3.28 per ton to $15.44, thalenes, is separated from the crude tar. 

and the average plant value of ammonia The residue, or soft pitch, is usually 

liquor decreased $9.05 per ton. The total burned as fuel. Furnace plants in particu- 

value of all ammonia products sold was lar benefit from this procedure since they 

$13. million, equivalent to 5 percent of the can sell the distillate and retain the pitch
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for use as fuel in open-hearth furnaces. covered at the plants that extracted light | 
. This reduces the amount of other fuels oil in 1970. Most plants recover light oil, 

that normally have to be purchased. How- but a few plants, which find it uneconomi- 
ever, the relative quantities of tar topped cal to remove the light oil, leave it in the 
and burned, as well as the quantities sold, gas to be burned as fuel. Yields per ton of 
depend upon a number of economic fac- coal remained at about the 1969 level at 

: tors, such as the availability and current merchant plants, but increased by one-fifth 
market prices of tar, tar distillates, and of a gallon at furnace plants. = 

_ other. substitute fuels. All of the mer- Producers sold 40 percent of their crude 
chant-plant tar production was sold _be- light-oil output in 1970. The large increase 
cause these plants have no use for the in light-oil sales in recent years is attrib- 

_ pitch which makes up the bulk of the uted principally to the ‘inability of some 
products recovered through topping. plants to produce derivatives, particularly 7 

The majority of the plants that proc- benzene, that meet the more rigid specifi- 
essed tar in 1970 recovered only crude ations established for these products. Such 
chemical oil and a residual tar, or soft Plants sell light oil to petroleum-refining 

| pitch. However, some of the larger plants. Companies which process it along with pe- 
recovered a number of tar derivatives, in-  troleum fractions into benzene and a num- _ cluding creosote oil, cresylic acid, cresols, ber of other chemical intermediates. Data 
naphthalene, phenol, pyridine, and me- © light oil and total derived products 
dium and _ hard pitch. Statistics on some of | Produced and sold in the various States are 
these products could not be shown in this Shown in table 42. 
report, but the data were transmitted to In the older light-oil-refining facilities at 
the U.§. Tariff Commission, which pub- ke plants, light oil is refined by frac. lished them, along with similar data from ‘tional distillation at atmospheric pressures, 
tar distillers and petroleum refiners, in but in plants built in recent years, catalyt- 

_ monthly and annual reports on synthetic i¢-pressure refining is employed to pro- organic chemicals. duce benzene, toluene, xylene, and solvent 
naphtha. As with other coal-chemical ma- 

| CRUDE LIGHT OIL AND DERIVATIVES terials, yields vary somewhat, but approxi- 
| mately 85 percent of the light oil proc- 

Light oil is a pale-colored liquid, com- essed is recovered as salable products. 
| posed of a number of aromatic hydrocar- Average yields of most light-oil derivatives 

bons, that is extracted from the gas after decreased in 1970. Average yields for 1970 
tar, ammonia, and, in some instances, and prior years are shown in table 43. 
naphthalene have been removed. Crude tar Table 44 shows the quantities of the 
also contains a small amount of light oil, various grades of benzene and _ toluene 
but this usually is not recovered by coke produced at coke plants, while table 45 

plants. Virtually all light oil produced at shows the principal light-oil derivatives | 
coke plants is recovered by an absorption produced and sold and yields of the va- 
process in which the gas is sprayed with a rious products by State. About 96 percent 
higher boiling petroleum oil as the gas of the benzene is specification grades. In 
stream is channeled through absorption past years large amounts of motor-grade 
towers. After recovery, light oil is sepa- benzene were produced for use in gasolines 
rated from the absorption oil by direct to increase their antiknock properties, but 
steam distillation. Approximately 3 gallons _ present petroleum-refining techniques have 
of light oil, equal to 1 percent of the all but eliminated this use for benzene. 
weight of the coal, is recovered for each Production of benzene, as well as toluene 
ton of coal carbonized. Yields vary, of and xylene, was lower than in 1969 be- 
course, with the kind of coals carbonized cause of lower recovery yields for all prod- 
and with operating conditions, but an av- ucts, and a smaller amount of light oil was 
erage of 2.68 gallons of light oil was re- refined at coke plants.
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| TECHNOLOGY 

New technology developed by the U.S. _ first major change in basic coke-oven tech- 

Steel Corp. may bring a breakthrough in nology in nearly 80 years, employs closed 

coke-quenching operations and further re- _ pipelines rather than charging cars to 

| duce atmospheric pollution from coke- transport coal to the ovens. The new proc- 

: plant operations. The new quenching ess reportedly increases oven production by 

process 2 consists of loading hot coke into decreasing coking time and permits the use 

| an enclosed hopper system, spraying the of lower cost, poorer quality coals to pro- 

coke inside the closed system, and dis- duce acceptable metallurgical-grade coke. 

charging the coke from the continuous: Initial results reveal a drastic reduction in 

quenching facility onto a conveyor belt. atmospheric pollution, accompanied by an 

The coke is then conveyed to the screening increase in coke production of up to 50 

station as with conventional systems. The percent. The closed system eliminates air 

uniform rate of steam generation in the  poliution from the charging operation, 

new system permits cleaning and control which represents as much as 70 percent of 

of the steam exhausted to the atmosphere. the total air pollution from oven-coke 

The installation of specially designed plant operations. 

baffles in conventional quenching towers is A systems involving control and com- , 

another improvement from the standpoint munications equipment and providing for 

of reduced atmospheric pollution. Devel- fully automatic operation of the quencher 

| oped by: the U.S. Steel Corp., the baffles, car, wharf gates, and quenching station has 

which are located in the tower, slow down been installed at the Fairless Works of the 

steam flow and cause most of the coke par- U.S. Steel Corp. Automatic operation of 

ticles contained in the steam, as well as the quencher locomotive results in a more 

water vapor, to adhere to the baffles or evenly distributed load of coke in the 

remain within the tower. - quencher car to make more uniform 

: A system for collecting and wet-scrub- quenching of coke possible and guarantees 

a bing the gases emitted from slot ovens sequential placement of coke on the wharf. 

during charging has been designed by Automatic control of the wharf gates 

| Bethlehem Steel Co. and installed on one makes possible the withdrawal of coke 

charging car at the company’s Burns Har- from the wharf in a regulated manner. AS 

bor plant. This system consists of a charg- a result, there are definite realized benefits 

ing car equipped with two cleaning units in terms of reduced coke moisture variabil- 

in parallel, each designed to handle the ity, a lower level of coke moisture, and a | 

gases and dust evolved from two charging longer service life of coke conveyor belting. 

holes. The emissions are burned in com- Obviously, there are direct labor savings. 

bustion chambers with air ports that are A new cupola coke,® made from oil by- 

adjustable to a maximum air-port to gas- —_ product rather than coal, has been devel- 

port ratio of 1.93. Although glow plugs oped by the Republic Carbon Products 

were provided for ignition of the gases, Co., Inc., of Bakersfield, Calif. It is reported 

they proved unreliable and combustion was that the use of this coke in cupolas has in- 

dependent mainly upon spontaneous igni- creased carbon content of the iron as 

tion whenever the gas-air mixture was much as 12 percent and, because of the 

within combustible limits. The products of | higher carbon content, the coke charge was 

combustion then are contacted with water . reduced up to 15 percent. 

in two stainless steel venturi scrubbers, —-________— 

i i 2 Blast Furnace and Steel Plant. New Technolo 

anit venosphere cleane d a is release ed Breakthrough in Coke-Quenching at U-S. Steel's 

> irton Works. V. 88, No. 5, May 1970, p. 339. 

water is discharged to a sump for use in 3 Blast Furnace and Steel Plant. Performance of 

- . . Gas-Cleaning System on Coke-Oven Larry Car at 

coke quenching after the solids settle out. Burns Harbor. V. 59, No. 1, January 1971, pp. 

A system * based upon the charging of 7 Blast Furnace and Steel Plant. Charging Pre- 

preheated coal mixes to coke ovens heated Coal to Coke Ovens. V. 58, No. 5, May 
through pneumatic pipelines has been de- 1970, pp. 326-329. . 

: : Blast Furnace and Steel Piant. Automation of 

veloped by the Allied Chemical Corp. and  Quencher Locomotive and Coke Wharf. V. 58, 

installed on a 24-oven battery at its Iron- No. 9, September 1970, pp. 639-647. 
. . ‘ Iron Age. New Coke Fuel Developed. V. 207, 

ton, Ohio plant. The system, which is the No, 99, June 3, 1971.
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Table 2.—Statistical summary of the coke industry in the United States in 1970 

eS 

Slot ovens Beehive ovens Total 

Coke produced: 
At merchant plants_______._.___thousand short tons__ 5,915 (1) (1) ; At furnace plants 2 eee _do___. 59,739 (2) () : Total___. 2-2 ldo... 65,654 871 66 , 525 Breeze produced. ______._________-_-__._........ dow... 4,665 (3) (3) Coal carbonized: 
Bituminous: 

Thousand short tons_.-.--- 2 9A, 581 1,428 96,009 ~ Smee Value (thousands)__________.____..__.....__.___. $1,154,478 $10, 438 $1,164,916 Average per ton___.___..._____.__......._.__. $12.21 $7.31 $12.18 Anthracite: 
Thousand short tons___ 2, 472) Le 472 Value (thousands).____..__...-_._.._..._..____. $5,888 _._- $5,888 Average per ton.___.__..._____.___.....__.___. . $12.47 .. 1 Loe $12.47 : Total: 4 

. Thousand short tons____--. eee. 95,053 1,428 96 ,481 Value (thousands)___......__._....._..._______. $1,160,367 «$10, 488 $1,170,805 Average per ton__---- ee $12.21 $7.31 $12.14 Average yield in percent of total coal carbonized: 
, Coke______ 2 

69.07 60.99 68.95 Breeze (at plants actually recovering)__...__..__...... 4.91 -@) (3) Coke used by producing companies: 
In blast furnaces: 

; Thousand short tons____._- ee, 56,646 __.. 2 Le 56 , 646 Value (thousands) ._____. 2 TT $1,554,847 ____ 2 $1,554,347 In foundries: 
Thousand short tons_____- eee 811) _2 2 311 Value (thousands)_______.________.___._..__..__. $12,605 ___-_______e ~ $12,605 For other industrial uses: 
Thousand short tons______- ee 861 oe - 361 Value (thousands)__.__._...______._.__...__.._. $8,567 _..-.__ LL $8, 567 Breeze used by producing companies: 

In steam plants: 
Thousand short tons___...2- ee, 366 __-_-_______e 866 Value (thousands)_____..__.__.___.._..._..._... $2,257 1 ___ $2,257 In agglomerating plants: 

: Thousand short tons_____2 22 ~ 1,948 ___o_ oe 1,948 Value (thousands)___._...________....._.__._.... $20,898 ____________ $20 , 893 For other industrial uses: 
Thousand short tons._.__.__.___...._....._.____ 704) ___o_ ee 704 Value (thousands)_.___._.._______.._._..._..... $6,195 _______ $6,195 Coke sold (commercial sales): 

To blast furnaces: 
Thousand short tons_____.___...__......_....____ 3,709 829 4,538 Value (thousands)_..._.._.._____....._...__.._. $92,910 $16 ,383 $109 , 293 . Average per ton______..._..__.___.____....__. $25.05 $19.77 $24.08 To foundries: 
Thousand short tons__...____..___.._....__..___ 2,953 (5) 2,953 Value (thousands)_____.._.._______.___..___.._. $120, 544 (5) $120 , 544 Average per ton__......_______..._....._..... $40.83 (5) $40.83 To other industrial plants: 
Thousand short tons_.___....____._...__.__.____ 1,841 40 1,881 Value (thousands)__._.._._________..._.___._... $41, 862 $892 $42 , 754 Average per ton___._.....____._......____.__. $22.74 $22.30 $22.73 For residential heating: 
Thousand short tons__.._......_._..__..________ 48 __o__ le 48 " Value (thousands)__._.._________....__.____.... $969 ___________e $969 Average per ton__...___.._............__._..... $20.19 __.________ $20.19 Breeze sold (commercial sales): 

Thousand short tons_____-_2 22s 2,067 (3) (3) Value (thousands)_____.._..__.________.__....___... $20,611 (3) (3) Average per ton_____._____________._.__._..__.._” $9.97 (3) 1) Coal-chemical materials produced: 
Crude tar: 

: Thousand gallons___.__.__.__._..._..........__. 760,926 ____________ 760 , 926 Gallons per ton of coal__._.__._____._.._..__.._. 8.00 __._-______- 8.00 Ammonia: 6 
Thousand short tons__..__.___.__.__..........__. 691 _.__ ee 691 Pounds per ton of coal__.__________...._....__.. 15.77) 22 15.77 Crude light oil: 
Thousand gallons___.__.__.__..____........._____ 244,107 __.________. 244,107 G Gallons per ton of coal__.________._.._.._.___... 2.68  .-._______. 2.68 as: 
Million cubic feet__......_.__.._.__... 992,790 _____._____- 992, 790 Thousand cubic feet per ton of coal__._._________.. 10.44 ____ ll lee 10.44 Percent burned in coking process_.._________. 38.80 ___.__.____- 38.30 Percent surplus used or sold_________.._____. 58.89 ____ i, 58.89 Percent wasted___........_...__....______.. 2.81 _.___- ee 2.81 

See footnotes at end of table.
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Table 2.—Statistical summary of the coke industry in the United States in 1970—Continued 

. Slot ovens Beehive ovens Total 

Coal-chemical materials produced: —Continued 

Value of coal-chemical materials used or sold: 

Crude tar and derivatives: 
Used___...__-------------------thousands-_. 

$37,875 -.-.------- $37 , 875 

Sold_________-------------------+---d0---- 
$56,924 _.---------- $56 ,924 

Ammonia products 711 u-------+-----do---- $18,229  __---------- $13 ,229 

Crude light oil and derivatives §__---------------- $37,055 ----------- $37 ,055 . 

Surplus gas__.-------------------------------7-7 $148,381 _--.-------- $148 ,381 

1 Not separately recorded. 

. 2 Plants associated with iron-blast furnaces. 

3 Withheld to avoid disclosing individual company data. a 

4 Data may not add to totals shown because of independent rounding. 

5 Combined with “to other industrial plants” to avoid disclosing individual company data. 

6 In terms of sulfate equivalent. : 

7 Includes ammonium sulfate, ammonia liquor (NH; content), and diammonium phosphate. - 

8 Includes intermediate light oil. 

Table 3.—Summary of oven-coke operations in the United States in 1970, by States 

. . Plants in Coal — -Yield ' ‘Coke 

. State existence carbonized of coke produced 

: Dec. 31 (thousand from coal (thousand 

short tons) (percent) short tons) 

| Alabama.____-_----------------------+-- 7 8,649 790.71 6,116. 

. California, Colorado, Utah_...------------- 3 5,116 63.23 3,235 

Maryland, New Jersey, New York__-_------ 5 11,536 69.52 8,020 . 

. Tilinois._.....-.---_--------------------- 
5 3,666 64.27 2,356 

Indiana__._._---------------------------- 
6 13,071 68.31... 8,929 

Kentucky, Missouri, Tennessee, Texas. - ---- 5 2 , 895. 69.15 2,002 

Michigan. ______.------------------------ 
3 5,117 73.36 3, 754 

Minnesota and Wisconsin ----------------- 3 1,166 17.27 901 

Ohio___..___---------------------------- 
12 12,697 . 70.10 8,900 

Pennsylvania_-_-------------------------- 
11 26,159 69.62 18,212 

West. Virginia__....---------------------- 
3 4,980 64.86 3,230 

nn sree 

Total in 1970 1___..--.------------- 63 95,053 69.07 65,654 

At merchant plants____------------------- 15 8,208 72.06 5,915 

At furnace plants._._--------------------- 4g 86, 845 68.79 59,739 

Total in 1969____.__.-------------- 64 92 ,285 69.40 64,047 

1 Data may not add to totals shown because of independent rounding. 

Table 4.-Summary of beehive-coke operations in the United States in 1970, by States 
. 

Plants in Coal Yield Coke 

State existence carbonized of coke produced 

Dec. 31 (thousand from coal (thousand 

short tons) (percent) short tons) 

Pennsylvania and Virginia_...------------- 6 1,428 60.99 871 
Onn 

Total: 
1970_____--_-_---------------- 6 1,428 60.99 871 

1969_________---_-------------- 7 1,158 61.31 710
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Table 5.—Production of oven and beehive coke in the United States, by months 
(Thousand short. tons) 

eee 

1969 1970 . 
Month TO 

Total } Daily average 2 Total 1 Daily average 2 
a 

OVEN COKE . 
January_.---- 2-22 eee. 5,177 167 5,332 172 
February_...-....-.-._-.--.._.--_-_-.-_-- 4,873 174 5,069 181 
March__-__-.-..2-_ eee eee eee 5,297 171 5,655 182 
APM. ---~---------20--22---2 2222 tonne 5,312 177 5,468 182 

ay_--------~-.--.--------------------- 5,514.0 TB B08 BBE 
oo ~Junes oo eee 5,347 178 5,402 180 

July... 2 eee . 5,386 174 5,442 176 
August___-_-- =e 5,412 175 5,368 173 
September_______________.__________ ue 5,274 176 - 5,425 181 
October. ____._ 2 ee 5,552 179 5,680 183 
November_____________--_.-- ee 5,333 178 5,537 185 
December. _____________._-_--___________- 5,570 180 5,672 : 183 

Total. ___-2 2 eee 64,047 175 65,654 180 

BEEHIVE COKE 
January_.____..~-___-__--_ ee 43 1 81 3 
February_.____.__-..--____---___________ 42 2 18 3 . 
March. __-__-.-~-_- ee 52 2 74 2 
Apt. -------------22n0neeeee-- 72-2 === =2- 60 2 73 2 a 

ay...-.- 2-2 -ee 53 2 71 2 
June__.__ eee 53 2 73 2 
July. eee 47 2 71 2 
August______-__-_-_-_-_- ee 70 2 69 2 
September_______._____________________ 76 3 70 2 
October__._.____-- 2 ee 69 2 74 2 
November__________.-_--_-__-_ eee 63 2 68 2 
December. __________..___.____-_____-_-e 81 3 68 2 

Total_____.--___- 710 2 871 2 

TOTAL 
January_____._-_-_ eee 5,220 168 5,413 175 
February____....-._.-___-__.-_____-.___- 4,915 ‘176 5,147 184 
March. __.._2_--- ee 5,349" 173 5, 729 185 
April__.- ee 5,372 179 5,541 185 
May_____-_____-___-___--_ 5,567 180 5,674 189 
June_____ eee 5,400 180 5,475 183 
July... eee 5,483 175 5,511 178 
August___._ 22 eee 5, 482 177 5,437 175 
September___________.___________________ 5,350 178 5,495 183 
October. ______ ee 5,621 181 5, 754 186 
November______.______._.____.__________ 5,396 180 5,605 187 
December. __.__~___-.._--__-_-__ 5,651 182 5,741 185 

Total_____-_ eee 64,757 177 66,525 182 
ee ee 

1 Data may not add to totals shown because of independent rounding. 
2 Daily average calculated by dividing monthly production by number of days in month.
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| Table 6.—Production of oven coke in the United States, by type of plant 

(Thousand short tons) 
. . 

1969 1970 
Month OO 

Merchant Furnace Merchant Furnace 
plants plants plants plants 

PRODUCTION 
| January ....-.-------.-.----------------- 496 4,681 _ 4792 4,860 

February.....-.------.-.-.-------------- 461 4,412 467 4,602 
March___-._.-----.-.-----------~-------- 504 4,793 . 492 5,163 
April. .--.--------2-00-200202r0rc0n rr 507 4,806 469 4,999 

ay_.._--_-.--------------------------- 514 5,000 489 5,115 
June_______..-.----.-------------------- 495 4,852 494 4,908 
July____--_-_- ++ -ee eee . 482 4,906 507 4,935 
August__....0-- eee 493 4,918 495 4,873 
September.__._....-.-..--_--..-----.---.- 470 4,803 502 4,923 — 
October__..._-_...-__---.--.------------ 506 5,046 512 5,169 
November______..__....._.-..-.-.------- 485 4,848 511 5,026 
December-__.__...-------.--.------------ 507 5,065 505 5,167 

Total! eee 5,919 58,129 5,915 59, 739 

DAILY AVERAGE 
January _._._.-..__.-.---_-- a eee 16 151 15 157 
February._....-..----- 2 eee 16 158 17 164 
March__...-.._.-..-_-_._.-_-_---------- 16 155 16 167 

April .-----------02-rereeeeronrc rt roo 17 160 16 167 
a 17 161 16 165 

June_____-_....--.--_--------_------~---- 16 161 17 164 
July... eee 16 158 16 159 
August__.._. eee 16 159 16 157 
September___.-_______.-__.-_-_---------- 16 160 17 164 

° October____-.__-__--_--_-_------ eee 16 163 17 167 . 
‘November... __._..--.--.-----u-------- eee 16 156 17 168 
December_-___.____.---__._-.--_--------- 16 163 16 167 

Average for year____.__.._-.-_-..-- 16 159 16 164 — 
rec cm mn gm tment mgt grit a CC Gt CD CT CT LC TS 

1 Data may not add to totals shown because of independent rounding. 

Table 7.—Production of oven coke and number of plants in the United States, 
. by type of plant 

i 

Number of Coke produced Percent of 
y active plants ! . (thousand short tons) production 

Merchant Furnace Merchant Furnace Merchant Furnace 
plants? plants? plants plants plants plants 
a 
1966___-...-.-----.-------- 16 50 6,377 59, 583 9.7 90.3 
1967__-.----.---.--.-.---- 16 50 6,220 57,555 9.8 90.2 
1968__-.-.--_---...------- 16 48 5,879 56,999 9.4 90.6 
1969___.-.-_---_---.-.-.-- 16 49 5,919 58,129 9.2 90.8 
1970___.-...---.----.-.--- 16 49 5,915 59,739 9.0 91.0 

1 Includes plants operating any part of year. 
2 Includes 1 light—oil refining plant. 
3 Includes 1 tar—refining plant.
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Table 8.—Production of coke in the United States, by States | 
(Thousand short tons) 

State 1969 1970 SS ee 
OVEN COKE . 

Alabama. __-____222 2 eee 5,656 6,116 California, Colorado, Utah.____.__.____.__....____.._____...-____...._... 3,192 3,235 Maryland, New Jersey, New York_._._...__-___________.__-_________.... 7,664 8,020 Illinois_____--- 22222 2,341 2,356 Indiana_-__..---______. 2-2 --__-___ 8,132 8,929 Kentucky, Missouri, Tennessee, Texas______.___.___________________.... 2,157 2,002 — =. - a ‘Michigan... _.-= 2222-222 cec cit tt “3582 3,754 Minnesota and Wisconsin. ____............--._._______-______..______. 1,086 901 Ohio... ---_------ 2 _______ 8,638 8,900 : Pennsylvania. ________..__.....-.--.-..-.--..-.-___-______-..-....._. 17,989 18,212 . West Virginia __.__-__---_-._----------- 2-22-22 2e------ === 3,609 3,230 

 Totalt. oo eee 64,047 65,654 
nN 

BEEHIVE COKE 
Pennsylvania. _______.....__.-...._--.-_----------_-- 323 444 Virginia _--..--..---2 2 2 -------__--_-_-___-_----..._- 387 427 

Total t_______--_-_---- 22 - een 710 871 
Grand total !______.2. 22 ee ee 64,757 66 , 525 , enero ieee 

1 Data may not add to totals shown because of independent rounding. 

Table 9.—Breeze recovered at coke plants in the United States in 1970, by States ° 
(Thousand short tons and thousand dollars) | 

Pro- Used by producers Sold 
Yield duced - 
per > OT ———————-_ On 

ton of In In agglom- For other hand State coal 1 steam erating industrial Dec. 
(per- Quan- plants plants use Quan- Value 31 
cent) tity ———— ———_————_——- tity 

Quan- Value Quan- Value Quan- Value 
tity tity tity 
rr 

OVEN COKE 
Alabama. -___.-_._____...-_.. 5.88 465 () (2) (2) (2) 32 $405 288 $3,392 35 California, Colorado, Utah___.. 5.04 258 _.. __... 3200 $1,904 18 181 ( (2) 25 Maryland, New Jersey, New 

York__._-__-______-....... 5.98 690 150 $992 (2) (2) (2) (2) 168 1,323 440 Illinois_______---_--.-.----_. 5.62 206 (2) (?) (2) (2) 30 191 (2) (2) 48 Indiana_____.....__.-_.-_... 6.19 809 _.. ___/. (?) (2) 157 1,944 875 8,410 119 Kentucky, Missouri, 
Tennessee, Texas_______.____ 5.80 168 @ ©@ 2... -----.) 62 (2) 93 1,084 20 Michigan_._______.._........ 4.49 280 __. _. ||. () (2) (2) (2) 213 1,902 69 Minnesota and Wisconsin.____ 8.58 100 (2) (2) (2) (?) (2) (2) (2) (2) 87 Ohio.____._-._-_-_-_-__--..... 4.88 620 (2) (2) 25 156 87 548 453 4,220 64 Pennsylvania. _______._.__... 3.28 858 (2) (2) 653 7,279 94 938 270 2,647 107 West Virginia___...._........ 5.22 260 (2) (2) (?) (2) (?) (2) (?) (2) 16 Undistributed__.___-...._.... -... _.._. 216 1,265 1,070 11,554 286 2,037 208 2,683 _____ $$ Ee, SE 

Total 1970 3_____._.._. 4.91 4,665 366 2,257 1,948 20,893 704 6,195 2,067 20,611 1,030 At merchant plants___._._.___... 6.94 570 115 676 _.... _..... 157 1,123 3883 4,366 193 At furnace plants__.____...._.. 4.71 4,098 250 1,581 1,948 20,893 547 5,072 1,684 16,245 838 Total 1969_____._____.. 4.77 4,401 489 3,365 1,650 14,863 1775 5,224:1,518 12,369 1,080 
SSS SSS 

BEEHIVE COKE 
Pennsylvania and Virginia, 

1970___-___---- elle. (4) ae ( ) (4) ----- Total 1969_____________ 8.36 7 20 140 = (5) 

1 Calculated by dividing production by coal carbonized at plants actually recovering breeze. 2 Included with ‘Undistributed” to avoid disclosing individual company data. 
3 Data may not add to totals shown because of independent rounding. 
4 Withheld to avoid disclosing individual company data. 
5 Less than 1% unit.
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Table 10.—Oven- and beehive-coke breeze used and sold in the United States, by uses | 

(Thousand short tons) 

. 5 Used by producers . 

oe TT Average 

Year | In In agglom- = For other Sold value 

_ steam erating industrial per ton 

° plants plants use - 

| 9966 _. 0 ee eeeeee en neeeeee--eee--- 644 1,878 505 1,172 7.27 
_ 1967_.._---------------------------- 594 1,695 517 1,250 8.46 

1968_____--.------------------------ 508 1,634 589 1,364 1.34 

1969_____---------+------------------ 439 1,650 - 475 1,538 8.13 

—  19T0__-----------------------4--7-7- 366. 1,948 704 12,067 9.74 

1 To avoid disclosing individual company data, this figure does not include beehive-coke breeze sold. . 

Table 11.—Apparent consumption of coke in the United States | 

. (Thousand short tons) So 

: Consumption 

| Net Apparent ———_———______—_____— 

Total Im- Ex- change | con- In iron All other 

Year produc- ports ports in sump- furnaces 2 purposes 

- tion _ stocks - tion! ———————- 
Quantity Per- Quantity Per- 

cent cent 

. 1966......----- 67,402 96 1,102 “+376 66,019 59,637 90.38 6,383 9.7 

: 1967_.....----. 64,580. 92  ~—710 +2 ,390 61,572 56,205 91.3 5,367 8.7 

1968_._......-. . 63,653 94 | 792 +517 62,438 56,238 90.1 6,200 9.9 

. — -1969__--------- 64,757 173 1,629 —2,865 *66,166 60,176 90.9 5,990 9.1 

1970___-...--.-. 66,525 153 2,514 +993 63,171 58,151 92.1 5,020 7.9 

r Revised. 
1 Production plus imports minus exports, plus or minus net change in stocks. | . 

2 Ameryican Iron and Steel Institute; figures include coke consumed in manufacturing ferroalloys. 

| Table 12.—Coke and coking coal consumed per short ton of pig iron | 

and ferroalloys produced in the United States 

Coke per Coking coal 

short ton of Yield of per short ton 

Year pig iron and coke from of pig iron and 

ferroalloys ! coal ferroalloys 

(pounds) (percent) (pounds — 

. 
calculated) 

1966_._..._--_----------------------------- 1,300.6 69.9 1,860.7 

1967____..-------------------------------- 1,287.8 69 .6 1,850.2 

1968___.____-__--------------------------- © 1,263.4 69.8 1,810.0 

1969___.___-_-__-..------------------------ 1,260.4 69.4 1,816.1 

1970____.-__-_----------------------------- 1,266.6 69.1 1,833.0 

1 American Iron and Steel Institute; consumption of pig iron only, excluding furnaces making ferroalloys, 

was 1,282 in 1966, 1,262 in 1967, 1,248 in 1968, 1,252 in 1969 and 1,260 in 1970.
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Table 13.—Oven coke produced in the United States, used by producers, | | and sold in 1970, by. States 
(Thousand short tons and thousand dollars) 

_ P ~ Used by producing companies Commercial sales 08 ee 
duced - In blast ' For other To blast-furnace ' State ' furnaces purposes 1 plants | 

Quan- Quan- Value Quan- Value Quan- Value tity tity tity tity 
Co Alabama... 6,118 4,119 $100,819 a2 SOE | California, Colorado, Utah__.______ 3,235 $3,185 82 , 857 (2) (2) weeenee Lene Maryland, New Jersey, New York... 8,020 6,877 198,862 (3) (2) (2) (2) Illinois_-_-_-___- 2,356 2,299 52,251 41 2,159 (2) (2) Indiana________________ 8,929 8,457 168 , 469 (2) (2) (2) — (2) Kentucky, Missouri, Tennessee, 

. ) Dexas_-_-_- eee. 2,002 (2) (2) (2) (3 (?) (2) Michigan_______..- 2-2 ti tl. 87754 (8) (2) (2) (2 (2) (2) Minnesota and Wisconsin.________ 901 (?) (2) (2)° (2) (2) (2) Ohio._.-- 2-2 8,900 7,430 199,312 (2) @) | 1,145 $382,239 Pennsylvania________....._______ 18,212 16,790 548,641 — 14 406 622 18,552 West Virginia__.___._____..... 3,230 (2) (?) (2) (2) ween eee Lele Undistributed__-....2222-- 7,539 203 , 636 426 13 , 520 1,942 42,119 
Total 19703_________ 65,654 56,646 1,554,347 ~ 672 21,172 3,709 92,910 . At merchant plants_........._____ 5,915. _-- LLL 204 7,223 2,042 43,719 . At furnace plants.._........______ 59,7389 56,646 1,554,347 468 13; 949° 1,667 49,191 Total 1969____-__.__ 2 64,047 57,289 1,112,745 845 23,183 3,409 65,247 

Commercial sales—Continued . 

To To other ——_—— For residential Total - foundries industrial plants heating - 
. Quan- Value Quan- Value Quan- Value Quan- Value | tity tity : tity tity 

Alabama___________._-8 (?) (2) 501 $9,978 (2) (2) 1,645 $47,002 California, Colorado, Utah_...____. (2) (2) (2) (2) w---- ) -1Wn- (2) (2) Maryland, New Jersey, New York... (2) (2) (2) (). (4) (2) | (2) (2) Allinois.-_-- ee a---- 8k 8 158 1 $21 (2) (2) Indiana-___.--_--- eee) (2) (2) ) () (7) A Kentucky, Missouri, Tennessee, 
- Texas.__.- 2-22 (2) (2) (2) (2) (2) (2) (?) (?) Michigan_____________ 2 (2) (2) (2) (2) . (2) (2) (2) (2) Minnesota and Wisconsin.________ (2) (2) (2) (2) (2) (2) (2) (2) Ohio______.--- (2) (2) 119 2,699 (2) (2) 1,516 45,100 ~ Pennsylvania____________._______ (2) (2) 399 8,452 (2) (2) 1,334 39,498 West Virginia__.._______..._.__ wenee Hee 98 2,027 _.... __... 98 2,027 Undistributed_....._..... ts ,953 $120,544 717 =—«-18,548 5 «51 «1,028 3,961 122 , 138 

Total 19703______________. 2,953 120, 544 1,841 41,862 52 1,050 8,554 256,365 At merchant plants.___....._______ 2,607 106,770 875 22,718 45 951 5,568 174,158 At furnace plants_.__......______, _ 846 18,774 966 19,144 7 99 2,986 82,207 Total 1969___...-_-__-___-_... 3,108 109,509 2,393 48,680 48. 896 8,953 219,332 
1 Comprises 311,000 tons valued at $12,605,000 used in foundries; 361,000 tons valued at $8,567,000 for other purposes. 
2 Included with “‘Undistributed” to avoid disclosing individual company data. . 3 Data may not add to totals shown because of independent rounding.
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| | Table 14.—Production and sales of beehive coke in the United States,in 1970 

(Thousand short tons and thousand dollars) 

SrrrrTrTSTLEn nn nn 

Commercial sales 
Produced: 

State To blast-furnace plants To foundries 

OS Quantity Quantity Value Quantity Value 

Pennsylvania and Virginia --- 871 829 $16 ,383 (?) (2) 

Total: 
1970___-..---.-- 871 829 16 ,383 (2) (2) . 

: 1969__..__..--.- 710 557 9,084 20 $244 
me 

Commercial sales—Continued 
EE 

| To other For residential heating Total 1 
. industrial plants 

| Quantity Value Quantity Value Quantity . Value 
| ees es ECE SES 

Pensylvania and Virginia __- - - 40 $892 ___.--.... ---------- 868 $17,275 

Total: — oo, 

1970__.--------- 40 892 .----a eee Wee eee ---- . 868 17,275 

~ 1969___.-_-_---- 131 2,164 ___.-.---. ---------- 709 11, 492 

nnn a 

1 Data may not add to totals shown because of independent rounding. 

2 Included with beehive-coke sold “to other industrial plants” to avoid disclosing individual company data.
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Table 15.—Distribution of oven and beehive coke and breeze in 1970 1 

(Thousand short tons) 

Coke 
Consuming State OO ————.__ Breeze 

To blast- To To other For 
furnace foundries industrial _residential Total 
plants plants heating 

— es 
Alabama. -_-.--.-_______. 3,583 349 135 5 4,072 270 
Arizona__---.-...22 2-2 ~ 2 --__e- 1 3 _u-u ee 4 (2) 
Arkansas___...... 2-2. -2-_---_-- 3 Lo week 4 (2) 
California. __......_____- 1,318 62 568 ee 1,448 #61. ae 

oe Colorado. ____ 22-2 Le 660° 8 24) Loe 692 78 
Connecticut____._____-._. .----_ _- 18 1 (2) 19 (2) 
Delaware____.....--..-_. ~-----_.-- (?) (2) woe eee (?) (?) 
Florida___....-...- 2222. ~~~. Lee 2 43 (2) 44 32 
Georgia_...--.._-.-_---- 1 __ Le 12 3 (2) 15 3 
Idaho_-__.-.---.-.-- 2 ---- Lei eee (2) 144) ___L ill lle 144 (2) 

-Mllinois.._- 22 3,705 183 27 3 3,917 461 
; Indiana. ___-..._______._ 8,044 167 69 17 8,298 745 

Towa_._-----.------- 2. Leek 82 2 (2) . 85 (2) 
Kansas___-----22--__ 2 Leelee 13 (2) ween ene 13 1 
Kentucky___.___________ 979 23 58 (2) 1,059 116 
Louisiana___.-...2-2_2- 2 22 eu ee 19 60 .LLLLL ie 80 - J 
Maine. _.___---2 2-2 Lee 1 (2) ween nen ne 2 _-___- ee 
Maryland_____.________- 8,799 18 14) __ol eee 3,831 291 
Massachusetts_______.._. __________ 32 1 (2) 34 (2) 

. Michigan__.._-__.._______ 4,457 706 15 3 5,242 295 
Minnesota_______________ 318 20 100) ____ ieee 438 29 
Mississippi. ___....-._... ~_---_____ (2) (2) wenn nee 1 2 
Missouri__...-_.---____. ~---______ 12 108) - ee 114 4 
Montana____.---.-----__ ~-_e- eee 1 23 -o ee 24 43 
Nebraska_____.....-----_ -~----_-_-- 4 a 13 (2) 
Nevada. __--.--.- 2-2. LeeLee (2) ween e een e eee eee (2) pneu eee aeee 
New Hampshire_____._._. __.______- Pinel eee eee . Lo Lie eee 
New Jersey_..._____.-.-_ ~-___.-_.. 112 56 7 176 90 
New Mexico_____.-__-222 -oee eee eee LLL 1 Lo iLL eee 
New York____.__________ 3,673 172 47 3 3,895 321 
North Carolina__...-___... ~__-___._-- 15 5 (?) 20 20 
North Dakota.____.____-. ~__.-___-- (2) 5 ~-----.~--- 6 (?) 
Ohio___...-.2_--___-___- 8,330 422 133 2 8,887 511i 
Oklahoma__..___._______ ___ -____. 9 Lo Leelee 10 4 
Oregon______-_-_---__---  __L___e 5 22 Llu 27 (2) 
Pennsylvania. ___________ 16,934 270 331 5 17,540 998 
Rhode Island______._____ ~--.-____- 11 9 LLL Le 20 | (?) . 
South Carolina_____.___.. __________ 7 46 - (2) 55 6 
South Dakota_____.____.. ~_________ (2) eeeee eee ee wee ee (2) wane e nee ee 
Tennessee______________. 38 52 46 1 136 105 
Texas_______.___-_-_ + __- 1,083 79 84 (2) 1,246 104 
Utah_._.- 2-2 1,156 22 24) Lone 1,202 85 
Vermont. __ 8 3 (2) wane eee 8 Luu LLL eee 
Virginia__..-__2--2 Leelee 74 68 (2) 143 35 
Washington___________-__. _______._. 4 + 9 (2) 
West Virginia____________ 2,875 7 5L Lele 2,933 237 
Wisconsin ______._____-_. ~--_.____ 143 4 2 149 59 
Wyoming.____-._--- ee Leelee Lee ee 6 (2) 

eee 
Total ____________ 60,954 3,136 1,896 52 66 , 038 5,007 

Exported__..___.__._____ 230 133 841 LLL 703 138 
we eee 

Grand total________ 61,184 3,269 2,237 52 66, 741 5,145 eee ee 
1 Based upon reports from producers showing destination and principal end use of coke used and sold. Does 

not include imported coke which totaled 153,000 tons in 1970. 
2 Less than 14 unit. 
3 Data may not add to totals shown because of independent rounding.
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Table 16.—Producers’ stocks of coke and breeze in the United States 
| on Dec. 31, 1970, by States 

(Thousand short tons) 
er __ 

Coke 

| State Blast Residential Breeze 
furnace Foundry heating - Total 

and other 
ener a PS 

eee eee ee een ce ee Le 

OVEN COKE . . 
Alabama___...--.------------------- 786 7 1 794 35 

California, Colorado, Utah_._-__...----- 166 _----.--- +--+ +--+ 106 25 . 

Maryland, New Jersey, New York.-_-_-_-- 377 3 8 388 440 

Tilinois___.......--..-.-------------- 0 71 48 

Indiana________._-...--_2----------- A17 16 () 434 119 

Kentucky, Missouri, Tennessee, Texas _ _ 18 13 7 37 20 

Michigan_______...------------------ 153 13 2 167 69 

Minnesota and Wisconsin ___--..------ 52 11 4 67 87 

Ohio_____-...-___..--_-------------- 285 3 2 291 64 

Pennsylvania____.-..----.----------- 1,640 18 il 1,668 107 

West Virginia_........_-..-.-.-------- 90 __-.------.) ---------- 90 16 

Total 1970 2____...---_-------- 3,995 83 35 4,113 1,030 

At merchant plants_____...--.-------- 6 67 22 95 193 

At furnace plants_._...........------- 3,989 16 14 4,018 838 

Total 1969_____._.---_...-.--- 3,000 83 37 3,120 1,080 
ee 

BEEHIVE COKE 
Pennsylvania___..---..-------------- 2 ~--------- ---------- 2 ..--------- 

Virginia__.________._._---.-_-------- ---------- 0 ---------- een n ene ene nee n ne rene rrcrcee 

Total: . 

1970____________.----...-- 2 Linu ueeee woe ---- 2 _--..------ 

. . 1969_____..----..--------- 1 ee ee ee 1 2 waco rts 

1 Less than 14 unit. : —— 
2 Data may not add to totals shown because of independent rounding. 

Table 17.—Producers’ month-end stocks of oven coke in the United States 
(Thousand short tons) 

At merchant plants At furnace plants Total 1 
| Month ee 

1969 1970 1969 1970 1969 1970 

January__.._..._-.-.-.-- 323 86 5, 542 2,946 5,865 3,032 

February_.._._...------- 283 65 5,278 2,969 5,562 3,034 

| March. __.- ~~ ------- 223 63 4,792 .. 3,025 5,015 3,088 

April__--..-------------- 197 55 4,310 3,043 4,507 3,100 
ay__.__.---__-__------ 193 58 .3,969 3,040 4,162 3,098 

June_____-- ee 167 AT 3,729 2,907 3,896 2,954 

July_.__-.-- 2 -------- 193 54 8,594 2,952 3,787 3,006 

August___._-__-..-__.-_-- 186 49 3,629 2,914 3,816 2,963 

September_______._-_---- 146 37 3,553 3,019 3,699 3,057 

October____.____..---.-- 121 46 3,309 3,388 3,430 3,433 

November___.______----- 119 86 3,202 3,691 3,320 3,777 

December. _-________----- 99 95 3,020 4,018 3,120 4,113 
nn 

1 Data may not add to totals shown because of independent rounding. 

Table 18.—Average receipts per short ton of coke sold (commercial sales) 
in the United States, by uses 

er ee A A LL SL nn 

OVEN COKE 

Year To blast- To To other For 
furnace foundries industrial residential Total 
plants plants heating 
a 
1966___..._._--._-___-------.---- $16.33 $31.75 $16.90 $17.39 r $22 .22 
1967____-._-________ +--+. 16.29 32.40 17.16 17.35 22.67 
1968_____._____-_-.------------ 16.40 32.43 15.97 17.96 22.00 
1969____...____-_--.---.--_---- 19.14 35.29 18.25 18.67 24.50 
1970____-. eee 25.05 40.83 22.74 20.19 29.97 

BEEHIVE COKE 

1966_____-_____-__-_------------ $183.58 $15.30 $16.77 $16.77 $14.60 
1967____-______.-.--_---------- 14.97 12.34 15.41 15.41 15.03 

1968_____________..------------ 15.14 6.84 14.80 18.60 15.00 
1969_______________------------ 16.31 6.84 15.93 16.52 16.23 
1970____-________._------------ 19.77 18.98 23.01 woe eee 19.89 

eee nn ne 

r Revised.
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Table 19.—Coke exported from the United States, by country and by customs district 

1968 | 1969 1970 

Short Yalue Short Value Short Value 
tons (thou- tons (thou- tons (thou- 

. sands) sands) sands) 

COUNTRY 
Angola___-_._.-.-.------------ eee eee een een nee eee ee pene 13 , 632 $714 
Argentina_________--.---------- -------- +e ieee 12 ,233 $535 7,390 453 
Australia. __..-2--- ee 175 $40 8 ene 80 1 
Belgium-Luxembourg.-._.-----. --------- ----_---- 6,212 132 45,453 - 1,694 ee 
Brazil...--- 2-2 le 8,205... -- 26% 29,285 1,027 ~ 76,978 — 8,564 
Bulgaria___-___._. 22-2 eee eee eee eee Lee ee tee 141,147 7,719 
Canada____._....._..-_.....-. 247,515 6, 840 292 , 223 8,189 347,122 10,698 
Chile_.___-_.--_.------_------ ) (?) 3,517 37 23 , 063 1,228 
Congo, (Kinshasa)_._.....-.---- ---------0 ------eee eee eee eee 3,049 162 . 
Dominican Republic. _____..__-- 349 9 195 5 373 12 
Finland. _____--__-- +e eee eee eee eee eee eee 16,609 276 
France_-____.--.--------------- ---------0 ee nee ee eee eee ee 5,621 275 
Germany, West___.___.___-.._-- 468 10 14,882 631 42,636 1,348 
India____.-..-..-2- 1 ---_---- 1,697 AT 655 19 745 29 
Italy__...--.--.- 2 ee 28 A Leet eee LeeLee 134,790 1,938 
Japan_...._.-_. ee 39,010 451 55,640 648 310,487 4,233 
Mexico...._._.....-.--..--..-. 846,547 8,776 629 , 816 15,253 375,996 9,827 
Netherlands_-___._....--------- ---------  ----_---- 234, 460 4,929 102 ,217 1,242 
Norway. .-.------------------- --------- 0 ---- eee Leen nee 6,017 219 
Peru_.____-_-_---------------- ------ eee Hee eee 64,394 1,595 38,985 1,731 
Philippines. ___.......-..-.---- 1,038 BL Le eine eee eee ee eee eee Lee 
Romania______...__.-.----- eee eee LeeLee 129 , 035 ‘3,192 388 , 983 . 14,002 

Spain. —--------------7- 2777-77 ween eee wenn ne 13 , 552. 164 78,180 1,303 
unisia_____.---------- eee we eee eee eee eee Lee 19 , 522 1,077 

United Kingdom______________- 188 4 447 10 371 7 
Venezuela. __________--__-_-.-- 145,919 2,128 141,920 2,098 244 , 588 11,616 
Yugoslavia____...--_---------- eee eee eee eee Lee LeeLee 8,075 391 
Other_....-..-..--__. ---- ee 770 45 1,022 46 81,619 3,126 

Total______-_-_-_- ee 791,909 18,613 1,629,488 38,510 2,513,678 18,885 

CUSTOMS DISTRICT 
Baltimore. ___.._-_...-..-_--_-- 1,185 35 278,311 6,334 501,485 16 , 488 
Buffalo._....-_..._-._--..._.... 125,296 3,316 106,831 2,873 153 ,427 5,012 
Cleveland. ______-__----- eee eee eee eee eee Lee 18, 769 160 
Chicago__.___-_.-..--_--.-- --- --------e pele eee eee eee Lee 13,965 183 
Detroit___.-- 2. ee 85,231 2,372 152,431 4,316 242 ,292 5,296 
Duluth____.__ 22 eee 4,000 132 4,690 166 1,322 54 
El Paso____ 2 ee 9,060 233 29,361 762 1,532 41 
Great Falls. __.._._-. 2-2 2-2 eee eee eee eee eee LeeLee LLL 1,340 36 
Houston____..__.....--. 2 -_-- 2,565 71 1,276 37 1,235 49 
Laredo__...-.-....-..__.-..... 336,964 8,523 598, 579 14,488 372, 724 9,728 
Los Angeles_____.._______-.-.-- 39,164 450 55,565 646 37, 707 A475 
Mobile._......_.._._.......... 145,086 2,102 230 , 044 4,455 436 ,360 11,097 
New Orleans_____._.__._..-_--- 150 29 13 , 869 179 30,080 721 
New York City__.__--_-____-- 5,233 174 667 21 223 9 
Nogales__.....-.--..--__--__-- 239 11 845 25 223 11 
Norfolk. _... 2-2 eee Lee eee eee 9,729 169 181,936 8,059 
Ogdensburg____._._..._-_.___-- 5,358 124 11,915 337 20,546 586 
Pembina____.-.-__-____._--_-- 15,730 492 15,815 550 22 ,692 874 
Philadelphia_..__-__._....-___ 4,550 — 187 90,117 2,374 465,180 19 ,687 
Portland, Maine____---_-_ ee eee eee Lee 16,359 876 Lone Lee 
St. Albans_______-. 2 eee eee tee eee eee eee Lee 1,370 22 
San Diego____.____.___________ 248 8 1,072 29 1,517 47 
Seattle... 11,520 390 11,741 408 7,589 296 
Other____--- ee 380 14 271 15 164 4 

Total_..__-....__...._.. 791,909 18,613 1,629,488 38,510 2,513,678 78,885 
a nnn 

1 39 short tons ($11,063) reported by the Bureau of the Census, has been deleted. 
\
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Table 20.—U.S. imports for consumption of coke by country and customs district 
a 

1968 1969 1970 

Short tons Value Short tons Value Short tons Value 
(thousands) (thousands) (thousands) 
a 

COUNTRY ‘ 

Canada______.--..------ 90, 580 $1,630 169 ,341 $2,989 146,275 $2,784 
-France___-...---.------- 52 6 858 102 2,498 255 
Germany, West____...--- 2,668 186 2,758 248 3,888 456 
Japan_.._-.----_-------- ----------  ---------- 13 (4) meee eee eee Cee ee eee ee 
Netherlands__.._.-__.-_-- 785 82 82 15 218 86 

Total___-________- 94,085 1,904 173 ,052 8,354 152,879 3,531 

CUSTOMS DISTRICT 

Buffalo.__......--_-_-_--_ 2,362 23 2,703 38 9,339 171 
Chicago___..___.--_------- ---------- ++ e- 19,085 124 Loe le ee LLL eee 
Detroit___-....--_-__--.-- 4,083 44 43 ,475 882 22,102 408 
Duluth___-..-_-_-_____- ee Lee eee eee Lee eee nee eee - +--+ ----- 8,156 53 
Great Falls. ._____.__-_-- 78,285 1,462 92,795 1,776 98 , 504 1,964 
Honolulu___.___..--_---- 218 q 845 15 274 14 
Miami________-._ eee LeeLee eee Lee ee 74 9 _L-_--uLL_. LeeLee eee 
Mobile___-____-___ LeeLee Lee TTT 93 1,810 176 
New Orleans__________-_-- 8,078 249 2,428 246 8,870 484 
Nogales. __....--...-.---- 492 9 _LLln eee pene eee ee eee ee enn ee wee e+e 
Ogdensburg__.__.-.-----_ ---- aL) ---------- 5,440 43 214 10 
Pembina____..-___._-__. ue eee ee eee eee eee nee eee eee eee eee 7,204 63 
Portland, Maine_________ 1 (4) 55 1 14 ® 
St. Albans_.___-_____.__. 35 1 34 1 21 (4) 
San Juan______-..___- _- 529 21 105 4 lovee Lene 
Savannah.______________ ue eee eee eee eee eee eee eee eee eee eee eee 650 14 
Seattle._....-_._._.-___ 4,986 88 5, 736 122 5,721 114 

Total_____._______ 94,085 1,904 173 , 052 8,354 152 , 879 3,531 

1 Less than 1% unit. 

_ Table 21.—Coke: World production by type and country 
(Thousand short tons) 

Kind of coke and country ! 1968 1969 1970 P 

METALLURGICAL COKE 2 

North America: 
Canada 34____________________ eee ee 5,311 5,002 5, 668 
Mexico________._______--______- ee eee eee 1,271 1,258 1,433 
United States__.__.__.____ eee 68 , 653 64,757 66, 525 

South America: 
Argentina 3_________1 eee eee 402 398 e 397 
Brazil_... ee 1,550 1,661 1,797 
Chile________________u___ ee eee eee t 335 349 e 8350 
Colombia._.__________._-_-__._-___- eee eee e 480 513 549 
Peru__.________.._..__-__ eee eee t A6 53 e 55 

Europe: 
Austria 3____- ene r 1,790 1,907 1,949 
Belgium____________._______..__--__-__--__-_------- r 7,983 7,992 7,722 
Bulgaria_........-...._.-..--.---__---.-_---------- 901 876 e 880 
Czechoslovakia______________________._-_-___-------- 10,410 11,037 11,316 
Finland 4____.2 ~~ eee 182 157 131 
France 3____._.____________ ee r 13,604 14,924 15,597 
Germany, East__._.____________________-_..-------- 2,812 2,636 3,034 
Germany, West________.___________-__--_---------- r 39,950 43,002 44,023 
Hungary. __-_.-_--- eee eee ee 551 564 124 
Italy_.._.-__-..-_____-________-__--- eee eee eee r7,012 7,314 7,767 
Netherlands 3__________________ eee r3,230 2,238 2,201 
Norway__---....-.------_------------------------- 342 353 343 
Poland________.__._____...___ ee r 15,890 16,336 e 16,747 
Romania_______________.__________ eee 1,249 1,035 1,179 
Spain 5.-0 eee 3, 882 4,063 , 4,422 
Sweden___________._________ eee , 577 588 584 
U.S.S.R.3__ 78,821 81,020 83,114 
United Kingdom__________.______-______-__.-__--_-- r18,197 18, 564 18,287 
Yugoslavia__...-.______________.-_____-_- -- eee r 1,293 1,284 1,351 

Africa: 
Rhodesia, Southern___.._.___.__--.---_--__--------- 244 268 e270 
South Africa, Republic of e__.._____.__-..____-__-_-- r 3,500 r3,700 4,000 

Asi United Arab Republic____.___.._---_____.-_-_-_-_-__- 344 344 e 350 
ia: 

China, mainland ¢____.__________________-_________-- 17,000 r 19,000 20,000 
India §6______~_______ eee 8,122 9,854 e 9,600 
Tran 7_____ eee r 49 57 60 
Japan________---- ~~ eee 28,810 34,186 40,095 
Korea, North e___.______-_______-_-__-----_--_----- r 2,200 2,200 2,400 
Taiwan_____._________-_---- eee ee 227 217 308 
Turkey_________-.__-__--_---_--------_-------- eee 1,576 1,591 e 1,790 

See footnotes at end of table.
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Table 21.—Coke: World production by type and country—Continued 

Kind of coke and country ! 1968 1969 1970 P 

METALLURGICAL COKE—Continued 
Oceania: 

Australia__....__._-_.---...-.-----_------ eee e- 4,360 — 4,906 5,485 
New Zealand______________u eee 6 6 qT 

Subtotal— Metallurgical coke________..-_.._----_--- r 348,112 366,210 382,510 

. oe _GASHOUSE COKE 8 . — | oo ee 
South America: 

Brazil__..-- 2 eee eee ee 218 192 e 200 
Uruguay____._-___-___--_ eee 22 18 e17 

Europe: 
Austria____-0 2 eee eee r 218 94 ______Lii ue. 
Czechoslovakia__..._.......-....--..-----.--------- 98 32 e 33 
Denmark.__________----.-----_-_------~----------- t 324 177 e175 
France____.. 2 eee 9 . 9 10 
Greece_______ eee 17 15 e15 
Germany, West_____..._--_- eee 2,565 2,652 2,795 
Hungary. ____.._..-------.----~------------------- tATT 475 e475 
Treland 3__ 2 eee r 60 40 e 40 
Italy__-.__.--..--.-.------_ ee eee 297 212 138 
Netherlands______...-....---- eee eee 3 5 
Poland______._.-----__- ei eee eee r 1,430 1,486 e 1,490 
Spain. _...__-_-.- eee 7 7 4 
Sweden_________ eee 548 - A483 e 440 
Switzerland_______._.___-- = -- eee r 336 308 181 
United Kingdom. _______ oe ee ee r 5,146 3,344 2,097 
Yugoslavia... eee 2 Ll eee Le ee ene ee 

Africa: 
Asi South Africa, Republic of_.___........-...._._.--.-.- r117 e110 e110 

sia: 
India_____.2- i. eee e 55 71 e 82 
Japan....._._.-.---.-.--- e+ 4,927 5,521 5,267 
Taiwan______.__..----.----------_ ee 55 62 10 
Turkey ¢___....._.__--.---------------- +e 200 200 200 

Oceania: 
Australia__..........-_.---_------.---------------- r 700 772 e772 
New Zealand 9____________..-.--_-.---------------- e 66 53 40 

Subtotal—Gashouse coke__________-.--.----.-__---- 17,892 16,296 14,591 

ALL OTHER TYPES 1° 
North America: 

United States___.........-.------------------------ 174) Loewe eee Lee 
Kurope: 

Czechoslovakia___..........--.---.----------------- | r1,813 1,540 e 1,540 
France_.___...-..-..----------~.------------------ 241) ___ie ee eel Lee 
Germany, East '____- eee 7,489 7,092 6,918 
Hungary. _______----_---_-.--- + -------ee 314 301 e 90 

Asia: 
India___________-u-- 2. eee 3,290 4,548 e 4,400 
Turkey ¢______-__._-- eee eee 80 80 80 

Subtotal—All other types______.._--.-.-.-.------- r13,401 13,561 13 ,028 

Grand total—All types___._...______-------------- °379,405 396 , 067 410,129 

e Estimate. P Preliminary. r Revised. 
1 In addition to the countries listed, Algeria, Ceylon, Malaysia, mainland China, Mexico, Norway, Romania, 

U.S.S.R. and United Arab Republic have produced gashouse coke in previous years and may have continued 
production into the time period covered by this table, but no statistics are available and information is inade- 
quate to make reliable estimates of output levels. Japan also produces low temperature coke but data are not 
available. Except where otherwise noted, coke breeze has been excluded from this table. 

2 Coke produced at high temperature in conventional carbonizing equipment (including slot and beehive 
coke ovens). 

3 Includes breeze. 
4 Includes relatively small amounts of gas coke. 
5 Includes relatively small amounts of low-temperature coke. 
6 Data are total of so-called hard coke production from collieries and coke plants (including those at steel 

works). 
7 Data are for years beginning March 21 of that stated. 
8 Includes coke produced at high temperatures in carbonizing equipment designed primarily for gas manu- 

facture. (Horizontal and vertical coal-gas retorts.) In addition to countries listed, Canada and Finland produce 
gas coke but output is not reported separately from metallurgical coke and the output has been included in 
that section of this table. 

9 Data are for years beginning March 31 of that stated. 
10 Includes coke produced at low and medium temperatures, as well as coke produced in unconventional 

equipment (chain-grate cokers). 
11 Includes coke produced from lignite at high temperatures.
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Table 22.—Quantity and value at ovens of coal carbonized in the United States 
in 1970, by States 

Coal carbonized Coal per ton of coke 

State Value 
Thousand ——————————————_-__ Short tons Value 
short tons Total Average 

(thousands) 

OVEN COKE 

Alabama__.._.-_.--....------------.- 8,649 $98,417 $11.38 1.41 $16.05 
California, Colorado, Utah._....___-.-- 5,116 59,387 11.61 1.58 18 .34 
Maryland, New Jersey, New York____-- 11,536 180 ,337 15.63 1.44 22.51 
THlinois__... 2.2... eee 3,666 40, 895 11.16 1.56 17.41 
Indiana__.___....... 2-2. eee 13,071 154,720 11.84 1.46 17.29 
Kentucky, Missouri, Tennessee, . 

Texas__._.....-2. 2-2 ee 2,895 29 , 592 10.22 1.45 - 14.82 
Michigan________._.-_---.--- ee 5,117 75,140 14.68 1.36 19.96 
Minnesota and Wisconsin___.________- 1,166 16,498 14.15 1.29 18.25 
Ohio... 12,697 144,164 11.35 1.43 16.23 
Pennsylvania... ..............- 2 -_-- 26,159 307 , 634 11.76 1.44 16.93 
West Virginia__.....--..-. ee 4,980 53 , 584 10.76 1.54 16.57 

. Total 1970 1 95,053 1,160,367 12.21 1.45 17.70 
At merchant plants___....--_--- 2. 8,208 100,680 12.27 1.39 17.06 
At furnace plants__.._.___.-_-__.___-_- 86,845 1,059,687 12.20 1.45 17.69 

Total 1969___.--.-.-__-________ 92 ,285 961,265 10.42 41.44 15.01 

BEEHIVE COKE 
Pennsylvania and Virginia_.__________- 1,428 10,438 7.31. 1.64 11.99 

otal:. 
1970_._.-2202 2 1,428 10,488 7.31 1.64 11.99 
1969____-. 1,158 7,226 6.24 1.63 10.18 

1 Data may not add to totals shown because of independent rounding. 

Table 23.—Bituminous coal carbonized in coke ovens in the United States, by months 
| , (Thousand short tons) 7 

, 1969 1970 
Month ee 

Slot Beehive Total } Slot Beehive Total ! 

January__._..__-_-___-_.---_-_-_-__- 7,379 13 7,452 7,659 ' 133 7,792 
February__._.___.--_.__----.-_-___-. 6,937 70 7,007 7,238 126 7,364 
March. __.-___-_-- eee 7,579 86 7,665 8,116 123 8,239 
April. -------~----2---~-~2-2+-2-="--- 7,581 97 7,679 7,853 123 7,976 | 

ay__-------------_ ee 7,866 88 7,954 8,099 114 8,213 
June._.__. 2 ee 7,656 87 7,743 7,786 114 7,900 
July. -- 22 eee 7,755 78 7,833 7,841 117 — 7,958 
August... 2-2 eee 7,729 111 7,840 7,822 114 7,936 
September_______________-____-_-_---. 7,594 120 7,714 7,808 117 7,925 
October. _..._-.__2 22 7,981 111 8,092 8,216 122 8,338 
November... ee 7,664 — 105 7,769 7,957 113 8,070 
December__..._-__-_.._---__-_-_-____- 8, 022 132 8,154 8,185 113 8,298 

Total 1.200022. 91, 748 1,158 92,901 94,581 1,428 96,009 

1 Data may not add to totals shown because of independent rounding. 

Table 24.—Anthracite carbonized at Table 25.—Average value per short ton 
oven-coke plants in the United States, of coal carbonized at oven-coke plants 

by months in the United States, by States 
(Thousand short tons) 

Month 1969 1970 State 1969 1970 

January__.-.------------------ 49 47  Alabama.......-_--..------_.-. $10.22 $11.38 
February_-_._-.---_------------ 46 45 California, Colorado, Utah___.____ 10.98 11.61 
March________-_._---------.--- 46 43 Maryland, New Jersey, New 

April. ---------2-2-2-7272 70777 43 39 York____..-------.---__._... 12.52 15.63 
ay.._--------------_--._---- 44 44 Milinois.___._--._-__-._.__..__._. 9.74 11.16 

June____.-..-.-------_-------- Al 38 Indiana______._.-._____._____.. 11.11 11.84 
July_.___-.__.----.--.----_---- 40 38 Kentucky, Missouri, Tennessee, 
August________~- 2 ee 40 33 Texas_____.__________._.__..__ 8.28 10.22 
September_.___.__.-.._-------- 49 36 Michigan___________________--. 11.38 14.68 
October__......_.-----.-------- 48 35 Minnesota and Wisconsin_____.._. 13.66 14.15 
November. ____.__----_-_------- 44 38 Ohio. _______.___________._.____ 10.07 11.35 
December....._.__.__--.--_---- 53 35 Pennsylvania__.___.___________._. 9.68 11.76 

TTT West Virginia________._________ 8.57 10.76 
Total !_______ elle 542 A772 — 

a: Average________________. 10.42 12.21 
1 Data may not add to totals shown because of Value of coal per ton of coke___._ 15.01 17.70 

independent rounding. =
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Table 26.—Average volatile content of bituminous coal carbonized by oven-coke plants 
in the United States 

(Thousand short tons) 

High , Medium Low Total 

Year Volatile Volatile Volatile Volatile 
Quantity content Quantity content Quantity content Quantity content 

(percent) (percent) (percent) (percent) 
Pt ef Sl a 

1966__........... 638,061 34.6 10,395 26.2 20,067 17.8 93 , 523 30.1 
2967 122. 59,787 85.1 12,470. 26.4 18,644 18.2 90,900. 30.4 

- 1968_____._...__ 55,8538 35.0 12,906 27.3 20,074 18.7 88,8338 80.2 
1969___...._.__. 59,284 35.1 12,785, 26.8 19,674 18.6 91,743 80.4 
1970 1.-..._-._._. 62,7038 34.0 11,660 26.3 20,217 17.2 94,581 29.4 

TE TCT LT LL LL SSCS Ee TSS A fs 

1 Data may not add to totals shown because of independent rounding. 

Table 27.—Coal received by oven-coke plants in the United Statés in 1970 © | 
: by consuming States and volatile content 1 | 

(Thousand short tons) . 

a 

. High- Medium- Low- 
. volatile - volatile volatile ' Total 

Consuming state ee ——___ cal 
~° Quan- Percent Quan- Percent Quan- Percent receipts 2 

tity oftotal tity oftotal tity of total. 
i rer gee 

Alabama_____--______-_ 22 eee. )=61, 889 21.8 6,069 69.9 719 8.3 8,678 
California, Colorado, Utah__.._.._.....-.-. 4,354 83.1 813 15.5 70 1.4 5,238 
Maryland, New Jersey, New York_______--. 8,136 71.5 491 4.3 2,757 24.2 11,385 
Tllinois....-.---2- ete.) «2,918 79.0 39 1.0 736 20.0 3,688 
Indiana___________..----___--_-__----_-. 8,211 63.8 1,619 12.6 3,041 23.6 12,872 
Kentucky, Missouri, Tennessee, Texas____.. 1,146 41.1 336 12.2 1,280 © 46.3 2,762 
Michigan________..____-_-____---_-..-_-. 3,356 66.1 246 4.9 1,478 29.0 5,076 
Minnesota and Wisconsin______________--- 299 29.0 308 30.0 424 41.0 1,032 
Ohio... ._.._._-.----- 2-2 eee _--. )=9, 889 78.7 163 1.3 2,518 20.0 12,566 
Pennsylvania____..-.____.-.__.___..__--. 18,657 70.8 1,733 6.6 5,962 22.6 26,352 
West Virginia__._.._._.-_-._...-_--_-__-----. «64,221 83.0 2. LLL 865 17.0 5,087 

Total 1970 2.___.-. 2. 63,078 66.6 11,819 12.5 19,843 20.9 94,735 
At merchant plants._....._..__-.......-_.-. 3,599 45.8 954 12.1 $3,818. 42.1 7,866 - 
At furnace plants____......_-_....-_-_____. 59,474 68.5 10,865 12.5 16,580 19.0 86,869 

Total 1969______-_.._-_____________. 60,074 65.5 12,187 13.3 19,387 21.2 91,648 
——_ 

1 Volatile matter on moisture-free basis: High-volatile—over 31 percent; medium-volatile—22 to 31 percent; 
and low-volatile—14 to 22 percent. ; 

2 Data may not add to totals shown because of independent rounding.
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Table 28.—Origin of coal received by oven-coke plants in the United States in 1970, 7 
by producing county and volatile content 

(Thousand short tons) 

State and county Volatile content 1 
where coal was produced OO Total 2 

. High Medium ' Low 
ne eee 

Alabama: 
Blount_....---- eee a 8 
Bibb_.....-..---.---- eee 285) woe Lee 285 
Jefferson. .__.....,------- eee 816 5,575 ie 6,390 
Tuscaloosa___._..___..-_-.--__--__-_-__ eee 6 wont eee Lee eee ee 6 
Walker._.__-_-_______- 30 ha 69 

Colorado: 
Gunnison____..___.._--.----2- ee 825 ieee Lee 825 
Las Animas_________._-2 2 ee 1,062 -___----- Leelee 1,062 
Moffat_._--_-_.___.-.-- ee (3) ween ee eee fe eee ee (3) 
Pitkin..-..- 2-2-2 Lee 8038 _._.-.__-- 803 

Illinois: : 
Franklin. _-_-.22-2 2 eee 83,105 oe eeee LLL Lee 8,105 

. Jefferson_________.-__.__. ee 1,805 - eee Lee 1,305 
Saline._._..-.---_- ee 284 uuu LeeLee 234 
Williamson. __..._________.___ oe 5 31 

Indiana: 
Lake... ee ee 8 

Kentucky: 
Boyd___-.------ ee 2,156 wp pele Lee 2,156 
Floyd__.._ 22-22 1,017 Leelee Le 1,017 
Harlan_..___________.--________ ue $3,560 __-_--_-- 2.) LLL Leelee 3,560 
Knott__..--- ee 107) __- eee eee Lee 107 
Letcher. ___.-. 1 2,691 pele LLL eee 2,691 

a Perry_----.----------------2 22 eee 100) __eeeeee ee Lee, 100 
Pike__.-.---- ee 3,462 113 22 —  =§8,598 

New Mexico: 
- Colfax________2__ ee 7638) .2------- Lee eee ee 763 

Oklahoma: 
Haskell. ____-__-__- ee Le 218 _________- 218 
Le Flore____-- ~~ eee LeeLee 179 179 
Rogers_.___-_-___.._-_.________ ee 158 _Leee eee Lee 153 

- Pennsylvania: 
Anthracite__.. ee Lee Lee 219 219 
Bituminous: | 

Allegheny. ___......------.----- 2 ee 2,484 Loi LL. 1 2,485 
Beaver__________..--__ ee 10) _Lee eee LLL eee 10 

. Cambria___._-___- 2 Le 280 3,337 3,617 
Greene________.________. oe 6,885 __._______ 13 6 , 848 
Somerset___.___________.__-__ ue ee eee eee eee 680 680 

. Washington___._____.-2- eee 12,306 ~~. __ 107 12,413 
Westmoreland________......_______.___-_- 1,594 Lo o2e eee 1,595 

Tennessee: — 
. Clairbome_._____ 2 29 60 _----.---- 89 

Utah: 
Carbon___.______.--2_ 2 1,704 ee Lee 1,704 

Virginia: 
Buchanan_________________.___.___________ AT? 354 1,012 1,844 
Dickenson________..~_____ 2-2 eee 554 38 _----__--. 557 
Russell... 2-2 ee $2 8380 __._.-___- 862 
Wise___. 22 956  __.______. 2 958 

West Virginia: 
Barbour______-.-..--_-- ee 91 _e eee eee Le 191 
Boone______-_-_____ ee 1,477 82 ________e 1,559 
Fayette__________________ 2,465 119 860 3,445 
Greenbrier_______.________________.______ ee 49 58 Lie 107 
Kanawha_____________.-_______ ee 1,622 ____---- whee 1,622 
Logan_..___-- eee 4,048 365 _________- 4,412 
McDowell____________ ee Le 1,827 8,597 10,424 
Marion____.__-_-_-________ ee 1,988 —-.-_-.---.) LLL 1,988 
Mercer___________-- ee 8 __-_u Le 939 946 
Mingo... -_____-- eee 1,497 90 10 1,597 
Monongalia_____._._________._.._________ Lee A _Lolol ele 4 
Nicholas_____ ~~ -2- ee 480 718 Le 1,198 
Raleigh.______________________ ee 151 6 1,843 2,000 
Russell.._-_-_-_-. pe 150 Leelee eee LLL 15 
Webster_____-____-____- ee Le 58 __ Le 53 
Wyoming____.---__-_ ee 425 221 2,023 2,669 

Total?___-- ee 63 , 073 11,819 19 , 843 94,735 
en 

1 Volatile matter on moisture-free basis: High-volatile—over 31 percent; medium-volatile—22 to 31 percent; 
and low-volatile—14 to 22 percent. 

2 Data may not add to totals shown because of independent rounding. 
3 Less than 14 unit.
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Table 29.—Origin of coal received by oven-coke plants in the United States in 1970, 
by States 

(Thousand short tons) a 
_ Producing State 

Consuming State Oe . 
Ala- Colo- [Illinois Indiana Ken- New Okla- 
bama rado tucky Mexico homa —— OEY CZICO HOTA 

Alabama--______.___.----22 eee. 6,744 _2oe. 8. wane ee eee eee Lee California, Colorado, Utah.___._..__....... -_--... 2,691 _____- eeeeee Weel ee 763 __o Maryland, New Jersey, New York_______.-.. _.__.. _..... _.__... ------ 2,772 12-2) LuLu lee Mlinois__-_-._-- eee eee-e Lee.) «1,644 8 1,162 -----. Lie ee ow Indiana... _ os occ e eco 14 3,081) ----l2 8,161) Loe ee Kentucky, Missouri, Tennessee, Texas__.... ___._. __.... ...... _..... 388 ___ LL 550 Michigan___________________________._.._.. __.... _..... wenn Lee 1,659 LLL. Minnesota and Wisconsin._______.___-_.__. ___... __.... __.... ---nne 26 -weeee LL Ohio___-__._.-2 2 eee eet penne Hoel 1,248 __---  __LLuLe Pennsylvania____...._-.__.-----_---___- waneee nee ee ee eee ee eee 2,807 Lees West Virginia__________.________o_ ween ee cee e ee Lee 854.2 LLL Lee eee 
Total 19701______-_-.-..-.---..---. 6,758 2,691 4,675 8 13,227 763 550 At merchant plants_._._____.._......----. 1,010 ____.. __.... _._... 141) -o-Leee Le At furnace plants__.__..............--..-. 5,748 2,691 4,675 8 13,087 763 550 Total 1969___.______-.........._.... 6,053 2,412 93,392 ------ 12,582 742 503 eee 

Producing State—Continued 
 ———— Total 

Pennsyl- Utah Virginia Tennessee West 
vania Virginia 

eee 
| Alabama_____.-- 2 86 ___ LL 1,146 ________ 752 8,678 California, Colorado, Utah_______.___.____. _____. 1,704 -_-----e LLL LLL 80 5,238 Maryland, New Jersey, New York_._..._... 4,660 _____- 406 ________ 3,546 11,385 Tllinois..-..--- eee. 16 LLL 39 LLL _e 819 3,688 Indiana________._.__-- ee. 480) ______ 395 ________ 5,791 12,872 Kentucky, Missouri, Tennessee, Texas______ 24 Lol 197) _______e 1,952 2,762 Michigan_________.__._--._-__-_________o_. 120 _____- 67 __ LL Le 3,338 5,076 Minnesota and Wisconsin________._______- 25) _Luiee 235 60 686 1,032 Ohio___--.--- 2-2 eee eee_e-. 4,983 1,004 29 5,302 12,566 Pennsylvania____.._....-..-.._..-____.-. 14,880 ______ 699 ________ 8,016 26,352 West Virginia__..._....._...__-_.._-__.... 2,762 _.____ 49) LLL Lee 1,920 5,087 

eee 
Total 1970 1___-__--.---__.____.__. 27,826 1,704 4,237 89 32,203 94,735 At merchant plants______________________. 186 ______ 800 ___L LLL 5,779 7,866 At furnace plants__._....._........__..... 27,691 1,704 3,487 89 26 ,426 86,869 
Total 1969________...-..-__.__..._. 26,485 1,911 4,214 ________ 33 ,405 91,648 

1 Data may not add to totals shown because of independent rounding. . . 

Table 30.—Quantity and percentage of captive coal received by oven-coke plants 
in the United States 
(Thousand short tons) ee eee 

At merchant plants At furnace plants Total 1 

Year Total Captive coal Total Captive coal Total Captive coal 
coal —_--—______— coal ———___—_—__-_ coal —_—— 

received Quantity Percent received Quantity Percent received Quantity Percent 
TORR 

1966___....... 8,670 3,006 34.7 85,694 54,155 63.2 94,364 57,161 60.6 
1967_......-.. 8,545 3,109 36.4 85,495 52,928 61.9 94,040 56, 038 59.6 
1968_.__...._. 7,785 2,659 34.4 81,213 48,999 60.3 88 ,948 51,658 58.1 
1969____....._. 8,232 2,895 35.2 83 , 416 52,447 62.9 91,648 55,342 60.4 
1970__......._ 7,866 2,320 29.3 86 , 869 51,379 59.2 94,785 53,699 56.7 

1 Data may not add to totals shown because of independent rounding. 

Table 31.—Month-end stocks of bituminous Table 32.—Month-end stocks of anthracite 
coal at oven-coke plants at oven-coke plants in the United States 

in the United States (Thousand short tons) 
(Thousand short tons) 

eee 
Month 1969 1970 Month 1969 1970 eee ee eee 

January___---.-.-.-....-...-.. 8,654 7,712 January_-...--- 2.22 eee 125 101 . 
February_.....-...._..-.-_-.._. 8,222 7,796 February -_----..._..---..------ 95 81 
March__-_.-.-....-.-..-.-.__.. 7,422 8,890 March__-_._-.--..2------------ 74 71 

April. .-----~------------------ 8,001 8,678 April. ---~~-------------2---- 73 65 
ay.__-------- ee ___-. «68, 748 9,093 ay.-----. ~~~ ee 85 77 
June___-. 2-2 _. = 8,822 9,285 June________ ii 100 82 
July._--.-.----- 2 eee. )=—«6, 558 6,591 July___.__- ~_--___ ee 99 78 
August___...2---22- -________. §=66,618 6,719 August. _ ~~ ee 110 88 
September____.___._..____.____ 7,388 7,112 September_______..____..-____. 119 96 
Oetober___...........-_-_-__.._ 8,376 8,180 October__.....-..-..-_-_.__-_--- 122 113 
November. _._......._-_.-..... 8,807 8,674 November___..________-------- 137 112 
December-__..._......._._.__... 8,962 8,924 December______.________-__--_- 130 121 
——————— OE aaa OE
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Table 33.—Coal-chemical materials, exclusive of breeze, produced at oven-coke plants : 
| in the United States in 19701 

co | Sold 

| OO ~ Value On hand 
. Product Produced Quantity ——__—_—_————_—————_ Dec. 31 

(thou- Total Average 
sands) (thou- — _ per unit 

sands) 

Tar, crude_________..__.____..thousand gallons._. 760,926 371,203 $35,804 $0 .097 47,174 
Tar derivatives: 

Sodium phenolate or carbolate__._.._...do.__- 3,263 3,208 284 .089 199 
Crude chemical oil (tar acid oil)__....._.do_._. 18,989 18 , 804 3,195 .170 701 
Pitch-of-tar; 2 . 

Soft..............-thousand short tons-_- 547 239 5,908 24.702 15 
Hard... -..--------.------....._do___- 219 118 4,428 37.524 3 

Other tar derivatives: 3__...........-..-_--.- --------  -------- 7,805 -----.-.  -------- 

Ammonia products: . 
Sulfate._._...........-thousand short tons 595 611 9,438 15.438 156 
Liquor (NH3 content)...._....-..-....do_... 14 16 813 51.087 2 
Diammonium phosphate. _............do___. 42 36 2,979 82.582 7 

Total 4__.-_.--_------------ eee dO-- eee eee eee 18,229 Leelee Lone eee 
- Sulfate equivalent of all forms____.....do___- 691 709) wine.) 1 ------- 172 

NH: equivalent of all forms____......_.do__.. 178 1838 .-L-uue wee 44 

Gas: 
Used under boilers, etc. ___million cubic feet... ......-. 111,979 26 , 367 .285 __.- ---- 
Used in steel or allied plants___.__..-...do_.__ .._-.... 390,686 104,480 .268 _..------ 
Distributed through city mains__.__.._..do._.. 5 992,790 10,996 4,056 .3869 _LLi Lee. 
Sold for industrial use___..............do._.. ..--.--- 71,023 13 , 478 .190 __. ~~... 

Total 4__._____.__.___.-.-.-.------do_._. 5992,790 584,684 148,381 254 _____-- oe 
Crude light oil_____...........__thousand gallons__ 6 244,107 98,060 11,888 .121 9,027 

Light-oil derivatives: . 
Benzene: 

Specification grades (1°, 2°,90%)._.do_... 89,517 88 , 432 19 ,237 .218 4,144 
Other industrial grades____._.___....do___- 3,975 3,685 556 151 48 

Toluene (all grades)_______._________._do___- 17,041 16,765 3,093 184 1,377 
Xylene (all grades)__..._._..___._....do___. 4,501 4,752 945 .199 408 
Solvent naphtha (all grades)_._._.._....do__.- 3,707 3,288 536 .163 509 
Other light-oil derivatives___.....-...-do--_-_- 4,693 3,019 698 .231 366 

Total 4_.--- 2 eee eiii__.do____ 123,483 119,942 25,065 .209 6, 852 
Intermediate light oil. _...-.._.-----------do___- 5,066 1,187 102 . 086 169 

. Grand total 4__..__-._----_-- eee eee eee 2 255,592 ___--Le-- Lee 

1 Includes products of tar distillation conducted by oven-coke operators under the same corporate name. 
2 Soft-water-softening point less than 110° F; medium—110° to 160° F; hard—over 160° F. Figures on hard 

pitch include small amount of medium pitch. 
3 Creosote oil, cresols, eresylic acid, naphthaline, phenol, pyridine, refined tar, tar paint. 
4 Data may not add to totals shown because of independent rounding. 
5 Includes gas used for heating ovens and gas wasted. 
6 142,017,000 gallons refined by coke-oven operators to make derived products shown. 

Table 34.—Coal equivalent of the thermal materials, except coke, 
produced at oven-coke plants in the United States 

Materials produced Estimated equivalent in heating value! 
(billion Btu) Coal 

a __ equ iv- 
Coke Surplus Light alent 

Year breeze gas Tar oil (thou- 
(thou- (billion (thou- (thou- Coke Surplus Tar Light Total sand 
sand cubic sand sand breeze gas oil short 
short feet) gallons) gallons) tons) 
tons) 

1966______.____ 4,102 6380 801,867 262,640 80,240 346,300 120,280 34,148 580,963 22,174 
1967___.__.._. 4,025 606 780,334 252,188 80,500 33838,300 117,050 32,778 563,628 21,513 
1968_____.._.. 4,074 575 760,812 288,887 81,480 316,250 114,114 31,055 542,899 20,721 
1969______-___. 4,401 595 768,766 258,910 88,020 327,250 115,315 383,658 564,243 21,536 
1970______..__ 4,665 585 760,926 244,107 98,300 321,750 114,139 31,734 560,923 21,346 

1 Breeze 10,000 Btu per pound; gas, 550 Btu per cubic foot; tar, 150,000 Btu per gallon; and light oil, 130,000 
Btu per gallon.
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Table 35.—Average value of coal-chemical materials used or sold and of ceke and breeze 
per short ton of coal carbonized in the United States 

1966 1967 1968 1969 1970 
Ammonia products. ___..-----------------.----- $0.280  $0.254 30.194. $0178 $0.151 Light oil and its derivatives._............ 481 441 :427 435 .405 Surplus gas used or sold____....____...____.___.. 1.522 1.512 1.483 4.502 1.561 Tar and its derivatives (including naphthalene): 

. Tar burned by producers 1_______.__..__._____ .328 -318 o41 317 .398 Sold. ____-_ et! .677 675. T2T .485 .623 

a Total. ~- ieee eee ees 3.288  — 3.200 3.142 $.132 (39.138 © Coke produced___....-.--_-______Ss«d2 167 12.152 12.246 212.560 219.208 Breeze produced______.___.____._.________..___. .292 318 .814  .888 -481 
Grand total______-_---___---..----..--.-. 15.747 15.670 —«:15.702 —-16.060 22.827 

1 Includes pitch-of-tar. . Oe | 2 Average value of coke used or sold. 

Table 36.—Percentage of coal costs recovered from the recovery of coal-chemical 
materials in the United States | 

1966 1967 1968 1969 1970 
Product: 

OO i. . Ammonia products. _____._-___________.___- 2.9 2.5 1.9 1.8 1.3 Light oil and its derivatives___.........______ 4.9 4.4 4.3 4.4 4.3 Surplus gas used or sold_________..___...___. 15.6 15.1 15.1 14.4 12.8 Tar and its derivatives used or sold (including 
naphthalene)____.__.__.._..___...__..._. 10.3 11.4 10.4 10.5 9.0 
Total____-_-_- 22 33.7 33.4 31.7 31.1 27.4 Value of coal per short ton________-___.____..__... $9.78 $10.02 $10.01 $10.42 $12.21 

Table 37.—Production and disposal of coke-oven gas in the United States in 1970, 
by States | 

(Million cubic feet) 

a 0 ee ry | 

Thousand Used in OO State cubic heating Average Wasted Total feet ovens Quantity Thousands _ per 
per ton | . thausand 
of coal cubic 

feet 

Alabama________ = 82,433 9.53 39,036 38,0388 $6,488  $0.168 5,364 California, Colorado, Utah_.....____ 59,854 11.70 18,216 41,3841 7,542 .182 297 Maryland, New Jersey, New York___ 123 ; 986 10.75 42,606 78,022 27,084 .347 3,358 Mllinois__-.2- 2 , 36,470 9.95 13;882 20,165, 9,249 504 2,423 Indiana. ______-_____._....-______ 188,340 10.53 53,170 88,812 18,332 .219 1,357 Kentucky, Missouri, Tennessee, 
Texas______-.-___.__ 27,305 9.43 12,882 12,018 1,801 .150 2,405 Michigan_________...._____.______ 50,250 9.82 12,246 34,919 9,704 .278 3,085 Minnesota and Wisconsin._________ 11,392 8.14 5,872 5,488 4,012 .186 32 Ohio___.-.-- 2, 128,210 10.10 51,008 73,875 21,799 295 3,333 Pennsylvania__________.___._____. 280,522 10.72 114,855 159,668 36,875 .228 6,000 West Virginia___..........___.____ 54,027 10.85 16,403 37,342 9,024 .242 282 

Total 19701_________._____ 992,790 10.44 380,171 584,684 148,381 254 27 ,935 At merchant plants___.______._____ 72,275 8.81 36,352 27,603 5,758 .209 8,319 At furnace plants___..._____.______ 920,515 10.60 343,819 557,080 142,623 .256 19,617 Total 1969__________________ 962,048 10.48 347,940 594,746 137,983 .232 19 ,362 
1 Data may not add to totals shown because of independent rounding.
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Table 38.—Surplus coke-oven gas used by producers in the United States 

and sold in 1970, by States | 

(Million cubic feet) 

Used by producers . 

TF 00 . 

Under boilers, etc. In steel or allied plants 

State | Value Value 

. Quantity Average Quantity Average 
Thousands per Thousands per 

thousand thousand 
cubic feet cubic feet 

Alabama__..._.-.-_------------------- 17,867 $2,889 $0 .162 19 ,427 $3 , 499 $0.180 

California, Colorado, Utah__._.-.------ (1) (4) (4) ~ (Q) (4) (1) 

Maryland, New Jersey, New York---_-- 2,952 573 .193 67,528 23,637 .350 

Illinois___.._------------------------ 4,986 TTT .156 13,119 8,167 .623 

Indiana___.___-_-_---_---------------- 12,422 3,742 .301 68,108 13 ,295 .195 

Kentucky, Missouri, Tennessee, Texas _ - 6,051 789 .130 (2) (2) (4) 

Michigan ___.__..-.------------------ (2) (1) (1) (1) (1) (1) 

Minnesota and Wisconsin. __--.------ 3,344 657 .196 (2) (1) ¢3) 

Ohio_____...._-.----_---------------- 12,478 6,421 .514 54,863 14,012 .255 

Pennsylvania____..-.---------------- 20,339 4,299 .211 83,178 21,425 .258 

West Virginia__.....----------------- (1) (1) (4) (1) (1) - () 

Undistributed__.___.____-----.--.----- 381, 545 6,222 .197 84,463 20,443 .242 

Total 1970 2_____-.------------ 111,979 26,367 .285 390,686 104,480 .267 

At merchant plants...__..------------ 12,521 1,871 .149 708 159 .223 

At furnace plants__._.__..------------ _ 99,459 24,496 .246 389,978 104.321 ,268 

Total 1969__..____..------------ 104,861 22,272 .212 391,591 95,902 245 

Sold 
a 

. Distributed through city mains For industrial use 

Value . Value 

. Quantity Average Quantity Average 

Thousands per Thousands per 
thousand thousand 
cubic feet : cubic feet 

Alabama____________-_-_------------- -------- ee nee ne eee - 739 $100 $0 .136 

California, Colorado, Utah__._.-------- --------  -------- seen gene verse rg ryt 

Maryland, New Jersey, New York--__--- (1) (1) (1) (1). (1) (1) 

Illinois.__.__..__.-__------------------ -------- 0 --------0 -------- (4) (4) (1) 

Indiana___________------------------ -------- 0 -------- 0 wee ee-e (4) (4) (1) 

Kentucky, Missouri, Tennessee, Texas_. -------- --------  -------- (1) (1) (4) 

Michigan_.____..-_.--_-------------- --------  -------- 0 -------- (1) (1) (1) 

Minnesota__________----------------- --------0 -neeeen- one en eee (1) (2) (4) 

Ohio_____.___----------------------- -------- 0 ---re--- cee nseoe 6,539 1,367 .209 

Pennsylvania_____.------------------ (2) (2) ¢3) (4) (4) () 

West Virginia___....____----.-------- --------  ------2500 ---=-257 (1) 'Q) (4) 

Undistributed____.__._...------------ 10,996 $4,056 $.369 63 , 746 12,011 .188 

Total 1970 2._____--_---------- 10,996 4,056 . 869 71,023 13 ,478 .190 

At merchant plants_....-.------------ 5,536 2,060 3872 8, 840 1,669 .189 

At furnace plants___..-.-------------- 5,460 1,996 . 866 62,183 11,809 .190 

Total 1969____.._____-_-_---.-- 18,818 4,589 . 332 84,476 15,220 .180 | 

1 Included with undistributed to avoid disclosing individual company confidential data. 

2 Data may not add to totals shown because of independent rounding. 

Table 39.—Coke-oven gas and other gases used in heating coke ovens 
in the United States in 1970, by States 1 

(Million cubic feet) 

Blast- Total 

State Coke-oven furnace Natural coke-oven 
gas gas gas gas 

equivalent 

Alabama_________------------------------------- 39,086 __-.------ ---------- 39 , 036 

California, Colorado, Utah____.-------------------- 18,216 __.-.---- 43 18,259 

Maryland, New Jersey, New York__---------------- 42 ,606 9,196 384 52,185 

Tllinois__.___._.---------------------------------- 13, 882 4,943 _____-.--- 18 , 825 

Indiana_._______-------_------------------------ 58,170 _.-------- 22 , 898 76,068 

Kentucky, Missouri, Tennessee, Texas-_------------- 12,881 ___...-.--- ---------- 12,881 

Michigan.__.....-------------------------------- 12 ,246 11,848 __.-_----- 24,094 

Minnesota and Wisconsin____..------------------- 5,872 ____-.---- 38 5,910 

Ohio____.___---_-------------------------------- 51,003 8,475 ____------ 54,478 

Pennsylvania. _._-------------------------------- 114,855 12,092 ____.----- 126 ,947 

West Virginia__._._------------------------------- 16,403 6,019 ____-_.---- 22 ,422 

Total 1970 2..__--_------------------------ 380,171 47,573 23,363 451,104 
At merchant plants_____-------------------------- 86,352 ______---- 38 36,390 

At furnace plants__._.---------------------------- 343 , 819 47,573 23 ,325 414,717 

Total 1969_._____.____---------------------- 347,940 100,571 1,997 450, 509 

1 Adjusted to an equivalent of 550 Btu per cubic foot. 
2 Data may not add to totals shown because of independent rounding.
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Table 40.—Coke-oven ammonia produced in the United States and sold in 1970, 
by States 

(Thousand short tons and thousand dollars) 

eee 
Produced 
eee 

State Active Pounds As 
plants 1 Sulfate per ton As liquor 

. equivalent of coal sulfate 2 (NHs 
coked content) 

~Alabama____ oo 7 73 16.88 TT Loe California, Colorado, Utah_____________ 3 73 28.55 49 (3) Maryland, New Jersey, New York______ 3 107 20.79 102 (3) ‘Tilinois-__..2 22 eee 4 28 15.39 28 LoL Indiana____....----2_ 5 108 14.18 100 (3) . Kentucky, Tennessee, Texas 
Minnesota.____._-....--2---_--__-_e 4 17 13.39 9 (8) Michigan____._._-__2. 2-2-2 (4) (4) (4) (4) e---- eee nee Qhio____-- 28. 11 96 15.69 87 (8) Pennsylvania_____.-.._.._-____.______ 9 148 11.85 148) ___ Le West Virginia__________________._____ 3 41 16.50 41) ___oil Le Undistributed_______.. 222-22 eee Lee ween eee ee eee 15 mY 

Total 1970 5___ eee 51 691 15.77 6 636 15 At merchant plants__.._____.__________ 6 32 15.02 16 4 At furnace plants___._________________ 45 659 15.81 620 10 Total 1969___-. 55 732 16.68 676 15 eee 

Sold On hand Dee. 31 

As sulfate 2 As liquor Liquor 
(NH 3 content) As - (NHs3 

Ta ~ss sulfate? content) 
Quantity Value Quantity Value 

Alabama... _._.-_- ee 83 $1,386 _._----2 LLL LLL. 5 California, Colorado, Utah____________. 49 2,366 (3) (3) 10 (7) Maryland, New Jersey, New York______ 87 1,274 (3) (3) 40 (7) Illinois... eee 25 a 138) LLL Indiana____._--_.- 22 109 2,477 (8) (3) 20 (8) Kentucky, Tennessee, Texas, 
Minnesota_._._____________________ 10 117 (8) (3). 1 (8) Michigan_._____._-_________. (4) (4) eae nn eee Beene (4) eee Ohio___-.--- 2 91 1,464 (3) (8) 15 (3) Pennsylvania________________________ 151 2,120 Loe eee LL LLL 58 Loe West Virginia.._._._________________. 43 569 oe eee LLL 5 Undistributed._.__2..---2-- eee Lee. 16 $8138 ________ 2 ee 

Total 1970 5______ 8 647 12,416 16 813 163 2 At merchant plants_______._______.___ 19 252 6 260 1 2 At furnace plants___._________________ 628 12,164 10 553 162 - 4 Total 1969__.-______________ 636 14,306 15 902 177 2 TT OO -- CC'S O ————S— 
1 Number of plants that recovered ammonia. 
2 Includes diammonium phosphate. 
5 Included with ‘‘Undistributed” to avoid disclosing individual company confidential data. 
4 Included with Indiana to avoid disclosing individual company confidential data. 
5 Data may not add to totals shown because of independent rounding. 
6 Comprises 595,000 tons of ammonium sulfate and 42,000 tons of diammonium phosphate. 
7 Less than 14 unit. 
8 Comprises 611,000 tons of ammonium sulfate valued at $9,438,000 and 36,000 tons of diammonium phos- 

phate valued at $2,979,000.
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Table 41.—Coke-oven tar produced in the United States, used by producers, 
and sold in 1970, by States 

- (Thousand gallons) _ 

_ Produced Used by producers 

State a, Gallons For 
Total per ton refining As Other- 

of coal or fuel wise 

ee coked — topping 
Alabama... _-..--.-.-..0---2222522-2---+------. 60,530 6.99 (2) Q) (1) 
California, Colorado, Utah_.__..............-..-. 49,617 9.69 (1) (1) (1) 
Maryland, New Jersey, New York....-...-..----= 90,338 7.83 (4) (2) (1) 
Tilinois_ 2. ee ee eee eee tee 25,284 6.89 (1) (@) (1) 

Indiana___..__....-.--.-- 2-22 -ne2se--2-----. 89,555 6.85 (4) (1) (4) 
Kentucky, Missouri, Tennessee, TexaS____._._---. 18,270 6.31 (1) (2) (1) 
Michigan______..-.. 22 se eee eee ee. «=: 84, 988 6.83 @) (2). @) 
Minnesota and Wisconsin... __._._.--____2+=---=: 6,907 5.92 Q) (2) (1) 
Ohio_____-. 2.2. eee cies. 109,517 8.62 (1) 43,457 Q) 
Pennsylvania... _._.--.2.20-- 222-2 e ee eee ei 233,518 8.92 117,685 36,078 (1) 

: West Virginia... 1.00. ae eee ee -_i-_-.-.-. 42,412 8.51 (1) (2) () 
Undistributed____..--..---22-+-.++-2-+--L2+-+-- eeueeene -------. = 168,207 28,4382 1,601 

Total 1970 2___ 2.2 eeu = 760,926 | 8.00 280,892 107,967 1,601 
At merchant plants_._...2...2---222- 2-2: _-:_--. 45,392 | 5.58 6938 ._L---u Lue. 
At furnace plants__.....-- ~~ ee eee. =6715, 584 8.23 280,199 107,967 1,601 

Total 1969_._.. 22.2. 022222222. 22-2 -._-: 768,766 8.33 282,785 98,065 671 

Sold for refining into tar products 

Value | On hand © 
Quantity ———__— Dec. 31 

. Average 
Thousands per gallon 

-- Alabama_____ 2-2 -___._- 2 ee ee eee 36 , 329 $3, 761 $0.104 2,595 
California, Colorado, Utah..._......_-._. 2. ----- 32,858 3, 852 .117 3,231 
Connecticut, Maryland, New Jersey, New York-____- 19,154 1,914 .100 4,559 
Tilinois_ 2. ee eee eee 25,491 2,193 .086 1,302 
Indiana___._.__._.2 24. 22-2 ee eee 33 , 452 3,027 .090 3,233 

Kentucky, Missouri, Tennessee, Texas___..______- - 18,271 1,583 .087 507 
Michigan.._.___. ee ene eee 27,011 2,469 .091 3, 544 
Minnesota and Wisconsin... _..__..-=-_-------_-- 7,087 1,001 .141 584 
Ohio___2.2- eee eee eee 64,650 5,555 . 086 6,108 
Pennsylvania. __ 1. -..-.---_---=-~-22- eee 82 , 592 8,371 .101 19 ,428 
West Virginia__.._...... 2-2-2222 eee eee 24,307 2,078 .085 2,083 
Undistributed_.........-.-2.------++--------+-- eee ee eee ne 

: Total 1970 ?___.__. 222 eee oe -neee_e- 371,208 35,804 .097 47,174 
At merchant plants__._____.2 2 ene ee 45,142 4,094 .091 1,112 
At furnace Plants... -----=+-+--2------27-2-22724- 326 , 062 31,710 .097 46 ,063 

Total 1969___._____...----~_----L--- eee 377,229 36,551 .097 50,270 

1 Included with “Undistributed”’ to avoid disclosing individual company data. 
2 Data may not add to totals shown because of independent rounding. 

Table 42.—Coke-oven crude light-oil produced in the United States and derived 
products produced and sold in 1970, by States 

{Thousand gallons) 
Crude light oil Derived products 

State Active Gallons Refined On Sold 3 
plants! Pro-  perton on hand Pro —__——— 

. duced ofcoal prem- Dec. duced Quan- Value 
a 7 ; — ises 2 31 tity 

Alabama___.-_...--2-22- 2-2 2 _- 7 18,178 2.10 17,525 1,057 13,768 12,254 $2,574 
California, Colorado, Utah_____-_-_ 3 18,516 3.62 11,694 243 8,948 7,007 1,404 
Maryland, New Jersey, New York_-_ _5 82,418 2.81 16,272 1,402 14,291 15,267 3,413 
Tllinois, Indiana, Michigan___._- -- 10 45,070 2.34 2,225 1,413 2,044 1,764 445 
Kentucky, Missouri, Tennessee, 

Texas, West Virginia__.__._______- 8 20,467 2.60 2,339 955 2,406 2,336 350 
Ohio___ i. eee 11 32,470 2.59 20,276 1,142 17,346 17,019 3,188 
Pennsylvania. ____..-.-._____ =. 11 76,993 2.94 71,689 2,814 64,637 64,296 13,691 

Total 1970 4_____._-_______- 55 244,107 2.68 142,016 9,027 123,483 119,942 25,065 
At merchant plants____._...____-- 9 12,277 1.99 5,062 927 3,812 3,800 772 
At furnace plants__.._.---_------- 46 231,880 2.73 186,955 8,100 119,622 116,142 24,292 

Total 1969___________------ 56 258,910 2.87 151,788 8,588 136,282 132,058 30,225 

1 Number of plants that recovered crude light oil. 
2 Includes small quantity of material also reported in sales of crude light oil in table 33. 
3 Excludes 98,060,000 gallons of crude light oil valued at $11,888,000 sold as such. 
4 Data may not add to totals shown because of independent rounding.
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Table 43.—Yield of light-oil derivatives from refining crude light oil at oven-coke plants 
in the United States | | 

(Percent) 

Benzene Toluene Xylene Solvent Other Year (all (all (all naphtha light-cil 
grades) grades) grades) (crude and products 

refined) 

1966___-_--_---2 ee 63.4 12.7 3.4 1.8 3.5 1967___------ 58.9 12.6 3.6 2.4 5.4 ‘ 1968____-~- ee 63.9 13.6 3.8 2.6 4.6 1969_____-_--. 22 ee 67.0 ABN BLK 2 aa mo INTO eee 63.0 12.1 3.2 3.3 —«~.2 

Table 44.—Benzene and toluene produced | 
at oven-coke plants in the United States, 7 

by grades 
(Thousand gallons) 

Se SSeS rr Ses refSsCENSPAeh vets 

Benzene . 
——_—_—_—————_-——— Toluene . 

Year Specifi- (all 
cation Other grades) 
grades industrial 

(1°, 2°, 90 grades 
percent) 

_ 

1966_______.__._ 110,223 3,709 22,791 
1967______..__._ 86,683 3,959 19 ,358 
1968__-__._.-... 88,449 4,136 19,645 
1969___..___.... 97,503 4,192 19,603 
1970____.-.._... 89,517 3,975 17,401 

Table 45.—Light-oil derivatives produced at oven-coke plants in the United States 
: and sold in 1970, by States 

| (Thousand gallons and thousand dollars) 

Benzene (all grades) Toluene (all grades) _ 

Yield Yield 
State from Sold from Sold 

Pro- crude ———_——————___ Pro- crude ——__________ 
duced lightoil Quan- Value duced light oil Quan- Value 

refined tity refined tity 
. . (percent) (percent) 

A A peer 

Alabama____-__._____..__._.____ 10,216 58.3 8,849 $1,995 2,339 14.2 2,037 $372 Colorado, Illinois, Utah_______.... 7;820 57.8 6,914 1,477 1,698 12.5 947 185 - Indiana, Maryland, New York___._ 18,519 81.3 14,285 8,230 534 3.2 697 133 Ohio________-- 2 ______ 18,063 64.4 12,854 2,458 2,918 14.4 2,831 511 Pennsylvania___....__._.._______ 47,248 65.9 47,630 10,369 9,299 13.0 9,970 1,847 © ‘Tennessee and Texas___.._........ 1,682 69.9 1,584 264 254 10.9 283 43 
Total 1970 1________._______ 98,492 63.0 92,117 19,793 17,041 12.1 16,765 3,093 At merchant plants_.__.__________. 2,687 54.0 2,676 578 623 12.6 598 117 At furnace plints_.__...-...._____ 90,805 63.4 89,441 19,215 16,418 12.1 16,167 2,975 Total 1969... ....-.-._____.101, 695 67.0 100,842 21,961 19,603 13.1 18,713 5,084 

Xylene (all grades) Solvent nayhtha (crude and refined) 

Yield | Yield 
from Sold from Sold 

Pro- crude 9 ——————___ Pro- crude 2 ———____-_—___— 
duced light oil Quan- Value duced light oil Quan- Value 

refined tity refined tity 
(percent) (percent) 

eee 
Alabama .__.___-_ = 539 3.3 685 $139 231 2.5 236 $24 Colorado, Illinois, Utah.._________ 346 2.6 210 64 241 1.8 136 32 Indiana, Maryland, New York_____ 85 0.5 132 28 (2) (2) (2) (2) Ohio___... 2222 733 3.6 704 137 633 3.4 631 81 Pennsylvania____..._..2_.-._.... 2,784 3.8 2,871 560 2,166 3.9 2,158 387 Tennessee and Texas.____.________ 64 2.7 51 17 436 2.7 128 12 

Total 1970.1_._-.._._____ 4,501 3.2 4,752 949 3,707 . 8.3 3,288 536 At merchant plants_______________ 162 3.3 178 9 26 0.7 22 5 At furnace plants___._._.._._____. 4,339 3.2 4,575 905 3,681 3.4 3,266 531 Total 1969__________..____. 5,245 3.5 5,381 1,109 3,567 2.9 3,539 577 -_ eee 
T Revised. 
1 Data may not add to totals shown because of independent rounding. . 2 Included with Tennessee and Texas to avoid disclosing individual company confidential data.



: 
\



Columbi d Tantal 

By Joseph A. Sutton 1 : 

Demand for columbium and tantalum in Legislation and Government Programs. 
steelmaking decreased in 1970. Consump- —During 1970 the Office of Mineral Explo- 
tion of ferrocolumbium, ferrotantalum-co- ration (OME), U.S. Geological Survey con- 
lumbium, and other columbium and _ tinued to offer financial assistance of 50 
tantalum materials for this purpose totaled percent (columbium) and 75 percent (tan- 
2.6 million pounds, compared with 33 mil- talum) for the exploration and develop- 
lion pounds in 1969. Industry inventories ment of approved columbium and _tan- 
of columbium and tantalum raw materials alum resources. The General Services 
increased along with an increase in im- Administration (GSA) continued its col- 
ports for consumption. Tantalum contin- ymbite disposal program during 1970. It 
ued to be used by the electronics industry; sold to industry 1,004,215 pounds of com- 

His primary end-use was in capacitors. AP- bined pentoxides. containing 616,698 
proximately 1 million pounds of combined ye : | 

; pounds of columbium (Cb) and 99,744 
pentoxides (Cb205+Ta2Os5) were released 

. pounds of tantalum (Ta) from the De- to the industry from Government stocks on e ducti Act (DPA) . 
sealed bid sales. A promising new stee] ‘CM Production Act ( ) Inventory in 
was being evaluated by the steel industry, March, May, June, J uly, September, and 
and if results should prove favorable, future October at prices ranging from $1.125 to 
demand for columbium could be greatly 

increased. , * Physical scientist, Division of Ferrous Metals. 

Table 1.—Salient columbium statistics 

, (Thousand pounds) . 

eee 

. 1966 1967 1968 1969 1970 
SS 

United States: . 
Mine production of columbite-tantalite concentrates______-_ WwW WwW WwW WwW WwW 
Releases from Government stocks (Cb content) 12__._____. 1,659 779 1,191 1,573 617 
Consumption of concentrate: Columbium metal contained in 

all raw materials consumed (Cb content) !_._..__..._.... 8,873 4,519 3,997 2,918 3,289 
Production of primary products: 

Columbium metal (Cb content)____._._____________. WwW WwW WwW WwW WwW 
Ferrocolumbium and ferrotantalum-columbium (Cb + 

Ta content)_-_.-..-._-..-.--_--.--_--.-.-__---.. 38,664 1,960 2,380 2,554 1,430 
Consumption. of primary products: 

Columbium metal (Cb content)____._......---..-._- 100 111 92 179 261 
Ferrocolumbium and ferrotantalum-columbium (Cb + 

Ta content) _._.______--------------------------. 2,697 3,192 3,094 3,328 2,591 
Exports: 

Columbium ore and concentrate (gross weight)__._____ NA NA NA NA NA 
Columbium metal, compounds, and alloys (gross weight) qT 6 qT 41 46 

Imports for consumption: 
Columbium mineral concentrate (gross weight)_...___. 9,278 7,481 3,657 4,161 5, 719 
Columbium metal and columbium-bearing alloys (Cb 
_content)---.-...----- eee 4 (3) 1 5 2 

Ferrocolumbium (gross weight) ¢.__........._....... 1,280 629 1,171 NA NA 
World: Production of columbium-tantalum concentrates (gross 

weight). -__-.____-.--.--------------------------------- 23,081 20,551 23,857 34,557 43,898 
—) EEE 

e Estimate. NA Not available. W Withheld to avoid disclosing individual confidential data. 
1 Includes columbium content in raw materials from which columbium is not recovered. 
2 Includes material released as payment-in-kind for upgrading. 
3 Less than % unit. 

| 457
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Table 2.—Salient tantalum statistics 

(Thousand pounds) 

| 1966 1967 1968 1969 1970 

United States: . | | 
Mine production of columbium-tantalum concentrates _ _ - -- WwW WwW WwW Ww WwW 
Releases from Government stocks (Ta content) !2_________ 634 307 163 171 100 
Consumption of concentrate: Tantalum metal contained in 

all raw materials consumed (Ta content) !__.....------. 1,392 1,780 1,060 928 1,733 
Production of primary products: 

Tantalum metal (Ta content)__._____....--.-------. 1,064 1,021 692 1,046 916 
Ferrocolumbium and ferrotantalum-columbium (Cb + ; 

Ta content)____..-_...._..._____..---------.---. 3,664 1,960 2,380: 2,554 1,430 
Consumption of primary products: Tantalum metal (Ta 

content)___.._..--.-_..--------__------------------- 493 443 423 751 417 
Ferrocolumbium and ferrotantalum-columbium (Cb + 

Ta content)__---_-__--__ 2 eee. «62,697 3,192 3,094 3,328 2,591 
Exports: 

Tantalum ore and concentrate (gross weight) __.------ 163 15 65 | 85 122 
Tantalum metal, compounds, and alloys (gross weight) - 35 59 106 124 640 
Tantalum and tantalum alloy powder (Ta content) ___- 51 51 84 . 100 139 

Imports for consumption: 
Tantalum mineral concentrates (gross weight)..._.__-.. 2,148 1,675 1,230 975 1,046 
Tantalum metal and tantalum-bearing alloys (Ta . 

content)... --_-. eee 48 55 18 11 51 
World: Production of columbium-tantalum concentrates (gross . 

weight). __-------------------------------------------- 23,031 20,551 23,857 34,557 43,898 

W Withheld to avoid disclosing individual company confidential data. 
1 Includes tantalum content in raw materials from which tantalum is not recovered. 
2 Includes material released as payment-in-kind for upgrading. 

Table 3.—Columbium and tantalum materials in Government inventories 
| as of Dec. 31, 1970 . 

(Thousand pounds, columbium and tantalum content) _ 

National . Defense - Supple- 
Material Objective (strategic) Production mental Total 

stockpile Act (DPA) stockpile 
inventory 

COLUMBIUM 

Concentrates_______.____-..-___-_----. ---------- 7,445 1,683 358 9,486 | 
Carbide powder: Stockpile grade____.___ 20 7 21 
Ferrocolumbium: 

Stockpile grade___..._......__----- 930 192 ___L eee Lee 192 
Nonstockpile grade___..__....--... ~.-. uuu. 788 ee Lee 738 

Metal: Stockpile grade___..______._.--_ 45 re 45 
Oxide powder: Stockpile___.........._.. .-_-_- - - 86 _-LuuLeee tLe eee . 86 

TANTALUM | | 

Tantalum minerals: Stockpile grade______ 2,947 3,151 762 6 3,919 
Carbide powder: Stockpile grade________ 27 29 _.__euuee Lue eee 29 
Metal: Stockpile grade__.._-___-------- 360 201 ----------) ---------- 201 

$1.39 per pound of the mixed oxides. The The companies that purchased colum- 
total value of these sales amounted to  bium and tantalum concentrate from GSA 

$1,242,480. during 1970 are listed below. 

Pounds of Approximate Approximate 
Company combined columbium tantalum 

pentoxides content content 
(Cb205 + Ta2Os) (pounds of Cb) (pounds of Ta) 

Kawecki Berylco Industries, Inc__._..__.____-..___- 95,263 57,682 10,437 
Kennametal, Inc__________._-.-__-__-_----------- 205,148 134,668 10, 223 
Norton Company___._..-_------------------------ 47,426 28,562 5,276 
Metada Metals and Chemicals Ltd____.___________-_ 52,995 36,197 990 
Philipp Brothers Division of Engelhard Minerals and 

Chemicals Corp. ...---------------------------- 102 ,685 63,691 9,443 
South American Minerals and Merchandising Corp. 

(SAMINCORP)_-___.._---_--------------------- 293 ,619 174,645 35, 843 
Socomet Inc_________.--_-____-----__----_------- 76,109 47,581 6,647 
Stainless Processing Co__._.......-.------.-------- 11,565 7,915 197 
Teledyne Wah Chang Albany ____.---_.-_-_-------- 119,405 | 65, 807 20,688
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DOMESTIC PRODUCTION 

- Domestic mining activity was insignifi- loys were produced by the thermite process . 
cant during the year. One company re- by the Kawecki Division of Kawecki Ber- 
ported shipment of small quantities of co- ylco Industries, Inc. (formerly Kawecki 
lumbium-tantalum specimen crystals. Chemical Co.), Reading Alloys Co., Inc., 

_ Production of columbium metal powder and Shieldalloy Corp. Molybdenum Corpo- 
increased 79 percent in 1970, but data con- ration of America (Molycorp.) Union Car- 

. tinued to be withheld to avoid disclosing pide Corp., and the Metallurgical Products = 
mewvicual beet any confidential data. P rO- Division of Foote Mineral Co. produced 
uction OF colum dium metal ingot in- these ferroalloys in electric furnaces. creased during the year, but again specific . . . . : . Kawecki Berylco Industries installed a information was withheld. Production of le 60-inch, four-hich . ‘HL j 

tantalum metal powder (including capaci. Y€TSatle Oenen, rour-igh reversing emma tor-grade powder) decreased 12 percent to _ its Reading, Pa., plant. The new mill rolls 
458 tons in 1970; production of tantalum tantalum into sheets 4-14 feet wide. One of 
metal ingot increased 57 percent to 210 the striking technica] feature of the new 
tons. mill was that it operates as either a hot 
Ferrocolumbium, _ferrotantalum-colum- mill for beryllium or a cold mill for tan- 

bium, and /or columbium-base master al- talum and other special metals. 

Table 4.~Major domestic columbium and tantalum processing and producing companies 
in 1970 

Colum- Tanta- Tanta- Ferro- 
Company Loeation bium jum lum colum- 

carbide bium 
tne 

Fansteel Inc. __.._______.____._._. Muskogee, Okla__..______ x x weet Cee eee General Electric Co__.________.__..______ Euclid, Ohio..-.--_----- 2 Lee x eonee- pene ee Kawecki Division, Kawecki Beryleo Indus- 
tries, Inc______.--_ eee Boyertown, Pa_.__.__.... X x x x Kennametal, Inc__._._.__.__........____. Latrobe, Pa______________ x >: x ~o--ee Mallinckrodt Chemical Works.__.________ St. Louis, Mo_.._._._.__..  X x ween pe eee Mining and Metals Division, Union Carbide Niagara Falls, N.Y___.___) x xX x Corp_-____.-_---_--_-__ Marietta, Ohio___._______f wT " Molybdenum Corporation of America______ Washington, Pa_.___...... xX wenee ee fee x Metals Division, Norton Co_____________. Newton, Mass____.______ x x wane ne te eeee Reading Alloys Co., Inc___.__......______ Robesonia, Pa____....._.. X ween Lee ee x Shieldalloy Corp________________._______ Newfield, N.J_._._..._.. X Xx x x Metallurgical Products Division, Foote Vaneoram, Ohio_________ } x Mineral Co.______.__.______.... Exton, Pa_____.________. TTT sate enna Wah Chang Albany (A Teledyne Company). Albany, Oreg__..___...... X x x ------ 

LL 

CONSUMPTION AND USES , 

Columbium consumption in the form of alloys (32 percent), superalloys (18 per- 
high-purity metal totaled 260,532 pounds, cen t), carbon steels (27 percent), and 
an increase of 45 percent over the total for stainless and hea t-resisting steels (20 per- 
1969. Tantalum metal (including capaci- cent) . 
tor-grade powder) . consumed during the Consumption of  ferrotantalum-colum- 
year decreased 45 percent and totaled piym (FeTa-Cb) continued to be small 416,620 pounds. . and amounted to about 3 percent of the 

_ Use of cormbium at ferroalloy addi- total. FeCb plus FeTa-Cb consumption, 
proximately 90 percent of the metal con- 1969. Th . : . 9. € major uses of ferrotantalum-co- sumed. Total consumption of columbium lumbj in 1970 ‘nth lucti f 
plus tantalum in ferroalloys decreased to tm tum im were um © production oO 2.6 million pounds compared with the ‘Stainless and heat-resisting steel (67 per- 
1969 consumption figures of 3.3 million cent), carbon steels (15 percent) ,» and un- 
pounds. Domestic consumption of ferroco- Specified (15 percent). Additional data on 
lumbium  (FeCb) during the year, by  ferrocolumbium and _ ferrotantalum-colum- 
major use categories, was as follows: Alloy bium are contained in the “Ferroalloy” 
steel other than stainless and heat-resisting chapter.
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Table 5.—Reported shipments of columbium and tantalum materials 

| (Pounds of metal content) . 

owt Percent 
Material - 1969 1970 © change 

Columbium products: _ / a 

Compounds, including alloys_-.-..-.----------------------- 1,651,750 1,098,600 —33.5 

Metal, including worked products__-___--------------------- 109, 898 208,600 | +85.3 

All other__.____.-----------------------+----
---------------- 4,700 15,600 +231.9 

Total Cb_......---_---------------------------
-------- 1,766,348 1,317,800 —25.4 

Tantalum products: 
Oxides and salts__.-.--------------------------------

----- 57,400 90 , 200 +57.1 

Alloy additive__.--.----------------------------
---------- 13, 700 ~ 28,200 +105.8 

Carbide___.__._--------------------------
-----------+--- 174,300 145,600 —16.5 

Powder and anodes___________-_----------------------
---- 474,742 498 , 700 +5.0 

Ingot (unworked consolidated metal) -_--------------------- 21,600 54,400 +151.9 

Mill products__.....-.------------------------
----------- 206,035 213,300 43.5 0° 

Serap_-._____----------------------------
---------------- 37,000 78,600 +112.4 

Other_.____-_----------------------------------
--------- ----------- 9,200 ___.----- 

Total Ta___..-_--------------------------------
-------- 984,777 1,118,200 +13.5 

. General Technologics Corp., a subsidiary gas infiltration. The advantage of chemical 

of Cities Service Co., acquired exclusive li- vapor depositing of metal as opposed to 

cense for Union Carbide Corp.’s patented electroplating was the ability of the vapor 

electrodeposition process for the refractory process to evenly coat variable geometric | 

metal tantalum. The process was available surfaces. 

under the trade name “Matalating.” 

t L he cat wes e Ned a of ae Table 6.—Consumption of ferrocolumbium, 

aker Corporation developed a muitittia- ferrotantalum-columbium, and other 

ment superconducting wire that will qual- = columbium and tantalum materials in the 

ify for such commercial applications as United States by end use, 1970 

electric power generation and distribution.  —.._SSSSSSSSSeeFessSSSSEOeeFeFeeee 

The new wire consists of many continuous End Pounds of 
. . . os . nd use containe 

filaments of columbium-tin distributed in : columbium 

a copper matrix. plus tantalum 
r ° s ° e

e
 

| The Advanced Structures Division of steel: 

Fansteel Inc. announced development of Carbon. —- rosizodaline oon 0" 621 
. : ainiess an eat-resisting.._..-- ’ 

chemical vapor deposited tantalum _ther- Alloy. (excludes stainless and heat- 

mowells with an integral hexagon-shaped resisting).._.---------------- 829,416 
Al f . h hemical . Superalloys___..-.------------- 472,321 

ange for use in the chemical process IM- = Alloys (excludes alloy steels and super- 

dustries. The thin layer of pure tantalum alloys) ---------------.----------- 36,370 
. . . Miscellaneous and unspecified !____..-- 24,793 

metal is deposited by the chemical vapor Te 

and forms an impenetrable surface on steel Total__..-------------------- 2,590,528 

thermowells that resist physical damage or 1 Includes tool steel. 

: STOCKS 

The following yearend columbium and Stocks of columbium and tantalum raw 

tantalum materials (given in pounds) materials, as reported by consumers and 

were reported in inventories: dealers at yearend 1970, were as follows 

(in short tons—1969 figures in par- 

Material Dec al, Dec al, entheses): Columbite, 714 (432); Tantal- 
+ ° ° 

—.nUMU COCs 1,461 (2,147); pyrochlore, 767 (392) ; 

Primary metal__.-.--------- 46,451 71,200 tin slag, 31,055 (30,397); and other, 172 

Ingot__._------------------ 40,845 34,581 (226) 

Serap_--------------------- 122, 182 i ong ane , 

Oxide____.__-------------- 712,95 ,076,671 ; ; i 
Oxide. - apounds 22222. 20788 5581352 Consumer inventories of ferrocolumbium 

TANTALUM and ferrotantalum-columbium as of De- 

Primary metal_____--------- _ 92,233 244,622 hy . 

Capacitor-grade powder - - - - 123,595 157, 702 cember 31, 1970, were as follows (with 

Ingot_..._.._.--.------------ 89,067 114,279 1969 yearend stocks in parentheses) : Ferro- 

Serap-----------------77-77 fp! 3e3 168,895 columbium, 820,458 pounds contained co- 
Potassium tantalum fluoride i 4 9): and fer- 

(KoTaF;)___------------- 138,779 251,591 Jumbium plus tantalum (8 9,18 ) ; 

Other compounds_____------ _ 48,346 41.857 rotantalum-columbium, 17,108 pounds
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contained columbium_ plus_ tantalum  bium at yearend 1970 were 852,000 pounds 
(15,736). Producer stocks of ferrocolum- contained Cb (658,000) . 

PRICES 

Prices for columbite ores, as reported by points, at the beginning of the year were 
Metals Week, decreased during the year. as follows: Low alloy, standard grades, 
Columbite ore, c.f. U.S. ports decreased $2.65 to $3.52; high-purity grades, $4.28 to 

from $1.12-$1.17 per pound of contained $5.53. Quotation at yearend increased to 

pentoxides for material having a Cb,05 to  $2.85-$4.12 for the low-alloy grades and to. oo 

Ta2Os5 ratio of 10 to 1 at the beginning of $4.79-$6.76 for the high-purity grades. 

1970 to $1-$1.05 per pound at yearend. Early in January the price of tantalum 
Long-term contracts were negotiated and metal was quoted at $26-$36 per pounds 

no quotations were published. During the for powder, $36-$60 per pound for sheet, 
year, the quoted price of Brazilian pyro- and $36-$50 per pound for rod. From mid- 
chlore concentrate, f.o.b. shipping point, in- January to yearend the prices were then 
creased from $0.955 to $1.15 per pound of quoted at $28.50-$38.50 for powder, $36-$60 

| Cb205. The price of Canadian pyrochlore for sheet, and $36-$50 for rod. . 

concentrate, f.o.b. mine or mill, increased Throughout the year the price of colum- 

from $1-$1.05 per pound to $1.15-$1.20. bium metal remained unchanged. Colum- 
The price for tantalite ore and concen-  bium powder roundels, 99.5 to 99.8 percent 
trate, 60-percent basis, remained constant purity, was quoted $11 to $22 per pound 
during the year at $6.75-$7.50 per pound for metallurgical-grade material. Colum- 
TagOs, c.if. U.S. ports. | bium ingots were quoted at $16 to $27 per 

The price quotations of various grades pound for metallurgical-grade material, and 
of ferrocolumbium per pound of colum- at $17.50 to $28 per pound for reactor- 

- bium content, ton lots, f.o.b. shipping grade material. 

Table 7.—Average grade of concentrate received by U.S. consumers and dealers in 1970 
by country of origin 

(Percent of contained pentoxides) 

Country ———-- 
Cbh205 Ta2O5 Ratio Ta20s Cb205 , 

Argentina. _______.2- eee 52 12 43:1 _- eee Le 
Australia_......-..---- ee eee Lee eee Lee eee 42 26 . 
Belgium ._.._.-_....--.-_.-- eee eee Lee LLL Lee 45 25 
Brazil }2...... 2... -.-..---2 eee eee ee 60 3 200:1 17 2 
Burundi___________ eee eee Lee Lee eee Lee 33 42 
Canada 2__________________ ee 52 .099 53:1 33 26 
Congo (Kinshasa)____.......____---- eee Le eee Lee 35 34 
Malaysia___._____... 2-2 eee 62 16 3.9:1 40 44 
Mozambique.___._______.__~____-__---_-_-------- ee ee eee Lee 63 18 
Nigeria !}______ eee eee 65 7 93:1 16 20 
Norway_______--.-2--_-_---_- eee eee eee eee eee eee 10 51 
Portugal_____.2_--- eee eee eee Leelee LLL -eee 35 39 
Rwanda_________._.- eee 64 15 4.3:1 31 43 
Spain_____...------ eee eee eee eee 37 38 

1 Excludes tin slag. 
2 Material reported from Brazil or Canada as columbite represents primarily pyrochlore. 

FOREIGN TRADE 

Most of the columbium and tantalum cent). Tantalum and tantalum alloy pow- 

exports were shipped to Western Europe, der, the largest value item, was exported 

Japan, and Italy. The largest item by vol- primarily to West Germany (30 percent), 

ume, unwrought tantalum and tantalum al- the United Kingdom (27 percent), Japan 

loys in crude form and scrap, were ex- (21 percent) , France (10 percent), and the 

ported primarily to West Germany (65 Netherlands (5 percent). Wrought tan- 

percent), Italy (17 percent), the United  talum and tantalum alloys, which was the 

Kingdom (9 percent), and Japan (6 per- smallest tantalum item by volume, were
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Table 8.—U.S. exports of columbium and tantalum, by classes 
(Thousand pounds, gross weight, and thousand dollars) 
a 

1969 1970 
Class ee 

Quantity Value Quantity Value 

Columbium and columbium alloys, unwrought, and waste and 
scrap __.-----------.---------------------------------- 5 $94 38 $153 — 

Columbium and columbium alloys, wrought_______.______--- 36 507 8 409 
Tantalum ores and concentrates__..........---------------- 85 357 122 422 
Tantalum and tantalum alloys, wrought_____.__...___-_----- 29 1,391 31 1,461 
Tantalum metals and alloys in crude form and scrap____.____- 95 904 609 2,001 
Tantalum and tantalum alloy powder________...-.-.._------ 100 2,952 139 4,367 

exported primarily to Belgium-Luxem- United Kingdom. Imports for consump tion 
bourg (39 percent), Japan (16 percent); of unwrought tantalum metal, including 
France (14 percent), West Germany (7 waste and scrap, increased by a factor of 
percent) , and the United Kingdom (7 per- 4.7 during the year and totaled 51,386 
cent). Tantalum ore and concentrate, be- pounds valued at $479,685. This material 

lieved not to be of domestic origin, was was imported primarily from the United 
shipped to West Germany (46 percent), Kingdom (66 percent), Mexico (22 per- 
Japan (30 percent), the United Kingdom cent), and the Netherlands (5 percent). 
(14 percent) , and Austria (10 percent) . Imports of unwrought tantalum alloy, all 
Imports for consumption of unwrought from West Germany, decreased by a factor 

columbium metal, waste, and scrap, in- of 2.8 and totaled 20 pounds valued at 
creased by a factor of almost 24 and to- $700. Imports of wrought tantalum, all 

taled 1,553 pounds valued at $7,135. This from Japan, increased by a factor of 5.5 and 
material was imported primarily from totaled 22 pounds valued at $818 in 1970 
Japan (52 percent), the Netherlands (32 

P ercent) , ane West oe Sooty ° percent) i Table 9.—Receipts of tin slags reported. 
mports of unwrought columbium meta by consumers 

alloys were reported to total only 217 Th 4 ds 
pounds, columbium content, primarily from (Thousand pounds) 
the United Kingdom, and were valued at ye eae 

| $12,477. This represented a_ significant ear weight content content 
change from the 5,119 pounds valued at joe 8IBS~C<aDORS~*«a WT 
$7,823 reported in 1969. A small quantity j9gg°°---7"""""" 8° 709 BAL 510 

of wrought columbium, totaling 7 pounds 1969.----.------ 8,327 649 4538 | 
: 1970___.-..----- 10,275 713 573 

and valued at $1,011, was received from the . 

Table 10.—U.S. imports for consumption of columbium-mineral concentrates, by countries 
(Thousand pounds and thousand dollars) a | 

. 1968 1969 1970 
Country > 

Quantity Value Quantity Value Quantity Value 
on 
Angola____._._-_____..2--- +--+ ---- 83 $94 22 $42 19 $47 
Argentina_.____.__._-.------..------- 2 6 _-------) Leu eeee 8 14 
Belgium-Luxembourg !____.....-------. -------- -+-------- 41 | 72 37 68 
Brazil____...-.----------------------- 2,163 1,348 2,462 1,440 3,312 2,430 
Burundi-Rwanda____..-.-------------- 8 12 48 62 21 38 
Canada_-_-_--------------------------- 295 157 920 473 1,271 669 
Congo (Kinshasa)____.....-.----------- 207 542 90 182 143 282 
Gabon. ---__-------------------------- 7 4 LLuneee- fee eee weno eee + +--+ --- 
Germany, West_________....-___------_ --------  -------- 0 -------- ) -------- 7 23 
Kenya_._-----------------~---------- 6 6 wL-eee ee fete eee ee eee eee eee eee 
Malaysia_-._.------------------------ 133 122 59 49 104 103 
Mozambique__._________....---------- 18 34 4 7 10 19 
Netherlands !_________-..-------------- 13 19 69 48 _._--.-- -------- 
Nigeria_-_-.__------------------------ 737 431 423 267 682 478 
Portugal_____._____.---.-------------- 16 30) ___----- ) -------- 32 75 
Rhodesia, Southern___.....--.-.------ 3 Wo _eee eee eee Lee ne ee eee 
Singapore_____._...------------------ --------  --------  --------  -------- 19 21 
Spain_.-.-..-...--------------------- 9 26 20 387) __Lu----) -------- 
Uganda. ____._____------------------- q 6 3 2 4 3 
United Kingdom_______._-----..------ --------  -------- 0 -------- ) -------- 50 75 

Total___..--.------------------ 3,657 2, 848 4,161 2,681 5,719 4,345 
nS NSE 

1 Presumably country of transshipment rather than original source.
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Table 11.—U.S. imports for consumption of tantalum-mineral concentrates, by countries 
(Thousand pounds and thousand dollars) . 

1968 1969 1970 
Country > 

Quantity Value Quantity Value Quantity Value 
ee 

Argentina. —_. 2-2-2 7 $250 -oe eee LLL ee 2. $10 
Australia__.-.-.2 222 eee 71 247 75 $170 13 31 
Belgium-Luxembourg !_________________ 15 42 30 97 17 42 
Brazil___..----_-_2 ee 342 1,472 253 767 178 624 
Burundi-Rwanda____..___-_-_-_-_-___-_-_- 62 144 31 47 31 58 
Cameroon -_-_-_-._-__---- eee eee eee eee ee eee eee 4 12 

ce Canada... 2.22222 le lel ee ce eee ec lel eeletle Leet 0 2200-95 77 ~ J,7240 0 —— 
Congo (Kinshasa) ____._.__.------.---- 242 845 179 394 222 521 
Cyprus-_-_-__---- 222-2 eee 1 Lo ieee ee eee eee LeeLee 
French Guiana_________-.------------- se eee eee eee eee 2 6 
Germany, West_______________________ 22 108 -ee eee eee eee LLL Lee 
Japan_._.-------~------2------- eee e eee eee eee eee — 6 8 
Kenya__._--.--2 eee 5 9 Lele eee eee eee Lee Lee ee 
Malaysia.__._._--_. 22 - ee eee 15 10 25 15 Loe eee Lee 
Mozambique___-___ ~~ 306 869 TT 850 ole eee LLL Le 
Netherlands 1.2.22 eee 41 65 ------ ee eee eee eee eee Lente 
Nigeria___.-.......-.- 2-2 ~~~ eee 20 77 8 23 4 10 
Portugal____.___2 ee 24 TT ieee Lee 10 22 
Rhodesia, Southern___.__._.--..--_____ 17 ee 
South Africa, Republic of_-_--.-.--__-__- 14 25 19 86 _----e ee Leen eee 
Spain. __..-.--- 22. 2-2-2 ee 14 30 27 40 52 105 
Tanzania___..-...-2- 22. eee LeeLee Lee 9 22 Ween teen 
Thailand_______._-.- eee LeeLee 22 40) wneeee ee nena neee 
Uganda__________ el 12 AQT Lo ne eee nee ee 
United Kingdom_ _..2 22 ese eee eee eee 22 45 
Western Africa, n.e.c...-- eee eee eee Lee 7 13 

Total... 2-2 ee 1,230 4,164 975 3,196 1,046 3,231 
TT LCCC A A FRET ee Pen Ce PCPS ests 

1 Presumably country of transshipment rather than country of origin, 

, Table 12.—U.S. import duties | 

Tariff Rate of duty per pound ! 
classification Article —_ 

number Effective Jan. 1, 1970 Effective Jan. 1, 1971 
TTC A AT A EC ees fhe 

601.21 Columbium concentrate___.._..... Free___.__..._..___.__.._ Free. 
601 .42 Tantalum concentrate_..._....... .._.do____-_-_._--________ Da. 
607.80 Ferrocolumbium and ferro- 

tantalum-columbium______..... 7 percent ad valorem___.__ 6 percent ad valorem. 
. Columbium: = 

628.15 Unwrought, waste, scrap._... ....do____.____..___._ oe Do. 
628 .20 Wrought. __.____.-_.-.---.. 12.5 percent ad valorem____ 10.5 percent ad valorem. 

. 628.17 Unwrought Cb alloys._.._.._ 10 percent ad valorem___._ 9 percent ad valorem. 
- - Tantalum: 

629.05 Unwrought, waste, scrap__... 7 percent ad valorem______ 6 percent ad valorem. 
629.10 Wrought____...._.....__.-. 12.5 percent ad valorem____ 10.5 percent ad valorem. . 
629 .07 Unwrought Ta alloys._._..._ 10 percent ad valorem_.__._ 9 percent ad valorem. 
423 .00 Columbium and tantalum 

chemicals.._..__.._..--------. 7 percent ad valorem______ 6 percent ad valorem. 
meena nee TS AS ST SA spp PE = SPT rl iP SSPE 

1 Not applicable to Communist countries. 

WORLD REVIEW 

Australia—The Tantalum Mining Cor- num Corporation of America, continued to 

poration of Canada Ltd. (TMCC) ac-_ be the world’s largest producer of colum- 

quired a 70-percent interest in the Gold- bium. 

rim Mining tantalum prospects in Western Mining by CBMM continues to be a 
Australia where a zone of mineralization simple process of removing by bulldozer a 
1,000 to 2,000 feet long has been outlined _ thin soil cover over the widespread deposit 
on the Wodgina deposit.2 of 3.5 percent Cb2O5 ore. The ore is then 

Brazil.—During 1970 Brazil maintained pushed to a stockpile where front-end 
its standing as the major world producer loaders load the ore on trucks that haul it 

of columbium minerals. Companhia Brasi- a short distance to the mill. 
leira de Metalurgia e Mineracao (CBMM), VT AR. Columbi (Niobium) and T 

‘ . ?'Tron, A.R. Columbium iobium) an an- 
which is 33 percent owned by Molybde- talum. Min, Ann, Rev. June 1970, p. 81.
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| The CBMM ferroalloy plant adjoining ing operation in which the company can 

| the mine uses four refractory-lined open- earn. a working interest of 50 percent by 

ended pots placed on sand to produce fer- the expenditure of $1,400,000. 

rocolumbium and the columbium content It was reported that a production deci- / 

of the ferrocolumbium varies from 40 to sion for the James Bay columbium deposit 

65 percent depending upon customer re- may be expected some time in 1971. At 

quirements. | the present time, Imperial Oil Enterprises 

Canada.—St. Lawrence Columbium and _ has a 60-percent interest in the project, 

Metals Corp. produced pyrochlore concen- and Con solidated Morrison Explorations 

trates from its underground mining opera- Ltd. holds 25.9 percent. 

tions and mill facilities near Oka, Quebec, Lawsuits and counterlawsuits between 

and continued to be Canada’s sole colum- the co-owners, Goldfield Corporation of New 

bium producer. The combined mining and. York and Chemalloy Minerals Ltd. of To- 

milling operation in fiscal 1970 (ended  ronto, resulted in receivership of the only 

Sept. 30, 1970) resulted in milling 724,345 commercial tantalum mine in North Amer- 

tons of ore that yielded 4,886,957 pounds ica and almost led to the closing of the 

of columbium pentoxide, an increase of mine. Chemalloy Minerals Ltd. of Toronto 

60 percent over the 3,059,000 pounds pro- _ recen tly purchased the Goldfield Corpora- : 

duced in fiscal 1969. tion’s 60 percent share of the Mani toba- 

Studies conducted at the Quebec Depart- based producing company, Tantalum Min- 

ment of Mines and the Lakefield Research ing Corporation of Canada Ltd., in which 

Laboratories in Toronto indicate that a_ it already held 40 percent. 

salable pyrochlore concentrate can be Congo (Kinshasa).—The Belgian Com- | 

produced from an ore deposit located in pany, Compagnie Géologique et Miniere 

the Lake St. John area about 150 miles des Ingénieurs et Industriels Belges — 

from Quebec City. Copperfields Mining (GEOMINES) was reorganized at the re- 

Corp. Ltd. reported that ample reserves quest of the Congolese Government. A new 

exist in the deposit for supporting a min- firm, Congo-Etain, was formed; it is 50 | 

Table 13.—Columbium and tantalum: Mineral concentrates production, by countries } ° 

(Pounds, gross weight) 
, | 

1968 1969 1970 > 

Country 3 a 
Columbium Tantalum Columbium Tantalum Columbium Tantalum SED 

Argentina. ___._...--.--------- 14,012,408 8,560,461 NA 

Australia.._.....--------------: 231,134 | e 95,000 NA 
Brazil: 

Columbite-tantalite 4_.____-- 138,428 598,828 152,119 448,023 NA NA 

Pyrochlore....._.--.-.------ 11,020,895 -__----- 19,098,623  ._...-.. 29,288,377 --------- 

Canada: 
Pyrochlore ¢____._.-_------. "4,868,000 -------- 6,829,000 -.-_-... 9,838,000 _-.-..---- 

Tantalite °._...._.___-_-_--_ ---------- 0 -eneenee we eee eee e- 245,850 ---------- 594 ,300 

Congo (Kinshasa) 5____.-----~--- 249 ,122 183 ,645 322,512 

Ivory Coast. ___..----.-------- 1,393 465 NA 

Malagasy Republic. __._-------- 2,985 oo eee eee eee eee eee nee nee ee eee een nnee 

Malaysia______...------------- 114,199 e 132,000 NA 

Mozambique: 
Columbite-tantalite_.______- 135,906 p 141,000 e 77,400 

Microlite._.._.__.-__------ ---------- 199,875 -.-------- 182,000 -~-...-..- e 64,800 

Nigeria__........-------------- 2,527,817 25,1383 3,840,065 13,351 3,564,221 9,744 

Portugal____------------------ 26,455 e 20,900 6,614 

Rwanda_._.-_----------------- 61,729 48 , 502 NA . 

South Africa, Republic of......-- ---------- 89,683 _.._.----- 8,818 ____.--.-- 6,614 

Thailand__._-.---------------- 88,185 57 ,320 125,663 

Uganda_____.-..-------------- 19,842 NA NA 

Total 6......------------ _* 28,856,517 | 34,557,142 43,898,245 
nce 

e Estimate. p Preliminary. r Revised. NA Not available. 
1 Excludes columbium and tantalum-bearing tin slag. 
2 When the content of neither Cb2Os nor Ta20; predominates, or when insufficient identification is available, 

the production figure is given in the center column under each year. 

3 Columbium and tantalum mineral concentrates are also produced in Spain, South-West Africa, Southern 

Rhodesia and the U.S.S.R., but quantitative data are not available. 

4 Exports. 
5 In addition, some columbite-tantalite may occur as a component of tin-concentrates produced but no data 

are available on columbite-tantalite content. 
6 Total is of listed figures in all three columns under each year.
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percent owned by the Congolese Govern- were Bisichi Tin Co. Ltd., Jantor Ltd., ment and 50 percent by GEOMINES. and Tin and Associated Minerals Ltd. 
Under the terms of the reorganization, These companies produced 68 percent of 
GEOMINES provides management, person- the 3.3 million pounds of columbite pro- 
nel recruitment and marketing services to duced in 1969. Nigerian columbite ac- 
the new firm. a counted for about 12 percent of the 
Mozambique—In 1969 Mozambique’s — worid’s columbite production in 1970. production of tantalite and microlite was Rhodesia, Southern.—Kamativi Tin Mines 

reported to be 71 and 91 tons, respectively. Lid. a Rh odesian organization i hich a _ ‘The main pegmatite deposits, which have 7 Sanization “in wae Pesmarite deposits, the Dutch company, N.V. Billiton Maat- been the source of Mozambique’s tantalum . Ys oot 
ores (columbo-tantalite) , occur in the Alto  Shappij, holds controlling interest has been Ligonha region. an important tin producer since the early 
Nigeria.—Columbium continued to be 1950’s. The company also recovers colum- 

recovered almost exclusively as a coproduct _bite-tantalite from pegmatites. Reported 
of tin mining. The major columbite-pro- ore ratios average approximately 30 percent 
ducing companies in Nigeria during 1969 Cb2Os to 70 percent Ta Os. 

: TECHNOLOGY 

Studies of columbium refactory metal al- Kawecki Berylco Industries, Inc., devel- 
loys were continued by the Bureau of oped a new tantalum powder for capacitor 
Mines. The effects of hafnium, tungsten, applications.6 The new Type R_ powder 
and boron on the formability, strength, can be produced in unlimited quantities. 
and oxidation resistance of columbium A survey of the thermophysical and me- 
were studied. Elements influencing the chanical properties of the T-1lll  (tan- 
Strength and oxidation of columbium were talum-8 tungsten-2 hafnium) alloy was 
determined to be hafnium and _ tungsten. made.7 Owing to the excellent welding 
Boron additions cause the alloys to oxi- characteristics of the alloy and its resist- 
dize more readily and do not significantly ance to alkali-metal corrosion up _ to improve the strength or formability of the 2300° F, it was concluded that the alloy 
columbium alloys. was a prime candidate for advanced space 

A new alloy steel called Armco 1-F steel power applications. 
was developed by the Armco Steel Corp.+ A new thermomechanical process was de- 
The columbium used in the new steel ties veloped by Battelle-Northwest that greatly 
up the carbon and nitrogen in the intersti- improves the tensile strength and the 
tial lattice positions of the ferrite matrix, creep-rupture properties of stainless steels 
thereby eliminating aging caused by nitro- and __nickel-base alloys at high tem- 
gen in cold-worked sheet steel and pre- peratures. Yield strengths with good 
venting discontinuous deformation due to ductility up to 65,000 psi at 1292° F, 25,000 
the carbon content. Armco I-F steel was 
available in limited quantities for evalua-e §=—\-——_ 
tion studies. 3 Babitzke, H. R., L. L. Oden, and H. J. 

Kelly. Columbium Alloy Development With A new trade organization, Refractory Boron, Hafnium, and Tungsten. BuMines Rept. 

and Reactive Metals Association (RRMA) , Materials Engineering: More Formable Draw- was formed. The organization represents ing-Quality Carbon Steel. V. 72, No. 7, December 

companies manufacturing refractory and MS American Metal Market. New Trade Asso- reactive metals and products by powder ciation Formed for Refractory, Reactive Metals. V. 
metallurgy processing techniques.5 The as- 77; No. 234, Dec. 9, 1970, p. 1. Metals Week, Elsewhere In the News. V. 42, sociation will be concerned with the pro- No. 13, Mar. 29, 1971, p. 8. -_ 
motion of industry products, research and surveg oe cor aul Sof Tlie Tanta nS 
education, collecting and disseminating Tungsten-2 Hafnium). Lewis Research Center, 
economic, marketing, and technical infor- Cleveland, OD Fone tg Ps, a eegumistration, 
mation, and dealing with Government 8 American Metal Market. Columbium Boosts 

. Strength of Nickel Base Alloys. V. 77, No. 52, agencies. 
Mar. 8, 1970, p. 21.
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| psi at 1800° F and 14,000 psi at 2000° F may _ lives of more than 1,000 hours may be ob- 

be obtained with columbium-stabilized aus- tained. This is equal to a 35-fold increase 

tenitic stainless steels. Creep rates of less over that of AISI-347 stainless steel and a | 

than 0.0002 percent per hour at 40,000 psi 10-fold increase over Hastelloy-X under 

| and 1200° F may be achieved and rupture- the same list conditions.



; A 

Copper 

By Harold J. Schroeder 1 and John W. Cole? | 

World mine production of copper Council of Economic Advisors, was formed 
achieved a record high for the third con- to implement the assignment. 
secutive year. Expansion programs and new The study was undertaken because of an | 
developments were in evidence in many apparent malfunctioning of the copper 
countries. market as evidenced by a sharp price rise, 
The domestic copper industry experi- existence of a dual pricing system, and the 

enced a record high production, reduced failure of supply to keep pace with de- 
consumption, an increase in copper stocks, mand. The subcommittee proceeded in its 
and a significant increase in exports of investigation by obtaining background. re- 
copper in concentrates. Considerable ex- ports from a number of government agen- , 
pansion of world copper productive capac- cies and by informal interviews with pro- — 
ity, coupled with reduced demand-in the ducers, fabricators, and merchants. ~ 
United States elsewhere during the ‘year, Findings and _ conclusions ‘of the 
resulted in a dramatic reversal in copper subcommittee were released in a report 
markets, from one of short supply to one dated May 18, 1970. From a study of the 
of surplus supply. This reversal was re- supply-demand-price relationships, a num- 
flected in a price increase in April fol- ber of factors were identified as obstacles 

_ lowed by price reductions in October and to the expansion of domestic primary pro- | 
December. The improved supply situation duction capacity. These included a decline 
led to removal in September of export in ore grade without compensating ad- 
controls imposed in 1965. vances in technology, ecological constraints, 

Legislation and Government Programs. price uncertainties, and an absence of a 
_—The national stockpile on December 31, clearly defined national minerals policy. 

1970, contained 60,112 tons of oxygen-free, No recommendations were made, but alter- 
high-conductivity (OFHC) copper, 7,067 natives were listed with an objective to in- 
tons of copper in beryllium-copper master crease future supplies and to reduce inequi- 
alloy, and 193,288 tons of copper in ties and economic inefficiencies of the 
“other” classifications, for a total of 260,467 two-price system. | 
tons, 34 percent of the objective of 775,000 The listed alternatives were as follows: 
tons. (1) Accept continuance of the two-price 
The U.S. Office of Minerals Exploration system as long as the market imbalance 

(OME) continued to offer up to 50-per- persists, but improve the equity of alloca- 
cent Government participation in the au- tion, (2) maintain essentially the present 
thorized cost of exploration for copper de- system, but make substantial supplies of 
posits. There were no contracts executed producer copper available to the open 
in 1970 that involved copper. market, (3) permit reverse-toll refining of 

On January 9, the President directed the copper-bearing ores, concentrates, and 
Cabinet Committee on Economic Policy to scrap; that is, nonrestricted exports of cop- 
make a study of market conditions and per raw materials to be refined abroad and 
pricing procedures in the U.S. copper in- returned to the United States, (4) initiate 
dustry, and to make recommendations a new domestic copper expansion program, 
about any needed action by the Govern- (5) promote exploration, extraction, and 
ment. A subcommittee, composed of repre- processing by providing appropriate incen- 
sentatives from several Government cabinet __ tives. 
departments and offices, and chaired by 2 Phuscal scienti ok £ Nont Met 
Hendrik S. Houthakker, a member of the als. ysical scientist, Division of Nonferrous Met- 

467
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Short-supply export controls imposed in the year, reduced to 13 percent in August, 

1965 were in effect at the start of 1970. and eliminated, effective January 1, 1971. 

The annual export quota on refined cop- The excise tax on imported copper was 

per from domestic sources was 50,000 tons reduced to 1.1 cents per pound, effective 

and on scrap 60,000 tons of contained cop- January lI. This reduction was in accord 

per. However, in response to an improved with the Kennedy Round Trade Expansion 

supply situation, these controls were re- Act of 1962, designed to progressively re- 

moved in September 1970. duce the rate to 0.8 cent by 1972. Duties 

| Set-asides of refined copper for defense have been suspended by public laws from 

‘purposes were 14 percent at the start of 1966 to June 30, 1972. 

7 Table 1.—Salient copper statistics | 
innT sn a 

1966 1967 1968 1969 1970 

a eS 

United States: 
Ore produced__-__--thousand short tons_-_ 186 , 966 127 , 066 170,054 223 , 752 257, 729 

Average yield of copper, percent--__- — 0.67 0.63 0.60 0.60 0.59 . 

Primary (new) copper produced— 
From domestic ores, as reported by— 

Mines_.._..._..----short tons_._ 1,429,152 954,064 1,204,621 1,544,579 1,719,657 

Value. __.._..-thousands__ $1,033,850 $729,401 $1,008,195 $1,468,400 $1,984,484 

Smelters._._.....--short tons._ 1,429,863 841,343 1,234,724 1,547,496 1,605,265 

Percent of world total__...--- r25 r15 r 20 r 23 23 
| he nnn gE 

Refineries___._..---short tons_. 1,353,087 846,551 1,160,925 1,468,889 1,521,183 

From foreign ores, matte, etc., as re- 
ported by refineries___short tons_.- 357, 897 286,431 276,461 273 , 926 243,911 

a 
Total new refined, domestic and 

foreign___...------short tons_. 1,710,984 1,182,982 1,437,386 1, 742,815 1,765,094 

Secondary copper recovered from old 
E scrap only_.._.----------short tons_- 534, 860 482,659 520,772 574,890 504,071 

xports: 
Metallic copper. ._.---------do_--- 319,314 221,066 313, 741 241,254 273,577 

Refined. ____...------------do.--- 273,071 159 , 353 240, 745 200 , 269 221,211 

Imports, general: a 

Unmanufactured____--.-----do---. 594,704 649 , 227 709 ,975 413,860 392 , 480 

Refined. _._..---.----------do.._- 164,328 330,571 400,278 131,171 132,143 

Stocks Dec. 31: Producers: 
_ _ Refined. ___..--------------do.--- 43 ,000 27,000 48,000 39 , 000 130,000 

Blister and materials in solution 
, short tons. - 270,000 220 , 000 272 , 000 291,000 340 , 000 

OO 
Total. _....--.-----------do___- 313 , 000 247,000 320 , 000 330 , 000 470,000 

Withdrawals (apparent) from total supply 
on domestic account: 

Primary copper._....---short tons_._ 1,594,000 1,320,000 1,576,000 1,683,000 1,585,000 

Primary and old copper (old scrap 
only)_____------.----8hort tons__ 2,128,000 1,803,000 2,097,000 2,258,000 2,089,000 

w irice: Weighted average, cents per pound- 36.6 38.6 42.2 47.9 58 .2 

orid: 

Production: 
Mine...._.___..____._-short tons._ * 5,485,341 '5,224,361 5,640,921 6,212,998 6,566,643 

Smelter__........_..-------do____ * 5,708,899 * 5,582,801 6,050,822 6,621,556 6,863,947 

Price: London, average cents per pound _-_ 69.04 51.19 56.13 66.24 62.96 

a 

r Revised. 

DOMESTIC PRODUCTION 

PRIMARY COPPER ranked order. These six States accounted 
for 97 percent of the total production. 

Mine Production.—Domestic mine pro- Open pit mines accounted for 84 per- 

duction was 1.72 million tons, an increase cent of mine output, and underground 

of 11 percent and a record high quantity mines accounted for 16 percent. The pro- 

for the second consecutive year. Arizona duction of copper from dump and in-place 

was the leading State, with 53 percent of leaching, largely recovered by precipitation 

the total, followed by Utah, New Mexico, with iron, was 172,000 tons, or 10 percent 

Montana, Nevada, and Michigan, in of mine output. Total copper recovered by
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leaching methods was 245,000 tons, of Mines of the Phelps Dodge Corp., at 
which 210,000 tons was precipitated with Morenci, Ajo, and Bisbee, Ariz., and Ty- 
iron; 35,000 tons was electrowon. rone, N. Mex., produced 315,500 tons of. 

The Duval Sierrita mine in Arizona, op- copper, 10 percent above 1969, and a rec- 
erated by Duval Corp., a subsidiary of ord high for the second consecutive year. 
Pennzoil United Corp., was dedicated in The increased output reflects the first full 
June and achieved the scheduled produc- year of production at the new Tyrone 
tion rate of 65,000 tons of ore per day in| mine. In December the company an- 
October. Development of this mine was nounced deferment of the development 

| partly financed by loans from the Govern- program at its Metcalf property near Mor- —_ 
ment under a copper production expansion — enci, Ariz., and production was rescheduled 
program that will be repaid by deliveries to begin in late 1974, or early 1975. Mean- 
of refined copper to the national stockpile. while, to offset the production loss antici- 
Duval also operated the Esperanza open pated in 1972 because of exhaustion of 
pit copper-molybdenum mine adjacent to Bisbee reserves, the capacity of the Tyrone 
Sierrita, another copper-molybdenum mine mine will bé increased from about 55,000 
at Mineral Park, Ariz. and a copper-gold- _ to 90,000 tons of copper per year. 
silver property at Battle Mountain, Nev. Cities Service Co., through its North 

Operations of The Anaconda Company American Chemicals and Metals Group, 
at Butte, Mont., produced 118,300 tons of operated copper mines in Arizona and 
copper, compared with 104,600 tons in’ Tennessee that produced 49,200 tons of — 
1969. The precipitation plant was ex- copper, compared with 43,600 tons in 1969. 
panded, doubling capacity for production An expansion program to increase output 

~ of precipitate copper. Anaconda’s new _ by approximately 40 percent is scheduled a 
Twin Buttes mine at Sahuarita, Ariz.,com- for completion in 1972 at the Copperhill, 
pleted its first full year of operation and  Tenn., mining and chemical complex. Feasi- 
produced 81,300 tons of copper. Production bility studies were in progress for mining 
at the Yerington mine at Weed Heights, two large copper deposits in the Miami, 
Nev., declined 17 percent to 42,400 tons, Ariz., area. 

from a record high output in 1969. Adverse ground conditions and a decline 
Kennecott Copper Corp., operated mines in ore grade reduced output of copper by 

in Arizona, Nevada, New Mexico, and 13 percent, to 67,800 tons, at the White 

Utah that produced a combined total of Pine, Mich., operations of White Pine 

518,900 tons of copper, a record high out- Copper Co. The problems causing the re- 
put for the second consecutive year. The duced output have been overcome, and the 
Utah Copper Division accounted for existing facilities are considered to have an 
298,700 tons of the total and achieved a annual productive capacity of 87,500 tons. 
record 112,200 tons of ore per day through The San Manuel and Superior Divisions 
the mine-mill operation. of Magma Copper Co. produced 112,300 
American Smelting and Refining Com- tons of copper. An expansion program is 

pany (Asarco) operated three copper mines in progress to increase mine output from 
| in the vicinity of Tucson, Ariz. The Mission 40,000 to 60,000 tons of ore per day at San 

unit mined and milled an average of 22,500 Manuel, Ariz., and to approximately dou- 
tons of ore per day to produce 47,700 tons ble mine capacity to 3,300 tons at the Su- 
of copper in concentrates in 1970. The Sil- _ perior operation. . 
ver Bell Unit mined and milled nearly 3.8 The Inspiration Consolidated Copper 
million tons of ore, which yielded 19,700 Co. operated the Thornton, Live Oak, Red 
tons of copper in concentrates. Copper pre- Hill, and Black Copper mines in the In- 
cipitates, containing 2,800 tons of copper, spiration area, Arizona; 14 million tons of 
were also produced at the Silver Bell Unit waste and 9.4 million tons of ore were 
and 64,000 tons of copper-bearing, siliceous mined. The ore processed in the plant 
flux ore was mined at the San Xavier yielded 44,459 tons of copper. An addi- 
mine. As a result of further drilling at the tional 10,091 tons was recovered from 
Sacaton project near Casa Grande, Ariz, leaching dumps and mined-out areas and 
ore reserves increased to 48 million tons by heap leaching at the Black Copper 
assaying 0.95 percent copper. | mine. At the Ox Hide mine, 797,000 tons
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of waste was removed, 3.8 million tons of shore Copper mine. Metallurgical process 
oxide ore was mined, and 6,720 tons of and engineering studies to mine the de- 
copper was recovered by leaching. At the posit were also conducted. 

Christmas open pit mine, southeast of Smelter Production.—Output of copper 
Miami, Ariz., 9.4 million tons of waste and from all raw material sources, at primary 

1.8 million tons of ore was mined; 8,640 smelters in the United States was 1.72 mil- 
tons of copper was recovered. Total pro- ion tons, an increase of 4 percent and a | 
duction of copper by the company was record high quantity. 

Exploration work was suspended at the conformance to new air quality regula 
Sanchez project near Safford, Ariz., pending it Atisone Tone . 4 Washineton. sm te 

jormeration one ens for mining ane onted ers and to declare a condition of force ma- 

OE a ear ammatey Sere, and shipper of copper concensate y 8 , 8 were placed on a quota system beginning 
0.413 percent copper. June 1. Installation of electrestatic precipi- 

Pima Mining Co. produced 63,500 tons ators and other facilities for reduction of 
mnolyecenum concentratts mon ore. in-plant fume conditions at the El Paso, 

| Construction was underway to “increase Tex., smelter was nearing completion. The 

milling capacity from 40,000 to 53,000 tons 7 cone Wash pia m he shut down fora 
per day by late 1971, ‘or approximately vesult oF " flue collage. € frst quarter asa 

80,000 tons of copper in concentrates per The Anaconda Company smelter at Ana- 
year. | conda, Mont., was undergoing extensive 

tons of copper in concentrates and 6200 Tenoanoy cognbror® Operations and envi 
tons in precipitates from its Arizona cop- The San Manuel, Ariz. smelter of 

, per mine. Reserves ae tated oo be Magma Copper Co. was being expanded in 

copper, with a stripping ratio of about 1 auctiie and clceure of the ouperion, Avil 
to 1. Part of the waste stripping contains a. nelter scheduled for late 71 ” 
Significant copper content suitable for Refinery Production.—Production of re- 
dump leach operations. The company is «3a copper from all materials processed 
evaluating the feasibility of mining an ad- Copper from aterials Process 
jacent ore deposit that contains at least — at primary refineries was 2.22 million tons, 

228 million tons of 0.47 percent copper. an increase of 3 percent and a record high 
Ranchers Exploration and Development for the second consecutive year. Refined 

Corp. moved about 1.6 million tons of ov- COPPT produced at secondary plants was 
erburden and 2.3 million tons of ore at its 58,000 tons, compared with 78,000 tons in 
Arizona Bluebird property. The ore was 1969. The total production of refined cop- 

placed on dumps for processing by a per produced from scrap in the United 

leaching, solvent extraction, electrowinning, States was 509,000 tons, equal to 23 per- 

method of recovery. Production of refined cent of total refined copper production. 

copper cathodes by this method was 5,300 The Tacoma, Wash., refinery of Asarco 
tons in 1970. The company opened the Big completed the second phase of a two-stage 
Mike copper property near Winnemucca, expansion, providing an additional 50,000 
ara ol at hei ane the asproximetely tons per year of electrolytic copper refining 
95,000 tons of 9 percent copper reserve as capacity, raising total capacity to 156,000 

ah: . . tons per year. Magma Copper Co. was con- 
a direct smelting ore. The deposit also . 
contains an estimated 675,000 tons of a structing a copper refinery at San Manuel, 

lower grade sulfide ore. Further production Ariz., which had a rated annual capacity of 
has been deferred pending feasibility stud- 200,000 tons, for scheduled operation in 
ies and additional exploration of the area late 1971. 
in a joint venture with Cerro Corp. Copper Sulfate——Copper sulfate was pro- 

Hecla Mining Co. continued driving two duced from primary and/or secondary 
declines toward a planned slope length of metal by companies with plants located as 
7,500 feet in developing its Arizona Lake- follows:



COPPER 47] 

Company Plant location Stream in the fourth quarter 1970. Under 
The Anaconda Company-_._._. Great Falls, Mont. optimum conditions, this new plant can 
Chine Berber eical Co. ----~~-- Gino golit. convert 163 tons of sulfur into 500 tons of | 
Copper Pigments & Chemical sulfuric acid per day. Sulfuric acid facili- 
Eastern Rare Metals, ine... Baltimore, Ma, _—ties were being constructed at the Hayden, Phelps Dodge Refining Corp___ Laurel Hill, N.Y., Ariz, smelter of Asarco for scheduled pro- El Paso, Tex. oo. ; Sherwin-Williams Co__.____.__ Cleveland, Ohio duction by fall of 1971. The company also Van Waters & Rogers Inc. _ announced plans to build a 500-ton-per- sion nS Bashy Co. Divi anaco, Idaho, day sulfuric acid plant at its El Paso 

Wash. | on, 

SECONDARY COPPER AND BRASS 

Copper sulfate production decreased 10 Domestic recovery of copper in unal- 
percent to 45,350 tons (11,300 tons con- loyed and alloyed form from all classes of 
tained copper) . Shipments were 11 percent purchased scrap totaled 1.25 million tons 

| below production, and stocks doubled dur- in 1970, 9 percent less than in 1969, Re- 
ing the year to 8,800 tons, the largest year- covery from copper-base scrap decreased 9 
end quantity since 1948. Of the total percent, to 1.23 million tons. Primary cop- 
40,300 tons shipped, producer’s reports in- per producers reported an increase of 9 
dicated that 14,400 tons was for agricul- percent; however, production by secondary 
tural uses, 23,500 tons was for industrial smelters and brass mills declined, 24 and 13 

_ uses, and 2,400 tons was for other uses percent, respectively. _ : 
(chiefly exports) . Consumption of purchased copper-base ' 
Byproduct Sulfuric Acid.—Sulfuric acid scrap in 1970, dropped 7 percent to 1.7 | 

was produced by five copper smelters from million tons. Primary producers increased 
the sulfur contained in off-gases, and out- _ their usage by 14 percent, to 705,000 tons. : 
put increased for the third consecutive Conversely, consumption dropped 23 per- 
year, to a record 748,000 tons, on a 100- cent at secondary smelters, 14 percent at 
percent acid basis. Kennecott brought a_ brass mills, and 17 percent at foundries 
sixth acid plant at its Utah operations on and other plants. 

CONSUMPTION ~ 

Apparent withdrawals of primary refined per is based on consumers reports of 
copper on domestic account decreased 6 quantities entering processing with no ad- | 

_ percent, to 1.59 million tons. Reported justments for changes in stocks. 
consumption of refined copper was 2.04 As far as can be ascertained, only new 
million tons, compared with 2.14 million. or primary copper is included in table 27, 
tons in 1969. Consumption of refined cop- _ but table 28 includes all refined copper. 

| | STOCKS 

Stocks of refined copper at primary pro- same period, fabricators’ stocks of copper 
ducing operations increased from 39,000 to in all forms increased from 502,000 to 
130,000 tons during the year, the largest 515,000 tons. 
.yearend quantity since 1938. During the | 

PRICES 

The domestic producer price for refined ther reduced to 53 cents per pound on De- : 
copper was increased from 52 to 56 cents cember 1. The average weighted price of 
per pound, effective January 1, 1970. It was copper deliveries in 1970 was 58.2 cents 
further raised to a record high of 60 cents per pound, compared with 47.9 cents per 
per pound on April 1 but reduced to 56 pound in 1969. 
cents per pound on October 23, and fur- Prices on the London Metal Exchange
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(LME) averaged 72.6 cents per pound was 63.0 cents per pound, compared with 

during January, moved upward to 78.5 66.2 cents per pound for 1969. In early 

cents per pound in March, and then de- August, the LME copper price fell below 

clined to an average of 46.5 cents per the domestic producer quotation for the 

pound for December. The 1970 average first time since February 1964. 

FOREIGN TRADE 

U.S. exports of copper including manu- regulations, and delay in construction of 

factures totaled 324,600 tons, an increase of new smelter facilities pending a resolution 

31 percent, but 15 percent below the 1968 of uncertainties surrounding new pollution 

quantity. All classes of unmanufactured standards and the proper technology to 

copper increased; however, the advance in meet the anticipated requirements. | 

the ore, concentrates, and matte class was U.S. imports of unmanufactured copper 

the most outstanding. Significant exports decreased 5 percent, to 392,500 tons. Most 

in this class began in June and totaled of the loss was in the largest category, blis- 

61,500 tons for the year, compared with ter copper, which declined 6 percent to 

1,200 tons for 1969. This changed trade 224,400 tons. The second largest category, 

pattern results from a rapid increase in refined copper, increased slightly, to 

mine production capacity, curtailment of 132,100 tons. Chile, Peru, and Canada sup- 

production at some domestic smelters plied. 82 percent of total imports, un- 

owing to enforcement of new air pollution changed from 1969. | 

WORLD REVIEW > : 

World mine production of copper at- Area 54 was awarded to Falconbridge - 

tained 6.6 million tons, a record high for Nickel Mines Ltd. but details still are 

the third consecutive year. Most major being negotiated. One difficulty is that the 

producing countries contributed to the in- Government agency is apparently unable 

crease with the exceptions of a small de- to guarantee the concessionaire more than — 

cline for Chile and a 9 percent drop for a 4-year lease on the area. 

Zambia, as a result of a serious cave-in at _Australia——Mine production of copper 

the Mufulira mine. Expansion programs in Australia was 160,551 tons, an increase 

and developments in many countries pres- ~ of 1] percent. Mount Isa Mines Ltd., 53- 
ages a continuation in the rise of copper percent owned by Asarco increased output 

output, . 14 percent to 92,800 tons of copper con- 

_ The United States continued to lead the tained in products for the fiscal year ended 
world in mine production with 26 percent June 30, 1970. The company announced a 

of the total, followed by Chile and Zam-  gybstantial increase in reserves to 134.4 

bia, with 12 percent and Canada and the jpillion tons of ore with an average 3 per- 

Soviet Union, 10 percent. cent copper content. As a result of this in- 

Argentina—Bids were opened on June crease in reserves, Mount Isa has begun an 

22, 1970, by an Argentine Government expansion program to increase productive 

agency for concessions on copper prospects = canacity from about 110,000 to 170,000 tons 
developed by Plan Cordillerano (a joint per year. 

Government of Argentina-United Nations Mount Lyell Mining and Railway Co., 

Special Fund project). Out of 54 COppcr Ltd., closed its copper smelter at Queens- 
prospects developed by Plan Cordillerano, town in Tasmania, after 73 years of opera- 

bids on only three were received from five ti O t , ; tinuin 

mining companies. The five firms and ion. Open pit operations are contins 5 

areas for which they bid are as follows: and copper concentrates are being sent to. 
other smelters for treatment. Shaft sinking 

Firm Area and development for underground mining 

Falconbridge Nickel Mines, Ltd____-_----- “$4. was underway, and is scheduled for March 

Cia. Minera Aguilar, S.A. (Argentina sub- 41, 45 1972 to facilitate a copper production rate 
sidiary of St. Joe Minerals Corp.). : 

Union Corp. (Republic of South Africa)_--- 54 of 25,000 tons per year in 1973. 

Vial Hidsiulica (Argentine) icy 02211] 4 Exploration for copper in Australia, in-
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cluding the Trust Territory of Papua, and Lake and the Dickstone Copper mines into 
New Guinea, continued at a high level of operation and raised the total number of 
activity. Companies with large exploration mines operated along the Manitoba-Sas- 
efforts included Eastern Copper Mines, katchewan boundary to eight. In addition, 
Carpentaria Exploration Pty. Ltd., (sub- the White Lake and. the Ghost Lake cop- 
sidiary of Mount Isa), Jadodex Australia per-zinc-silver mines were under develop- 
Pty., Ltd (St. Joe Minerals Corp. and ment for planned production in 1972. 
Phelps Dodge Corp.), Pacific Copper Ex- Sherritt-Gordon Mines Ltd. continued 
plorations Ltd., and Unimin (Australian operating the Lynn’ Lake mine in Mani- 
subsidiary of Union Miniére). = =——_—sttoba, and brought the nearby Fox mine 

_ _ Botswana.—Bamangwato Concessions, into production in September. Combined 
Ltd. (BCL), was working on plans to de- output for the year more than doubled to 
velop nickel-copper deposits in the Selebi- 15,400 tons of copper contained in concen- 
Pikwe area. BCL is 6l-percent owned by trates. Reserves at the Lynn Lake property | 
Botswana Roan Selection Trust Ltd. and were estimated at 12.6 million tons of 0.77 _ 
(BRST) 43.3-percent owned by AMAX. If percent nickel and 0.38 percent copper and 

a decision to mine is reached, the Bo- at the Fox property were 13.1 million tons 
tswana Government will receive a 15-per- averaging 1.84 percent copper and 2.70 
cent interest in BCL, proportionately re- percent zinc. Exploration and engineering 
ducing the other interests. The envisaged studies continued at the Ruttan Lake 
production for the first 10 years would be property. Reserves were substantially in- 
at an annual rate of approximately 2 mil- creased to 51 million tons grading 1.43 
lion tons of ore yielding 13,000 tons of re- percent copper and 1.59 percent zinc. 
fined nickel, 16,000 tons of refined copper, Mattabi Mines Ltd., 60-percent owned 
and 100,000 tons of sulfur. Proven and by Mattagami Lake Mines and 40-percent | 
probable reserves for the two deposits are owned by Abiti Paper Co., was incorpo- 
estimated to total 45.7 million tons, grad- rated in September to develop a base-met- 
ing 1.20 percent nickel and 1.26 percent als mine in the Sturgeon Lake district, 
copper. | | | ' Northwestern Ontario. Planned production 

Brazil.—Late in the year; Caraiba Me-_ is at a rate of 3,000 tons of ore per day 
tais, S.A., developing a copper mining scheduled for startup by mid-1972. The 
project in northeast Brazil, sent invitations operation is a result of exploration by 
to firms in the United States, Europe, and Mattagami, which outlined an ore body es- 
Japan to bid on supplying equipment for timated to contain 12.9 million tons of ore 
the mine, mill, and smelter. Caraiba hopes grading 7.6 percent zinc, 0.91 percent cop- 
to start purchases in April 1971 in order per, 0.84 percent lead, and 3.13 ounces of | 
to have the operation ready by mid-1973. silver per ton. Intensive exploration by 
The Caraiba copper project has been ap- Mattagami and other companies continues 
proved by the Brazilian Government. The in the Sturgeon Lake area. 
sponsors of the project estimate that the Production of copper concentrates at the 
mine will produce 77,000 tons of copper Granduc mine, north of Stewart, British 
per year. The investment is estimated at Columbia, began on a limited basis in No- 
$97.7 million. vember with a contemplated buildup to 
Canada.—Production of copper in Can- the rated capacity of 7,500 tons of ore per 

ada rebounded from the strike-curtailed day by late 1971. Start of operations were 
output of 1969, to achieve record highs of delayed owing to a 2-year period of labor 
676,000 tons for mine production and disputes that had suspended construction 
543,000 tons for smelter output. Ontario of facilities for approximately 10 months. 
produced 43 percent of the total followed Ore reserves were calculated to be 43 mil- 
by Quebec, 26 percent; British Columbia, lion tons averaging 1.73 percent copper. 
16 percent; Manitoba, 8 percent; and the Similkameen Mining Co. Ltd., a subsidi- 
remaining Provinces, 7 percent. ary of Newmont Mining Corp., began con- 

Hudson Bay Mining and Smelting Co. struction of a mining venture near 
‘Ltd. milled 1.7 million tons of ore yielding Princeton, British Columbia. Facilities, esti- 
42,178 tons of refined copper plus quanti- mated to cost $73 million, will permit 
ties of zinc, cadmium, selenium, gold, and open pit mining and milling of two depos- 
silver. The company brought the Anderson its at a rate of 15,000 tons per day. Ore
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reserves at the two properties are esti- difficulties over sales contracts and loan 

mated at 76 million tons averaging 0.53 agreements with Japanese firms to conform 

_ percent copper. with the recently passed Mineral Process- 

Anaconda Britannia Mines Ltd. pro- ing Act of British Columbia. 
duced 2,700 tons of copper in concentrates Chile—Copper output by the three 

from its mine in British Columbia, com- large producers was 589,000 tons, compared 

pared with 6,600 tons in 1969. The re- with 596,000 tons in 1969. Chuquicamata 

duced output resulted from utilization of produced 290,000 tons compared with 

part of the labor force on new develop- 312,000 tons in 1969; El Teniente produced 
ment completed in 1970, which increased 194,000 tons, down from 202,600 tons in 

the annual productive capacity to 10,000 1969; and El Salvador produced 103,000 
tons of copper. The Caribou Division of tons, up from 85,000 tons in 1969. The ini- 
Anaconda constructed facilities for open tial production from The Anaconda’s new 

pit mining of a relatively small copper de- Exotica mine in December was 1,900 tons. _ 

posit near Bathhurst, New Brunswick, at a The total Chilean production was 756,000 

rate of 1,000 tons of ore per day. tons, down from 771,000 tons in 1969. 
All major process facilities at the large, Operations at Chuquicamata were halted 

low-grade copper-molybdenum deposit of by a strike of supervisory personnel May 
Brenda Mines Ltd. in British Columbia, 26 to 30 and by a general strike of workers 
were operational in March. Rated capacity from October | to 21. : 
of 24,000 tons per day was achieved by After 314 years of construction, the Rio 
yearend. | : Blanco mine of Compafiia Mineral Andina, 

Construction was in progress by Utah S.A., which is 70-percent owned by Cerro | 

Construction & Mining Co. for initial pro- Corp. and 30-percent owned by the Chilean | 
duction early in 1972, at their Island Cop- Government began limited production in 
per Property near Port Hardy, Vancouver July, and is expected to reach designed 
Island, British Columbia. Production is capacity of 62,500 tons of copper in con- 

, planned at a rate of 33,000 tons of ore per centrates in 1971. coo | 

day, or 230,000 tons of copper concentrates Anvil Mining Corp., which is 60-percent 
per year. The concentrates are contracted owned by Cyprus Mines Corp. and 40-per- 
for delivery to Japanese smelters. Reserves cent owned by Dynasty Explorations, Ltd., 
are estimated at 280 million tons contain- continued its drilling program and plans 
ing 0:52 percent copper and 0.025 percent. for operation of the Sierra Gorda copper- 
molybdenum. | | molybdenum property in Antofagasta. Ore 

Exploration by Valley Copper Mines, reserves are estimated at 20 million tons 

80-percent owned by Consolidated Mining of sulfide ore containing 1 percent copper 
and Smelting Co. (Cominco) and 20 per- and 0.15 percent molybdenum sulfide. 

cent by Bethlehem Copper Corp., revealed On November 3, 1970, Dr. Salvador Al- 

an ore deposit containing approximately 1 lende Gossans was inaugurated President 

billion tons of 0.48 percent copper. The of Chile. He introduced legislation in the 

deposit can be. mined at a waste to ore form of a constitutional reform bill to na- 

ratio of about 1 to 1. A feasibility study tionalize basic industries, including the 

for a large-scale operation is being made. large copper mines. 
Bethlehem is planning an increase in its Congo (Kinshasa).—Générale Congolaise 
mill capacity from the present 14,000 tons des Minerais (GECOMIN), the Govern- 
per day to 27,000 tons per day by 1972, to ment-owned mining company, accounted 
treat its portion of the anticipated Valley for the total copper mine production of 
Copper Mine output. 425,000 tons, an increase of 8 percent from 

Final arrangements had been completed that of 1969. Additions to the Kambove 

by midyear for construction of facilities at concentrator and the completion of the 

Lornex Mining Corporation Ltd.’s cop- Ruwe washing plant in October were part 

per-molybdenum property in the Highland of a 5-year expansion program designed to 

Valley of British Columbia. Plans call for increase GECOMINES annual copper-pro- 

production to start in 1972 with a rated ducing capacity to 500,000 tons by 1974. 

capacity of 38,000 tons of ore per day. The joint Japanese-Congolese concern, 
Start of construction was delayed in the Société de Developpement Industriel et 
first half of 1970 pending resolution of Miniere du Congo (SODIMICO), an-
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nounced discovery of an estimated 38 mil- per by 1974. Ore reserves upon which the 
lion tons of copper ore averaging 5 percent project is based are estimated to be 77 
copper in the Kinsenda area of Katanga million tons of 1.0-percent copper in the 
Province. Kinsenda is about 20 miles from Madhan Kudhan deposit and 34 million 
the Mushoshi deposit scheduled to begin tons of 2.5-percent copper in the Kolihan 
production in 1972 at an annual rate of. deposit. 
58,000 tons of copper. | Indonesia.—Development of the Ertsberg | | A consortium of companies, which in- copper deposit in Irian Barat, by Freeport 
cludes Amoco Minerals Co., (subsidiary of Sulphur Co., continued on schedule. a Standard Oil Co. of Indiana), Charter § Iran—A joint venture of Mahmoud = —~ | _ Consolidated Ltd., and Leon Tempelsman  Rezai, Kerman Mining Co., and Iranian & Son Inc., has been granted prospecting Selection Trust, Ltd., owned 60 percent by and development rights in two areas of Selection Trust Ltd., of England and 40 Katanga Province. One of the areas is an percent by African Selection Trust, Ltd., 
unprospected region of 25,000 square kilo- made a feasibility study of exploiting the 

_ meters. The other area of 1,400 square kil- Sar Cheshmeh copper deposit in the Ker- ometers contains the known copper depos- man copper belt. Plans, contingent on 
its of the Tenke-Fungurume locality. financing; are to produce from the open 

Falconbridge Nickel has established an pit mine and mill 30,000 tons of ore per 
office in Kinshasa and has been making a day Starting in 1974, Proven reserves are 
study of copper deposits around the Lu- estimated to be 300 million tons, averaging 
fukwe River in southern Pweto Territory, 1.2 percent copper. . 
Katanga Province. — Other exploration for copper in the Ker- 
Ecuador.—A prospecting team of Over- man copper belt was being conducted by 

seas Mineral Resources Development of Charter Consolidated, Ltd., of the United 
Japan started work on a 4-year study of Kingdom, Péchiney of France, and Metall- 
the Chaucha copper area about 130 miles _ gesellschaft A.G. of West Germany. 

southeast of Guayaquil to determine the Ireland.—Avoca Mines, Ltd., began min- 
commercial viability of exploiting the de- ing-milling operatjons in December at its 
posits. copper property in County Wicklow. Rated 
Guatemala.—Basic Resources _Interna- capacity of the mill is 2,000 tons of ore tional Ltd., a Canadian company, and per day. There are plans to increase the Sumitomo Metal Mining Co. of Japan capacity to 3,000 tons after 2 years. Ore re- 

have agreed to finance the development of serves are estimated at 7 million tons. aver- 
the former company’s Oxec copper prop- aging 0.98 percent copper, with allowance 
erty located 7 miles from Cahabon. The for mining dilution. 
property comprises a 30-square-mile con- Israel—A second underground mine 
cession,.on which one ore body has proven with initial output scheduled for 1973 was 

| (drilled) reserves of 1.33 million tons of _ being developed by Timna Copper Mines 
2.58 percent copper ore. Under the agree- Ltd., at its property in Aravah Valley, 18 
ment, Sumitomo will purchase all concen- miles north of Eilat. Greater emphasis will 
trates produced for a period of 7 years be placed on underground operations as 
and will pay in advance an amount equiv- the open pit ore nears exhaustion. How- 
alent to 1 year’s capacity production. The ever, in the interim, maintenance of cop- 
Export-Import Bank has provided a maxi- per output also requires expansion of open 
mum credit of $1,147,080 to Basic Re- pit facilities, since the remaining reserves 
sources to purchase U.S. equipment and are both lower grade and have higher 
services for a mill. waste-to-ore ratios. The development pro- 
India.—The privately owned Indian gram was made possible by a successful Copper Corp., Ltd., India’s only producer of | 2nd continuing exploration program. 

copper, was installing new equipment (in- Mexico.—Asarco Mexicana, S.A., pro- 
cluding a flash smelter) to increase the cur- duced 27,100 tons of blister copper, com- 
rent 11,000 ton-per-year capacity to 18,000 pared with 25,900 tons in 1969. The com- 
tons by 1972. The Khetri project of Hindu- pany completed construction of the mine, 
stan Copper Ltd., a public concern, in Ra- mill, town site, and supporting facilities at 
jasthan, is scheduled to be producing at an the Inguaran mine in the State of Mi- 
annual rate of 34,000 tons of refined cop- choacan. Initial production was scheduled
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for the first quarter of 1971; a planned an- tons was higher than in 1969 and almost 

nual output of 12,000 tons of copper was equaled the record production of 1968. 

expected. A new converter was added to The principal copper producer, the To- 

the copper smelter at San Luis Potosi to quepala mine of Southern Peru Copper 

handle Inguaran concentrates. A study was  Corp., produced a record high 149,000 tons 

being made regarding the feasibility of in- of copper. Operation of the mine and con- 

stalling a refinery to process the blister centrator was interrupted for 20 days by 

copper. Mexicana de Cobre, S.A., 49-per- three separate labor strikes. Ore treated 

cent owned by Asarco Mexicana, continued amounted to 1.57 million tons with an av- 

engineering studies at the La Caridad erage grade of 1.14 percent copper. Cerro 

property near Nacozari in the State of Corp. produced 52,600 tons of copper at 

Sonora. La Oroya, 34 percent of which was from 

Compafiia Minera Nacozari, S.A., an af- purchased ores. 

filiate of Anaconda, continued exploration In an effort to increase metal produc- 

and substantially increased reserves of a _ tion, the Peruvian Government published 

copper-molybdenum deposit in the Nacoz- 4 decree on September 2, 1969. The decree 

ari district. The company has also under- _ states, essentially, that all ore bodies held 

taken the evaluation of the Pilares mine since June 18, 1965, under exploitation 

: area in the same district. concessions were to be brought to an an- 

Exploration by Patino Mining Corp., for nual production level of at least one-six- — 

Lytton Minerals, Ltd., indicated 55 million tieth of known reserves by April 1, 1975. 

tons of reserves averaging 0.78 percent cop- The holders of these concessions were re- 

per at the La Verde property in Michoa- quired to file calendars of operations by 

can State. Further drilling and under- the end of 1969, showing the development 

ground openings are planned to prove up schedule to be followed. The decree stated 

the probable and possible reserves and to further that, with certain exceptions, con- 

delimit the ore bodies for mine develop-  cessions would expire of these schedules, 

ment. . were not met. Dissatisfied with the prog- 

| "Nicaragua—At the Rosita mine of La TESS, the Government in 1970 cancelled 

Luz Mines Limited, 435,223 tons of ore was concessions held by United States mining 

milled to produce 15,270 tons of concen- COMpanies as follows: 

trates containing 3,340 tons of copper. ‘The . 

average grade of ore was 1.04-percent cop- Company Concession — 

per, compared with 1.98-percent copper in The Anaconda Company. -------- Cerro Verde. 

1969. During the year, the milling capacity car pce] vated gue Refining __ Michiquillay. 

was increased from 830 tons per day tO Cerro Corp__.___--------------- Antamina, 

| over 2,000 tons per day. Recovery of met- Chaleobamba,. 
. . errobamba, 

als in the mill was 77.1 percent. Proven a Tintaya. 

and probable ore reserves at the end of 

1970 were 1.98 million tons containing Development of the Cuajone mine by 

0.85-percent copper with additional gold Southern Peru Copper Corp., continued on 

content. Additional possible ore reserves schedule during 1970. In January 1971, the 

were 4.6 million tons containing 0.86-per- Government cancelled the Quellaveco con- 

cent copper. | cession, which is near the Cuajone project. 

Panama.—A concession for developing Philippines.—In 1970, thirteen mining 

the Cerro Petaquilla copper-molybdenum companies produced 160,000 tons of copper 

deposit was awarded by the Government to in concentrates and direct shipping grade 

a consortium comprised of Duval Corp. O%% an increase of 13 percent over the 
(United States) , Mitsui Mining and Smelt- previous year. Drought conditions curtailed 

ing Corp. (Japan), and Metallgesellschaft operations during the first half of the year 

A.G. (West Germany). Another copper- with the result that copper output was 

molybdenum concession on an area west of 75,000 tons, compared with 89 000 fons for 
. the second half. Atlas Consolidated Mining 

the Cerro Petaquilla was awarded by the 
. ; and Development Co. was the largest cop- 

Government to Paronia, S.A., an affiliate of per producer yielding 43,100 tons. Marcop- 

Canadian Javelin. per Mining Corp., owned 60 percent by 

Peru.—Copper production of 234,000 the Philippine Government and 40 percent



COPPER 477 

by Craigmont Mines Ltd., a subsidiary of copper produced from the three mines was 
Placer Development, Ltd., had initial pro- 33,100 tons, compared with 31,400 tons in 

duction in 1969 and in 1970 was the sec- 1969. 
ond largest producer yielding an output of Oamites Mining Co., Ltd., substantially 
34,300 tons of copper. Other major produc- financed by Falconbridge Nickel, was de- 
ing companies were Marinduque Mining veloping the Oamites mine located 35 
and Industrial Corp., Lepanto Consolidated miles south of Windhoeck. Production was 
Mining Co., and Philex Mining Corp., scheduled for July 1971 at a treatment rate 

_ with outputs of 33,300 tons, 26,400 tons, of 50,000 tons of ore per-month. Copper... -—- 

and 16,700 tons, respectively. concentrates are to be sent to Tsumeb for 

| South Africa, Republic of—0O’okiep smelting. Ore reserves are estimated to be 
Copper Co. Ltd. milled 3.2 million tons of 4.7 million tons of 1.45-percent copper. 
ore with an average grade of 1.37-percent Uganda.—Under terms of legislation | 
copper from eight producing mines. This passed by the Parliament of Uganda, Kil- 
ore yielded 39,500 tons of blister copper. embe Mines, Ltd., is deemed to be owned 
Despite continuation of an intensive explo- 60 percent by the Government of Uganda 
ration program reserves declined to 30.3 and 31.1 percent by Kilembe Copper Co- 
million tons of ore averaging 1.54-percent balt Ltd., which is 72.5-percent owned by | 
copper. Falconbridge Nickel. Kilembe Mines proc- 

Palabora Mining Co. Ltd. increased out- essed 1.1 million tons of ore to produce 
put 17 percent to 101,300 tons of anode 18,700 tons of blister copper in 1970. Ore 
copper. The higher rate was made possible reserves at yearend were estimated to be 
by an expansion program completed in 7.2 million tons of 2.0-percent copper in 
December 1969. Ore milled was 20.9 mil- the proven and probable category, plus 3.6 
lion tons with an average grade of 0.54- million tons of 1.72-percent copper in the 
percent copper. possible category. 

Messina (Transvaal) Development Co., U.S.S.R.—Japanese, French, and British 
including subsidiary copper mines in companies. were conducting negotiations 
Southern Rhodesia, produced 35,800 tons with the Soviet Union regarding exploita- 
of copper. tion of vast copper deposits in the Udokan 

Africa Triangle Mining Prospecting and region of Chita, which borders Mongolia, 
Development Co.—a holding company east of Lake Baikal. The contemplated 
formed by Anglo-Vaal, Middle Witwaters- large size of the venture and the remote- 
rand, and United States Steel Corp.—is de- ness of the deposits led to the conclusion 

veloping a copper-zinc ore deposit near that the required financial investments for 
Prieska in northwestern Cape Province. development could best be met through a 
Proven reserves are estimated to be 25 mil- multinational consortium. 
lion tons, grading between 1.5- to 2.0-per- Zambia.—Copper mine production de- 
cent copper and about 3-percent zinc. Ini- creased 9 percent, to 754,000 tons, princi- 
tial plans envisage an operation of about pally as a result of the disastrous cave-in 
7,000 tons of ore processed per day yield- at the Mufulira underground mine on Sep- 
ing 30,000 tons of copper and 50,000 tons tember 25, which claimed the lives of 89 
of zinc per year. miners. A return to normal operation is 

South-West Africa, Territory of—The not expected before 1972. 
Tsumeb Corp. Ltd. milled 547,000 tons of As part of the reorganization of the An-_ . 
ore averaging 3.51-percent copper, 12.29- glo-American group, companies operating 
percent lead, and 3.91-percent zinc from the Nchanga, Rhokana, and _ Bancroft 
their T'sumeb mine. Resulting copper con- mines, and the Rhokana refinery were 
centrates and 24,000 tons of direct ship- merged into the Nchanga Consolidated 
ping ore were sent to the copper smelter. Copper Mines, Ltd. (NCCM), and reincor- 
At the Kombat mine, 421,000 tons of ore porated in Bermuda on June 26, Output 
averaging 2.24-percent copper and 1.77-per- of copper by NCCM was 436,000 tons in 
cent lead was mined and milled. The 1970. Plans call for expansion programs to | 
Matchless mine near Windhoeck, 225 miles increase annual capacity to 550,000 tons by 
south of Tsumeb, started production in 1974. The plans included a leach precipita- 
mid-1970; a rated production of 500 tons tion plant at Chingola to treat concen- 
of ore was expected early in 1971. Blister trates from low-grade oxide ore and re-
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opening of the Bwana Mkubwa and the the concentrator nearing completion. Out- 
Kansanshi mines. put was expected to be at the annual rate 

Roan Consolidated Mines, Ltd. (RCM), of 19,000 tons. 

comprised of the Mufulira, Chibuluma, — Baluba Mines, Ltd., owned almost en- 

Chambishi, Kalengwa, and Luanshya mines __ tirely by RST International, Inc., and Zam- 
produced 377,800 tons of refined copper bia Copper Investments, Ltd., will be 
during 1970, compared with 368,000 tons incorporated into the RCM group. The 
in 1969. All mines except Mufulira re- Baluba mine will be developed into a 
corded an increase over the previous year. 55,000 ton-per-year underground operation 
Part of the refined copper production was with initial output scheduled for 1973. Ore 
from concentrate stockpiled in previous reserves at Baluba are estimated at 60 mil- 

e ° P Pp s e . 

years during periods of fuel shortage. lion tons containing 2.7l-percent copper 
Production of 193,000 tons of refined cath- and 0.17-percent cobalt. Copper concen- 
odes at the Ndola refinery was a record trate will be smelted at Luanshya and Mu- 
high. The Kalengwa mine, in its first full fulira, and cobalt concentrate will be proc- 

year of operation, produced 4,579 tons of essed at Chambishi. Total copper capacity 
_ copper from high-grade ore treated-at the of RCM operations is planned to increase 

Luanshya and Mufulira smelters. Lower from 342,000 to 413,000 tons per year by 
grade ores were stockpiled for treatment in the end of 1973. | | 

| TECHNOLOGY 

Reports published on copper resources of American Institute of Mining Metal- | 
included the observed mineralized zonin lurgical and Petroleum Engineers) on Cop- ‘ : § rg} gu P 
of major porphyry deposits,2 copper distri- 
bution patterns in the batholith of the Ale Rose, Arthur | Wa jconal Relations of Wallrock 

tte. «gas : teration an ulfide Distribution at Porphyry 
Butte  district,3 geochemistry factors of Copper Deposits. Econ. Geol., v. 65, No. 8, De- 
ore-metal transport and deposition,4 and cember 1970, PP. wee o88- « K.. and Arthur H 

. . : -Hashimi, u aza -» an tthur H. 
tectonic control considerations related to Brownlow. Copper Content of Biotites From the 
copper mineralization in Arizona.5 Boulder Batholith, “Montana, Econ. Geol., v. 65, 

“Ley: : o. 8, December 1 » Pp. . 
Feasibility studies have been made on 4 White, Donald E. Environments of Generation 

/ the copper resource contained in Permian | of Some Base Ma Ore Deposits. Econ. Geol., v. 
: . » No. 4, June—July » pp. —335. | red bed formations of Kansas, Oklahoma, 3 Wertz, Jacques B. Arizona’s Copper Province 

and Texas.6 Use of geophysics in the dis- and the Pexas Lineament. Min. Eng., v. 22, No. 
covery and delineation of the Kidd Creek Ds Stroud, RK B., A. B. McMahan, R. K. Stroup, 
copper-zinc-silver ore body was described.? and M. B Hibpshman. Production , Potential of 

° opper eposits Associate 1¢ ermian e 
A paper compares the use of different 3-q'Formations in Texas, Oklahoma, and Kansas. 
methods for computing grade and tonnage BuMines Rept. of Inv. 7422, August 1970, 103 

: pp. | . of ore, leach, and waste material.8 Batty, J. Vanve, and B. F. Andrew. Leach-Pre- 
An article described the collection and cipitation: Flotation Studies on Red Bed Copper 

. * : re sing ontrolle mosphere, ulNiines evaluation of data including the use of @ Rept. of Inv. 7375, April 1970, 9 pp. 
computerized pit design in a feasibility CL Donohoo, H. V-s George Podolsky, and Ra 

: ayton. Early Geophysical Exploration at Ki 
study for developing the Brenda copper Creek Mine. Min. Cong. J., v. 56, No. 5, May 
mine.? Truck haulage efficiencies related to 1970; Pp. ae 8. AFC € the Tri 

. * ewlett, icnar . omparison oO e Til- 
engine horsepower, truck size, and haulage angular, Polygonal, and a Statistical Method of 
conditions at a copper mine has been Computing Grade and Tonnage, of Ore for the 

. ilver Be xide Porphyry Copper eposits. 
assessed.10 A theoretical study has been BuMines Rept. of Inv. 7331, January 1970, 33 
made on the use of nuclear explosives to PPS on FE. P. Why Feasibility Studies for 

apman, E. P. y Feasibility Studies fo 
fracture a copper ore body.11 Very Large Low Grade Deposits Must be Accur- 

In minerals beneficiation, a study con- ate. World Min., v. 26, No. 6, June 1970, pp. 

cluded that an accurate correlation of 10 Matheson, K. H. Large Truck Engines. Min. 
grinding data from various samples with Cong: J. v. oo No. 5, May 1970, pp. 22-25. Rock 

. : arqaqwick, ° . racturing ar 

the geology of the ore body and with min- with Nuclear Explosives and Extraction of Ore 
ing plans was needed to successfully apply by a Modified | Block-Caving Method. BuMines 

4 ept. of Inv. » June > pp. 
autogenous grinding.12 12 Bachman, W. a A. W. Last, and S. W. 

Proceedings of the Extractive Metallurgy Nabbs. Autogenous Grinding of Disseminated 
esos : : . opper Ores. I rans. Soc. in. Eng., » Ve Division Symposium (Metallurgical Society  947"No, 3, September 1970, pp. 251-255.
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per Metallurgy held in Denver, in Febru- Table 2.—Copper produced from 

ary 1970, was published. These proceedings domestic ores, by source 
contain many articles describing operations (Thousand short tons) 

and research in roasting, smelting, refining, Year -Mine Smelter Refinery 

and hydrometallurgy of copper. 1966_.________.____ 1,429 1,480 | 1,358 
i : 0 ; 1967___________--_- 954 841 847 A review of the dimensions and possible 1968-270 77272777777 «1,208 «1,285 1.161 

solutions to the sulfur control problem in  1969_______________ 1,545 1.547 1.469 

copper extraction indicated rapid steps to- 1970--------------- 1,720 1,605 1,521 
wards improved stack-gas control systems aa: . . 
en Proved Stack-gas_ COnNTO! systems _ building-wire market — and>. possible other © - --— 
and expanded research to seek a longer . . . 

. . . electrical applications such as communica- 
range solution via a _ hydrometallurgical tions cable and magnet wire.23 
‘approach.13 Published articles reported on sn ‘ 

: ingl4 — the results of research on roasting!4 and 18 §pedden, H. R. Impact of Environmental 

smelting 15 reactions. Controls on Nonferrous Metals Extraction. Min. 

The design parameters and a summary [ong J., v. 56, No. 12, December 1970, pp. 
of latest developments in solvent-extrac- 14 Khalafalla, S. E., and I. D. Shah. Oxidative 

i ion- Roasting of Covellite With Minimal Retardation 
tion, . ion-exchange recovery methods were From the CuO-CuSO. Film. Met. Trans., v. I, 
described.16 Another article outlined the No. 8, August 1970, pp. 2151-2156. | ch ; | 

i ; » i. +» an . E. alafalla. emica evolution of hydrometallurgy in treatment Reactions "in the ‘Roasting of Copper Sulfides. 

of both oxide and sulfide ores.17 Research BuMines Rept. of Inv. 7459, December 1970, 21 eae gs . pp. « | 
was conducted on utilization of roasting Fine, M. M., A. B. Landstrom, and R. B. 

and leaching techniques for recovery of  Schluter. Oxidation Roasting of Chalcocite Con- 
copper from sea nodules and from Minne-  Seyrrale BuMines Rept. of Inv. 7339, January 

. , 19 pp. . 
sota copper-nickel ores.18 45 Johansen, Ernst B., Terkel Rosenavist, and 

i i - Per Terje Torgersen. On the Thermodynamics o 
Reliable sp ect Tograp hic Standards to ana Continuous Copper Smelting. J. Metals, v. 22, 

lyze for impurity levels in refined copper No. 9, September 1970, pp. 39-47. 
were established in a research effort by a 6 Warwick, G. C. I., J, B. Scuffham, and J. B. 

oo. . . Lott. Solvent Extraction—Today’s Exciting Process 
number of participating laboratories.19 for Copper and Other Metals. World Min., v. 6, 

i ; - No. 11, October 1970, pp. 38-44. 
The resulting Standards provide an Oppor 17 Theys, L. Forty Years of Progress in the Hy- 
tunity for interlaboratory comparisons by  drometallurgy and _ Plectrowinning of Copper— 
s lier an f solute values for The Experience of Union Miniére. Canadian 
upplier and user of absolu is cciticg? ©» Mim: and Met, Bull. v. 63, No. 695, March 
trace impurities in copper, at levels critica 1970, PP. 339-351. aD. A. Martin. P _ 

ro i i opper-bearin rooks, P. I., an - A. Martin. Processing 
to the properties of certain ¢ PP & Manganiferous Sea Nodules. BuMines Rept. of 
products. Inv. 7473, January 1971, 19 PP. 4 Nickel 

ntricatel ts with excellent Joyce, F. E. Extraction o Oopper an icke 
I tric Y shap ed parts From the Duluth Gabbro Complex by Selective 

electrical conductivity can be made by High-Temperature Sulfatization. BuMines Rept. 
| ower metallurgy from high-purity copper of Inv. 7475, January 1971, 15 pp. power me BY gi-purily COPP 19 Linde, N. N., W. M. Tuddenham, J. P. Ka- 

power using vacuum or conventional sin-  petan, and A. A. DiLeonardi. Development of 
ring techniques.2° Use of an extrusion Analytical Standards for Electrolytically Refine 

tering 4 Copper. The Western Electric Eng., v. 14, No. 2, 
process to produce a weldless, defect-free, April 1970, pp. 41-45. 

copper strip was described.21 A continu- * Taubenblat, P. W. and G. Goller. The Prep- 
. . f k aration of High-Conductivity Compacts From 

ous, hydrostatic extrusion process for mak- Copper Powder. J. Inst. Metals, v. 98, August 

in ire has claimed advantages of lower 1970, pp. 225-227. 
, 5 Ww 45 1 Nakano, T., H. Yoshida, M. Sato, and O. 
equipment costs, cheaper maintenance, re- ‘Takeuchi. Manufacture of Copper and Copper 
duced space and power requirements, less Alloy Strip by an Extrusion Process. J. Inst. Met- 

P P d als, v. 98, August 1970, pp. 228-235. 
wire breakage, and less labor.22 Use of 22 Metals Week. A New Route to Wire. V. 41, 
copper-clad aluminum will apparentl No. 19, May 11, 1970, p. 3. 
h PP ‘onifi . h PE tri , 23 Metals Week. Clad Wire Gets a Break. V. 
ave a significant impact on the electrica 41, No. 21, May 25, 1970, pp. 18-19.
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Table 3.—Copper ore and recoverable Table 4.—Mine production of recoverable 

| copper produced, by mining method copper in the United States, by months 

(Percent) (Short tons) 

, Open pit Underground _ Month 19691970 
Year OO >7V January__.._.-.--------- 120,829 141,038 

Ore Copper! Ore Copper? February__.____-_------- 118,481 132 , 898 
—————-—-—--e oa Mareh_------------------ 132,795 145,457 
66_____... 85 80 15 20 pril__..---------------- ,479 142,893 

oer r 86 83 14 17 May_-__---------------- 127 , 496 153 ,304 

coca June_____----_---------- 129 ,317 149 ,653 
1968_____... 87 82 13 18 duly -ap-0c0ctt rc rcrcroo 123,170 138 , 130 

ugust___._...---------- 125,145 145, 784 
1969_------- 88 . 84 12 16 September___._..._.----- 127 ,662 140 , 597 
1970__..-.-- 87 84 13 16 October_...__------------ 185,429 149,819 

rrr November ___...___-.--- 184,191 | 139,839 
r Revised. December__.._.--.------- 138 , 585 140 ,245 

1 Includes copper from dump leaching. ooo 
2 Includes copper from in-place leaching. ___ Total__-..--------- 1,5 ------7---_ 1 544, , 579 1, 719 , 6 57 

| Table 5.—Mine production of recoverable copper in the United States, by States 
(Short tons) 

er a el 

State 1966 1967 1968 1969 1970 
fi te PSS Si i Ss TS 

Arizona___...-..-..--------.--- 739 , 569 501, 741 627,961 801,363 — 917,918 
California_._.....--..--.------. 1,078 188 1,182 1,129 2,308 
Colorado__._.....---------.---- 4,237 3,993 3,451 3,598 3,749 
Idaho_____-_-____..-------------- 4,961. 4,210 3,525 3,332 3,612 
Maine_____-_--_--------.-----~) --------- wanna nne 898 1,820 2,703 
Michigan__.__...._--...-.------ 73,449 58 , 458 74,805 75,226 67 , 543 
Missouri. _..__-._____...-------- 3,913 3,215 5,494 12,664 12,134 
Montana______..-.--_----.----- 128,061 65,483 69 , 480 103 ,314 120,412 
Nevada_-__-.___._-----.-------- 78,720 50,771 77,213 104,924 106 ,688 
New Mexico________....-------- 108 ,614 75,008 90,769 119 ,956 166,278 
Pennsylvania__.....--.--------- 3,178 4,401 4,850 3,382 2,539 
Tennessee_____..___..-.----.--- 15,410 14,600 14,196 15,358. 15,5385 
Utah_____-- eee 265,383 168 ,609 228,245 296,699 295,738 
Other States !____._.....-------- 2,579 2,787 2,552 2,319 2,500 

Total.____.__________.... 1,429,152 954,064 1,204,621 1,544,579. 1,719,657 
ee en 

1 Includes Alaska 1966-68; Oklahoma; Oregon 1966, 1968-70; and Wyoming 1969.
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Table 7.-Mine production of recoverable copper in 1970, by method of treatment 
ee 

Recoverable copper 
Ore treated —————___________- 

Method of treatment (thousand Thousand Percent Remarks 
short tons) pounds yield 

Copper ore: 
By concentration___.-_.-----.-------------- 235,586 2,838 ,678 0.60 See table 9. 
By smelting____.-------------------------- | 542 38 ,055 3.51 See table 10. 

_ By leaching_______-._---------------------- 21,601 1148 , 288 34 See table 11. 

257,729 3,025,021. 59 
Dump and in-place leaching. ____----------------  --------- 343 , 935 _... See table 11. 
Miscellaneous from residues, tailings, and noncopper 

" oreS8_____-------------------+-----------------  --------5 70,358 a ~oeee eee 

Total____-_____--___..---.-------------- xX 3,439,314 xX ~aueee eee ee 
re neon ss 

XX Not applicable. , 
1 Includes 70,254,000 pounds of electrowon copper. SO 

Table 8.—Copper ore shipped directly to smelters or concentrated in the United States 
by States with copper, gold, and silver content in terms of recoverable metal 

| : Recoverable metal content 
Ore —_—— ——. Value of 

. shipped or Copper gold and 
State concentrated ————-____-______—_ Gold Silver silver per 

. (thousand Thousand (troy ounces) (troy ounces) ton of ore 
short tons) pounds | Percent 

Arizona____.-_.-_--- 134,968 (1,582,065 0.59 107,292 © 7,130,261 $0.12 
Idaho______--------- 2 176 4.40 27 2,378 | 2.60 
Michigan___..------- 7,638 135, 087 .88 wenn wenn: 891,579 21 

oe _ Montana__._-----.-- 18,720 205,465 .55 19 ,438 3,583,016 .38 
Nevada_____..------ 14,183 167,563 .59 69,188 660, 757 -26 
New Mexico_..____-- 18,592 269 , 246 72 8,409 606 , 892 07 
Tennessee 1______.--- 1,680 31,071 -92 124 94,770 10 
Utah______..-----.-- A0 , 148 480 , 869 .60 347, 548 2,785,671 344 
Other States_____..-- 197 5,191 1.32 112 23 ,294 .23 
a 

Total_____.__- 236 , 128 2,876, 733 61 552,188 15,728,618 .20 

1 Copper-zince ore. . . ee 

Table 9.—Copper ore concentrated 1 in the Table 10.—Copper ore shipped directly 
United States, by States in 1970, with — to smelters in the United States, by 

content in terms of recoverable copper States in 1970, with content in terms of 

Ore Recoverable copper recoverable copper 
S coneen- content OO 
tate trat $$ _______— Ore shipped t 1 

(thousand Thousand ____Ore shipped to smelters 
short tons) pounds Percent Recoverable copper 

—_— oOo State content 
Arizona—_-.--~- 134,618 1, ook Oat 0.58 Short tons ———————__—_______— 

ichigan ___._- ’ ’ : Pounds 
Montana_.___. 18,720 son 464 5B SCC Perecents 
Nevada --=----- 18° bos et re Arizona____.--. 350,305 17,587,600 2.50 
Tennessee?__.._ 1,680 31,071 .92 Idaho.__..---. 1,601 176,300 5.50 
Utah____...... 40,148 480 , 784 .60 Montana- --_-_-- 14 800 2.86 
Other States_-_- 196 5,187 1.32 Nevada____.... 121,745 20,106,800 8.26 

—TT New Mexico_ _. 67,134 144 , 500 1,11 
Total___. 235,586 2,838,678 -60 Utah...._.____ 647 85, 500 6.61 

1Includes following methods of concentration: Other States__- 73 3,600 2.46 
‘“‘Dual process” (leaching followed by concentration) ; a 
“T.PF’” (leach-precipitation-flotation); and froth flo- Total__.. 541,519 38,055,100 3.51 
tation. —_—_——— 

2 Copper-zinc ore. 1 Primarily smelter fluxing material.
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Table 11.—Copper precipitates (from dump or in-place leaching) shipped directly 
to smelters and copper ore leached (heap, vat, or tank) in the United States, 

| by States in 1970, with content in terms of recoverable copper 

Precipitates Recoverable Ore Recoverable State shipped copper content leached copper content Percent (short tons) (pounds) (short tons) (pounds) 
Arizona______________. 87,856 132,440,100 — 15,272,753  1112,228,600 0.37 Montana______________. 21,516 35,111,100 ~ anew eee -~---- ne ---- Nevada_______.2 ee 1,842 12,159, 500 26,327,936 2 36,059 , 800 .28 New Mexico__________...____ 40,321 59 , 993 ,900 (2) (2) ---- Utah___- 2 62 , 488 104,230,600 _ (2) / er ee 

Total________.____ 220 , 023 343 , 935,200 21,600,689 148 , 288 , 400 .34 
1 Includes 70,254,000 pounds of electrowon copper. 
2 Nevada, New Mexico, and Utah combined to avoid disclosing individual company confidential data. 

Table 12.—Copper ore smelted and copper ore concentrated in the United States, 
: and average yield in copper, gold, and silver | 

Smelting ore Concentrating ore Total 

Value - Yield Yield Yield Yield Yield per ton Year Thousand in Thousand in Thousand in perton perton in gold short tons copper, short tons! copper, short tons! copper, in gold, in silver, and . . percent percent percent ounce ounce silver 
1966________ 549 2.34 2186,417 0.66 186 , 966 0.67 0.0029 0.071 $0.19 1967_.._.___._ 303 2.52 2126,763 .63 127 , 066 .63 .0025 .066 .19 1968________ 383 2.46 2169,671 .60 170,054 -60 . 0024 .056 .21 1969________ 485 2.17 %204,704 .62 223 , 752 .60 .0028 .065 .23 1970_______. 542 | 3.51 %3285,586 -60 257, 729 .59 .0023 .067 .20 

1 Includes some ore classed as copper-zinc and minor amount of tailings; 1969 excludes tailings. 2 Includes all methods of concentration: “Dual process’’ (leaching followed by flotation concentration), “LPF” (leach-precipitation-flotation), tank or vat leaching, heap leaching, and froth flotation. 3’ Excludes tank or vat and heap leaching. (See tables 7 and 11.) 

| Table 13.—Copper produced by primary 
smelters in the United States 7 

(Short tons) 
eee . 

Year Domestic Foreign Secondary Total eee 
1966__.__ 1,429,863 36,573 114,671 1,581,107 
1967_____ 841,843 20,997 70,746 933 , 086 
1968_____ 1,284,724 31,754 84,821 1,351,299 
1969_____ 1,547,496 37,995 77,329 1,662,820 
1970___._ 1,605,265 36,073 78,897 1 , 120,235 

eS ees
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Table 14.—Primary and secondary copper produced by primary refineries in the 

| United States | 

. (Short tons) 
a 

eee, —_. 0—_._ mer 

8G 9678 
PRIMARY 

From domestic ores, etc.:1! 
Electrolytic__.._.----------- 1,213,918 754,175 1,013 ,246 1,296,749 1,359,751 

Lake___.____._------------- 69 , 126 54,004 78 ,304 76,417 66,091 

Casting______-------------- 70,043 38 ,372 69 ,375 95,723 95,341 
, 0,088 eee mem 

Total.__.__-------------- 1,353,087 846,551 1,160,925 1,468 , 889 1,521,183 

From foreign ores, etc.: ! 
Electrolytic___..__---------- 321,302 258 ,473 219,726 225,714 215,088 

Casting and best select___---- 36 , 595 27,958 56,735 48 ,212 28 , 823 
a sesso rss ) MS SS 

Total refinery production of 
primary copper_--------- 1,710,984 1,132,982 1,437,386 1,742,815 1,765,094 

- SECONDARY 
Electrolytic 2__..__.------------- 409 , 986 318, 709 327 , 549 410,749 433 ,394 

Casting____..------------------ 27,977 24,568 15,869 2,094 17,623 
eee ss VS | 

. Total secondary__--------- 437,963 343 ,277 343 , 418 412 , 843 451,017 
Nn 

Grand total____._.._..-._... 2,148,947 1,476,259 1,780,804 2,155,658 2,216,111 

nn 

1 The separation of refined copper into metal of domestic and foreign origin is only approximate, as accurate 

separation is not possible at this stage of processing. 
2 Includes copper reported from foreign scrap. 

Table 15.—Copper cast in forms at Table 16.—Production, shipments, and 

primary refineries in the United States stocks of copper sulfate 

ce 

1969 1970 hort tons) 
— Production 

Thousand Thousand ____ Shipments Stocks: 

short tons Percent short tons Percent Year Quantity Copper Dec. 31! 

akes____- 1 5 1966__._ 51,676 12,919 51,816 4,464 

Cathodes. 284 ut 265 12 4967.77. «-40'128 ©—«10,082-S «40,644 «3,516 
rid ot bars 255 12 925 10 1968_.__. 43,784 10 , 946 43 ,648 3,380 

Wiss bars. 1,300 60 1.407 63 1969.._. 50,568 12,642 49,556 4,248 

Other ars -- , , 1970____ 45,352 11,338 40,324 8,812 
a 

forms... 27 ER 1 Some small quantities are purchased and used by 

Total... 2,156 100 2 216 100 producing companies, so that the figures given do not 

EE balance exactly. 

Table 17.—Byproduct sulfuric acid 1 
(100-percent basis) produced in the 

United States 

(Short tons) 
cS 

Copper Lead and zinc 
Year plants 2 plants 3 Total 

ee 
1966_____ 469,728 983,118 1,452,846 
1967___._. 348,497 900,170 1,248 ,667 
1968_____ 483,108 989 ,973 1,473,081 
1969___.__ 685,775 1,086 , 938 1,772,713 
1970_____ 747,784 1,086,207 1,833,991 

i 

1 Includes acid from foreign materials. 
2 Includes acid produced at a lead smelter in 1966- 

68. Excludes acid made from pyrites concentrates in 
Arizona, Montana, Tennessee, and Utah. 

3 Excludes acid made from native sulfur.
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Table 18.—Secondary copper produced in the United States 
(Short tons) 

1966 1967 1968 1969 1970 
ee 

Copper recovered as unalloyed 
copper_____-_ ee 509 ,084 423 ,054 433 ,041 514,593 521,137 Copper recovered in alloys 1_______ 825,165 736 , 853 ‘785,299 860 , 900 726 ,465 meee OEE 

g Total secondary copper____ 1,334,249 1,159,907 1,218 ,340 1,375,493 1,247,602 ource: 
New scrap__________________ 799 ,389 677 ,248 697 , 568 800 , 603 (43,581 Oo - -Old-serap_ 2-22 222222222 =~ ~~ 584;860 482,659 520,772 574,890 504,071 Percentage equivalent of domestic 

mine output__________________ 93 122 101 89 %3 ———_—_——_ os 
. 1Includes copper in chemicals, as follows: 1966—6 ,043; 1967—4,965; 1968—4,757; 1969—3,824: and 1970—2 , 525. 

- Table 19.—Copper recovered from scrap processed in the United States 
| by kinds of scrap and form of recovery | 

(Short tons) 
. Kind of scrap 1969 1970 Form of recovery 1969 1970 

eee 
New scrap: As unalloyed copper: 

Copper-base______ 787,727 732,055 At primary plants________. 412,843 451,017 Aluminum-base_ _ 12,595. —s-:11, 835 At other plants____._._____ 101, 750 70,120 Nickel-base_______ 265 126 —_— Zine-base________- 16 15 Total_____-_-__. 514,598 521,137 

Total......----_ 800,608 748,581 In brass and bronze._...._._-.. 820,945 695.488 SSE» »6Im alloy iron and steel___.-_____ _ 2,570 2,803 Old scrap: In aluminum alloys____________ 32, 826 25,516 Copper-base_____- 568 , 769 498,765 In other alloys________________ 735 133 Aluminum-base. __ 4,973 4,475 In chemical compounds_.______ 3, 824 2,525 Nickel-base______- 1,103 792 -———______. Tin-base________- 15 11 Total___...-2-2_-__ ee 860,900 726,465 
Zine-base____.____ . 30 28 I~ —K—K—&{={—rl__—zzi—~—<<—=—&—{—=—=_™E_E_____ 

. ——— Grand total__.._-_..._.. 1,375,498 1,247,602 
Total___..____- 574,890 504,071 

Grand total___.. 1,375,493 1,247,602 
np 

L 

Table 20.—Copper recovered as refined copper, in alloys and in other forms 
from copper-base scrap processed in the United States 

(Short tons) 
SSS 

From new scrap From old scrap Total 
Recovered by— eS 

1969 1970 1969 1970 1969 1970 —) eee 
Secondary smelters_____.______. 72,515 52,770 277 ,240 214,459 349,755 267 , 229 Primary copper producers_____.__ 215,561 233 , 674 197 , 282 217,343 412 ,843 451,017 Brass mills___..._._...._..___. 480,093 433 , 202 38,541 16,894 518 , 634 450,096 Foundries and manufacturers___. 18,687 11,760 52,856 48,195 71,543 59 ,955 Chemical plants_____.__._______ 871 649 2,850 1,874 3,721 2,523 Spree er eee 

Total___.....--2--2----_~ = 787,727 732,055 568 , 769 498,765 1,356,496 1,230,820 _— ee eee eee eee es
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Table 21.—Production of secondary copper and copper-alloy products in the 
- United States 

(Short tons) 
erence ecient iterate 

Item produced from scrap 1969 1970 
ees nematic ACEC ASS ALS LA ETI  e 

UNALLOYED COPPER PRODUCTS 
Refined copper by primary producers_--_..._...-..------------------------ 412,843 451,017 
Refined copper by secondary smelters_............------------------+----- 86,279 60 , 592 
Copper powder____--....--.-.------------------------------------------- 14,545 9,399 
Copper castings__....--.--.-----------+----------------------------+---- 926 129 

Total_._._.---------------- enn nee eee eee 514,598 521,137 

ALLOYED COPPER PRODUCTS 

Brass and bronze ingots: . 
Tin bronze____.__--...-...--.---.----------- ~~ ee ee eee 19 ,225 11,659 
Leaded tin bronze_______.._......-------.-------------- +--+ +--+ 17,525 11,076 

- Leaded red brass and semired brass._._-_--.-------------------------- 177 , 323 151, 852 
High-leaded tin bronze._......._-------------.---------------------- 35,257 29 ,139 
Leaded yellow brass. _.........-.----------------------------------- 23,627 14,814 — 
Manganese bronze_.........--.---------------------+----------------- 16 , 866 10,890 
Aluminum bronze__.__.-...-_.....----------+----+------------------- 11,367 7,250 
Nickel silver_...........-...---....-..------------------ +--+ == -- 3,804 3,725 
Low brass__.__._.....-..__....------------------------------------ 1,255 914 
Silicon and conductor bronze_._.__._..--..---------------------------- 7,754 4,372 
Copper-base hardeners and special alloys__.....----------------------- 12,208 10,280 

Total_._.__.__..-----_--- ee ee eee 326,211 255,971 
Brass-mill products__..............--._..-_----------+-----+---------+------ 683 , 676 587 , 886 
Brass and bronze castings. ..__......_-.-.---.--------------------------- 52,154 ‘52,089 
Brass powder_____..----...-..------.----+------------------------------ 1,106 1,764 
Copper in chemical products_......--....---------.----------------------- 3,824 2,525 

Grand total........__......__-------_-.-..------------------------ 1,581,564 1,421,372 
pines tp N 

| Table 22.—Composition of secondary copper-alloy production 
(Short tons) 

rn er ps 
Alumi- 

Copper Tin Lead Zine Nickel num Total 
tg 

Brass and bronze production: ! 
1969_......-.-.___._-..... 256,605 14,084 20,129 34,451 876 66 326,211 
1970___..._____..__...-... 201,258 11,189 16,111 26, 733 616 64 255,971 

Secondary metal content of brass- 
mill products: 

1969_____._____.._......-. 518,401 739 4,650 156,550 3,321 15 683,676 
1970____.__..___.___...... 450, 758 ATT 3,192 128,757 4,644 58 587,886 

Secondary metal content of brass . 
and bronze castings: 

1969________._.......-.-... 41,601 1,837 5,236 3,398 15 67 52,154 
1970____.._-________...... 41,290 1,953 5,583 3,198 10 55 52,089 
ann SN 

1 About 93 percent from scrap and 7 percent from other than scrap.
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Table 23.—Stecks and consumption of purchased copper scrap in the United States in 1970 
(Short tons) 

Consumption 
Class of consumer and Stocks Receipts = ————_________——____ Stocks 

' type of scrap Jan. 1 New scrap Old scrap Total Dec. 31 

SECONDARY SMELTERS 
No. 1 wire and heavy copper_-___ 2,646 22 , 067 4,455 18 , 034 . 22,489 2,224 
No. 2 wire, mixed heavy and light - 

copper. ....--_.._----------- 3,306 74,600 10,401 65,801 76,202 1,704 
Composition or red brass__—_ ~~~ - 3,937 17,794 19,361 59,113 78,474 3,257 

- _ Railroad-car boxes__.________--_..... 165... 2,202. _.-_uu--. - --- 2,107 - 2,107 ~~ - 260 
Yellow brass________.____-_---- 7,033 56,450 7,342 51,388 58,730. 4,753 
Cartridge cages and brass___-_--_- 105 . $29 _________ 358 358 76 
Auto radiators (unsweated)-__~__- 2,562 48,295 ________- 49 ,359 49,359 1,498 
Bronze__._...-...------------- 2,550 28,011 4,615 23,073 27,688 2,878 
Nickel silver__._..-.----------- 566 4,099 727 3,307 4,034 631 
‘Low brass..__._____.-...------ 536 4,911 3,558 977 4,535 912 
Aluminum bronze_--_-_--_.------ 159 464 269 209 A478 145 
Lew-grade scrap and residues. __- 6,009 46,030 37 , 536 7,589 45,125 - 6,914 

Total_.....-_.---------- 29, 514 365,252 88 , 264 281,315 369,579 25,247 

_ PRIMARY PRODUCERS 
No. 1 wire and heavy copper-__-__- 1,969 147,965 76,030 68 , 147 144,177 5,757 
No. 2 wire, mixed heavy and light . 

coppet____....-----+-------- 23 , 224 227 , 535 153 , 942 71,346 225,288 25,471 
Refinery brass_____.-.--.-.---- — 398 6,814 5,415 1,125 6,540 672 
Low-grade scrap and residues_ -__- 29,178 342 , 468 50,591 278,877 329,468 42,178 , 

Total____._--..-__--..-- 54,769 124, 782 285 ,978 419,495 705,473 74,078 

BRASS MILLS ! 
No. 1 wire and heavy copper---.- 8, 567 117 , 567 106,167 11,400 117,567 9,209 
No. 2 wire, mixed heavy and light 
eopper___._---__--_--_------ 2,005 35,234 34,318 916 35,234 3,639 

Yellow brass__....-----------.- 25,382 $256,618 256,618 _-___.--- 256,618 25,208 
Cartridge cases and brass_____..- 8,650 116 , 443 109 ,646 6,797 116 , 443 11,483 
Bronze___._..-...-----------.- 784 5,937 5,937 _..___--.- 5,937 812 
Nickel silver__..._..--.._------ 3,212 18 , 884 18,884 _____.__- 18 , 884 2,932 
Low brass______._..--.-_-.---- 3, TAT 44,440 44,440 _____.__- 44,440 4,568 
Aluminum bronze_____-._.--.-- 98 600 600 _____.__- 600 94 
Mixed alloy scrap_____-_...---- 1,340 1,340 1,340 ________- 1,340 __.___-_- 

Total !___-._._-..--__------ 53 , 785 597,063 577,950 19,113 597,063 . 57,945 

FOUNDRIES, CHEMICAL PLANTS, 
AND OTHER MANUFACTURERS 

No. 1 wire and heavy copper _--- 2,384 20,241 6,072 14,516 20,588 2,037 
No. 2 wire, mixed heavy and light 
copper__-..----------------- 1,438 9,561 2,612 6,964 9,576 1,423 

Composition or red brass_..----- 565 5,904 1,554 4,285 5,789 680 
Railroad-car boxes___...._---=-- 501 25,847 _--__--- 25,966 25,966 382 
Yellow brass.__....------------ 643 5,895 2,701 3,082 5,783 755 
Auto radiators (unsweated)______ 812 7,183  _--__--- 7,354 7,354 591 
Bronze.__..__-...--------.---- 267 859 399 498 897 229 
Nickel silver__.......--...----. 8 26 24 7 31 3 
Low brass. ___...--.-..--.----- 19 434 226 197 423 30 
Aluminum bronze____-__..----- 68 378 257 148 405 Al 
Low-grade scrap and residues_ -. - 462 830 313 416 729 563 

- Yotal.__.- .---- ~~~ . 7,167 77,108 214,158 2 63,383 277,541 6,734 

GRAND TOTAL 
No. 1 wire and heavy copper---_-_- 15,566 307 , 840 192 , 724 112 ,097 304,821 19,227 
No. 2 wire, mixed heavy and light 

copper_-_.-.----------------- 29 ,973 346 , 930 201,273 145,027 346 ,300 32,237 
Composition or red brass_.__---- 4,502 83 ,698 20,915 63 , 348 84,263 3,937 
Railroad-car boxes____..-.-.---- 666 28,049 ______--- 28 ,073 28 ,073 642 
Yellow brass____....-.-------.- 33 , 058 318 , 963 266,661 54,470 321,131 30,716 
Cartridge cases and brass__-__~..- 8, 755 116 , 772 109 , 646 7,155 116,801 11,559 
Auto radiators (unsweated) __-__- 3,374 55,428 _.-_---- 56,713 56,713 2,089 
Bronze____._..-_..------------ 3,601 34,807 10,951 23,571 34,522 3,914 
Nickel silver___........-..----- 3, 786 23 ,009 19,635 8,314 22 ,949 3,566 
Low brass. ______.-----.------- 4,302 49,785 48 ,224 1,174 49 ,398 5,510 
Aluminum bronze_-__.---------- 325 1,442 1,126 357 1,483 280 
Low-grade scrap and residues 3___ 36 , 047 396 , 142 93 ,855 288 , 007 381 , 862 50,327 

' Mixed alloy scrap__._-----.---- 1,340 1,340 1,340 ________- 1,340  ___._---L 

Total_____._.--...---.-- 145,295 1,764,205 966 ,350 783,306 1,749,656 164,004 
nO 

1 Brass-mill stocks include home scrap; purchased scrap consumption assumed equal to receipts, so lines in 
brass-mill and grand total sections do not balance. 

2 Of the totals shown, chemical plants reported the following: Unalloyed copper scrap, 680 tons of new and 
1,948 old; copper-base alloy scrap 66 tons of old. . 

3 Includes stocks of refinery brass.
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Table 24.—Consumption of copper and brass materials in the United States, 
| by principal consuming groups 

(Short tons) 

. Foundries, 
chemical 

Year and item Primary Brass Wire plants, and Secondary Total 
producers mills mills miscellane- smelters 

ous users 

1969: , 
Copper scrap____.-------.- 620 , 966 694,950 _____-__. 93,511 481,878 1,891,305 

_ Refined copper!_____.-_.---.  ----_---- 797,126 1,296,316 41,818 6,958 2,142,218 
Brass ingot__._..- 2.2 2-2-2) -- Le eee 6,582 ._.-_-_._. 2380,019 __-._____ 336,551 
Slab zine_______---- eee -ee Lee 160,718 __-_ __- 2,915 15,836 179,469 

'  Miscellaneous__......-----.  ---- eee eee eee eee eee 150) Lot uLe 150 
1970: 

Copper scrap___.---.------ 705,473 597,063 _._.____- 77,541 369,579 1,749,656 
Refined copper !__._....--..  ~---._ _- 660,583 1,338,740 36 , 938 7,042 2,043,303 
Brass ingot___.__._.------. 0-2 Leak 6,204 ________. 2250,636 —_________ 256,840 
Slab zine___--2 ee LLL 113,506 _________ 6,481 7,760 127,747 
Miscellaneous______.-_.---_  --------_ 0 eee eee eee 150 5,059 5,209 

1 Detailed information on consumption of refined copper will be found in table 28. 
2 Shipments to foundries by smelters plus decrease in stocks at foundries. 

Table 25.—Foundry consumption of brass ingot, by types, in the United States | 
(Short tons) 

. 1966 1967 1968 1969 1970 

Tin bronze.____.--.--_--_---.-----_------ 11,174 10,691 11,745 11,954 10,400 
Leaded tin bronze______.__.._.-__--____--. 31,699 28 , 048 30,013 31,818 37,074 
Leaded red brass__________-----___-_-----_ 174,270 145,579 149 ,139. 155,895 128 , 798 
High-leaded tin bronze____._..-._._-..-.__.._ 28,595 20 ,928 20,021 20 ,278 79.960 
Leaded yellow brass______...---..-..-._.-. 17,3849 15,866 25,428 28,685 ’ 
Manganese bronze_____.__.-_--.-_-------__-- 10,331 10,254 10,274 10,680 9,749 
Hardeners___________---_-_----- eee 4,035 4,096 3, 822 4,315 5,196 
Nickel silver____..____..-___---__--_-- ee 3,577 4,094 3,870 - 4,041 - 3,265 
Aluminum bronze___-_.._-_--_---_---_ eee 8,361 7,953 10,202 8,498 7,903 
Low brass.____.-.-__----------- eeeee 3,575 2,761 — 3,611 4,313 4,796 

Total_____.-__2_.._.--_._...-_--___-. 287,966 250,270 268,125 280 ,477 287,141
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Table 27.—Primary refined copper supply and withdrawals on domestic account 
(Short tons) | | 

| 1966 1967 1968 1969 1970 | 
a 

Production from domestic and 
foreign ores, etc__-.__.--------. 1,710,984 1,132,982 1,487,386 1,742,815 1,765,094 

Imports !____.-...-------------- 1° 164,328 r 330,571 400 ,278 131,171 132,143 
. Stocks Jan. 1 1___.--2---..------ 35,000 43,000. 27,000 - 48,000 39,000 

Total available supply_-__. 1,910,312 1,506,553 1,864,664 1,921,986 1,936,237 

Copper exports !...-.-..-..-----. 273,071 -159,858 240,745 = 200,269. 221,211 | 
Stocks Dec. 311__..___...-------- 43,000 27,000 48,000 | 39,000 130,000 

Total_._...---.-.-------- 316, 071 186,353 288,745 239,269 351,211 
' Apparent withdrawals on domestic : 

account 2_____.___.-..-.....-. ' 1,594,000 1,320,000 1,576,000 1,683,000 1,585,000 

r Revised. oo / —_ 
1 May include some copper refined from scrap. 

_ 2 Includes copper delivered by industry to the Government stockpiles. 

Table 28.—Refined copper consumed, by class of consumers 
. (Short tons) 

- Ingots Cakes | | | . 
Year and class of consumer Cathodes Wire bars and and Billets § Other Total | 

ingot bars. slabs 

1969: } | | | 
Wire mills_...-.......__--. 50,631 1,287,939 WwW We 7,746 1,296,316 
Brass mills_...........-.. 183,644 31,847 152,529 172,264 256,714 128 797,126 

. Chemical plants_.....-.... ------.  --------- 471 ee eee 2,624 3,095 
. Secondary smelters______.. 8,866 -_.-.---. 83,025 -__.._.) ~u__-Le 67 6,958 

Foundries___...-..--...-- 1,434 224 138,134 12 117 1,280 16,201 
Miscellaneous !__.......--- 1,574 790 10,643 226 1,542 1,747 22 , 522 | 

- Total__..--..-----=--. 241,149 1,270,800 179,802 172,502 258,373 19,592 2,142,218 
1970: | | 

Wire mills___..-.......... 85,925 1,245,470 W eee, _-L----e 7,845 1,338,740 
Brass mills__............._. 154,174 27,862 120,880 156,770 200,785 112 660 , 583 
Chemical plants_......--..  --_---- --------- SY fr 1,663 2,241 
Secondary smelters. __.___. 3,286 ___.----- 8,749 Lo LLL q 7,042 
Foundries. ___._._....__-. 2,127 1,687 11,941 WwW WwW 483 16,238 
Miscellaneous !___________- 1,474 744 8,573 282 1,262 6,124 18,459 

Total.___..._..-.------ 246,986 1,275,763 145,721 157,052 202,047 15,734 2,043,308 

W Withheld to avoid disclosing individual company confidential data; included in “Other.” 
1 Includes iron and steel plants, primary smelters producing alloys other than copper, consumers of copper 

powder and copper shot, and miscellaneous manufacturers. . 

Table 29.—Stocks of copper at primary 
smelting and refining plants in the 

United States, Dec. 31 

(Thousand short tons) 

Blister and 
Refined materials in 

Year copper ! process of 
refining 2 

1966______-_--------. 43 270 
1967___.__----------- 27 220 
1968____.-.__------- 48 272 
1969___________-.-.. 39 291 
1970____._.--------- 130 340 

1 May include some copper refined from scrap. 
2 Includes copper in transit from smelters in the 

United States to refineries therein.
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Table 30.—Stocks of copper in fabricators’ hands Dec. 31 | _— 
| (Short tons) 

eee 
Unfilled pur- . 

Stocks of chases of refined © Working Unfilled sales Excess stocks 
Year refined copper! copper from stocks to customers over orders 

producers booked 2 
- (1) (2) (3) (4) (5) eee NN 
1966__.-.------ Le 558 , 599 134, 732 407 ,345 361,559 —175,573 
1967._.-.-.----______ A479 , 572 98,716 415,765 269 ,474 —106 ,951 
1968__....-----2 eee 514,553 128,919 420,186 273 , 469 —50,183 
1969__.__--_._______. 502,300 99 , 232 412,734 256,299 —67,501 oe oo — 1970._----------2--._-~ 515,096 ~ 86,925 ~~438,925 156,007 ~ = =——- 7, 089 

1 Includes in-process metal and primary fabricated shapes. Also includes small quantities of refined copper 
held at refineries for fabricators’ account. . 

2 Columns (1) plus (2) minus (3) and minus (4) equal column (5). 
Source: United States Copper Association. 

Table 31.—Dealers’ monthly average buying price for copper scrap and consumers’ 
alloy-ingot prices at New York in 1970 | | 

(Cents per pound) 
OL LC ree tenpeeeey 

Grade Jan. Feb. Mar. Apr. May ' June ATO nn ne one ee on eee 

No. 2 copper scrap____............ 46.69 46.72 . 49.69 52.27 47.68 41.00 
No. 1 composition scrap_.........._ 40.69 40.33 43.19 45.86 42.78 36.09 
No. 1 composition ingot............_ 58.00 58.00 59.36 61.97 68.25 61.00 

eee 
July Aug. Sept. Oct. Nov. Dec. Average 

No. 2 copper scrap_____........-.. 38.02 35.93 33 .38 30.61 26.75 24.68 89.45. 
No. 1 composition serap_........... 384.11 33.41 32.21 30.43 28.50 27.59 36.27 
No. 1 composition ingot.__......... 57.46 53.56 51.00 51.00 51.00 50.61 56.35 

Source: Metal Statistics, 1971. 

Table 32.—Average weighted prices of 
copper deliveries 1 | 
(Cents per pound) 

Domestic Foreign 
Year copper copper 

eS sr tA 

. 1966____.---- eee 36.6 50.5 
1967____..--_2-- ee 38.6 48 .2 
1968___. eee 42.2 51.4 

. 1969____ ee 47.9 63.2 . 
1970__ 2 58.2 64.1 
——— 

1 Covers copper produced in the United States and . 
delivered here and abroad and copper produced 
abroad and delivered in the United States. 

Source: Metals Week. 

Table 33.~Average monthly quoted prices of electrolytic copper for domestic 
delivered, in the United States and for spot copper at London 

(Cents per pound) 
eee 

1969 1970 . 

Domestic delivered London Domestic delivered London 
Month _ spot 1 _——— Epet 1 

American Metals etals American Metals etals 
Metal Week Week Metal Week Week 
Market Market 

eee 
January.__...-_________- 43 .03 43 .90 56.61 55.92 56.25 12.57 
February_......._._____- 44.12 44.23 58.04 56.12 56.50 74.09 
March. ____..-._________ 44.12 44.79 57.75 56.12 56.50 78.45 
April_..----------------- 44.12 44.95 62.74 59.74 59.80 77.56 

ay__.----- ee 45.50 45.89 62.74 60.12 60.20 71.45 
June__-_- 46.12 46.42 66.88 60.12 60.20 64.98 
July... 46.12 46 .45 65.64 60.12 60.10 60.60 
August__.__...-- 22 ee 48.03 48 .32 72.38 60.12 60.10 56.28 
September_______________ 51.55 51.76 71.11 60.12 60.10 55.30 
October___...__._______- 52.12 52.48 70.19 59.08 59.00 50.71 
November.___.__________- 52.12 52.52 73 .84 56.12 56.10 48 .22 
December_-_____.___.___-_- 52.12 52.89 76.96 53.12 53.10 46.46 meee SS 

Average._________- 47.43 47.93 66 .24 58.07 58 .20 62.96 —_— EE 
1 Based on average monthly rates of exchange by Federal Reserve Board.
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Table 34.—U.S. exports of copper. by classes and countries 
a 

Ore, concentrates, 
and matte Refined Scrap. 

- Year and country (copper content) 

Short Value Short | Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 

a 

1969_____.___----------.- 1,177 $1,195 200 , 269 $228 ,072 7,592 $6,793 

1970: 
- Afriea._------- eee Lee eee Lee 61 83 3 3 

Argentina______-_.--  ---------- ---------- 693 . 871 _____ ieee LLL LLL eee 
Belgium-Luxembourg - 331 449 4,262 5,476 4,004 3,204 
Brazil. _.___-_------.  ------e-eee tLe eea--e - 24,688 33 , 487 154 - 139 
Canada_______-----_- 1,933 1,912 12,968 15,226 1,301 1,052 
Chile_________-_--__ ~-u-eeeeee Lee eee (1) (2) Meee eee eee ee eee eee 
Colombia___...-.-_-. ---------. ---------- 1 1. LeeLee eee LLL eee 
France__-._---------  -----+----  ---------- 18 ,621 26 ,388 . 26. 21 
Germany, West_-_-_--- 7,056 8,493 20,113 25,741 4,242 4,045 
India____---___----- eee eee eee wee eee 14,687 19,316 239 257 
Italy_......_.-__-_-- 20 13 39 , 067 _ §2,995 861 692 
Japan_.._.___._--_-- 45,364 39,411 9,295 11,180 2,183 2,069 
Korea, Republic of... -..------.  ---------- 4,497 6,689 _____..--. _ -u.------ 
Mexico________--_--_ 2,613 ‘2,820 29 Al 17 414 
Netherlands_______-.- 33 46 20,529 29 , 848 86 94 
Oceania__._-__--.----- LeeLee eee eee eee 99 160 ________-- LLL eee 
Peru__.._.----.----~ 0 -- eee eee +--+ 2 2 Lue eeee ee Lee eee 

. Philippines___..-...-. --.------- ---------- 1,810 2,188 _-_____---_- - _------- 
Spain. __...-..---_-- 2,169 2,876 2,732 3,486 496 557 
Sweden_____._--_--- 2,019 2,346 1,954 2,869 26 24 
Switzerland____.____..  __----_-.. -..------- 2,431 8,476 22 17 
Taiwan____-____-__.  __---- eee Lee 1,122. 1,526 _____-_-_. _-_-_----- 
United Kingdom___..  ---------.  ---------- 25,163 34,182 712 626 
Yugoslavia_.._---_.. --u.-----.  ---------- 14,593 19,371 1,077 1,319 
Other_..-____.------ (1) (1) 1,794 2,432 1,156 1,095 

Total_______._---- 61,538 58 ,366 221,211 296 ,929 16,555 15,228 

Blister Pipes and tubing Plates and sheets 

Short Value Short Value Short ‘Value 
tons (thousands) tons (thousands) tons (thousands) 
a 

1969_____-._____.------- | 4,340 $3,918 952 $1,925 425 $763 

1970: 
Afriea___.---------- Lee eee +--+ 35 99 1 2 

. Argentina_.____.---.  ----------  ---------- (2) 5 ee 
Belgium-Luxembourg _ 5,914 5, 704 6 1B LLL Leelee Lee eee 
Brazil.....--..------ ) ~--------- +--+ ------- 9 26 (4) 1 
Canada____.....__-- 3 2 307 591 152 300 
Chile._______----_--_ eee eee eee eee 3 10 ___-----e ee Lee 
Colombia__.___-_..-_  ---------- 0) ------ eee 154 343 2 3 
France_.._____.-.--- 2 3 128 313 5 15 
Germany, West____-- 1,878 1,787 __-------- -~.-------- (1) 1 
India______-------- eee eee wee 56 141 1 1 
Italy__.....---_--_-- 2 2 5 15 (2) 1 
Japan___..i----..---  ----------  ---------- 12 42 3 7 
Korea, Republic of... ---------- ---------- 2 5 1 4 
Mexico_____-_------.  ~--------. 0 ---------- 25 67 1 2 
Netherlands________.  ._-------- -.~-------- 4 16 (1) 1 
Oceania______----.-.  ---.------) ---------- 3 13 1 3 
Peru_______-.-----__ 0 --- eee ee e+ 4 156 __ie- elle Lee 
Philippines__._._._--._..  ---------- ---------- 11 250 __Lee eee LeeLee 
Spain___.__--------.  ----------  ----+--+--- 7 26 10 34 
Sweden____.___--_-.  ---------- ---------- 1 1 5 10 
Switzerland__._____..  ----.----.  ---------- 9 22 41 16 
Taiwan____.___--_-_ ---------- oe 8 PY ce 
United Kingdom. -__-_-_ 5 4 110 261 6 10 
Yugoslavia____....-.  ----------  ---------- (2) (2) 98 114 
Other_...__.-------- 1 1 165 412 31 10 

Total___._-.-..---. 7,805 7,503 1,064 2,491 358 655 

See footnotes at end of table.
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| Table 34.—U.S. exports of copper by classes and countries—Continued 

Wire and cable, bare Wire and cable, . Other copper 
insulated manufactures 2 

Year and Country ee 
Short Value Short _ Value Short - Value 

. tons (thousands) tons (thousands) tons (thousands) 

1969_____-.----__ LL Lee 4,696 $6,456 | 22,980 $59 ,377 4,602 $6,160 

1970: . 
Africa... 117 198 1,008 2,609 141 244 
Argentina___________ 177 258 159 449 29 74 
Belgium-Luxembourg _ 19 21 82 860 48 128 

' Brazil_-.---2-.--2 — 244" ——  30200,°¢~—~—C——— GBBT OD DQ 
Canada______-_-.__- 485 585 7,495 23,987 987 1,258 
Chile_____.._.____-- 37 64 395 842 8 ~ 419 
Colombia___-..._-..- 24 31 156 433 923 1,306 
France__....-..--_-- 72 96 493 640 171 394 
Germany, West__.._- 80 185 385 2,601 63 98 . 
India___-.---------- 0 eee eee eee eee eee 14 78 3 4 
Italy_.....-------__- 1 3 209 1,265 15 251 
Japan_._______. 2. 5 13 222 1,021 35 719 
Korea, Republic of. _ _ 116 184 490 867 9 24 
Mexico____________-- 109 134 2,929 7,064 9 16 
Netherlands_______-_- . 2 5 146 586 3 11 . 
Oceania_________-_-- 40 50 340 1,131 5 9 
Peru___.___--_.__.-- 16 27 86 178 (2) 1 
Philippines____._.___ ‘90 110 2,168 3,610 402 897 
Spain____...--___._- 3 5 71 236 (1) (4) 
Sweden____..___.._- 40 74 85 500 . 2 6 
Switzerland__.._.___- 91 110 97 - 373 30 32 
Taiwan_____.-.--_.- 3 8 165 768 1 2 
United Kingdom. __.- 68 111 250 2,101 29 53 
Yugoslavia____...--.  ----------) ---eiuue-e 14 50 203 262 
Other__....--__-__- 1,148 1,409 6,080 18 , 821 2,881 3,898 

Total___._____-_-- 2,982 3,983 23 , 602 66,327 6,057 8,568 

1 Less than 1 unit. 
2 Does not include wire cloth: 1969, 842,072 square feet ($480,389); 1970, 1,151,648 square feet ($476,767). 

Table 35.—U.S. exports of copper by classes | 

Ore, concentrate, and Blister Refined copper 
y matte (copper content) and semimanufactures 

ear eee 
Short Value Short Value - Short Value 

. | tons (thousands) » tons (thousands) tons (thousands) 

1968____..-__ ee 64,990 $46 , 902 15,749 $11,579 297 ,992 $308 , 098 
1969___.__ eee 1,177 1,195 4,340 3,918 236 ,914 303 , 386 
1970___. 2. ee 61,538 58 , 366 7,805 7,503 249 , 217 370 , 388 

Other copper manufactures 1! Total | 

Short tons Value (thousands) Short tons Value (thousands) 

1968_____.__-.---..--.-.- 4,669 $5,681 383 , 400 $372 ,260 
1969______._.---.-------- 4,602 6,160 247,033 314,659 
1970_._.__-..--_-.--. _.. 6,057 8,568 324,617 444 ,825 

1 Does not include wire cloth: 1969, 842,072 square feet ($480,389); 1970, 1,151,648 square feet ($476,767).
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Table 36.—U.S. exports of copper-base alloy (including brass and bronze), by classes 

1969 1970 

Class Value Value 
Short tons (thousands) Short tons (thousands) 

Ingots___._-___-_---_-------------ee 333 $1,030 . 211 $693 
Serap and waste_____._--------------- 78,338 64,517 110,365 89 , 762 
Bars, rods, and shapes____-__.._---_-- 2,078 4,019 | 3,028 5,645 
Plates, sheets, and strips____---------- © 2,326 7,744 2,276 7,871 
Pipes and tubing. __......__-.....---- 1,762 3,317 1,654 3,864 
Pipe fittings. ______.._.__-_..------__. 3,520 10,699 2,594 8,537 
Plumbers’ brass goods___-.._..__--_---. = 1,195 3,142 954 2,785 
Welding rods and wire__._-____..__.--. 1,228 2,723 2,016 4,755 
Castings and forgings. __..........._-- 1,110 - 1,620 1,684 2,746 
Powder and flakes______.___._._-_____ 1,751 2,837 1,502 2,811 
Foil______..-2-_-___--__- eee eee 1,162 3,566 1,309 - 4,544 
Articles of copper and copper-base . . 

alloys, n.e.c_______ (1)  §,8384 (4) 4,314 

| Total. _____-_- 94,803 111,048 127 , 593 138,327 — 

1 Quantity not reported. 

Table 37.—U.S. exports of unfabricated _ Table 38.—U.S. exports of copper sulfate 
copper-base alloy 1 ingots, bars, rods, (Blue vitriol) : 

shapes, plates, sheets, and strips | | 

Value . Value . 
| Year Short tons (thousands) Year Short tons (thousands) | 

1968_____.......-.. 3,630 $8,472 1968______---------- 927 $718 
1969_____-_---. ee 4,737 12,793 1969______---____--- 3,127 2,385 
1970___._-__.-_-_-- 5,515 14,209 1970____-------_---- 2,485 1,543 . 

1 Includes brass and bronze. 

Table 39.—U.S. exports of copper scrap, by countries 

a Unalloyed copper scrap Copper alloy scrap - 

| 1969 1970 1969 1970 
Country eee SSMS 

Value Value Value Value 
Short (thou- Short (thou- Short (thou- Short (thou- 

. tons sands) tons sands) tons sands) tons sands) 

Austria___..-_----- eee eee eee eee eee 692 $524 1,904 $1,361 
Belgium-Luxembourg. -___ 1,593 $1,293 4,004 $38,204 15,986 12,590 17,154 18,430 
Canada__._~~__--____--- 1,834 1,644 1,301 1,052 4,250 3,685 3,688 3,225 
France____..._..-._-_----- ------ 2 Leek 26 21 43 44 244 200 
Germany, West_________- 870 788 4,242 4,045 17,494 16,260 18,751 16,676 
India____-_--- 2k 27. 23 239 257 98 91 210 236 
Israel___..-.._._-_------ ------_,) ---ee-e 1,134 1,072 362 262 1,991 1,686 
Italy_...-..______-____ -_- 243 177 861 - 692 7,740 5,576 9,149 6,998 
Japan____.__________~_-- 1,204 1,068 2,133 2,069 24,702 19,131 45,309 36,232 
Mexico_______.________-- 22 19 17 14 253 283 129 735 
Netherlands___________.- 71 86 86 94 719 890 876 881 
Spain____._...________-- 479 406 496 557 2,833 2,656 3,240 2,907 
Sweden. ______________-- 20 27 26 24 1,931 1,319 3,322 1,968 
United Kingdom________- 82 83 712 626 547 506 2,051 1,643 
Yugoslavia_____.___.___- 1,083 1,110 1,077 1,319 93 119 188 181 
Other__.......-.-_-.-_-- 64 69 201 182 645 583 1,559 1,402 

Total___________ - 7,592 6,793 16,555 15,228 78,338 64,519 110,365 89,761
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Table 40.—U.S. imports for consumption of copper scrap, by countries __ —_—_ eee 

Unalloyed copper scrap (copper content) 
ene Nene 

1969 1970 
Country SSS 

Value Value 
. Short tons (thousands) Short tons (thousands) —___-——— eee een 

Bahamas_________.________. 28 $20 36 $17 Canada_______._____ ™3,260 r3,057 472 528 
Chile_..--_--_ ee 81 97 95 104 Dominican Republic____.____._______. 104 87 . 35 31 France_____--_-.__-2 2 ee 7 9 ~---- ~---- a a Germany, West..22 2 20s oe Qe ~ 3 Od 18 ee Guatemala___________________. 8 7 47 36 Honduras._______--_ ee 65 64 85 87 Japan____-_--2 6 7 -o--- ae Mexico______-_-_________ 71,953 11,644 1,345 1,025 . Netherlands_________________________ 1 2 4 8 Panama____-_-_-___2- 2 20 18 5 5 Spain __._.-.-222 ~---- ae 13 57 United Kingdom_____._______________ r 45 r67 82 117 Other___._-__2 112 101 22 16 eee 

Total... ee 75,692 r 5,183 2,308 2,044 OS 

Copper alloy scrap , 
eee 

1969 1970 

| Gross Copper Gross Copper 
weight content Value weight content Value 
(short (short (thou- (short (short (thou- 
tons) tons) sands) tons) tons) sands) 

Bahamas___.____ ee 25 20 $16 36 24 $33 Canada_____.-..---_-_ = ____-_____. 2,346 1,493 1,685 1,978 1,292 1,555 | Dominican Republic_____...____._____ 109 81 65 43 31 26 | Guatemala... 22 10 8 7 120 103 86 
Mexico... 421 385 296 303 225 188 
Panama____._..2-_-----_-- eee 33 22 21 21 14 14 
United Kingdom_._____-_____ 27 9 5 eeu ee -oan-e lee eeue 
Other_____...- 2 ee 23 17 14 27 22 23 

wee 
Total__..-------- eee -___ = 2,994 2,035 2,109 2,528 1,711 1,925 _———_— eee eee 

r Revised. .
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Table 41.—U.S. imports 1 of copper (unmanufactured), by classes and countries 
(Short tons, copper content, and thousand dollars) 

Ore, concentrates Matte Blister 
Year and country ——_. $$ —————————————————_-- 

Quantity Value Quantity Value Quantity Value 

1968_____.._._-.-------------------- 27,050 $26,280 509 $490 270,718 $227,814 

1969: 
Australia____....-.---_---------- 1,662 1,584 ___--_-- -------- ' 558 599 
Canada_.________-._------------ 8,862 8,523 319 414 71 72 
Chile_________-__------_--- eee eee eee eee eee eee -------- «=: 100, 768 82 ,980 
Mexico_______..._-.------------- 89 80 __..----) -------- 2,816 2,990 
Peru____._-.-.-.---------------- 9,664 12,008 -__--.--. -------- 107,385 120,367 
Philippines. ____..__...-----_---- 18 , 267 23 , 807 2 2 Lene eeee Lee 
South Africa, Republic of........_. --------  -------- -------- ) -------- 25,160 21,184 
Other____.._.------------------- 180 128 3 3 1,191 1,673 

Total___.-____--_-..-----~---- 38 , 724 46,075 324 419 287,949 229,865 

| 1970: . 
Australia__.........-.--_..------ 1,336 1,460 ____----  ---eeeee Lee eee Lee 
Belgium-Luxembourg_._....---.-.0 --2-----) -------- -------- -------- 22 32 
Canada_____._.-------.--------- 3,395 4,250 1,047 1,300 119 115 
Chile.______._----_-------- eee eee eee ee eee eee eee eee eee --- 97,952 93 , 531 
Japan._____.-_.----.------------ 6 2 Wu--ee ee eee ee eeee-- +--+ --- 
Mexico._______---_--_.---------. 135 ts 2,504 3,011 
Mozambique__________._-_--_----. fee eeee ee eee eee eee eee eee eee eee +--+ ----- 
Peru___.-.._____-.-------------- 8,949 11,149 _LLLLLe LLL ---- 94,868 115,350 
Philippines____....._...-.--_---.- 18,700 23,391  _____-2  --u-u-- Leute ee ---- 
South Africa, Republic of.......... --------  -------- -------- -------- 28,946 83,855 
Other_....._-..-.--__------------ 220 54 53 89 5 9 

Total_._-.....-..-----_------- 32,741 40,394 1,100 1,389 224,416 245,903 . 

. Refined Scrap Total 

Quantity Value Quantity Value Quantity Value 

1968___._.-._-.___--_----------.----- 400,278 $435,257 11,420 © $11,952 709,975 $701,793 

1969: . 
Australia. _.....-....--.--------- 5,601 6,062 (2) (2) 7,821 8,195 
Belgium-Luxembourg__.....------ AT3 634 22 22 495 656 
Canada_____._-.-.-------.------ 84,941 80,781 r 3,260 3,057 197,453 +*92,847 
Chile__________.-.-_---_------.-- 21,470 19,980 81 97 122,319 103,057 
Germany, West____.._-.--------- 2,574 3,619 2 3 2,576 3,622 
Mexico________.._-._------_------ 248 333 -* 1,953 71,644 r 5,106 r 5,047 
Netherlands____._._..--------_-- 222 320 1 2 223 322 
Peru______________-.------------ 4,372 5,658 ..._.-.. -.-_._.. 121,421 138,028 
Philippines. ._______..--.-.------ 0 -------- eee eee eee eee +--+ +e 18 , 269 23 , 809 
South Africa, Republic of___....... .------- --------  -------- -------- 25,160 21,184 
United Kingdom____..__.-.-..--- 3,950 5,217 tT 45 67 r 3,995 tr 5,284 
Yugoslavia... _..-...----_---.-.-- 1,663 2,145 -_.-----) .------- 1,663 2,145 
Zambia_____..-.--------------.- 999 1,889 ___----. —-------- 999 1,339 
Other...______...------.-------- 4,658 6,485 r 328 ‘291 r 6,360 r¥,580 

Total____..--------- ee -eee---- =: 181,171 =: 182,573 tr 5,692 75,183 * 418,860 * 414,115 

1970: 
Australia___.._......---_---.---. 1,654 2,585 ..-----.  -------- 2,990 3,995 
Belgium-Luxembourg____..--.-.--_ 1 2 Lene ee LL eee 23 34 
Canada_________--_------.-.-.-- 91,814 99 ,245 470 528 96,845 105,438 
Chile________...---.-.-_--..---- 16 ,928 18,267 __.-.... -.------ 114,880 111,798 
Japan________--__---.--_-------- 13,132 14,990 ___----.) ~LLLe--- 13,138 14,992 
Mexico_____._._____..----------- 377 ATT 1,345 1,025 4,361 4,601 
Mozambique__-__....------------ 750 1,029 ____---- ue eeee 750 1,029 
Peru_______-__--------.--------- 6,209 8,110 _______. -____--. 110,026 134,609 
Philippines____.______-------_---- --------  -------- 0 -------- 0 +--+ ---+- 18, 700 23,391 
South Africa, Republic of.-....---.  -.------  -------- ) --------) -------- 28,946 33 , 855 
United Kingdom_________-_---.-- 59 76 31 79 90 155 
Zambia_..._.-.-.----.---------- 1,102 1,217  -_..---~ ~~ _----- 1,102 1,217 
Other__.__--__------------------- 117 145 234 209 629 506 

Total___....--__-_----.---.---. 182,143 146,093 2,080 1,841 392,480 435,620 

r Revised. 
1 Data are general imports; that is, they include copper imported for immediate consumption plus material 

entering the country under bond. 
2 Less than 4 unit.
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Table 42.—U.S. imports for consumption of copper (copper content) by classes 
(Short tons and thousand dollars) 

EEE 

Ore and concentrates Matte Blister 
Year eS 

Quantity Value Quantity Value Quantity Value 
SSE 

1968_______-- 2 eee 71,884 $66,291 8 $4 274,180 $224,013 
1969______ ee 3,588 3,274 6 17 =. 241, 712 233 ,265 
1970_____-___- eee 64,540 77,367 247 346 224,289 245,778 

Refined Scrap | _ Total value a 

Quantity Value Quantity Value 

1968____--------- i. --_..---. 408,680 $488,608 11,571 $12,117. $741,033 
1969______--- 22 eee 131,171 132 , 5738 r 5,692 r 5,183 374,312 
1970______-_-- ee 132,143 146 ,093 2,308 2,044 471,628 

nee 
SS SSS 

SPSS? . 

r Revised. 

5
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Table 43.—Copper: World mine production, by countries 1 
(Short tons) 

Country 1968 1969 | 1970 P 

North and Central America: 
Canada 2_____---__-.----------- 2 eee -------- «=: 683 , 312 573 , 244 676 ,006 
Cuba ¢____.---------------------------------------- +--+ ---+-- 5,500 3,300 3,300 
Dominican Republic______...............-_--.--------------- ‘117 526 468 
Haiti____ ~~ eee ---- ™1,761 1,981 1,870 
Mexico__.___________------- +--+ ++ -- 67,362 72,984 68 ,361 
Nicaragua. _____._~.-2 ~~~ eee 12,695 4,583 8,705 
United States 2_______..--____. Lie --_---. «61,204,621 1,544,579 1,719,657 

South America: 
Argentina_______.____--- eee tr 463 503 e 510 
Bolivia 3.__....._-_..___-------eeee------ 7,861 . 8,800 — 9,655 
Brazil e____ ~~ 2 eee eee r 3,000 r 4,500 4,870 
Chile. ___..-.-______ eee eee 734,870 770,593 755,700 

_ Colombia_______._-.--_-_ 2 eee eee eee eee — 8 220 
Beuador__.___.___..-.-------- eee 614 588 e 600 

. Peru________.__ eee 234 , 282 219,143 233,751 
Europe: . 

Albania 4____ 2 eee eee 5,986 5,756 6,160 
Austria___-__-._- eee r2,278 2,589 ' 2,493 
Bulgaria______________2_-..------ eee tr 41,100 43 ,300 e 44,000 
Czechoslovakia__.___.....____.-__-------.--------.-.-------- 5,148 5,423 e 5,500 

7 Finland. ......_.....--.------------------------------------ t 33,129 36 , 525 34,333 
France_________ eee eee ee eee eee 431 429 384 

_ Germany, East e________._ ~~ eee eee r 21,000 21,000 22,000 
Germany, West____________________-_ eee eee 1,475 1,592 1,404 
Jreland_____._.......-.....-.--------------------_---+------- r 7,470 6,801 9,184 
Italy... eee eee eee 72,535 - 2,436 _ 2,524 
Norway 5____....-_________-______ ui ------- eee 18 ,492 23,307 21,988 
Poland ¢___-.-- ~~~ eee ee r 29,300 53,200 79,000 

- Portugal §___ eee eee eee 4,984 4,491 5, 532 
Romania ¢2___-- eee 5,500 5, 500 6,600 
Spain’ 6-90 eee ©9,221 11,626 10, 067 
Sweden________-___ eee 20,076 27,723 25,500 
U.S.S.R.e__ eee eee----- = 570,000 = * 610, 000. 630,000 
Yugoslavia____..__-_____---_-_-_____--------- eee ee r 77,699 90 , 032 100,099 

Africa: — 
Algeria______ 2 eee 870 599 636 
Angola__.___ 22 eee eee eee eee 222 13 
Congo (Brazzaville)_.............._-...__.2____.__- Lu --------- 863 12 ___.----- 

; Congo (Kinshasa) ________.________-._--- ~~ eee ---- 357, 700 393 , 421 425,138 
Kenya_.___-. 2+ eee eee ee 42 85 87 
Moroceo_____-_-___-_-__-_-----_-_----~--_--- ~~~ eee r 3,359 2,507 3,167 

. Mozambique___________-___._u eee eee eee eee eee --- 143 
Rhodesia, Southern ¢_______.______-_-~~-_- eee r 21,500 21,000 22,500 
South Africa, Republic of.............2222 eee eee le. = 141,351 139 , 096 164,469 
South-West Africa, Territory of 2 7_....._.....-------__-__--_-- © 34,691 30,450 29 , 406 
Uganda. _______________-_----___----- ee ee eee eeee r 20,841 21,428 21,119 
Zambia________.._...____..--_.--_---- eee eee) 782,911 824,658 4 753,968 

Asia: . a 
Burma ¢___._ eee 44 44 44 
China, mainland e__________________-__-______-_------_-___--. "100,000 +* 110,000 110,000 
Cyprus §___ eee r 18,780 18 ,996 20,019 
India____________ Lee r10,221 11,373 11,312 
Tran '____ eee eee eee eee tr 679 568 796 
Israel e_.._...____ r11,334 11,776 12,112 
Japan 5__-- eee 132 , 202 133 , 516 186 , 851 
Korea, North ¢__________________-----.---------------------- r 13,000 r 13,000 14,000 
Korea, Republic of______.._._.--_---------_- eee eee r 1,324 1,466 1,807 
Philippines_____._-_--- eee 121,557 144,872 160 , 303 
Taiwan ¢________ 2 - ee r 2,500 2,500 2,700 
Turkey____._-_-- 2 eee ee r 31,772 29,072 30,010 

Oceania: 
Australia__._____..__._. 2 ee _____----. = * 120,890 144,776 160,551 
Fiji... eee eee 653 472 ___.----- 
New Zealand_________-________----__-_____ eee ee 55 17 51 

Total____-___-.-____-_-_--___ eee ----~ * 5,640,921 6,212,998 6,566,643 

e Estimate. p Preliminary. * Revised. 
1 Data presented represent copper content (recoverable where indicated) of ore mined wherever possible. 

If such data are not available, the nonduplicative total copper content of ores, concentrates, matte, metal 
and/or other copper-bearing products measured at the least stage of processing for which data are available 
has been used. 

2 Recoverable. 
3 COMIBOL production plus exports by medium and small mines. 
4 Smelter production. 
5 Includes copper content of cupriferous pyrites. 
6 Excludes an unreported quantity of copper in iron pyrites which may or may not be recovered. 
7 Output of Tsumeb Corporation Ltd. only for years ending June 30 of that stated. 
8 Year beginning March 21 of that stated.
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Table 44.—Copper: World smelter production, by countries 1 

(Short tons) 

Country 1968 1969 1970 p 

North America: 
Canada_-____---_._-.----.-------_----------.--------. 1™524,424 449 , 232 543 ,070 
Mexico___-_____.._.-.-.-------__------- eee ¥ 61,532 63 , 264 65,360 
United States 2_______.___-_-_-- +e eee 71,266,478 1,585,491 1,641,338 

South America: 
Brazil 3___.__.-_.___..---.------------- eee ' 3,850 3,583 e 4,200 
Chile 4. _ 2 eee eee 691 , 646 729 , 496 718,415 

. Peru__--..--------------------------------------_---. 205,167 _ 186,034 194,406. ss 
Europe: 

Albania__-.____.-_-- ~~~ +--+ ee 5,986 5,756 6,160 
Austria 3____ ee ee 19 , 862 21,204 24,806 
Belgium ¢3_______ eee 11,000 11,000 11,000 
Bulgaria_.________..._------------------- ee ee r 42,100 42,000 46 ,000 
Czechoslovakia_____._....-.-_--------__-_u- Lee ee r 15,525 18,123 e 19,000 
Finland. _____..___-----------------------------------. 39 , 567 37,343 37,530 
Germany, East ¢__________---.----- 12 eee r 21,000 r 21,000 22,000 
Germany, West 6_______..-.--.------___-_--- eee = ™ 105, 500 102 , 400 93 ,000 
Hungary *__________.------------2- 2 12,600 12,000 6,917 
Norway 7______...---.---------.--- 2 eee 25,995. 30, 743 35,375 
Poland___.._--------.-------------------------------- tr 48,100 60,300 79,600 
Romania @__________ ~~ eee 5,500 5,500 6,600 
Spain. ____.____-_.--- eee t 50,460 41,469 43 ,899 
Sweden_________-_-..------- eee 51,458 57,054 56,440 . 
U.S.S.R. ¢__ 2 ee ---------- ™ 570,000 r 610,000 630 , 000 
Yugoslavia___.-2- eee eee r 80,347 102,095 116 , 736 

Africa: 
Congo (Kinshasa)______...--..--------.-__--_-_----__. 359,904 400 ,974 424 ,988 
Rhodesia, Southern ¢______. $e ee eee 19,000 21,000 22,000 
South Africa, Republic of_.__._._....__-.-...-..--____-. "150,700 140,300 - 151,300 
South-West Africa, Territory of §.__...__.______________- 35,706 30 ,297 31,519 
Uganda. ________--__ ee 17,192 18 ,259 18 ,693 

Asi Zambia__.._-_-----------.-----__-------------------. "783,153 823 ,959 758 ,968 
ia: 

China, mainland. _____..-_.....-_.-----.-------------- 110, 000 110,000 110,000 . 
India_____-____--- eee 10 , 236 - 10,749 10,264 
Japan3_____ eee 604,518 $693,524 TTT, 407 
Korea, North ¢_____....-.----_-_----__---------------- 13 , 000 13 , 000 14,000 
Korea, Republic of__________..2-_- eee eee. si, 022 6,856 5,600 
Taiwan_____..-.-..--..--------_ ee 2,802 3,576 4,136 
Turkey____-_._---._._-----___---_- eee eee r 27,949 25,904 20,894 

Oceania: Australia__._.........___..------__. ~~ eu. = ™ 108, 548 128,071 122 , 326 

Total________------ ee 7 6,050, 822 6,621,556 6, 863 , 947 

e Estimate. P Preliminary. r Revised. 
1 Unless otherwise noted, data presented for each country represent the sum of production of primary blister 

copper, primary refined copper of nonblister origin, and any primary refined copper derived from unreported 
quantities of domestically smelted blister copper. 

2Smelter output from domestic and foreign ores, exclusive of that produced from scrap. Production from 
domestic ores only was as follows: 1968—1, 234,724; 1969—1, 547,496; and 1970—1, 605,265. 

3 Includes secondary copper (production from scrap). 
4 Data are the nonduplicative sum of: (1) the copper content of blister copper production for sale as such; 

(2) the copper content of blister copper produced for refining in Chile at the Ventanas refinery; and (3) the . 
copper content of fire refined and electrolytic copper (including copper obtained by electrowinning) excluding 
electrolytic output of the Ventanas refinery. . 

5 Belgium reports a large output of refined copper, but this is produced largely from imported blister; esti- 
mate of domestic smelter production is based chiefly on reported imports of ores and concentrates. _ 

6 Series revised from that used in previous editions of this chapter. Data presented consist only of blister and 
anode copper produced from domestic and imported ores and concentrates. Figures in previous editions were 
refined metal production including that derived from domestically produced and imported blister and from do- 
mestic and imported scrap. 

7 Reported Norwegian copper output is derived in part from copper-nickel matte imported from Canada, 
and reported Canadian smelter production may also include this material. Norwegian smelter output from 
domestic ores was as follows (approximately) in tons: 1968—6,000; 1969—6 ,400; and 1970—6 ,300. 

8 Year ending June 80 of that stated.
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Table 45.—Chile: Exports of copper, by principal types 
(Short tons, copper content) 

1969 1970 P 

Refined Refined 
Destination Se —_——— . 

Electro- Fire Blister Total Electro- Fire Blister Total 
lytic refined lytic refined | 

_—<$—— CO oOnrvY“\—»”00 OE | 
Argentina________.------ 25,700 6,200 -...--. 31,900 21,900 4,900 _._.._. 26,800 | 
Austria____...__._------- 1,000 _____-_ ____L-- 1,000 1,200 ___---. LLL LLLe 1,200 
Belgium______...-.------ 10,600 #£=1,300 1,000 12,900 14,900 1,300 8,300 24,500 | 
Brazil_............----.. 11,000 500 __----. 11,500 10,500 1,600 _____.. 12,100 | 
Colombia___._.._-_------ 100 800 ______- 400 _____-- 400 _______ 400 
Denmark___.__---------- 1,900 ___.-.. ------- 1,900 2,100 _-_----. _L_-LL- 2,100 | 
Finland___._____.___---- 1,700 ____-.-. ~------ 1,700 2,800 222 LLL 2,300 
France_____________._--. 84,900 21,300 -___--_ 56,200 30,500 24,500 -__._._ 55,000 
Germany, West_____._.-.__ 90,500 15,800 27,700 133,500 119,700 18,400 31,300 169,400 

, Greece______.-- eae ee ene eee eee eee eee 600 ------ ~) ~-LLLee 600 
Italy_.._._._._..-.____-. 48,900 21,100 2,000 72,000 51,400 20,000 2,100 73,500 
 Japan___.___..-_._---.-. 24,500 _.__._. 28,600 58,100 19,600 -_...... 34,100 53,700 | 
Netherlands___________-- 1,000 ______. --_-.-. 1,000 6,400 _._----  ____uL. 6,400 
Norway_.__.._.---------- 5,100 _______  --_---- 5,100 2,500 ______. -___... | 2,500 

Spain. ._.._...-.-------- 6,600 1,400 4,300 12,300 6,200 1,300 2,900 10,400 — 
Sweden__..._._.._..-._._. 18,800 9,200 7,800 35,800 17,800 8,500 3,600 29,900 
Switzerland_________.---- 1,900 1,500  ___ _-- 3,400 2,100 1,800 ______- 3,400 
United Kingdom___.__._.__ 64,800 18,900 39,900 123,600 59,400 18,100 31,200 108,700 
United States___.___._.._.-__ 25,900 ___._.. 95,900 121,800 14,400 1,200 96,100 111,700 
Other___.___..----_----. ------- 100 ___--_- 100) ___-_ee LLL eee Lee eee eee | 

Total__._._..__-_.. 874,900 97,100 267,200 679,200 383,500 101,500 209,600 694,600 : 

> Preliminary. . 
: Source: Corporacién del Cobre de Chile. | 

Table 46.—Peru: Copper production | , ! 
(Short tons) 

Blister Refined Other Total | 

1968_____. '162,727 42,489 129,116 234,282 | 
1969_____. 147,628 37,991 33,524 219,143 | 

. 1970 p___.. 154,526 39,879 39,346 233,751 | 
- —_— 

r Revised. P Preliminary. . 

| | 
| | 

. Table 47.-Canada: Copper production - | 
(all sources) by Provinces 1 | 

. (Short tons) | 

- Province 1969 1970 P . . 

British Columbia____.---. 83,708 109 , 647 
Manitoba__._._._._..__._._----. 37,097 51,446 
New Brunswick-_-__-_-.---- 6,791 7,933 
Newfoundland_____._._.._._.. 20,464 15,411 
Northwest Territories ___ _- 626 543 
Nova Scotia__.......----- 19 27 
Ontario_____.______....... 238,810 291,909 
Quebec____________.__.--. 160,068 173 , 534 
Saskatchewan______._..-. 18,230 15,548 
Yukon Territories_______-__. 7,433 7,750 

Total___.._...._._.... 578,246 673 , 748 

P Preliminary. 
1 Blister copper plus recoverable copper in matte 

and concentrate exported. 
Source: Dominion Bureau of Statistics, Depart- 

ment of Trade and Commerce, Dominion of Canada, 
Canada’s Mineral Production, Preliminary Estimate.



Diatomite 
By Benjamin Petkof * - 

: Domestic production of diatomite contin- a major world producer with all produc- 

! ued strong in 1970 with output only tion from the Western States. A significant 

/ slightly under that of the previous year. portion of domestic output was exported 

! The United States retained its position as to nations throughout the world. 7 

: DOMESTIC PRODUCTION | 

| 

: | Production of diatomite increased in all Esmeralda County, Nev. and Santa Barbara 

- the Western producing States except Cali- County, Calif.; and Eagle-Picher, Indus- 

- fornia, where a slight decline was noted. tries, Inc., with operations in Pershing and 

| However, California remained the largest Storey Counties, Nev. supplied the bulk of o 

| producing State, followed by Nevada, the diatomite produced during the year. 

i Washington, Arizona and Oregon. The Kenite Corp., Scarsdale, N.Y., which . 

| During the year, nine companies operat- has large reserves of diatomite in Grant “ 

| ing 11 plants produced and prepared di- County, Wash, and a modern processing a 

! atomite for various end uses. This was a plant at Quincy, Wash., was sold to | 

| decline of three producing companies from Whitco Chemical Corp., N.Y., during the 

! the number reported in 1969. Johns-Man- first half of the year. The Kenite Corp. s 

| ville Corp., with facilities near Lompoc, will continue operations as a wholly owned % 

. Calif; GREFCO, Inc., with operations in subsidiary of Whitco Chemical Corp. : 

2 Table 1.—Diatomite sold or used by producers in the United States: 

| ne 

. 1960-621 1963-651 1966-66! 1969 1970 

Domestic production (sales)_-...------short tons_- 1,446,625 1,740,883 1,881,877 598,482 597,636 

Average value per ton_._----------------------- $50.08 $50.40. $54.18 $60.96 $54.63 

1 Annual figures before 1969 are confidential. 

! CONSUMPTION AND USES 

The percentage of total consumption for tion, lightweight aggregates, pozzolans, soil 

various end uses changed only slightly conditioner, and other miscellaneous uses. 

from 1969. Filtration continued to be the . . 

major use and required almost three-fifths Table 2.— Domestic Soe aces of 

of the total material sold or used by pro- | ip sake Deere, uses _ 

| ducers in 1970. The quantity used for this ___@ercent of total consumption) 

purpose increased only slightly from that Use 1966 1967 1968 1969 1970 
of 1969. Almost one-fifth of total produc-  Filtration........ 46 48 55 58 58 

tion was used as industrial filler by the  Fillers----------. 2) 18 21 20006«19 
. . . nsulation_--.------ 5 4 4 4 4 

chemical industry. The quantity used for Miscellaneous.... 29 30 20 18 19 

this purpose declined slightly from that of (1 ctallic 
1969. The remainder was used for insula- Mine scientist, Division of Nonmetallic 

501 |



502 MINERALS YEARBOOK, 1970 | 

| PRICES | 

Prices of diatomite in 1970 varied signif- Table 3.—Average annual value per — 
icantly from those of 1969. Price declines _ton of diatomite, by uses 
in excess of 10 percent were noted for uses Use 1969 1970 such as filtration, fillers, and abrasives. Filtration... a ee $70.14 $61.67 | 
Uses such as lightweight aggregate and in- Insulation__..------------..._ 46.12 47.84 sulation showed small increases in price. Rprasives.------------------- 134-29 119.19 
These price variations may be indicative of Lightweight aggregate _. 2777 39.30 42.08 changing end-use patterns and possible use  Miscellaneous___--_...-----7" 88116 88.58 
of substitute materials. Weighted average___.___ 60.96 54.68 ———— 

7 FOREIGN TRADE 

Exports of prepared diatomite in 1970 imports. The imported material was prob- 
declined almost 13 percent in quantity and ably used to evaluate foreign sources of 
8 percent in value from those of 1969.  diatomite. 
Canada received about one-fifth of U.S. ex- 
ports. The remainder was exported to } .. . many other industrial and nonindustrial Table 4.-U.S. exports of diatomite _ 
countries. The average value of exported (Thousand short tons and thousand dollars) 
material was $80.28 per ton. Imports of Year Quantity Value crude or processed diatomite totaled 484 ggg... 164. $11,993 
tons valued at $6,082. Canada and West 1969____.._............- 176 18,510 
Germany were the major sources of these 1970-------------------- 154 12,363 

x y J Ss SEER ERERentnenemeeeenereen ee 

a WORLD REVIEW | | 

World diatomite production remained from deposits west of. Quesnel and_pro- 
strong in 1970, and varied only slightly duces a burnt shale pozzolan that is used 

. from the production of previous years. The as a construction material. 
| United States, the U.S.S.R., France, Italy, Iceland.—Kisilidjan- H.F., a firm formed 

and West Germany continued as major by the Government of Iceland and Johis- 
| world producers. Manville to mine and process diatomite 

_ _ Canada.—Since 1955, all Canadian pro- from the bottom of Lake Myvatin, in- 
| duction has come from the Quesnel area creased its production capacity from an in- 

in central British Columbia. Fairey and _itial 13,000 tons per year to 22,000 tons 
Co., Ltd., mines diatomite north of Ques- per year in 1970. Because of the country’s 
nel and ships the material to a processing climate, material is dredged only during 
plant in Vancouver, where it is used in the summer season. Volcanic ash and or- 

_ the manufacture of insulating brick. ganic matter are removed before further 
Crownite Industrial Minerals, Ltd., a sub- processing. The processed diatomite is then 
sidiary of Dome Petroleum, Ltd., mines and transported to Europe for sale and con- 
processes diatomite and pozzolanic shales sumption.
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| Table 5.—Diatomite: World production, by countries 
(Short tons) 

. Country! 1968 1969 1970 P 
ee nine eS NP LS SE 

North America: 
Canada____-_.._....-------.--------------- -- ee : §21 487 e 480 
Costa Riea..________-----.._-----------+- + +++ - ee r 11,000 e 17,000 21,000 
Mexico__... 2 ee ee en ee eee 10,961 12,318 e 12,000 
United States___________._-._--_----..----------------- 2 627,292 598 , 482 597 ,636 

South America: 
Argentina____....--..-----.-------+-------------+---- 7,217 11,397 e 11,000 

. Peru___._...-._--.-- ee ee ee ee eee 73,331 23 , 432 e 23 ,000 
Europe: 

, Austria____.___ ee ee ee eee ee eee 8,284 - 1,946 4,158. ve 

Denmark: 
Diatomite ¢.____.____.----.------------------------ 22,000 22,000 22,000 
Moler °_...-.-------- ea ee ee ee eee eee 240,000 240 , 000 240,000 

Finland__._..__.-.----------------------------------- 2,183 2,006 184 

France._____..___ eee eee eee ee ene eee eee eee eee ee =F 188,109 e 187,000 e 190,000 . 

Germany, West (marketable) __------------------------- 7 101,249 e 125,302 100 ,924 i 
Ieeland____...------------------+----------------------- 3,031 8,378 14,593 
Italy__.__.__..-------.----- 1 - eee ee * 63,426 65,848 e 66,000 

_ Portugal.___..------.------------------.------------- 3,871 3,124 3,394 | 

Spain ¢__.__._..--.---------------------------+--------- 20,000 20 , 000 20,000 ; 
Sweden... __..-.-.-~--------- - ee ee eee 3,803 e 3,850 e 3,850 
U.S.S.R.e__.------------- -- +--+ - -- - - == --- 400 ,000 400 ,000 410,000 
United Kingdom. _-_-_.-.---.-------------------------- r 16,465 e 17,000 e 17,000 

Africa: 
Algeria_.__.....-------------------------------+------ 23 , 553 11,624 e 12,000 

Kenya | a3" Rogublie Of wee 2,265 2,538 1,765 

South Afri¢a, Republic of..-..-.---.--.------~+---------- t 687 567 935 

United Arab Republic___.-~---------------------------- 1,346 992 e 1,000 

Asia: Korea, Republic of.__..---------------~-------------- 2,441 3,214 2 , 848 

Oceania: 
Australia_...._...--.-.-----+----+-------+------------ r 7,532 3,752 e 4,000 

New Zealand___..-.-..-_----------------------------- 2,277 2,384 e 2,400 

| Total. ..---------ne eee eee eee eee eee eee --~ 71,767,844 1,784,641 1,782,717 
’ _ . . a . ae partes n ecm . omen qunnmmrrwat an . 

e Estimate. P Preliminary. = * Revised. 
1 In addition to the countries listed, Brazil, Bulgaria, Colombia, Hungary, Japan, Mozambique, Romania, 

and Yugoslavia producé diatomite, but available information is insufficient to make reliable estimates of output 

evels. . 

2 Average of production for three years (1966-68). 

TECHNOLOGY 

Experimental laboratory work has shown _ low-grade domestic deposits might be made | 

that coarse grades of diatomite can be usable by the application of a suitable ab- 

coated with absorptive material, such as  sorptive coating. No cost information was 

alum or polyelectrolytes, to filter fine par- furnished.? | 

ticulate matter which would normally re- —ZBurms, D. E., E. R. Baumann, and C. S. 

quire much finer and more expensive Oulmam. Particulate Removal on Coated Filter 

grades of diatomite. Material from many Mae 1970, wat ee. Assoc., v. 62, No. 2,
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_ Feldspar, Nepheline Syenite, 

and Aplite — 

_ By J. Robert Wells 1 

| | FELDSPAR | 

The year 1970 was notable for the num- gains in several others, more than can- 

ber and variety of activities instituted by celled two moderate declines. | 
citizens’ groups, private corporations, and Ground Feldspar.—Feldspar was ground 
Government agencies to correct the environ- for market in 1970 in 15 mills located in 
mental deterioration being engendered by eight States, among which North Carolina, 

| waste products. As the manufacture of con- the leading producer, was followed in 
tainer glass has become solidly established order .by Connecticut, California, and 
as the leading end use for feldspathic ma- South Carolina. Taken together, these four 
terials in the United States, the evolution of | States contributed about 88 percent of the 
practical and publicly acceptable measures national total. The ground product was 
for coping with the waste glass problem is distributed to about 30 States and four 
of vital concern to the feldspar industry. foreign countries. : 
Research programs by the Bureau of The year 1970 was marked by a number 
Mines, the Glass Container Manufacturers of noteworthy changes in the feldspar in- 
Institute, Inc., and the Glass Container Di- dustry. The Feldspar Corp., the largest do- 
vision of Owens-Illinois, Inc., endeavored mestic producer, completed and placed in 
to devise effective and economic procedures operation a $1 million addition to an ex- : 
for collection and reuse, recycling, or alter- _ isting plant at Spruce Pine, N.C. Construc- 

| nate utilization of discarded glass contain- tion progressed on a new mill at a differ- 
ers. Some of the proposed remedies would — ent location that will increase substantially 
channel the bottles into end uses that the feldspar production capacity of 

| would not threaten the advantages to the International Minerals and Chemical Corp. 
consuming public of the single-trip con- in that district. Another major feldspar 
tainer, specifically the superior convenience supplier—also in North Carolina—the 
and the hygienic integrity. Kings Mountain Silica Co., Inc., announced 

the completion of a new grinding plant 
: and storage facilities for its flotation con- 

DOMESTIC PRODUCTION centrate product at Kings Mountain. In 
addition to the production of high-potash 

Cru de Feldspar—In 1970, feldsp ar was spar for manufacturing TV-tube lass, the 
mined in 11 States, among which North . . . 
Carolina, California, Connecticut, South Kings Mountain operations were extended 
Carolina and Georsia (ranked ac cordin to include the ultrafine grinding of feld- 

, ae ‘ointl ‘ded Of spar-silica mixtures for ceramic and filler 
to tonnage reported) jointly provi applications. Discovery of an extensive de- 
percent of the total domestic output. The it of d-quality feld Shosh- 
1970 production figure represents a 4-per- POS!! OF Bood-quality feldspar near Shos 

proeuc’ 8 P PS oni, Wyo., established production in that 
cent decline in tonnage but a 9-p €rcent In- ‘State. A modern grinding mill was built to 
crease in total value, compared with 1969. process the ore, which is said to be abun- 
The notably higher total value was attrib- dant and of excepti . 

. . . ptional purity. 
uted to marked unit-value increases in —TPhysical “scientist. Division of Nonmetallic 

three producing States that, aided by lesser wyinein “1” “Ne 
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| Large-scale feldspar production and no feldspar production in New Hamp- 
processing were interrupted in Maine _ shire was reported in 1970, the first such 
when the Oxford County properties and blank in half a century. In South Dakota, 
facilities of Bell Minerals Co.—for many diminishing availability. of feldspar for 
years the State’s principal feldspar produ- convenient upgrading by hand cobbing led 
cer and only grinder—were purchased in International Minerals and Chemical Corp. 
September 1970 by the Aldrich Realty Co. to devote greater effort to the production 
of West Paris. Plans were announced for of 140-, 200-, and 325-mesh high-potash 

an early resumption of operations by the spar for ceramic purposes instead of the 
new management. The West Paris mill of 20-mesh  glass-grade material formerly 
Bell Minerals Co. has long been the proc- shipped. The company also began a study 
essing point also for feldspar from mines to determine the feasibility of installing flo- 
in New Hampshire. Presumably as a fur- tation facilities for processing the feldspar 
ther consequence of the events in Maine, ores in the near future. 

Table 1.—Salient feldspar statistics 

a 1966 1967 1968 1969 1970 | 

United States: 
Crude: , ‘ 

_ Sold or used by producers. __.....--_long tons_. 655,452 615,397 667,679 673,985 648,276 
Value____._-_--_.-------------thousands_. $7,020 $7,086 $8,265 $8,869 $9,638 

Average value per long ton._-._._..._. $10.71 $11.51. $12.38 $13.16 $14.87 
Imports for consumption__________._long tons... _______ 280 _._-~- 46 225 

Value. ___.---.------_--------thousands.. -...-.. © $8 ------- $7 - $28 
Average value per long ton.________._. __.--.. $28.04 -_..__.. $158.86 $102.22 

G Consumption, apparent !__________._long tons_. 655,452 615,677 667,679 674,031 648,501 
round: — 

Sold by merchant mills____.._.._..____short tons__ 703,587 663,220 730,737 793,052 . 647,995 
Value____--.-_---------------thousands_._ $8,944 $8,843 $9,242 $10,465 $9,458 

Average value per short ton____...._._ $12.71 $18.33 $12.65 $13.20 $14.60 
Imports for consumption___........_long tons... 8,248 2,783 3,377 4,644 3,247 

Value_____.___.______._._.__-thousands__ $86 $72 $91 . $128 $93 
. Average value per long ton____......... $26.52 $26.00 $26.86 $27.72 $28.64 

World: Production___........._...-thousand long tons... 2,116 | 2,005 2,208 ~- 2,345 2,298 

1 Measured by quantity sold or used by producers plus imports. . 

Table 2.—Crude feldspar sold or used by producers ‘in the United States | 

Derivation of feldspar 1 

Flotation Feldspar-silica 
Year Hand-cobbed concentrate mixtures 2 Total 

: Long Value Long Value Long Value Long Value 
tons (thou- tons (thou- tons (thou- tons (thou- 

sands) sands) sands) sands) 

1966____-.-------------.---- 116,936 $997 407,450 $4,803 131,066 $1,220 655,452 $7,020 
1967____-.-----~-----------. 97,409 848 385,005 4,900 132,983 1,338 615,397 7,086 
1968____.__._--------------- 78,401 670 427,770 5,845 161,508 1,750 667,679 8,265 
1969____..-.---------------- 60,685 494 331,519 4,912 281,781 3,462 673,985 8,869 
1970____-------------------- 47,116 543 370,603 5,895 230,557 3,699 648,276 9,638 

1 Partly estimated. 
2 Feldspar content. 

Table 3.—Ground feldspar sold by 
merchant mills 1 in the United States 

Domestic feldspar 
Year Mills = =—————____________ 

Short Value 
tons (thousands) 

1966__.__-----. 19 703 , 587 $8 , 944 
1967_____--.-. 19 663 , 220 8,843 
1968_____-.--. 17 730 , 737 9,242 
1969_____----. 17 793 , 052 10,465 
1970._..-.---. 15 647,995 9,458 

1 Excludes potters and others who grind for con- 
sumption in their own plants.
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Table 4.—Ground feldspar sold by merchant mills in the United States, 
by derivation 1 and uses . 

(Short tons) | 

y Glass Pottery Enamel Other Total Glass Pottery Enamel Other | Total 
ear SSS OA (C'l!' 

. Hand-cobbed Flotation concentrate 

: 1966___..._ W 54,678 W 61,090 115,768 281,595 WwW W 203,819 485,414 
1967____-_. W 38,539 W 61,478 100,012 282,861 W __..-. 178,754 461,615 
1968__.._-_ W 25,300 W 59,5438 84,843 286,895 W __.__. 228,412 510,307 
1969__.____ W 26,538 WwW s49,592 76,1380 312,045 WwW  #£W 212,597 524,642 a 
1970__-.2__ W 18,488 W 27,967 46,455 304,279 W _..... 200,858 505,137 

, Feldspar-silica mixtures 2 Grand total 3 

1966_._____ Ww W .----. 102,405 102,405 378,464 207,209 36,151 81,763 703,587 
1967__..--_- W W ------ 101,598 101,593 379,660 208,626 15,304 59,630 663,220 , 
1968._-.____ W W ------ 185,587. 185,587 396,758 240,251 20,759 72,969 730,737 
1969_..____ W W ------ 192,280 192,280 445,548 241,800 26,005 79,699 793,052 
1970__.--.. W W eee 96,403 96,403 357,196 282,921 10,482 47,446 647,995 

W Withheld to avoid disclosing individual company confidential data; included with ‘“‘Other.”’ 
1 Partly estimated. CT 
2 Feldspar content. 
3 “Other’’ includes soaps, abrasives, and other ceramic and miscellaneous uses. . . 

| CONSUMPTION AND USES States in 1970, as reckoned by the quantity | 
| a ; . _ sold by domestic merchant mills plus the 

Crude Feldspar.—There is practically no quantity imported for consumption, was at | 
commercial consumption of crude feldspar the lowest level in 7 years and amounted to — 
directly in the condition in which it 1g percent less than in 1969. Of the total 
ned 3 from the bie, Nartualy a the quantity sold in 1970 by U.S. grinders, 55 

mane material Is subjected to some degree percent was consumed in the manufacture 
of processing to prepare it for the needs of ary 
. } . of glass, 36 percent for pottery, 2 percent 

_ industry. A limited number of users, how- | . . . 
7 ; . | as an ingredient in enamels, and 7 percent 

ever, continued in 1970 their accustomed f ‘scell . Detailed ; 

practice of acquiring minor quantities of Or Miscellaneous MINOT USES. etal © L : 
unground mine-run feldspar to be grouhd formation is not available concerning the 

| separately in their own mills to specifica- end-use distribution of the imported min- 

tions dictated by their particular purposes. eral, but glassmaking is also known to be 
Ground Feldspar.—Apparent consump- the chief outlet for Canadian nepheline 

tion of ground feldspar in the United  syenite. 

Table 5.—Ground feldspar shipped from merchant mills in the United States 
(Short tons) 

| Destination 1966 1967 1968 1969 1970 

California.____.._-_--.--_-_--__- 109,126 100,235 WwW Ww WwW 
Tilinois_ 2-22 63, 038 59 , 837 64,628 51,899 44,801 
Indiana_____.___-.__.-__ ee WwW WwW 25,897 21,944 23 ,853 
Kentucky____.--.-__---------e- 7,052 15,433 10,180 9,077 15,004 
Maryland_____-___..----__-_---- Ww WwW WwW 5,057 WwW 
Massachusetts_____..-._.------- 3,980 3,539 3,896 4,072 WwW 
Michigan_____________..._-...---- WwW WwW WwW 1,438 WwW 
Mississippi____....--.------ ee woneee - 7,845 8,685 8,931 15,187 
New, Jersey___._.__-__-_--.-----_ 71,057 Ww WwW WwW WwW 
New York_.__.__-_--------- eee Ww Ww 20,311 19,668 W 
Ohio_____.-..-.--2-- 22 ae 70,294 72,701 87,202 120, 756 94,010 
Oklahoma. __.---------.-- ie WwW WwW 18 ,385 31,203 14,200 
Pennsylvania. _...._-..-____-_--_- 30,628 26,188 27,333 23 , 566 21,884 
Tennessee_______.____-__-_----_- 36,002 82,998 26,898 29,1538 WwW 
Texas_____-. 2-22 ee 26,183 23 , 269 24,449 21,776 32,365 
West Virginia._..._.-.--.- ---__- WwW WwW 34,720 29,465 30,339 
Other destinations !______.__.___-. 286,227 $21,175 $78,153 415,047 356 , 352 

Total... 2 703,587 663 , 220 730 , 737 793 , 052 647,995 

W Withheld to avoid disclosing individual company confidential data; included with ‘“‘Other destinations.”’ 
1 Includes Arkansas; Colorado; Kansas (1966); Louisiana; Minnesota; Missouri (1967-68, 1970); Rhode 

Island; Washington (1967-70); Wisconsin (1967-70); shipments that cannot be separated by States and ship- 
ments indicated by symbol W. Also includes exports to Africa (1966-67); Canada (1967-70); Mexico and 
Philippines (1966-70); Panama (1966-67); Venezuela (1968, 1970); and small quantities to other countries.
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The making of container glass is easily these declines in tonnage and value of ex- 
the largest single end use for feldspathic ports and of the high value of the im- 
materials. Production figures for glass con- ports, the United States remained, by a 

tainers show, more than do the tonnages margin of about 1,500 tons and $80,000, in 

consumed, the magnitude of this utiliza- its customary position as a net exporter of 
| tion. In 1970 domestic production of all feldspathic materials. _ . 

“types of glass containers reached a total of Tariff regulations in force during 1970 
over 267 million gross, of which at least provided for an import duty of $0.05 per 
250 million gross were in the throw-away long ton for crude feldspar and of 5 per- 
category—nonreturnable containers for cent ad valorem for ground feldspar. 
food products, medicines, toiletries, reagent These rates were lower by $0.02 and 1 per- 
chemicals, etc., or disposable beer, wine, cent, respectively, than those applicable 

liquor, and no-deposit no-return soft-drink during 1969 and were further reduced by 
bottles. | $0.03 and 1 percent, respectively at the 

| : start of 1971. Nepheline syenite of foreign 
| | origin, domestic feldspar’s most effective 

PRICES : . . competitor, is imported duty-free. 

Major domestic feldspar producers re- | | 
ported sharply higher unit values for their Table 6.—U.S. imports for consumption 

product in 1970. The national average was of feldspar | 

13 percent above that for 1969, the sixth ©=£—@@—@—@———__——- 
: * : : 1969 1970 consecutive annual increase. Engineering 

and Mining Journal, December 1970, Country Long Value Long Value 

quoted feldspar prices as follows: 7 tons hes Sms how 
Feldspar, f.o.b. mine or mill, carload© © ©=_———-— _ -,———— 

lots, per short ton, depending on grade: Crude: ada... 46 $7228 $22 
South Africa, 

North Carolina: . Republic of -.-.. .--- 2 1 
-20 mesh, flotation-..--.-.-_------.-- $11.00 ——_— 
40 mesh, dry ground_____.._.-.___.. 21.00 Total__...... 46 q 225 - 23 

200-mesh, dry ground_____----. $20.50-21.50 —————SS——————— 
200 mesh, flotation._........_.... 20.50-26.00 Ground, crushed or 

Georgia: pulverized: . 
40 mesh, granular______.....-.-----. 20.00 Canada_____.._ 4,544. 124 3,087 86 

200 mesh. _____--------------------- 23.50 Sweden_....-.. 100 4 160 q 
325 mesh______.--__---------------- 24.50 

Connecticut: Total___.._.. 4,644 128 3,247 93 
20 mesh, granular____-..-----------. 13.50 P.O OD 
30 mesh, granular_.__............._. 138.50 

200 mesh-___-----------------------. 20.50 | 

Maine” mesh_-------------------------- 21.50 WORLD REVIEW 
200-825 mesh.__.__.._-.------------ 24.00 

Ith h . (Canada.—Two companies, Indusmin, 

_ Although these quotations were indicative yiq > and International Minerals and 
eas ranges, actual sales were cON- (Chemical Corp. (Canada), Ltd., the only 

cluded, as customary at negotiated prices roducers in North America of ceramic- 
not on public record. and glass-grade nepheline syenite, both op- 

erated their mining and processing facili- 
FOREIGN TRADE ties in the Peterborough area of Ontario 

at full capacity throughout 1969, increasing 
Imports for consumption of feldspar, their joint output to 18 percent above the 

crude and ground, during 1970 did not corresponding figure for 1968. Each firm, 
differ markedly in terms of tonnage from with the assurance of adequate reserves for 
the average of the previous 5-years, al- many years of operation at or above the 
though the 1970 total value was the sec- 1969 level, reported an excellent outlook 
ond-highest (after 1969) on record. Ex- for 1970. Indusmin, currently the larger 
ports in 1970 in the U.S. Commerce supplier of nepheline syenite, expanded 
Department’s collective classification of the range of its already diversified opera- 
feldspar, leucite, nepheline, and nepheline tions by initiating in 1970 the marketing 

syenite amounted to about 5,000 long tons of another glassmaking raw material, 
valued at $195,000, compared with 5,600 high-grade quartzite, from a 20-million-ton 

long tons and $358,000 in 1969. In spite of | deposit on Lake Huron’s Badgeley Island.
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Ceylon.—Feldspar production and proc- in 1969 to an estimated 197,000 tons in 
essing, hitherto limited to a small-scale 1970. Norsk Nefelin operates an open-pit 
hand-cobbing exploitation of pegmatite de- mine practically at wharfside near Ham- 
posits, may soon acquire increased impor-  merfest, the northernmost city in Europe. 
tance. The state-owned Ceylon Ceramics United Kingdom.—Exploratory drilling 

OOTP. announced plans to build a plant to} was recommended to delineate the extent 

we yee feldspar for ke Ngan and commercial possibilities of a large body 

an } twang ala Ceramics WOrks an Possi- of feldspar recently found at Durness, near 
bly to provide significant quantities of the . . 
material for export Cape Wrath, in Sutherlandshire on the ex- 

- Norway.—Norsk Nefelin Division of treme north. coast. of Scotland. Mining of a - 

Christiania Spigerverk, which shares only rock product, known as “Cornish stone 
| with two Canadian firms the distinction of 24 usable as a feldspathic material im 

being a western-world supplier of nephe- SOMe applications, is a long-established in- 
line syenite in the grades suitable for the dustry in Cornwall, but the United King- 

7 manufacture of glass and ceramics, in- dom’s current requirements of glass-. and 

creased its output of the mineral from ceramics-grade feldspar mostly have to be 
69,000 long tons in 1968 and 148,000 tons supplied by flotation-processed mineral 

Table 7.Feldspar: World production, by countries. 
. | (Long tons) 

. | 

Country? | 1968 1969 1970 p | 
i 

North America: . . oO 
Canada (shipments). __..__..---.---.------------ rQ9,482 11,058 9,800 
Mexico___.__.._..-.--_--_--.--.------------ +--+ r 78,989 | 82,174 81,515 
United States (sold or used)__.-_..--.------------ 667,679 673 ,985 648 ,321 

South America: oO . 
Argentina_______.__..-.-._---.------- +--+ 20,179 21,491 e 22,000 
Chile... .-..-..-__----- +--+ 960 974 3,543 
Colombia___........--....-------------.-------- r21,406 21,702 22,786 
Peru__.....__-.--------- ++ ne 1,859 1,019 e 1,000 
Uruguay. ___.--------.---------- +--+ eee 434 1,218 1,088 

Europe: 
Austria_...__._..-2------ ee 2,140 1,777 1,187 

' Finland___.--...-..-----_---------------------- 53,567 52,555 61,145 
. France ?__ ee ee r 174,680 e 175,000 e 185,000 
Germany, West______..-._----..---------------- t 283 ,257 355,573 e 364,000 
Italy__._..____._-__--___--- oon een r 165,728 - 207,844 174,160 
Norway 3____.__...--.---------------------+------ r 130,550 126 , 033 e 128,000 
Poland °__________._...--__-------------------+- 28,000 © 29,000 30,000 
Portugal. _______-_----.--- e+e e-ee r 20,339 23.,699 29,188 
Spain 2_..2.....--_-..----------------------+----- 46 , 522 43,044 e 45,000 , 
Sweden__________.__.--___--_-_----- +--+ =e 26,869 82,774 31,400 . 
U.S.S.R.e_ eee ee ee 235,000 245,000 245,000 

 Yugoslavia_.....--.--.--..----------------+----- 43 , 342 44,272 e 44,000 
Africa: 

Ethiopia____.._.-...-.--.---------------------- 7,017 11,459 ------ 

Kenya. __--.--_---_.-_--.--1----..----------+--- 527 1,535 881 
Malagasy_______.4_.-..-_-__.-..---------------- (4) NA | 1 
Mozambique____...__-_....----.---------------- 98 , 80 e100 
South Africa, Republic of__........-.------------- 19,574 21,688 18 , 598 

Asi United Arab Republic_..-....-.------------------ 1,691 2,953 e 3,000 
ia: a . . , . 

Ceylon______-..--.-----____-------------------- 577 594 1,273 
Hong Kong_-__...--.---------------------------- 1,582 -1,909 1,595 
India_____._____---.---- ~~~ eee eee 32 ,964 31,712 28 , 793 
Japan 5_____.__.-~ ~~~ --------- ee tr 65,365 60,029 63 , 267 
Korea, Republic of. _.-...-..------------------+- 20,661 23,065 27,578 
Philippines. ___.....-...--.---..---------------- r 41,656 34 , 832 19,916 

Oceania: Australia. .............-------------------- r 4,838 4,685 e 4,700 

Total___..--...----.------------------------- tr 2,207,567 2,344,733 2,297,835 
a 

e Estimate. > Preliminary. t Revised. NA Not available. 
1In addition to the countries listed, Brazil, Czechoslovakia, Romania, and South-West Africa also produce 

feldspar, but available information is inadequate to make reliable estimates of output levels. 
2 Includes Poematite. 
3 Described in source as lump feldspar, does not include nepheline syenite as follows: 1968, * 81,712; 1969, 

re 128,000; 1970, ¢ 143,000. 
4Less than 4 unit. 

197 dn addition, the following quantities of aplite and saba were produced: 1968, * 350,069; 1969, 429,578; 

» 9 °
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- from Scandinavia, and the potential trade- more than dusted off the top layers of 

‘balance advantages of the new Durness de- these massive deposits. On the other hand, 
| posit are obvious. however, the winning of about a quarter 

U.S.S.R.—Construction was completed of of a million tons of salable feldspar each | 
a large installation at Achinsk in Krasnoy- year inevitably brought with it the accu- 

arsk Territory, western Siberia, for the mulation of an at least equal quantity of 
purpose of exttacting alumina of potline seemingly worthless waste material. A far- 

quality for the Soviet Union’s aluminum sighted program of research supported by 
smelters. The new plant, served by the progressive private organizations in collab- 

| _ Trans-Siberian Railway and expected. to oration with Federal and State governmen- 
yield 800,000 tons yearly of the desired me- tal agencies is rapidly turning this profit- , 
tallurgical intermediate, is notably out of swallowing disposal problem around to 

| the ordinary in that its primary input reveal a potential source of important rev- 
mineral will be the feldspathic rock, enue. A published report delineated the 
nepheline syenite, instead of the more cus- principal goals of the investigation and de- 
tomary bauxite that serves as the starting tailed the more significant conclusions that 
material for alumina production almost were reached.2 | , 
everywhere else. The ore to be processed Producers in North Carolina’s second 
at Achinsk will be mined 100 miles away feldspar region, the Kings Mountain area, 
at the new town of Belogorsk and has an are independently pursuing research to- 
average content of 25 percent Al203. Full- ward similar ends. This subject of feldspar | 

: scale operation of the new facility will en- tailings management was the principal | 
tail, therefore, the mining and transporta- topic discussed in a paper presented at the 
tion of more than 3 million tons per year .annual meeting of the American Institute 
of this unconventional plant feed, un- of Mining, Metallurgical, and Petroleum 
doubtedly the largest ‘undertaking of its Engineers at Denver, Colo., February : 
kind in the world. . ' 45-19, 1970.3 An industrial journal and a | 

Yugoslavia.—Yugoslavia feldspar produc- popular magazine both published articles 

tion, which amounts to approximately .on the technology and some of the more 
| 45,000 tons per year, will increase consideér- visible results of the enlightened and 

ably with the opening of a new plant, some- hearteningly successful efforts of one orga- 
' time in 1971. The decision to build the new ization to minimize environmental disrup- 

facility, designed to recover about 45,000 tion without forfeiting the position of No. 
tons of marketable feldspar from the flota- 1 feldspar producer in the United States.‘ 
tion processing of about 100,000 tons of In a related but not parallel activity, the 
pegmatite per year, followed a new apprai- Bureau of Mines continued to obtain fa- 

sal of the recently discovered ore body near Vorable results in a quest for procedures 
: Prokuplje in Serbia. The latest assessment ™aking possible a more profitable utiliza- — 

of this deposit indicates that proved re- tion of the finely divided material, hith- 
serves of minable material that contain 60 e¢rto of little or no commercial value, that 

percent or more of high-potash feldspar is generated in great quantities in Georgia 
now amount to at least 4.5 million tons, and South Carolina during the quarrying 
instead of the 3.0 million tons previously and processing of granite for use as 
estimated. Important quantities of high- crushed stone. Experiments in 1970 at the 
grade silica and mica will also be re- Bureau’s Tuscaloosa Metallurgy Research 

covered as coproducts in this first feldspar Laboratory in Alabama were directed espe- 
flotation mill in Yugoslavia. Europe has —>~~——————_._.. . 

: . School of Engineering, North Carolina State 
only 2 other such plants located in Fin- University. Feldspar Tailings Utilization, Final 
land and Norway. Report—Research sponsored by U.S. Bureau of 

Mines, The Feldspar Corp., International Miner- 
als and Chemical Corp., Lawson—United Feldspar 
and Mineral Co., and North Carolina State Uni- 

TECHNOLOGY versity. Raleigh, N.C., September 1969, 68 pp. 
3 Redeker, Immo H. North Carolina Feldspar 

The Spruce Pine district of North Caro- flotation oe Solutions to Waste Disposal Prob- 

lina undoubtedly has already yielded more Fount and Quarry. Feldspar Corp. Utilizes Latest 

high-grade marketable feldspar than any y- 63, No. 4, October 1970, D. mB 
other area of equal extent on earth, and inet aon M. Wrat Can Ne %, With Neat 

production there thus far has scarcely jiiy 1, 1970, pp. 10-1136.
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cially toward developing improved flotation facturers’ urgent need for time-saving 
schemes capable of treating the waste fines _technology.¢ | | 

to yield either feldspar or feldspar-silica Feldspar is an important constituent in 
concentrate acceptably low in iron-mineral most porcelain enamel formulations, New 

content to serve in the manufacture of techniques and some theoretical considera- 
glass and ceramics. tions of interest to enamel makers and 

Prominent among technological develop- users were - dealt with in two journal 

ments in 1970 with substantial bearing §articles.7 

upon the feldspar commodity situation A patent was granted to Bureau of 

scale t ose altecting the mineral S are Mines research workers for a  fusion- 

scate outlet, the container glass in ustry. quench-leach process, by the use of which 
: Throughout the year an industrial journal . . 

. . alumina (or an alumina antecedent) can 
printed a number of articles that, taken b duced £ b £ silicat 

together, provided a synoptic view of the € procucee trom 4 number or Sl eld. 

sophisticated technology that is enabling mineral materials, including the feld- 
the glassmakers to comply with today’s ap- spathic rock anorthosite.’ A recent foreign | 

| parently insatiable demand for ever greater patent described an innovative electrostatic 
quantities of glass containers.5 Another ar- process for the beneficiation of a number 
ticle in the same journal furnished a of minerals, among which feldspar was 
graphic rationale for the container manu- __ specifically mentioned.® 

NEPHELINE SYENITE : 

Nepheline syenite is a coarsely crystalline monograph and the other a journal article, 

rock that bears a superficial resemblance to provide so much authoritative and hard- 

granite but consists essentially of the feld- to-find information on the subject that 

spathoid minerals—sodium-potassium feld- they are deserving of special mention, al- 

spars and nephelite—with little or no asso- _beit in one case somewhat belated.10 

ciated free quartz. In its chief commercial _ 

application, nepheline syenite serves as a 5 Allen, Alfred C. Underwood Boosts Glass 

raw material for the manufacture of glass Melting 126%. Ceram. Ind., v. 94, No. 3, March 

and ceramics. Other end uses, such as a !970, pp. 28-30. ; 
. . Ceramic Industry Glenshaw Expansion Features 

filler in paint, paper, latex products, and Automation. V. 94, No. 6, June 1970, pp. 51-53. 

plastics, are increasing in number and im- Ceramic Industry. Precision, the Key to Vol- 

portance. Since the United States has no ume Loy ncton- V. 95, No. 5, November 1970, 

domestic production of nepheline syenite _ Richards, Robert C. Modernization Spells Prof- 
in the grades suitable for these purposes, OS aoe Ind., v. 95, No. 6, December 

its entire consumption of the mineral de- Svec, J. J. Brockway Pomona Plant Works at | 

pends: upon shipments from Ontario. Ac- Capacity. wa Ind., v. 95, No. 4, October 
: : » pp. 42-44. 

cording to the most recent data published 6 Ceramic Industry. Triple Speed Line Fills 
in Canadian Minerals Yearbook, mine pro- 2000 Bottles Per Minute. V. 94, No. 2, February 

: . : 1970, pp. 38-39. 
duction of nepheline syenite there totaled ‘Hubbell, Dean $. Anatomy of Colored Arch- 

about 503,000 short tons (449,000 long tectural Coatings, Ceram. Ind., v. 95, No. 2, Au- 
. : : gust 1970, pp. 32-35. 

tons) in 1969, of which app roximately Svec, J. J., and Alfred C. Allen. Faster Firing 

three-quarters was exported to the United Spells Dollars of Enamelers. Ceram. Ind., v. 94, 
. o. 6, June 1970, pp. 57-58. 

States. The average unit values reported 8 Iverson, H. G., and H. Leitch (assigned to 
for Canadian production and U.S. imports US. Secretary of the Interior). Extraction of 

: : : uminum Values From _  A)blbite, northosite, 

of nepheline syenite fall approximately Kyanite, Bauxite, or Other Low-Grade Siliceous 

midway within the range of prices quoted Ores or Rocks. U.S. Pat. 3,507,629, Apr. 21, 

by Ceramic Industry Magazine, January = ‘» Robert, D. (assigned to Ste. de Produits Chi- 
1971—$8 per ton, low, to $21 per ton, miques d’Auby). Canadian Pat. 857,700, Dec. 8, 

high. ' 10 Allen, J. B., and T. J. Charsley, Nepheline- 
Two welcome additions to the rather Syenite gna Phonolite. Inst. Geol. Sci. (London), 

* ; ’ 7 7 7. pp. 
scanty literature dealing with nepheline Roy, S. B., and S. K. Som. Use of Nepheline 

syenite and related minerals have been Syenite in Ceramic Industry. Bull., Central Glass 

published. These items, one an extensive and era 1970 Bp SST v. 17, No. 1,
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: Table 8.—U.S. imports for consumption 
of nepheline syenite 

Crude Ground . 

. Year Long Value Long Value 
tons (thou- tons (thou- 

sands) sands) . 

1968____----. 15 (1) 271,966 $3,558 
1969__._--... 166 $2 346,513 4,449 
1970_.__..--- 538 9 352,987 4,634 

1 Less than 4 unit. | 

| APLITE 

Aplite, a granitic rock of indefinite com- magnetic separation. Mine production of 
position that contains a high proportion of aplite in 1970, responding to the vigorous | 
albite or plagioclase feldspar, is mined and upward tendency in container-glass de- — 

processed for the removal of iron-bearing mand, reached the highest tonnage level in 
minerals to serve mainly as a raw materia) more than a decade and the highest total 
a the ppanulacture of cite wa S'ass- value on record. Prices quoted for aplite 
pate oF gassmaking quality was Pro" in Ceramic Industry Magazine, January 

duced domestically in 1970 only from two . 
. . wee } _ 1971, were $8.30 per ton (high) and $5.30 

a mines in Virginia. The Feldspar Corp. 1 bstantially bel h 
mined and treated ore from Hanover P&r fon ( ow) » substantially betow the av- 
County by an electrostatic process, and ore €T@ge unit value indicated by a canvass of 
mined in Nelson County was beneficiated Producers. No specific annual data on 
by International Minerals & Chemical aplite production, sales, or value have been 

Corp. using a method of high-intensity released for publication since 1962.



By Horace T. Reno? 

The domestic ferroalloy industry experi- 1970, but all producers were hard-pressed 
enced its best year ever in international to meet air pollution standards and some | 
trade as exports reached a value of $56 captive power plants were shutdown be- 
million, $32 million more than the record cause of harmful stack gas emissions. 

established in 1969. However, domestic use Detailed information concerning the 
of the ferroalloys following the trend of more significant ferroalloys may be found : 
activity in the steel industry was 10 per- in the chapters for individual alloying ele- 
cent less than in 1969. Most ferroalloy ments. | 
prices were increased in 1970. The struc- 

ture of the industry did not change in 1 Physical scientist, Division of Ferrous Metals. 

Table 1.—Government inventory of ferroalloys (stockpile grade), December 31, 1970 | 
(Thousand short tons) 

National CCC and 
~ - Alloy (strategic) supplemental Total 

stockpile stockpile 

Ferrochromium: 
High-carbon__.. 2 eee eee 126 276 402 
Low-carbon___..._. eee eee eee 128 191 319 

Ferrochromium-silicon____.........--...---.------------- 26 33 59 
Ferrocolumbium (contained. ecolumbium)-__..0......20-.----- Q) an (Q 
Ferromanganese: 

High-carbon.-_.--_..--- eee eee 143 1,033 1,176 
Medium-carbon _.__..-_..- 2-22 29 ----- 29 

Ferromolybdenum (contained molybdenum).._.........-.-- 4 nenee 4 
Ferrotungsten (contained tungsten)_.___._...-._.._-.-.---- 1. anes 1 
Ferrovanadium (contained vanadium)___-_...---.-----.-_--- 1 a 1 

1 Less than 1% unit. 

Table 2.—Ferroalloys produced and shipped from furnaces in the United States 

DB gGGGSC“CsSSsi‘CNSNSNSNSNSNSCNSCSC“‘NSNNSNC#«Qs—“‘“‘“C™CSOCOCO*~‘C “S 

Production Shipments Production Shipments | 

Gross Alloy Gross Gross Alloy Gross 
weight element weight Value weight element weight Value 
(short contained (short (thou- (short contained (short (thou- 
tons) (average tons) sands) tons) . (average tons) sands) 

percent) percent) 

Ferromanganese !_.... 852,019 77.3 886,717 $119,308 835 , 463 78.5 807,368 $134,456 
Silicomanganese__.... 222,877 66.0 217,548 35,152 193 ,219 66.0 172,988 32 ,024 
Ferrosilicon_......... 715,172 57.8 675,381 112,293 709 , 287 59.2 659,216 136,288 
Silvery iron_-......... 204,027 16.7 208,641 15,891 196,369 18.2 207,664 16, 853 

Chromium alloys: 
Ferrochromium 2. 296,305 69.8 298,367 81,343 309,613 69.0 289,895 100,667 
Other chromium 

alloys’_.._.... 122,738 43.8 94,388 26,067 96,163 45.0 81,552 25,606 

Total__._..--. 419,038 62.2 387,755 107,410 405,776 68.2 870,947 126,273 
Ferrotitanium ._____._ 4,441 26.9 4,222 3,937 3,360 29.0 3,291 3,503 
Ferrophosphorus..... 130,582 24.7 164,360 4,784 164,107 24.0 176,065 6,539 
Ferrocolumbium-_-__.. 2,301 55.5 2,202 9,298 1,260 56.7 1,421 9,385 
Other ¢4__.-.---.-.... 78,046 36.3 102,182 79,171 86,347 88.0 90,689 82,807 

Grand total._._2,628, 503 60.0 2,594,008 487,244 2,595,188 60.5 2,489,649 548,078 

1 Includes briquets and fused-salt electrolytic. 
2 Includes low- and high-carbon ferrochromium and chromium briquets. 
3 Includes ferrochrome-silicon, exothermic chromium additives, and other chromium alloys. 
‘Includes Alsifer, ferroboron, ferronickel, ferromolybdenum, ferrotungsten, ferrovanadium, Simanal, spie- 

geleisen, zirconium-ferrosilicon, ferrosilicon-zirconium, and other miscellaneous ferroalloys. 
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DOMESTIC PRODUCTION 

| The structure of the domestic ferroalloy figures to prevent disclosure of individual 

producing industry did not change signifi- company data. Total shipments of ferroal- 

cantly in 1970. The 29 producers listed in loys were 4 percent less than in 1969, but 

table 3, two fewer than in 1969, reported the value of shipments was up 12 percent. 

production about the same as in 1969. Shipments rather than production are the 

: However, some ferromanganese producers measure of activity in the industry, as pro- — 

| . changed from blast furnace to electric fur- duction in the high-volume ferroalloys is 

nace smelting, forcing consolidation of the irregular and intermittent. 

Table 3.—Producers of ferroalloys in the United States in 1970 

OO On 

Producer Plant location Product ! Type of furnace . 

Agrico Chemical Co____..-..--- eee: MN FeP_________._...-.-._ Electric. 
alvert City, Ky_..-_-- . 

Airco Alloys & Carbide......_....{ Charleston, S.C___----- F ere oda, F Si, } Do. 
Niagara Falls, N.Y___-- ’ y ° 

Bethlehem Steel Co_______...... Johnstown, Pa__.._..... FeMn_..__.----.------- Blast. 
_ Chromium Mining & Smelting Co. Woodstock, Tenn__._.... FeMn, SiMn, FeCr, FeSi_ Electric. 
Climax Molybdenum Co_____.._ Langeloth, Pa___........ FeMo_____------------- Aluminothermic. 
Diamond Shamrock Corp___._... Kingwood, W. Va___.--. FeMn_____------------- Electric. 
FMC Corp. .------------------ Pocatello, Idaho____..-.. FeP_------------------ Do. 

| Cambridge, Chio-------] FeB, FeCb, FeTi, FeV, | 
Foote Mineral Co__.-.--------- Keokuk, Iowa_._--..--- rea FeMn, FeSi, Do. 

Vancoram, Ohio____-_-_- ther 2 very iron, 
| - (Wenatchee, Wash- - ---- owner. 

Hanna Furmace Corp____---..-- Buffalo, N.Y_--.-------- Silvery iron__--.-------- Blast. 
Hanna Nickel Smelting Co____._ Riddle, Oreg__.__.__._._.. FeNi------------------- Electric. 
Hooker Chemical Corp__....__._.. Columbia, Tenn___.__._._._ FeP_-_~--- _----------- Do. 
Interlake Steel Corp_._......... Beverly, Ohio...__...__.. FeCr, FeSi, SiMn_-___--- Do. . 
Kawecki Chemical Co.____.._____ Easton, Pa___.__....... FeCb___-_------------- Aluminothermic. 

| Mobil Chemical Co_-.----------{ Nighble Ble” Tenn-----| FeP___________-------_ Electrie. 
Molybdenum Corp. of America___ Washington, Pa....._____ FeMo, FeW, FeCb, FeB._ Electric and 

; aluminothermic. 

Monsanto Chemical Co____.-.-- (Souw Senge idaho... “} FeP_________.---.----. Electric. 
National Lead Co_____________. Niagara Falls, N.Y___... FeCTi, FeTi, other ?____- Do. 
New Jersey Zinc.._.____-...-.. Palmerton, Pa____-._.--_ Spln._..--------------- Do. 

. Philo, O Ohio_________) Cr. FeSi, FeB 
s } Philo, Ohio_....__..._._| FeCr, FeSi, FeB, 

Ohio Ferro-Alloys Corp-- ------- Powhatan, Ohio________ FeMn, SiMn, other.? \ Do. 
(Tacoma, Wash____----- 

Reading Alloys.._...__._......... Robesonia, Pa____...-.. FeCb, FeV, FeMo.___... Aluminothermic. . 
Shieldalloy Corp_______-...-_._ Newfield, N.J____..._._-. FeV, FeTi, FeB, FeMo, Do. 

FeChb, other.? 
(Mr. Pleasant, Tenn____-_) 

Stauffer Chemical Co___________{Silver Bow, Mont______$} FeP____..------------_ Electric. 
|Tarpon Springs, Fla__-__ 

Tennessee Alloys Corp__.___._.... Bridgeport, Ala______... FeSi_____----__-_------ Do. 
Tennessee Valley Authority...... Muscle Shoals, Ala___... FeP_.___-------------- Do. 
Tenn-Tex Alloy Corp of Houston_ Houston, Tex__-_.---.-. FeMn, SiMn___________- Do. 

shed W. Va; ~ a aan--ee 
Ashtabula, Ohio___.___- 

Marietta, Ohio_-------| PBs elare reni, | 
Union Carbide Corp_______...-.{ Niagara Falls, N.Y ~--_-- FeW. FeV. SiMn.’ Do. | 

Portland, Oreg_________ ther.2 , n, 
Sheffield, Ala._.___-_._|_ “Her 
|Birmingham, Ala______- 

United States Steel Corp- 2 Bee ba TTTIIT FeMn__._._.._.-------- Blast. 
Universal Oil Products Co__.__.._. Selma, Ala___.._.._..._. FeSi_._._____....__.___ Electric. 

Woodward Iron Co____--------- (Rockwood? Ala_- a “} FeSi, FeMn, SiMn_______ Do. 

1FeMn, ferromanganese; Spln, spiegeleisen; SiMn, silicomanganese; FeSi, ferrosilicon; FeP, ferrophos- 
phorus; FeCr, ferrochromium; FeMo, ferromolybdenum; FeNi, ferronickel; FeTi, ferrotitanium; FeW, ferro- 
tungsten; FeV, ferrovanadium; FeB, ferroboron; FeCb, ferrocolumbium; NiCb, nickel columbium; Si, silicon 
metal; FeCTi, ferrocarbontitanium. 
' 2 Includes Alsifer, Simanal, zirconium alloys, ferrosilicon boron, aluminum silicon alloys, and miscellaneous 
erroalloys.
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CONSUMPTION 
_ Consumption of ferroalloys in 1970 fol- terials consumed and the large number of | 
lowed the downward trend in steel produc- end-use products produced. 
tion. The tota i | . - | , . . . ot | quantity of ferroalloys con In contrast to their consumption in 
sumed as additives and alloying elements steels, reported consumption of the ferroal 
for all end-uses was 10 percent below the lo $ as allo ing ele ents ‘to roduce super level of consumption in 1969. Although 1 oo a iL ath h P 1 ee , total steel production was down only. 7 aney S and alloys 0 ex than steel alloys, oe percent, production of alloy and stainless increased compared with 1969. However, | 
steels, the big uses for ferroalloys, was the comparison may not be valid because 
down 14 and 18 percent, respectively. the format and instructions for reporting 
These data are only indicative of activity ‘materials used in superalloys, first used in 
in the steel and ferroalloys industries, 1969, have not yet proved completely satis- 
owing to the wide variety of secondary ma- factory. | 

Table 4.—Consumptien by end use of ferroalloys as additives 
| in the United States in 1970 

| (Short tons) 

Alloys 
(excludes 

Stainless Other Carbon Tool Cast Super- alloy Other Alloy steels alloy steels steels irons. alloys _ steels uses Total 
steels and 

super- 
| . alloys) 

Ferromanganese2__.__ 9,310 129,958 809 , 937 W 17,105 1,172 12,753 35,875. 1,016,110 Silicomanganese___._ 8,371 26,645 87,845 WwW 7,154 W 1,888 6,647 . 188,500 Silicon alloys %_____. 23,218 92,045 157,809 2,722 338,300 423 46,274 48,164 708 ,955 Ferrotitanium 4______ A428 581 958 WwW 252 556 1,024 1,735 5,534 Ferrophosphorus °___ 9 1,968 11,064 WwW 927 _____ 90 440 14,498 Ferroboron._______- 8 97 W Lee 5 Ww WwW . 244 351 
Total___._-.. 41,844 251,294 1,067,613 2,722 363,743 2,151 61,979 93,102 1,883,948 

W Withheld to avoid disclosing individual company confidential data; included in “Other uses.’’ 1 Includes unspecified uses. . . oe 
2 Includes spiegeleisen, manganese metal, and briquets. 
3 Includes silicon metal and silvery iron. | uo 
4 Includes other titanium materials. _~ . 
5 Includes other phosphorus materials. 

_ Table 5.—Consumption by end uses of ferroalloys as alloying elements 
| in the United States in 1970 : 

: ' _ Ghort tons of contained elements) 
oe Alloys 

(excludes 
Stainless Other Carbon Tool Cast Super- alloy Other Total 

' steels” alloy steels = steels irens alloys steels uses ! 
steels and 

| super- 
alloys) 

Ferrochromium ?2_-_~_____ 155,164" 37,867 6,123 1,856 5,490 10,779 3,765 5,887 226,931 Ferromolybdenum 3______ 882, 1,068 202 439 1,372 178 333 340 4,814 Ferrotungsten 4_.__._ =. _ 64 93 ______ 300 (8) 25. 23 20 525 Ferrovanadium 6________ 45 2,405 938 420 49 36, Q7 335 4,325 Ferrocolumbium__.______ 229. 414 347) _-8Lw Luke 193 14 5 1,202 Ferrotantalum-columbium WwW “WwW W eee ee eee ee 40 40 . a : — SU Naan eee eee eS 
— _ _— 0 A 

Total____..___.__ 156,384 41,847 7,610 3,085 6,911 11,211 4,282 6,627 237,837 

- W Withheld to aVoid. disclosing individual company confidential data; included in ‘“‘Other uses.” 1 Includes unspecified’ uses. . | 2 Includes other chromium ‘ferroalloys and chromium metal. 
3 Includes calcium molybdate. . 
“Tncludes melting base self-reducing tungsten. 
5 Less than 14 unit. | , 
6 Includes other’ vanadium-carbon-iron ferroalloys.
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| _ STOCKS 

Producers’ stocks of ferroalloys at the ume alloys are produced intermittently, 

end of 1970 were 10 percent more than at Consumer stocks of all the ferroalloys at 

yearend, and consumers’ stocks were 4 per- yearend were normal, considering the level 

cent less. The percentage balance does not of production of carbon and alloy steels in 

| have special significance, because large-vol- 1970. 

Table 6.—Stocks of ferroalloys held by producers and consumers 
in the United States, December 31, 1970 | 

(Short tons) 

Producer Consumer . 

1969, 1970, 1969, 1970, 
' gross gross gross gross 

weight weight weight weight 
: : SS ee : 

Manganese ferroalloys !____...--------------------- 194,144 198 ,378 r 150,950 144,850 

Silicon alloys?__.--.-.-----.---------------------- 94,994 134 , 880 64,638 66,055 

Ferrochromium 3___.___.--..--------------------- 46,977 . 52,550 39, 687 33,875 

Ferrotitanium 4____.__-._-------------------------- 1,283 1,351 871 775 

Ferrophosphorus 5____....--------------------+--+. 57,586 | 45,628 — 2,827 2,553 

Ferroboron_._...-.------------------------------ 228 703 62 48 

Total.._--..------------------------------ 395,212 483,490 258, 5385 248, 156 

1969, 1970, 1969, 1970, 
contained contained contained contained 
element element element element 

; Ferromolybdenum ¢__..._____.-------------------- WwW WwW 796 677 

Ferrotungsten_.____.._..-.-.--------------------- WwW WwW 147 181 

Ferrovanadium__--._..-.------------------------- ™ 363 577 1,272 903 
Ferrocolumbium. ___----------------------------- r 329 426 425 410 

Ferrotantalum-columbium_.-____.-.-.-------------- ---- ---- 8 8. 

7 Total_.__.-..------------------- =e — 692—«1, 008 2,648 2,179 
eo 

— 

r Revised. W Withheld to avoid disclosing individual company confidential data. 
1 Includes ferromanganese, silicomanganese, spiegeleisen, and manganese metals. 
2 Includes ferrosilicon, silvery iron, and miscellaneous silicon alloys. Consumers’ stocks also include silicon 

metal. 
3 Includes other chromium ferroalloys and chromium metal. 
4 Includes other titanium materials. 
5 Includes other phosphorus materials. 
6 Includes calcium molybdate and molybdenum silicide. 

. PRICES . | | 

Domestically produced standard high-car- per pound of contained vanadium, f.o.b. 
bon ferromanganese, lump, bulk material were $2.90 and $3.12 January through 

in carload lots was priced at $164.50 per June and $3.48 and $4.12 July to the end 

long ton to October 1 and at $159.50 per of the year. The price of ferronickel per 
ton from then until the end of the year. pound of contained nickel in wholesale 

| The price of high-carbon ferrochromium, lots, f.o.b. shipping point from January 1 

lump, bulk, in carload lots ranged from to November 1 was $1.28 per pound and 

21.7 cents per pound in January to 36.5 was increased to $1.305 per pound on No- 

cents per pound in December. Low-carbon vember | to conform with a price increase 
ferrochromium was priced at 28.6 cents per of Canadian nickel producers. 
pound in the first three quarters of the The quoted price for low-carbon ferroti- 
year and 36.5 cents per pound in the last tanium was unchanged in 1970 at $1.35 
quarter. per pound of contained titanium, deliv- 

The price of 50 percent grade ferrosili- ered. Low-alloy, standard ferrocolumbium 

con, lump, bulk, in carload lots, f.o.b. was priced at $2.65 to $3.52 per pound of 

shipping point, freight equalized to the contained columbium in ton lots delivered 

nearest main producer, was 14.1 cents per January through June and $2.85 to $4.12 

pound January through June and 15.3 per pound July 1 to the end of the year. 

cents per pound July 1 to the end of the Ferrotungsten was quoted at $3.75 per 

year. pound of contained tungsten, delivered 

Ferrovanadium prices in a split market, throughout the year.
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| FOREIGN TRADE . 

The slight increase in free world steel As in past years, there was no definitive. 
production did not have noticeable effect pattern to U.S. trade in ferroalloys. As was | 
on international trade in the ferroalloys. to be expected, Canada, the United King- 
The value of U.S. imports of ferroalloys dom, West Germany, and Japan were the 
and ferroalloy metals for consumption in principal recipients of the ferrochromium 

1970 was $5 million less than in 1969. ¢xports. Mexico, Sweden, India, Japan, 
However, the $56 million value of exports Australia, ane the sep ane. of Sout oh 

| was $32 million more than the 1969 rec. ‘i¢4 were the principal recipients of the 
os oe 4. ferromolybdenum. Canada,. West Germany, -- 

ord, The large increase was due to the . ee es 
total tity f almost 40 ver and Belgium were the principal recipients 
ora oo eh, y creaced on 4 “he tf P of ferrophosphorus. Most of the ferrosili- 

cent and the increase unit value of ferrO- con exported went to the developed coun- 
manganese, . ferrosilicon, ferrovanadium, tries, United Kingdom, West Germany, 

and unclassified ferroalloys. The average Japan, Australia, and Canada; and Canada, 

value of the unclassified ferroalloys ex- Mexico, the Netherlands, France, East and 
ported increased from $285 per ton in 1969 West Germany, and Japan were the princi- 

to $735 per ton in 1970. pal recipients of ferrovanadium exports. 

Table 7.-U.S. exports of ferroalloys : | 

1968 - 1969 1970 

Alloys Short Value Short Value Short Value . 
tons (thou- tons (thou- tons (thou- 

. gands) sands) sands) 

Ferrocerium and alloys_.....____-.--___ 45 — $303 52 $351 39 $275 
Ferrochromium_____...-.--------.---. 27,127 5,785 24,573 5,679 28 ,373 8,259 
Ferromanganese_____._-.__-_-_-.---_--- 3,710 645 1,759 483 21,747 4,356 
Ferromolybdenum_____....-.----__---- 432 1,194 728 2,381 1,007 8,088 
Ferrophosphorus_..__.......---.-----. 36,708 930 37,351 912 33 , 106 1,199 —_ 
Ferrosilicon_........-.-..--.-...-----.. 18,372 4,481 6,487 1,666 44,694 11,887 
Ferrovanadium._..____-_.-.--___----_---- 278 1,052 644 2,834 2,154 12,127 
Ferroalloys, n.e.c......-...----..--.--. 11,288 7,814 34,057 9,720 19 ,964 14,486 

| Total__.- 2 eee e_--- =. 97, 960 22,154 105,651 24,026 151, 084 55,677 

Table 8.—U.S. imports for consumption of ferroalloys and ferroalloy metals 

‘ 1969 1970 

| Alloy Gross Content Value Gross Content Value 
weight (short (thou- weight (short — (thou- 
(short tons) sands) (short tons) sands) 
tons) tons) 

Chromium metal______.._..-.--..----------- 1,491 (1) $2,072 1,892 (1) $3 , 052 
Ferrocerium and other cerium alloys__...-.-.-- 9 ¢3) 91 9 (1) 54 
Ferrochrome and ferrochromium— 

Containing 3 percent or more carbon.___.._ '18,240 *10,848 +'2,3827 12,333 7,592 1,874 
Containing less than 3 percent carbon__..._ '39,189 126,058 110,067 28,972 18,353 7,746 

Ferromanganese— 
Containing not over 1 percent carbon_-_-____ 2,955 2,531 929 3,148 2,554 1,036 
Containing over 1 and less than 4 percent 
carbon______.._____-_......-.--...-.. 35,474 29,030 6,727 20,127 16,524 4,247 

Containing not less than 4 percent carbon__'* 269,423 *207,584 24,625 267,671 207,901 26,280 
Ferromolybdenum, molybdenum metal, com- 

pounds, alloys, and scrap (molybdenum con- 
tent)___..---_------ ~~ ee 70 12 413 122 12 779 

Ferronickel__......_.....-...----.-__----... 15,696 (1) 9,507 14,237 (1) 9,652 
Ferrosilicon_._.............--.--------..----. 33,614 16,944 4,577 22,404 10,060 4,117 
Ferrosilicon-chromium____~_______.2----_----- 795 (2) CS 
Ferrosilicon-manganese (manganese content)._._ 32,040 21,337 3, 5382 14,539 9,624 1,774 
Ferrotitanium and ferrosilicon-titanium_ ___.--- 552 (1) 259 73 () 48 
Ferrovanadium____...._-_._.-.------.-------- 382 (1) 1,185 24 18 114 
Ferrozirconium ___..__.._.-..-...------------ 440 (4) 167 660 (4) 260 
Ferrophosphorus---.------------------------ 28 (1) 2 288 (2) 16 
Manganese metal________-.-._.-------.-----. 1,871 (4) 513 1,277 () 518 
Tungsten metal (lump, grains, or powder) and 

tungsten carbide (tungsten content) _____..._ (4) 10 138 90 74 1,010 
Tungsten alloys (unwrought) and scrap (tung- 

sten content)___.-.--....----------------- (2) (2) 7 2 1 29 
Tungstic acid and other alloys of tungsten, 

n.s.p.f. (tungsten content)_..._......------- 54 37 417 549 43 1,141 
Ferroalloys not elsewhere classified____........ _ 1,228 ¢3) 3,095 917 (1) 2,287 

t Revised. 
1 Not recorded. 
2 Less than 4 unit.
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WORLD REVIEW | 

. Japan—The Japanese ferroalloy indus- New Caledonia.—New Caledonia Nickel 
try followed the Japanese steel industry in Company, a joint venture of Société Le 
becoming a major factor in worldwide in- Nickel of France and Kaiser Aluminum & 

dustry. The Japanese supplied ferroalloy Chemical Corp. of the United States, tapped 
furnaces and equipment to producers in the first of three 33,000 kw furnaces planned 
South America and Europe. Measured by for its new Noumea facility. The Noumea | 
the total quantity of the principal ferroal- facility is a significant part of planned ex- | 
loys produced, the Japanese produced 31 pansion of nickel producing facilities of 
percent more ferroalloys in 1970 than in New Caledonia. 
1969. Production in 1969 and 1970 was as a | 
follows: | . 

oe 1969 1970 | 
(metric (metric . 
' tons) tons) os 

: Ferrochromium._.__...-.-.----. 258,583 361,524 | : | 
Ferromanganese___.___.__.___. 382,151 444,498 - 
Ferromolybdenum__..-..__-... 2,493 3,152 
Ferronickel_._...-..-----.----- 180,413 264,661 
Ferrosilicon -.....--...--..---. 225,414 302,298 
Ferrotungsten_...-....-...--.. 1,154 1,278 

| Ferrovanadium___._...-.-...-. 2,187 2,570 

a TECHNOLOGY | - 

ae ‘Technical developments dealing with fer- ment producer, Tanabe Kokoki, claimed 
roalloy metals are discussed in the individ- advantages for its shaft-kiln collector for 
ual commodity chapters. However, control controlling pollution, but at the same time | 
of air pollution was a problem common to pointed out that economizing in heat and 
all. In 1970, the problem demanded the at- _ transportation costs would provide negligi- 
tention of ferroalloy producers, consumers, ble savings because the dominant cost fac- 

| and researchers in all parts of the world. tor in the ferroalloy industry is the price 
| Most authorities agreed that the technol- of electric power.2 However, the Kokoki 

ogy. and equipment needed to take care of | shaft-kiln may offer some capital cost ad- 
particulate emissions from ferroalloy fur- vantage because it traps particulates for 
naces were now available but that the reuse. Among other works which may con- 
know-how to take care of gaseous emissions __ tribute to lower capital costs, the American 

was not yet at hand. Most pollution troa- Wheelabrator Corp. working for the last 5 
ble in the ferroalloy industry in 1970 was years with the ferroalloys division of 
at its coal-fired powerplants inasmuch as Union Carbide Corp. devised a collector of 

_ modern smelting furnaces with proper raw modular design. The collector was said to 
materials and proper emission control have efficiency greater than 99 percent. 
equipment cause little air pollution and Considering the public pressure in 1970 for 
the ferroalloy industries in most countries immediate end to pollution, the modular | 
of the world were actively engaged in alle- system was probably the most significant of 
viating that part of the problem. | all ferroalloy cost-reduction elements be- 

The cost of installing suitable equip- cause of the time saved in installation.3 
ment to control particulate emissions was 
estimated by some authorities to increase 2 American Metal Market. Japan Becoming 
ferroalloy production costs from 6 to 12 #£Major Exporter of Ferroalloy Furnace Equipment. 

percent. Therefore, much of the research 's'Ainentcan’ Metal Market. Wheelabeator Aids 
in 1970 was directed towards lowering Pollution Control at Ferroalloys Plant. V. 77, No. 

these costs. The Japariese ferroalloy equip- 240, Dec. 17, 1970, p. 13.



Fl it uorspar and Cryolite | 

By H. B. Wood 1 

FLUORSPAR 

During 1970, fluorspar exploration activ- Preparedness, and subsequent Public Law 
ity increased in the United States and 91-320 dated July 10, 1970, the General 
throughout the world. Production in- Services Administration (GSA) disposed of 
creased over 8 percent and consumption 100,000 short dry tons of acid-spar from 
increased about 10 percent, reflecting a government stockpiles for $5,999,000. Bid. 
strong industry. : prices ranged from $48 to $76 per ton. 

U.S. production in 1970 increased 47 Government inventories as of December 31, 
percent over that of 1969, but was only 7 1970, included 1,070,000 tons of acid-spar 
percent over the 1968 production and 9 and 412,000 tons of met-spar in GSA stock- 
percent less than the 1967 production. piles. GSA sales of excess fluorspar were 
Work stoppages during 1969 caused a de- expected to continue into 1971 until dis- 
crease in production that continued into posal of the excess 112,000 tons of acid-  - , 
1970. The United States produced 6 per- spar is completed. | 
cent of the world fluorspar output and The duty on imported fluorspar has re- 
consumed 30 percent. mained unchanged since January 1, 1963. 

The total U.S. consumption of fluorspar Fluorspar that contains not more than 97 
rose from 1,357,000 short tons in 1969, to percent calcium fluoride (CaF2) is subject 
1,372,000 tons in 1970 an increase of 1.1 to a duty of $1.875 per short ton; material 
percent. Most of the increase was in the that contains not more than 97 percent 
consumption of acid-grade fluorspar (acid- CaF2 is subject to a duty of $7.50 per 
spar) to make hydrofluoric acid. Acid-spar short ton. | 
consumption increased about 4 _ percent The National Research Council report 
from 721,000 tons in 1969, to 751,000 tons on fluorspar supply and demand was com- 
in 1970. There was a 13-percent decrease pleted in December 1970.2 | 
in the use of metallurgical-grade fluorspar 
(met-spar) in the open-hearth furnace, DOMESTIC PRODUCTION | | 

from _ 109,000 tons in 1969, to 95,000 tons The Illinois-Kentucky fluorspar mining 

in 1970. , | ; districts, consisting of Hardin and Pope 
Imports for consumption of all grades Counties in southern Illinois, and Critten- 

totaled about 1,092,000 tons, about 5 per- den. Livin ; . 
- . . , gston, and Caldwell Counties in 

cent less than in 1969. The imports still Kentucky, continued as the major sources 
constituted about 80 percent of the Na- of domestic fluorspar in 1970 and provided 
tion's total requirements for the year. over 55 percent of the total shipments for 
Mexico continued fo be the largest Sup” the year. The lead and zinc byproducts of 
plier, providing 76 percent of the imports, fluorspar mines were also important to the 
and 61 percent of the U.S. consumption. operations of the area. The mines in Colo- 

NBisiation ane Government Pp Neation rado, Montana, Nevada, New Mexico, and 

—NO contracts tor suorspar exploration tytah provided the remainder of the total 
were made by the Office of Minerals Ex- fluorspar shipments but no significant by- 
ploration during 1970. The percentage de- products. Production from Colorado in- 
pletion allowance rates eatablished in 1969 —TCommodiar oi. f ii 

remained the same, domestic 22 percent, —y4j,cOmumoaity specialist, Division of Nonmetallic 
and foreign 14 percent. In compliance with Us National, Research wenn Trends in one 

instructions from the Office of Emergency 55°pp. Tas NC CEEIET , 

519
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| Table 1.—Salient fluorspar statistics 

1966 1967 1968 1969 1970 

United States: . 
Production: | | | 

Crude: . . 
Mine production._._.short tons.. 737,411 838,631 749,219 533 , 030 627 ,212 
Material beneficiated..._..do._.._ 796,418 914,616 765 ,531 520 , 084 698 , 232 
Material recovered__.----do.-_. 250,200 284 ,300 237 ,000 160 ,000 252 ,128 

Finished (shipments)_....-.--do_.._._ 253,068 295 , 643 252,411 182 , 567 269 , 221 
Value__.._._...-.-----thousands.. $10,841 $13 ,164 $11 , 656 $8 ,411 $13 ,923 

Exports__.-.-.-------------short tons -__ 5,732 10,345 12,614 3,605 14,952 
Value____.-.--.-..-----thousands__ $301 $517 $496 $213 $1,145 

Imports for consumption__.--short tons... 878,546 911,870 1,050,107 1,149,546 1,092,318 
Value.__.--------------thousands__ $21 ,968 $24,485 $28 ,699 $32 ,818 $32 ,758 

Consumption___.___._....----short tons__ 1,065,124 1,091,158 1,243,414 1,356,624 1,872,404 
Stocks Dec. 31: 

Domestic mines: 
Crude.__..--------------do---. 207,338 126,716 97,522 82,177 51,471 
Finished ____.-.---..----do__+- 26,589 22 ,522 12,557 9,751 12,370 

. Consumer plants.__-._-------do-.-_ 254,726 303,718 323,121 290, 470 419 , 746 
World: Production__.___....___._--.-do____ 8,181,208 3,498,755 4,006,971 4,228,583 4,600,327 

creased 54 percent and thereby substanti- Inc., and by U.S. Borax and Chemical 
| ated Colorado’s position as the second Corp. Additional exploration work was car- 

largest fluorspar-producing State. in the ried out by Lost River Mining Corp., Ltd., 
_ United States. at its complex fluorspar, tin, tungsten, and 

_ The mines, concentrating plants, and beryllium deposit on Seward Peninsula, 
pelletizing plants of the Minerva Mining Alaska. Preliminary estimates are favorable, 
Division of Minerval Oil Co. and the indicating a reserve of 26 million tons that 
Ozark-Mahoning Co. operated at 90 to 95 may prove to be economically minable.4 

_ percent capacity during 1970. Increasing New areas were being explored in Idaho, 
demand for briquets and pellets led to Utah, Nevada, Colorado, New Mexico, and 

expansion of existing pellet plants and Kentucky. : 
construction of additional facilities. At The Fort Meade, Fla., plant of Alumi- 

| least six pellet or agglomeration plants mum Co. of America (Alcoa), which was 
were reported to be either in operation or built to make cryolite and aluminum fluor- 
under construction. These plants produce ide from waste fluosilicic acid (He2SiF¢) , 
high-quality agglomerates for the iron and salvaged from a phosphate rock processing 
steel industry. plant, went on stream in December 1970. : 

Altogether, there were 25 mines reported U.S.S. Agri-Chemicals supplies the fluosili- 
to be actively producing and shipping cic acid for the Alcoa plant and also mar- 

| fluorspar in seven States. Ten mines kets fluosilicic acid for domestic water sys- 
stopped shipping; seven other mines re-.. tems. Farmland Industries, from its plant 
sumed shipping or were new producers near Lakeland, Fla., supplies fluosilicic acid 
during 1970. to Kaiser Aluminum & Chemical Corp. to 

Exploration activity in search of new 3 Industrial Minerals -¢(London). Fluorspar: A 
commercial fluorspar deposits was acceler- World Review. V. 35, September_1971, p. 14. 
ated during the year.3 Skillings Mining Review. Oct. 10~i970, p. 11. 

N 1 . 4 Alaska, Division Geological Survey, Bureau of 
ew exploration ventures were an- Mines. Lost River Reports Progress. Bull. 18, No. 

nounced by a consortium of Frontier Re- 10, November 1970, p. 2. 
. Lost River Mining Corp., Ltd. Annual Report, 

sources, Cerro Corp., and Five Resources 970, 

Table 2.—Shipments of finished fluorspar, by States 
OE 

1969 1970 

Value Value 
State Short a Short ae 

tons Total Average tons Total Average 
(thousands) _ per ton (thousands) per ton 
a 
Tllinois......-------------------- 88,480 $4,676 $52.85 148,208 $8 , 637 $58 .27 
Utah__...---------------------- _6,667 207 31.05 19 ,214 595 30.97 
Other States !_____--------------- 87,420 3,528 40.36 101,799 4,691 46.08 

Total__..-.--------------- 182,567 8,411 46.07 269,221 13 ,923 51.71 
nn 

1 Includes Colorado, Kentucky, Montana, New Mexico, and Nevada.
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make cryolite. Kaiser has a plant at Mul- num and magnesium is not representative 
berry, Fla., for processing fluosilicic acid of the total consumption by this industry, 
into sodium fluorosilicate, which it ships because a large proportion of the acid- 
to Chalmette, La., to make aluminum spar reportedly consumed as hydrofluoric 
fluorides At least four other superphos- acid is actually converted to aluminum flu- 
phate-producing companies are known to  oride and synthetic cryolite and used as 
be salvaging and marketing fluosilicic acid. _ the electrolyte in making aluminum metal. 

The quantity of acid-spar consumed in 
CONSUMPTION AND USES this manner is not reported to the Bureau 

| | | | . | _ Of Mines. It is estimated that 20 percent, o. 
| Total domestic consumption rose from or 270,000 tons, of the total 1970 consump- 

1,357,000 short tons in 1969, to 1,372,000 tion of fluorspar was consumed by the alu- 
tons in 1970, an increase of 1.1 percent. AS = minum industry.6 
shown in table 3, consump tion in the four The reported consumption of acid-spar 

major iron and steel industry uses was sed to make hydrofluoric acid increased 
576,000 tons in 1970, which was 42 percent from 721,000 tons in 1969, to 751,000 in 

_of the total consumption. This was a slight 1970, an increase of 4 percent. Although 
decrease from the 1969 consumption in the the actual tonn age of acid-spar that is 
iron and steel industry. ’ made into hydrofluoric acid for industrial 

Met-spar, which was consumed at the _ chemicals is not reported, by subtracting 
rate of about 814 pounds per ton of iron the amounts known to be consumed in the 

| and steel, totaled 379,000 tons in 1969, and other industries from the total consump- 
371,000 tons in 1970, indicating a 2-percent tion, it can be estimated that approxi- 

_ tonnage decrease. More met-spar pellets or mately 493,000 tons of acid-spar were con- 

briquets are being consumed each year in gymed for this purpose. This represents 
the steel industry. This results in more ef- about 36 percent of the total consumption 
ficient use of some met-spar fines that had in the United States. . 
been wasted in the past. | 

| In table 3 the quantity of acid-spar 197 Phemical and Engineering News. Apr. 19, 
shown as used in the production of alumi- 6 Work cited in footnote 9, 

Table 3.—Consumption, by end use and stocks, by grade of fluorspar (domestic and 
foreign) in the United States in 1970 

. | (Short tons) 

eee TS Sr Se Ss Se irish ser 

Containing Containing 
more than not more than 

End use or product 97 percent 97 percent Total 
calcium fluoride _ calcium fluoride 

eee 
Hydrofluorie acid_____._---._.2 22. 750,731 (2) 750,731 
Glass___-...------------- eee eee 8,346 10,413 18,759 
Enamel-_-__--------_----- eee 305 2,312 2,617 
Welding rod coatings. _______._____________. ____ 2,577 (2) 2,577 
Primary aluminum _____-.-------------------- 2-28 1,253 woe eee 1,253 
rimary magnesium _._--.....---.-_-__-__----______. 

Other nonferrous metal_.- 222222 2272222222272227777} 430 11,113 11,543 
Iron and steel castings. __....__..-..._--_-_..2______e 422 22 , 723 23,145 
Open-hearth furnaces. _._..._._..--.-____--___ ee wn eenee 95,124 95,124 
Basic oxygen furnaces_._______..-..__._.__..-___._.__. woo eee 371,172 371,172 
Electric furnaces______._...._---_.~--_------ _ ee. 3,314 83 ,154 86 , 468 
Other uses or products ?_____._.~- eee wa--eee 9,015 9,015 

Total___.-----2 2-2 --eeeee 767 ,378 605 , 026 1,372,404 
Stocks Dec. 31__-_--_-------_---- 22 eee 145 , 475 274 ,271 419 ,746 eee 

1 Small tonnages included under fluorspar containing more than 97 percent calcium fluoride. 
2 Included with “Other uses or products.” 
3 Includes fluorspar used to make ferroalloys and other furnace products.
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Table 4.—Fluorspar shipped from mines in the United States, by grade and use 

) 1969 a ee 
| : | Quantity Value Quantity Value 

| Grade and use = 
Short Percent Total Average Short Percent Total Average 
tons of (thou- per tons of (thou- per 

total sands) ton ' total sands) ton 

Ground and flotation concentrates: _. ok a 
Hydrofluorie acid__----------- 71,225 51.0 $3,586 $50.34 105,839 58.1 $5,912 $55.86 

Glass____.------------------ 18,415 18.2 990 53.76 21,637 10.9 1,802 60.17 

Ceramic and enamel__-------. 7,289 5.2 250 34.29 9,912 5.0 365 36.82 

Nonferrous.___.------------- 2,146 1.6 115 53.58 3,326 1.7 203 61.038 
Ferrous!_____.-.------------ 37,964 27.2 1,961 51.65 54,916 27.6 3,278 59.69 

Miscellaneous 1___..-.-------. 2,517 1.8 186 54.08 3,495 °#£1.7 206 58.94 

Total._.......-----.------ 189,556 100.0 27,037. 50.42 199,125 100.0 11,266 56.58 

Fluxing gravel and foundry lumps: re . _ . oo 

Ferrous.__..________-------- 42,869 100.0 1,372 32.00 67,956 97.0 2,528 37.20 

: Miscellaneous_-_-__------------ 142 _-_---. 2 14.08 2,140 ~~ 3.0 129 60.28 

Total._..__.___.__--__----. 48,011 100.0 1,374 31.94 70,096 100.0 2,657 © 37.91 

| t Revised. . | | 
1 Includes exports. . 
2 Data may not add to total shown because of independent rounding. 

| Table 5.—Fluorspar (domestic and foreign) Price Variations depend on grades and ori- 

consumed in the United States, by States gin. The average price of imported acid- | 

: (Short tons) | spar rose $3 to $4 per ton, a significantly 
State | 1970 . smaller increase than the price increases 

Alabama, Kentucky, Tennessee-___._____ 73,695 | reported for domestic fluorspar. No appreci- 

Arizona, Colorado, Utah____-_--------- 20 ,904 . oc gs 

, Rene Koneas’ Louisiana, Missouri. 2587582 | ble price changes were indicated for met- 
California_..-...-.-------.---------. 52,872 spar of 70 to 97 percent CaF, on the do- 
Connecticut, Massachusetts, New York, P . . P ee 

Rhode Island, Vermont-------------- 38,663 mestic or foreign market. The December 

| Bupgesccccoccrccerccaiieciictrt26o!784 1970 issue of Engineering and Mining Jour- 
Iowa, Minnesota, Nebraska, Wisconsin - - 2,416 ! ; ATIC 
Mitigate T2°ALB nal quoted the following | prices per short 

New Jersey.___._.--------_---------- oe 082 ton for the principal commercial grades of 
jo_____---_---_------------------- , ao : 

Oklahoma__._.___..----------------- 1/216 _ fluorspar: 
Oregon and Washington _-_---.--.------ 2,059 
Pennsylvania___..._.----.------------ 154,669 _ 

Texas.__________--__----------------- 229,891 1969 1970 
West Virginia___..----.-------------- 55,147 Domestic f.o.b. Ilinois-Kentucky: — 
Other States !_____.-__--_-_---------- 32 , 848 Metallurgical-grade 7214 per- _ 

—_——_— cent effective CaFe___.-__-_$47.50— $47.50- 
Total__.____.-.-___--_-.-------- 1,372,404 48.50 48.50 

ee .’-.0— 0 00—0 Pellets, 70 percent effective 
1Includes Florida, Georgia, Maryland, North CaFe_______...---_--------. 50.00— 52.00 

Carolina, Virginia, Delaware, and Mississippi. 57.00 
Acid-grade concentrates, dry 

Table 6.—Stocks of fluorspar at mines or basis, 97 percent CaF2: : 
. ; . . Carloads__..._.-.------- 57.50  62.00-— 

shipping points in the United States, | 75.00 

by States, Dec. 31 Less than carloads___._.. 59.50 62. 50- 
7. 

. (Short tons) Pell Bags, extra_._._...._..... 5.00 6.00 
——-—_—-  Qawaoauw»»ewelf ellets, 90 percent effective 

1969 1970 CaFo___._..--_-_---------- 56.00— 56.00- 
State TO TE" ; 60.00 60.00 

Crude Finished Crude Finished Ceramic-grade, 95 to 96 per- 

_-_ oe ae en cent CaF2_____-_._____.__. 55.00  60.00- 
Illinois. .___..-'39,660 2,558 17,328 3,841 70.00 
Utah_______--- 400 400 1,100 -~----- European: 

Other States!__ 42,117 6,793 33,043 8,529 Acid-grade, duty paid, dry 

TTT TTT basis_____________________ 47.50- 53.00 
Total____ 82,177 9,751 51,471 12,370 50.00 

_————_— vO Mexican: 
t Revised. Metallurgical-grade, 70  per- 
1 Includes Colorado, Kentucky, Montana, and New cent effective CaF+-border, 

Mexico. all rail, f.o.b. cars.._------- 30.15 30.15 
Tampico, Mexico, f.o.b. vessel. 30.15 31.15 

PRICES Acid-grade, 97+ percent, Eagle 
Pass, Tex., bulk_______.--- 47.00-— 52.00 

Some quoted acid-spar prices increased 5 cmgineering and Mini he -00 | Dec 
. . ource: Engineering an ining Journal, Decem- 30 percent over prices quoted in 1969. jer 1969 and 1970. &
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| FOREIGN TRADE vided 76 percent of the total fluorspar im- | 
; ported into the United States, Spain 

The United States exported 15,000 tons supplied 13 percent, and Italy supplied 8 of both grades of fluorspar in 1970, an in- percent. Other suppliers were the United crease over the 1968 and 1969 totals. The Kingdom, Brazil, West Germany, and the 
largest shipments went to Japan and Can- Republic of South Africa. 

ada. Japan purchased acid-spar and Can- Imports ‘from Mexico decreased 314 per- _ ada, mostly met-spar. . 7 5 | cent. This decrease was due to an 8-per- 
U.S. imports of all Br ades of fluorspar cent decline in imports of met-spar. Im- | totaled 1,092,000 tons in 197 0, a decrease orts of acid-spar from Mexico increased - of about 5 percent from that of the pre- Pp : or P € aci : f Spai vious year. A decrease of 8 percent in the ‘lightly. Imports of acid-spar from Spain met-spar imports was the cause of most of decreased 15 percent from the peak year of | the decline. Imports accounted for 80 per- 1969. Imports of acid-spar from Italy : 

cent of domestic consumption. Mexico pro- showed a 5-percent decline. | 

| Table 7.-U.S exports of fluorspar_ - a 
| _ and customs district 

| — 1968 1969 Oo 1970 | 
| Short Value Short Value Short Value tons (thousands) tons (thousands) tons (thousands) 

Canada__-_---_____........... 6,975 $252 887 1,627 $84,339 2,670 $137 , 538 | Germany, West________________ 783 28,232 450 16,189 279 13 ,046 India______-._-_ 2 4,143 181 ,939 1,429 . 93,242 55 7,426 Japan__._---2- 2 10 400 LLL ------- 11,720 960 , 896 Switzerland___..--_.___________ 421 15,144 ~onueee ween ee 28 — 2,410 United Kingdom___-___________ 18 2,646 24 . 1,090 50 1,792 . Other countries_______.___.____ 263 15,036 15 18,441 150 21,758 eee FF . Total__..---2 ee 112,614 496 , 284 3,605 213 ,301 14,952 1,144,861 
_ 1 Data may not add to total shown because of independent rounding. | | | 

Table 8.—U.S. imports for consumption of fluorspar, by countries and customs district 
| | | | 1969 1970 Country and customs district eee 

Short Value Short - Value 
' tons (thousands) tons (thousands) 

| CONTAINING MORE THAN 97 PERCENT CALCIUM FLUORIDE | 
France: New York City_--.-------eee eee 0 $8 ae ween e ne Germany, West: Philadelphia, Pa___.___._.____. woe elle ~----He 4,152 $220 

SSS Sr Italy: 
Cleveland, Ohio_-- ~~ 2-2-2 13 ,635 507 a ------8 Detroit, Mich___.___._.._________.-. wenn ee ~o---ee 8,496 340 Galveston, Tex___...___.___________._____ 31,875 1,023 33 , 133 1,168 New Orleans, La._.._____________________ 37 , 880 1,326 38 ,186 1,373 Philadelphia, Pa__....-._._..___....._____ 5,952 251 4,910 198 
Total___---------2-- 2 tee eee. 89,842 3,107 84,675 3,079 

sce _ Mexico: 
El Paso, Tex____-_.--_--_-2_2--___ 69 ,957 2,073 67 ,718 1,754 Houston, Tex._.___._...-._______.________ 796 24 1,045 36 Laredo, Tex___.-_.____._-_________.._____ 304 , 364 9,152 292 ,159 9,139 New Orleans, La_.__.._.________.___:___. 43 , 884 1,615 38 , 438 1,582 Nogales, Ariz___-_-______.__.-_----eeee ween 18 ,742 669 Philadelphia, Pa__________._._......_____ 12,795 444 15,314 535 San Diego, Calif.__.__.____.._.__________ ~------ wan uee 1,987 64 a 

Total. _-_--.----2--22 222 eet... 481,796 13,308 435, 408 18,779 
SSS 

Spain: 
Cleveland, Ohio_____..__-______.____._.__ 30 , 268 1,131 14,005 603 Detroit, Mich__-_.__..._.__-_..____. 29 ,270 885 27,788 1,154 New Orleans, La________..-_______________ 11,210 887 one w~-----e Philadelphia, Pa______._..__.____________ 95,417 3,798 98,773 4,200 mS 

Total___---.---_-- ee 166 , 165 6,201 140 , 566 5,957 South Africa, Republic of: Galveston, Tex_______ 5,606 187 we---ee ------e 
SSNS, 

en 

See footnote at end of table.
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Table 8.—U.S. imports for consumption of fluorspar, by countries 

, and customs district—Continued 

7 1969 : 1970 

_.. Géuntry and customs district | Short Value Short Value 
tons (thousands) tons. (thousands) 

CONTAINING MORE THAN 97 PERCENT CALCIUM FLOURIDE—Continued oe 7 

United Kingdom: 
, Buffalo, N.Y..----------------5---+---++-. 17 1 ~----+-. eee eee . 

Cleveland, Ohio__..._--------------------  ------- ne 7,006 $278 
Detroit; Mich._....-..---=-----+------=-- 1,441 58 3,967 “68 
Ogdensburg, N.Y._---------------------+- | 50 4 anew nne ween eee 

. $San Juan, Puerto Rico_---.--------=------- 151 . 10 wa neene neuen ee 

a Total__._._--2-------------=++------+-- 1,659 13 10,973 341 

Grand total___-_.__----------+-----+---- 694 ,678 22 ,884 675 , 769 23 ,376 

CONTAINING NOT MORE THAN 97 PERCENT CALCIUM FLUORIDE 

Brazil: New Orleans, La_.-.._---.-.------=---- 11,846 319 10,587 298 : 

Canada: a. | . | co 
Buffalo; N.Y.__--------- 2-2 ee ee ee 67 © 3 went eee Wwe eee 

Cleveland, Ohio..-------------=---+------ 2,238 69 eu eeene eee eee 
. TT 

Total__.2----------+--------+---------+-- 2,305 . 72 wee en ne wee wee 

Italy: Houston, Tex. -_--------------=-+------- 9 =--=--- ween nee 662 - 48 

Mexico: 
. 

Baltimore, Md_..---.-------------------+ 28 , 762 743 37 ,349 .1,300 

- Buffalo, N.Y..----------------------+---- © 38 ,949 1,041 7,238 283 

| Chicago, Ill___--------------------------- © 1,295 34 8'478 317 
Cleveland, Ohio_.--.--------------------- 32 ,870 1,034 19 , 787 795 

Detroit, Mich__-_-------=---------------- 23 , 790 G52 11 , 683 409 

El Paso, Tex_.-.------------------------- 65 ,387 1,312 42 ,815 826 

Laredo, Tex_...----------------=------=+- 189 ,138 2,989 231 ,827 3,638 

New Orleans, La__.---------------------- 36 , 509 ~ 959 15 ,222 394 

Philadelphia, Pa___-.-------=-------+------ 17,431 501 24,482 886 

San Francisco, Calif_...-------------+=----- 66 1 1,455 34 

Total. .__._.___----=----------++-----<- 434,197 9 ,366 400 ,286 8 , 882 

South Africa, Republic of: 
Baltimore, Md__...---------------------- woe nee ee eeeua 101 3 

New Orleans, La__----------------------- 6,944 172 wen nnee nana nne 

Philadelphia, Pa._....--------------+----- 9 ------- eeu ees 4,913 151 

Total. __...__.--_---------------------- 6,944 172 5,014 154 

Spain: Philadelphia, Pa_..-.------------------ 6 (4) ------- we neene 

United Kingdom: 
, Buffalo, N.Y...---=---------------------- 20 1 peoeeee a 

San Juan, Puerto Rico. .---.-------------- 50 4 eoeeeee ween 

Total. _.....-_-L------.-------~---+---- 
70 5 wee been eee eee 

Grand total__.__.__.-:_---------------- 454,868 9 934 416 ,549 9 382 

1 Less than 14 unit. 

WORLD REVIEW Germany, West.—West Germany pro- 

| — duced 96,000 tons, which reflects no ap- 

Canada.—The bulk of Canada’s fluor- preciable change since 1967. Although it 

spar ee N oe nan fom the Burin exports small quantities, mostly to Euro- 

Peninsuls ° GA ve land. Canada S pro- pean countries, it reportedly imports about 

sey | increase PS. i967, Canad the 970,000 tons of met-spar. Farbenfabriken 

steady increase starte of 4 7, Canada te Bayer, A.G. purchased controlling interest 

bom Mi net importer of Muorspar, Mostly in the second of four froth flotation plants 

yr, hp duced ab 390.000 in West Germany. 

nee Alu Tance yt uce de aa’ 6 , Italy.—Italy increased production 12 per- 

tons 0 vee F Ab an 130.000 t a 9.0 per- cent to about 319,000 tons, continuing its 

cent increase. out ; ons was Te- steady increase started in the early sixties. 
ported to be consumed domestically. Most 

of its exported fluorspar went to European 7 Industrial Minerals (London). Bayers New 

. Fluorspar Mining Subsidiary. V. 30, March 1970, 
countries. p. 34.
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Italy exports mostly to the United States announced that it was in the process of 
and European countries. The fluorspar-min- constructing a fluorspar-flotation mill of 

ing industry is dominated by two compa- 20,000 to 25,000-ton-per-year capacity, near 
nies which are Montecatini Edison, Sp.A. Ixmiquilpan in the State of Hidalgo. Flu- 
and Mineraria-Silius of the C. E. Giulini oresqueda, S.A., resumed production of 
group. 3,000 tons per month of acid-spar at its 
Mexico.—Mexico remains the largest Esqueda, Sonara, flotation plant.8 

producer of fluorspar in the world and has Several new acid-spar-producing flotation 
the largest reported reserves. Mexico pro- plants or enlargements of currently pro- oe 
duced 1,079,000 tons in 1970, a decrease of ducing plants including those previously 
1 percent from the 1969 production. About mentioned were under construction in © 
55 percent of its production is met-spar. 1970, and when completed in 1971 should 
About 80 percent of the total comes from increase the production capacity by about | 
16 companies located in the States of Coa- 100,000 tons per year. 

huila, San Luis Potosi, Guanajuato, and During 1970 operations continued at a 
Chihuahua, Over 96 percent of Mexico’s 5,000-ton-per-year hydrofluoric acid plant 
production is exported. At Parral, Chihu- at San Luis Potosi and a 3,000-ton-per-year 

- ahua, the mil] tailings, derived from two plant at Monterrey. 
base-metal concentrating plants assay 15 to In August 1970, the Mexican Depart- 
25 percent CaF and are being processed ment of Industry and Commerce resolved 

| by froth-flotation to produce acid-spar. In that raw materials mined in Mexico 

1970, construction was underway at these should be converted into finished or semi- 
| two plants, to double their production. At finished products of higher value than the 

Bolanos, Jalisco, near Zacatecas, a similar run-of-the-mine or normally exported, 

flotation plant to extract fluorspar from thereby promoting more employment in 
tailings was announced for construction in| = —~—~———_— Industrial Minerals (London). Fi Mill | 

: industria inerals ondon). uorspar My 

1971, In June 1970, Fluoruros de Hidalgo for Hidalgo. V. 33, June 1970, p. 46. | 

Table 9.—Fluorspar: World production by countries | 
. (Short tons) | . 

| | Country ! 1968 1969 1970 P | 

_ North America: _ | | 
Canada ?2___._...------------------------------------- 100 ,600 131 , 600 136 , 800 
Mexico. .._.._._.------------------------------------- 1,020,740 1,089 , 420 1,078 ,594 
United States (shipments) ---..-.----------------------- 252,411 182 ,567 269 ,221 

South America: 
Argentina___.-_-.------------------------------------ r 23,708 32 ,383 e 33 ,000 
Brazil____--------------------------------------------- NA NA e 40,000 

Europe: 
Czechoslovakia ¢_.__.--------------------------------- 55 , 000 - 65,000 90 ,000 
France (marketable) .....-..--------------------------- tr 287 ,212 303 , 000 320 , 000 
Germany, Past ¢____.--.------------------------------ r 90,000 r 90,000 90 ,000 
Germany, West (marketable) --..----.------------------ 196,721 93 , 438, 96,173 
Italy._..--------------------------------------------- r 248 ,484 284,161 318 , 861 
Spain (marketable) ____.---.--------------------------- r 340 ,938 336 , 771 ‘ 373,413 

nited Kingdom $_______-.----.--.-------------------- r 216,161 209 , 767 e 235 ,000 
U.S.S.R, ¢__------------------------------------------ 420 ,000 440 ,000 450 ,000 

Africa: 
Kenya____--------------------------+----------------- 212 2,051 4,303 
Rhodesia, Southern e___----.--------------------------- 165 165 165 
South Africa, Republic of__...-.----------------------- 119 , 667 165,651 190 , 693 
Tunisia_____.-.---------------------------2-------- =e 6,008 13,665 33,841 

Asia; ' 
China, mainland ¢____...-_---------------------------- r 280 ,000 r 280 , 000 300 , 000 
India____._..---------------------e-ee eee 1,305 2.385 5,122 
Japan___.----_.----------------------+---------+------- r 14,180 14,067 8,853 
Korea, North e_______------_-------------------------- 33,000 33 000 33 ,000 
Korea, Republic of. __-.----.-------------------------- 51,372 43 ,181 52,668 
Mongolia ¢.___._-------------------------------------- r 77,000 r 86,000 88 ,000 
Thailand__-.-.-.-.----------------------------------- r 270,184 328 , 003 350 , 785 
Turkey__._.------------------------------------------ r 1,903 2,308 1,835 

Total_.....---------------------------------------- 174,006,971 14,228,583 4,600 ,327 
a 

e Estimate. P Preliminary. t Revised. NA Not available. 
1In addition to the countries listed, Bulgaria and Morocco also produce fluorspar, but information is in- 

adequate to make reliable estimates of output levels. 
2 Output of Newfoundland Fluorspar Works of Aluminum Co. of Canada. 
3 Includes material recovered from lead-zinc mine dumps.
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Mexico. The Department stated further: continuing its strong growth trend. Al- 
“National producers of acid-grade fluoride though production increase was not as | 
are obligated to supply, on a preferred great as it was between 1966 and 1969, it 
basis, the Mexican industry producing proved its capability to expand with the 
‘acid fluorhydroxide’ (HF) or any other demand. Most of the production has gone 
product processed from acid-grade fluor- to Japan as met-spar. Thailand is encour- | 
ide,” before exportation of any acid-grade aging foreign companies to construct 
fluoride. Historically, exported acid-spar froth-flotation plants in Thailand so it can 
has sold for 30 to 50 percent more than export the higher priced acid-spar and uti- o 
exported met-spar, and the Mexican Gov- lize all of its currently wasted, hand-sepa- 
ernment desires to sell more of the higher rated, low-grade fluorspar. Construction in 
priced raw materials, including hydrofluoric 1971 of a froth-flotation plant in Thailand 
acid. The Mexican domestic market is was announced by Thai Fluorite Process- 
small. In 1970 Mexico consumed less than ing Co. Ltd., a subsidiary of Kaiser Ce- 
40,000 tons of fluor-spar. ment Co., and in 1972 it expects to export 

The Mexicanization of foreign-owned or  acid-spar.9 
foreign-controlled fluorspar mining compa- 
nies, in which Mexican companies obtain TECHNOLOGY 
ownership of 51 percent or more of the 

company, has progressed to where most of A new industry is rapidly developing in 
the major producing companies are said to which fluorine compounds are produced 
be Mexicanized. Industrias Pefioles, S.A., iN from fluosilicic acid, a normally wasted by- 
buying control of two Mexican subsidiaries product derived from processing phos- 

of U.S. companies, will probably become phate rock to produce phosphoric acid and 
the largest fluorspar producer in Mexico. superphosphate. The results of this salvag- | 

_ South Africa, Republic of.—The Repub- ing process are being watched closely by 
| lic of South Africa continued to be the the fluorspar industry, because if it is | 

largest producer of fluorspar in Africa, in- proven to be economically successful, the 
creasing its production 15 percent to process will contribute additional fluorine 
190,000 tons. New fluorspar deposits have supplies, reduce polluting fluorine emis- 
been discovered and are being developed. sions, and subsequently reduce U.S. de- 

About 80 percent of South Africa’s produc- pendence on foreign supplies of fluorspar. 
tion is exported, and it ships both acid- Results of U.S. Bureau of Mines laboratory 

| spar and met-spar all over the world. tests on recovery of HF from fluosilicic 
Spain.—Spain increased its production acid have been published.10 

by il percent to 373,000 tons, thereby con- A major fluorspar producer is making | 
tinuing its strong growth trend. Its largest . . - . “42 

. . silver fluorides in increasing quantities. 
export market was the United States; the , ae . 

; next largest market was West Germany. The argentic fluoride is a powerful fluori- 

Thailand.—Thailand is the largest fluor- ating agent, whereas the argentous fluor- 
spar producer in Asia. It increased produc- ide is only moderately active. Its special 

tion 7 percent, to 351,000 tons in 1970, use is in the preparation of fluorosteroids.11 | 

CRYOLITE | : 

The production of synthetic cryolite thetic cryolite in the United States 
from byproduct fluosilicic acid, which is a probably accounts for some of the decrease 
waste product of the phosphate fertilizer in imports, but the closing down of the 
industry, may have a major effect on the natural croylite mine at Ivigtut, Greenland 
supply of cryolite. More installations of in 1969, probably accounts for the largest 
this type and those for reclaiming cryolite import reduction. 
from aluminum pot linings are antici: —————— a . ; 

pated. In table 11 it may be noted that dustry*Booming in ‘Thailand. June i971, p, 30: 
U.S. imports of cryolite for 1969-70 aver- Mo, Blake, | Jr. H. Fa Be Dien ee atten of 
aged 20,891 tons, and for 1967-68 averaged Waste Fiuosilicic “Acid. BuMines Rept. Inv. 7502, 

35,045 tons, a 40 P ercent decrease om ART ruropcan Chemical News. New Products. V. 
ports. The increase in manufacturing syn- 18 No. 448, Sept. 4, 1970, p. 46.
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PRICES Table 11.—U.S. imports for consumption 
. 7: . of cryolite 

Prices quoted in the Oil, Paint and Drug) _ 

Reporter, December 28, 1970, for cryolite Year and country Short Value 
were as follows: Natural, industrial, in tons _(thousands) 

15 per 100 pounds; 1967_------------------ 36,319 $4,118 bags, at works, carlots, $15 p p 1968-222 22222227227772—«88°778 5 abe 
less than carlots, $16.75 per 100 pounds; ————— 

: 1969: synthetic, bult, at works, carlots, $240 per Canada............ 2,585 AT6 
short ton; synthetic, in bags, same basis, Denmark.________- 11 3 

France____.--....-- 3,144 648 
$255 per short ton. Germany, West_.__- 987 220 

Italy__--.-.-..---_ 18,317 2,824 
Japan______._.---- 110 21 
Spain. ....-------- 280 56 
Switzerland_____.__ 22 3 

Total._......... 20,406 4,251 | 

1970: 
Canada_____-______ 1,328 294 
Czechoslovakia - - ... - 17 . 18 
Denmark___..----- 606 233 

. France___...------ 7,320 1,518 
Germany, West... - 3,393 817 
Italy__....-.------ 7,776 1,546 
Japan___--..------ | 480 114 
Netherlands-_-_ ~~. _-. 2 (2) 

. Spain. ....---.-.-- 40 8 
Switzerland. _.._... 26 3 
U.S.S.R____------- 829 115 

Total_.....----.. 21,877 4,666 

; 1 Less than 14 unit. . .



| By Robert G. Clarke 1 

Domestic gem stone production was esti- ists at free or fee sites. Only a few deposits 

mated at $2.4 million in 1970, unchanged were operated to produce rough material 

from that of 1969. Gem stone collection for direct sale to wholesale or retail outlets 

continued to be principally a recreational or for raw material to manufacture fin- 

activity of individual collectors and hobby- ished jewelry by the deposit operators. . 

DOMESTIC PRODUCTION 

Gem stone production was reported from carat diamond was found in Princeton, in 
38 States. The following States led in pro- a yard, by a little girl at play.2 It was 
duction and accounted for 78 percent of named the LaMounce diamond for Louisi- 
the total: Oregon, $750,000; California, ana (La), and Mr. Mounce, the jeweler 
$200,000; Arizona, $155,000; Texas, who purchased it. It has since been cut 

$150,000; Washington, $150,000; Wyoming, into three fine gems by Lazare Kaplan and 

$130,000; Colorado, $120,000; Montana, Sons of New York City; an oval, a mar- 

$109,000; and Nevada, $100,000. quise, and a heart shape. 
Many States publish brochures describing In South Dakota, the Cheyenne River 

their major occurrences of gem stones and Agency of the South Dakota Sioux oper- 
minerals, including maps and instructions ated a quarry near Rapid City for alabas- 
on how to reach the deposits. The bro- ter which was handcrafted at the Sioux 
chures are free and usually may be ob- Stone Craft Co.3 Third year sales exceeded 
tained from the individual State Depart- the total of the first 2 years combined. 
ment of Economic Development, or from Many accounts of interesting field trips re- 
the State Geologist. sulting in mineral and gem stone finds were 

Reports of activities in gem collecting related in journals for enthusiasts.4 5 Many , 
included all varieties of precious and semi- clubs and societies reported on the activities 
precious stones. In Louisiana, an 18.20 of their members. 

CONSUMPTION 
The output of domestic gem stones gen- exports and reexports) declined to $292 

erally went to rock, mineral, and gem _ million, compared with $343 million in 

stone collections, objects of art, and jew- 1969 because of greater exports and reex- 

elry. Apparent consumption of gem stones ports of diamonds. 

(domestic production plus imports minus 

PRICES 

During the year, price ranges for cut i physical scientist, Division of Nonmetallic 
and polished, unmounted gem diamond Minerals. . 
were as follows: 0.25 carat, $100 to $425; ana on Noe een oT Moe 
0.50 carat, $275 to $900; 1 carat, $700 to 3 Lapidary Journal. Stone Age Provides New 
$2,800; 2 carats, $2,000 to $9,500: and 3 Business for Sioux. V. 24, No. 7, October 1970, 

3 > 3 ? > > p. . 

carats, $4,000 to $20,000. The median price *Gems and Minerals. News Notes of Collecting 
for each range was 0.25 carat, $200; 0.5 ‘Areas. No. 388, January 1970—-No. 399, December 

carat, $500; 1 carat, $1,550; 2 = carats, * Rocks and Minerals, Mineral Localities Infor- 
. mation epartment. . > o 1, Janua 

$4,100; and 3 carats, $8,500. 1970-V. 45, No. 12, December 1970. J "y 

529
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FOREIGN TRADE 

United States exports of diamond in _ structed precious or semiprecious stones, 
1970, on which some work was done prior not set or strung, exports and reexports, 
to reexport, amounted to 391,599 carats were valued at $0.4 million. 
valued at $116.6 million. Of this total, dia- Imports of gem material decreased 14 
monds, cut but umset, suitable for gem percent in value compared with that of | 

stones, not classified by weight, were 93,937 1969. Gem diamonds accounted for 87 per- 

carats valued at $5.3 million; cut but cent of the total value of imports. 

unset, suitable for gem stones, not over 4 _ Imports of emeralds decreased 16 percent 

carat, were 49,297 carats valued at $5.4 in value, but increased 6 percent in quan- 
million; and, cut but unset, suitable for tity. Of 24 countries supplying emeralds to 
gem stones, over 14 carat, were 248,365 car- the. United States, India furnished 215,664 
ats valued at $105.9 million. carats valued at $2.8 million; Brazil, 33,565 | 

Reexports of diamond in 1970, on which carats valued at $0.6 million; and Colom- 
no work was done, amounted to 1,258,146 bia, 17,419 carats valued at $1.5 million. 

carats valued at $67.8 miilion in the fol- These three countries furnished 82 percent 

lowing categories: Cut but unset, suitable of the quantity (in carats) and 64 percent 
for gem stones, not classified by weight, of the value of emeralds. Imports of emer- 
1,213,958 carats valued at $58.5 million; alds from Switzerland amounted to 14,224 

cut but unset, suitable for gem stones, not carats valued at $1.2 million, but the ac- 

over 1% carat, 28,704 carats valued at $4.4 tual country of origin is unknown. 
million; cut but unset, suitable for gem Imports of rubies and sapphires de- 
stones, over 14 carat, 15,484 carats valued creased 37 percent in value from 29 

/ at $4,920,588. countries. Four countries accounted for 76 

Exports and reexports of all other gem percent of the value of rubies and sap- 
| materials amounted to $12.4 million. Of phires as follows: Thailand, $2.3 million; 

this total, natural precious and semipre- India, $0.9 million; Ceylon, $0.7 million; 

cious stones, worked or unworked, not set and Hong Kong, $0.5 million. The value 

| or strung, were valued at $11.1 million. of imported natural and cultured pearls 
Exports and reexports of pearls, natural decreased 22 and 17 percent, respectively; 

and cultured, not set or strung, were val- the value of imported imitation pearls in- 

ued at $0.9 million. Synthetic or recon- creased 122 percent. 

Table 1.—U.S. imports for consumption of precious and semiprecious gem stones 

(Thousand carats and thousand dollars) 

1969 1970 

Stones -eeroeow 

Quantity Value Quantity Value 

Diamonds: 
Rough or uncut_______.______.__._.-_---.-_----_carats__ 2,932 $287,566 2,633 $234,164 
Cut but unset_____________-__- eee do__- 1,758 217,081 1,642 190, 733 

Emeralds: Cut but unset_________.__________-_____....do___- 309 9,175 326 7,715 
Rubies and sapphires: Cut but unset________.._______-----.-- NA 9,201 NA 5, 769 
Marcasites_______.________-_____--_- eee eee NA 6 NA 4 
Pearls: 

Natural__...___________------- eee NA 475 NA 371 
Cultured_________________________ eee NA 12,238 NA 10,184 
Imitation________________________ =e eee NA 672 NA 1,493 

Other precious and semiprecious stones: 
Rough and uncut_______________________---__-__------- NA 4,847 NA 10,001 
Cut but unset________.___________________________

 
Lee NA 12,799 NA 12,034 

Other, n.s.p.f._.. 2 eee eee NA 559 - NA 590 
Synthetic: 

Cut but unset_____-_________.____________number_- 4,886 2,793 7,333 4,363 
Other_________________________ eee NA 282 NA 526 

Imitation gem stones______________-_-__-_-___.--_-____-- NA 8,999 NA 8,096 

Total_________-___---__--_-_---_--_---_-- eee NA 566,693 NA 486,043 
nnn 

NA Not available.
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WORLD REVIEW | 

Angola—Diamond exports amounted to India.—The National Mineral Develop- 

2.239,912 carats, compared with 1,980,394 ment Corp. operated the nationalized dia- 

carats in 1969. The number of exploration mond industry in the Panna district more 

projects increased tremendously because vigorously, and also conducted prospecting 

most of the area previously held exclu- operations at Angore, in the Chhatarpur 

sively for Companhia de Diamantes de An- district, and at Andhra Pradesh, in the 

gola (DIAMANG) has been released, par- Anantpur district.9 India aimed to satisfy 

. ticularly at sites near Luanda and Gabela. domestic diamond demand through domes- 

Australia——A large kimberlite intrusion tic production. India imported rough dia- 

was located by a team working for Stellar | monds purchased through the Central Sel- 

Mining Co. in the Kimberley district of ling Organization (CSO) and reexported 

Westem Australia, where gems have been finished gems. | 

discovered in prior years.6 Israel—The decrease in general business 

Botswana.—Work at the Orapa pipe, cov- activity in the United States in 1970 af- 

ering 276 acres, claimed to be the world’s fected the two countries that import the 

second largest, proceeded on_ schedule.’ greatest amount of rough diamonds and 

The indicated recovery ratio of industrial export the greatest amount of polished 

‘diamond to gem diamond was 90 to 10. diamonds. Belgium ranked first and Israel 

. First stage development was forecast for ranked second, and both countries pro- 

July 1971 at 7,250 metric tons per day to cured most of their rough diamonds 

yield 2 million carats per year. — | through the CSO, At Tel Aviv, in the 

oo Brazil.-Dredging activity for diamond world’s Jargest diamond exchange, daily 

in the Rio Jequitinhonha was increased 50 _ transactions in 1970 were estimated at $60 

percent by the transfer of a dredge for- million.1° | 

merly used for gold recovery in the Rio Ivory Coast.——Diamond production in 

das Belhas by Mineracéo Tejucana S.A., of 1970 increased 5 percent over that of 1969. 

os Minas Gerais. Geologists reportedly found A new plant at Tortiya (south of Ko- 

diamond pipe or kimberley-like deposits of  rogho) was started to treat low-grade ore. 

diamonds in Piaui State. Opals in large Improvements were also made at older 

quantities were also reported from Piaui plants at Seguela. The increase in produc- 

State. Exact weight and value of gem pro-_ tion from all plants was estimated at 30 

duction were unavailable, but the Federal percent, and will be reflected in future re- 

Government of Brazil has set up a Gem ports. Output of diamonds from Ivory © 

Bank in Minas Gerais State to control the Coast is estimated to be 40 percent gem 

gem industry. | stones. | 

Central African Republic.—Diamond Kenya.—Gem stone production included 

production fell 18 percent in value and 10 amethyst, sapphire, ruby, garnet, tourma- 

percent in volume from 1969. Most of the _ line, aquamarine, and zircon. Indicated 

decrease was due to disagreements between quantities and value‘were greater than in 

mining companies and the Government. 1969. 
Also, in 1970 the Government passed a law Liberia—Exports of rough diamonds 

forbidding anyone but native-born citizens were reported as 775,500 carats valued at 

from prospecting for diamonds or other $5.5 million. No distinction was made be- 

precious stones. tween gem diamonds and industrial dia- 

Congo, Kinshasa—In 1970 the total out- monds, but according to a report by the 

put of diamonds, both gem and industrial, Director of the Bureau of Natural Re- 

was almost equal to that of 1969. However, sources and Surveys of Liberia, most of the 

the amount of gem diamonds (in carats) diamond output was not high quality. 

increased 256 percent. The increase in gem 745k Agineral Engineering (London). V 

diamonds reflected a decrease in industrial 4, No Ie December 1970, p. 53. 

diamonds, which alleviated slightly the 193 ning pean eR Diamonds. V. 

Government’s distress in light of the > Rolff, Almeida. ‘Gem News From Brazil. Lapi- 

planned sales of U.S. surplus industrial dary. J. Y 24, No. 2» June 1970, PP. 514 516. Its 

diamond holdings. The Congo retained its Beneficiation. J. Mines, ‘Metals and Fuels, v. 18, 

world rank of number one for total natu- No. H, November 1970, pp. 39 oat of All. V. 96 

ral diamonds produced. No. 7, Aug. 17, 1970. p 62. cue
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| Sierra Leone—Diamonds are the coun- weighing 1,160 carats, was found at the 
try’s most important mineral resource. To Chikwanda mine of Rhodesia Star mines, 
derive maximum benefit from its diamond Fort Victoria, Rhodesia, in late December 
resources, the Government acquired major- 1969. If a cut gem stone was produced : 

| ity control (51 percent) of Sierra Leone from it, one appraiser estimated the gem 
Selection Trust Ltd. (SLST), which had could be worth $2 million. The collector, 
the concession to about 450 square miles who has acquired it, intends to keep it 

| of the best diamond area. A new company, uncut.18 | 
the National Diamond Mining Co., Ltd. Tanzania.—Diamonds were the principal | 

| (DIMINCO) was formed. Diamond ex- mineral mined and almost the entire out- 
ports dropped owing to the depressed put came from Williamson Diamonds Ltd., 
world diamond market.11_ ae which is 50 percent Government owned. 

South Africa, Republica of.—From the Prospecting for colored gem stones at- 

| best information available, South Africa tracted numerous small miners in the 
| ranked second in total diamond production orthern sections for minerals such as | 

| - and first in gem diamonds in 1970. The  tanzanite.14 

FL OGD also reported Pro. U.S.S.R.—Diamond production increased _ 
| uction Of /,00u, carats ot emerald, OF in 1970 and was claimed by the U.S.S.R. to 

which 4,975,000 carats was exported; and . | 
. as rank second in the world. However, most 

_ 1,150 short tons of Tiger’s-Eye, of which | : _ . 
: on of the output was industrial diamond, and 

139 short tons was exported. In the annual f he vi wn Yakuti Mirn. 

report of De Beers Consolidated Mines WS ‘tom the pipes in Yakutia near Mirny. 
Ltd., sales by the CSO were 23 percent less Gem deposits were reported to have been 
than sales in 1969, and the book value of discovered in the Turkestan mountain 

| _ diamonds-on-hand increased 92 percent.12 range in Uzbekistan and included tur- 

Southern Rhodesia—A large emerald quoise, amethyst, chalcedony, jasper, and 
crystal, 2 inches high by 3 inches across,  selenite.15 

: TECHNOLOGY 

The practical aspects of the diamond Polarized absorption spectra of natural 
: cutter’s art, from cleaving and sawing to yellow, green, and blue sapphires, and of 

the final facetting operations were de- synthetic blue sapphires grown by the Ver- 

scribed; and the assistance of science was neuil process were studied and interpreted 
| explained as an aid to the cutter in under- for the roles of titanium and iron in the 

standing the structure and properties of resulting colors.?° 
the diamond crystal.16 : Tee " . 

Pj d y heti 11 Bureau of Mines. Mineral Trade Notes. Dia- 
igmented synthetic quartz crystals of monds. V. 68, No. 2, pp. 8, 9. . . 

large size (up to 2 pounds) in citrine, per- 12 Mining Journal. De Beers Consolidated Mines 
a Ltd. Annual Report. V. 276, No. 7082, May 14, 
idine, and cobalt blue colors, developed by 1971, pp. 389-395. 
Soviet scientists, and believed to be in- F 8 Lapidary Journal. Giant _Fmerald Crystal 

tended for less expensive jewelry items, July 1970, > 6460 omrestae Ne ae NO 
were displayed at gem shows as crystals Col killings Mining Review. Diamonds | and 

° «oe oO AATEC eading xports oO anzania. . , 
and in cut form in jewelry.17 No. 48, Nov. 28, 1970, pp. 14, 15. 

On May 98, 1970, General Electric Corp. 1971 a 38 Journal. V. 276, No. 7082, May 14, 

made public its progress in developing Rainier, D. M. How Gem Diamonds are 
man-made, gem-quality diamonds up to | perpen ine: on Oa v. 30, No. 358, 
carat in size, but the cost of their produc- 17 Pough, F. H. Colored Synthetic Quartz From 

tion exceeded that of natural stones.18 Russia. Lapidary J., v. 24, No. 3, June 1970, pp. 

. The defects of the crystalline structure Max Lapidary | Journal. Coe Announces First 
| of a natural emerald from Muzo, Colom- 4, July 1970, era ramones NS ” 

bia, and of an artificial emerald synthes- Aus Schubnel, i. y and és Zarka. Jopostaphic 
. : . ux ayons "une meraude aturelle e 

ized by Gilson, were studied by X-ray. The pune Emeraude Artificielle. Association Francoise 
study revealed zoning of strong misorienta- de Cemmologie. Bull. No. 25, December 1970, 

: : . . pp. 7-10. 
tions in the natural crystals and a high 20Lehmann, G. and H. Harder. Optical Spectra 
number of irregularities of curved grains of Di- and Trivalent Iron in Corundum. The 
: : m. Miner., v. 55, Nos. 1 an , january- | 
in the synthetic.19 February 1970, pp. 98-105.



— Gold : 

- | By Charles D. Hoyt? 

In contrast to 1968-69, 1970 was a year participants. The United States, the United 
of calm for the gold industry. Prices re- Kingdom, West Germany, and France had | 
mained near the monetary level of $35 per the largest allocations which were issued at | 
ounce until October, when they surged to a rate equal to 16.8 percent of IMF quo- 
over $39 per ounce. The two most impor- tas. In the first year of operation for the , 

| tant events of 1970 concerning gold were SDR, or “paper gold” as they are often | 
the South African-International Monetary called, 37 IMF members exchanged $472 | 

, Fund (IMF) agreement,? which essentially million in SDR. At yearend, plans were 
placed a $35 floor on free-market gold made to distribute the second allotment of 
prices, and the introduction and use by almost $3 billion in SDR, which were to 
the IMF of special drawing rights (SDR) be issued on January 1, 1971. The first 
as a new international reserve asset. Both year of operation for the SDR must be 
of these developments contributed to the judged successful since there were no 
price stability of gold in 1970. major monetary crises and gold prices re- 
World gold output reached a new high M™ained stable most of the year. 

in 1970 of 47 million ounces. South Africa On July 1, 1970, the Heavy Metals Pro- 
provided over two-thirds of the produc- gram of the Department of the Interior, 
tion. The U.S.S.R., with an estimated out- which was started in mid-1966, was termi- 

| put of 6.5 million ounces, was by far the nated. Conducted jointly by the Geological 
second largest producer. Canada and the Survey and the Bureau of Mines, this com- 
United States ranked third and fourth, re. prehensive program to stimulate domestic 
spectively. gold production examined in considerable 

Domestic gold output increased modestly ‘¢pth most aspects of the gold cycle, rang- 
to about 1.74 million ounces. Reduced eco- ig from exploration through recycling of 
nomic activity in the United States in 1970 ‘Crap material. The first commercial bene- 
caused a sharp drop in industrial con- fits resulting from the program’s explora- 
sumption of gold, which in turn also tion and research activities were achieved 
lowered gold imports for industrial use by W!th the opening of the Nevada Cortez about one-sixth. gold mine (1969) and the early 1971 start- : 

The estimated total world gold reserves uP of the Carlin mill addition. The latter of non-Communist central banks and gov- addition is using a Bureau of Mines proc- 

ernments at the end of December 1970 was 8 © ‘reat carbonaceous gold ores. 
almost $41.3 billion, a slight increase over Effective April 21, 1970 the Treasury De- 

that of 1969. The U.S. gold reserves at the Partment amended the Gold Regulations 3 end of 1970 were $11,072 million, which in- © allow holders of Treasury Gold Licenses 
cluded both Treasury gold ($10,732 mil- ‘© export gold bullion for sale in foreign 
lion) and Exchange Stabilization Fund Countries. 
a ao - 2 Physical scientist, Division of Nonferrous Mq- 

egislative and Government Programs.— 215. ; 
On January 1, 1970, IMF made the fie al- Report Pa deen netary Fund. 1970 Annual location of $3,414 million in SDR to 104  ggiq’'$, PePartment of the Treasury. Exports of 

535
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| Table 1.—Salient gold statistics | 

1966 1967 1968 1969 1970 
I 

United States: 
Mine production__thousand troy ounces... 1,803 1,584 1,478 1,733 1,743 

Value...............-.thousands-. $63,119 $55,447 $58,038 $71,944 $63,439 

Ore (dry and siliceous) produced: 
Gold ore_.____-thousand short tons_- 3,447 8,076 2,780 3,393 3,692 

Gold-silver ore_...--.-------do---- 248 157 199 208 WwW 

Silver ore_.._.--------------do.--- 669 _ 617 655 ™ 655 673 

Percentage derived from— 
Dry and siliceous ores___.-.-------- 58 69 63 59 60 

Base-metal ores_------------------ 37 27 34 40 38 

Placers__..----------------------- 5 4 3 1 2 

Refinery production ! 
thousand troy ounces-_ 1,802 1,526 1,539 1,717 NA 

Exports ?2___._..-_--.-----------do..-. 13,067 28 , 720 23 , 962 338 1,074 

Imports, general 2_ _.--..--------do-~.-- 1,200 930 5,944 5,861 | 6,652 

Stocks Dec. 31: 
Monetary 3___._---------millions__ $13,235 $12,065 $10 , 892 $11,859 $11,072 

Industrial____thousand troy ounces- - 2,734 3,086 3,617 4,158 3,984 

Consumption in industry and the arts . 

thousand troy ounces. - 6,062 6,294 6,604 7,109 5,973 

Ww Frice: 4 Average per troy ounce__.------- $35.00 $35.00 $39 .26 $41.51 $36.41 

orld: 
, 

_ Production___._..thousand troy ounces.._ _46, 580 45,737 46,165 46,526 47,356 

Official reserves §5..___..------millions.. $43,185 $41 , 600 $40,905 * $41,010 $41,280 
| | 

r Revised. NA Not available. W Withheld to avoid disclosing individual company confidential data; 

included in gold ore, silver ore, and lead-zinc ores. , 

1 From domestic ores—U.S. Bureau of the Mint. 
2 Excludes coinage. o 

3 Includes gold in Exchange Stabilization Fund. 

4U.S. Treasury price through Mar. 15, 1968, and Engelhard selling quotations Mar. 20, 1968, through 1970. 

5 Held by free-world central banks and governments. 

| DOMESTIC PRODUCTION — | = 

In 1970 domestic mine production of newer Cortez mine increased its output by 

gold increased slightly to 1.74 million one-fourth. The Carlin operation stripped 

ounces. Increased output in Alaska, Colo- about 5 million tons of waste and mined 

rado, and Nevada more than compensated 1.2 million tons of ore. The mill processed 

for modest declines in South Dakota and about 860,000 tons of ore and recovered 

Utah. Gold output by the Homestake Min- _ slightly over 201,000 ounces of gold. In its 

ing Co. declined slightly to 578,644 ounces first complete year of operation, Cortez 

valued at over $21 million for an average Gold Mines, stripped 3.3 million tons of 

selling price of $36.39 per ounce. Home- waste and recovered 209,000 ounces of gold 

stake, the country’s largest gold mine, by milling about 744,000 tons of ore. The 

processed 1.95 million tons of ore in 1970. proven ore reserves at Cortez are about 3 

In addition to the gold, 117,000 ounces of million tons averaging 0.275 ounce of gold 

byproduct silver were recovered. Measured per ton. The Cortez gold production is re- 

ore reserves at yearend were slightly over 9 fined by Engelhard Industries. 

million tons, and indicated ore reserves The second largest domestic gold produc- 

were 1.4 million tons. er was the Utah Mines Division of Ken- 

In late 1970, Homestake announced necott Copper Corp. at Bingham Canyon, 

plans for a 5-year, $8 million, deep-level near Salt Lake City. In 1970 the processing 

development program. The program will of over 40 million tons of copper ore 

exploit richer ore bodies between the 4,850 yielded over 355,000 ounces of byproduct 

and 6,800-foot level. At present, this is the gold. 

deepest mining level. A six-compartment Combined output from the country’s 

shaft will be sunk from the 4,850-foot level four largest gold producers—Homestake, 

to the 7,400-foot level. Utah Mines, Cortez, and Carlin—repre- 

Gold output at the Carlin, Nev. open sented three-quarters of the total domestic 

pit operation declined slightly, and the production in 1970.
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| Figure 1.—Gold production in the United States. | 

In addition to Homestake, Carlin, and output for 1970 declined, but still will 

Cortez, the only other primary domestic supply a very significant portion of total 
gold producer was the Mayflower mine in commercial demand, probably about 35 to 
the Park City district, Utah. This mine, 40 percent. 

operated by Hecla Mining Co., mined and Because of the high intrinsic value of 
milled 116,000 tons of ore and recovered gold, and the precious metals in general, 
50,798 4 ounces of gold, along with silver, the scrap cycle is quite sophisticated. Elab- 
lead, zinc, and copper. Ore reserves at orate precautions are usually taken to re- 
yearend were estimated at 240,000 tons. cover all forms of gold scrap. Industrial 

In late 1970, the Carlin Gold Mining scrap undoubtedly has a lower degree of 
Co. completed construction of a new 600- total recovery because of its low gold con- 
ton-per-day milling unit to treat carbona- tent, which may only be 2 to 4 cents per 
ceous ores which had previously been square inch of plated surface. The intro- 
stockpiled. The new unit was to go on duction of selective gold plating (plating 
Stream in January 1971. Heap-leaching ex- only the area that needs the gold) in re- 
periments were being conducted at both cent years has probably further reduced : 
the Carlin and Cortez mines. the unit value per square inch plated. The 

In recent years, secondary gold (scrap) economics of such recovery are dependent 
recovery has become increasingly important on the value of the associated metals. 
as a source of commercial supply. Over the 
past decade secondary gold output has in- . 
creased more than 21% times. Secondary 8, ‘ Hecla Mining Co. Annual Report, 1969. Pp.
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| CONSUMPTION AND USES — 

Domestic consumption of gold, as indi- and alloys (with 60 to 92.5 percent gold) 

cated by sales to fabricators of industrial are used in cast form for inlays, crowns, 

and artistic products, declined sharply in bridges, etc. Gold alloys are also used as 

1970 owing to reduced economic activity in solders. The ease of preparation of gold 

| the United States. The Office of Domestic alloy castings by the dentist is an impor- 

Gold and Silver Operations, U.S. Treasury tant positive factor in their extensive use. 

Department, estimated the net domestic in- The major industrial use of gold is in 

dustrial use of gold for 1970 to be 56 per- the electrical and, electronics industry, be- 

| cent for jewelry and the arts, 33 percent cause it has outstanding characteristics of 

for industrial uses, and the remaining 11 high electrical conductivity, high heat and — 

percent for dentistry. oe light reflectivity, superior malleability, and 

Historically, the dominant domestic use corrosion resistance. One of the major uses 

: for gold was in jewelry and the arts, is in forming separable connectors and 

| which in 1960 consumed nearly 70 percent sockets to provide low-resistance connec- | 

of total commercial demand. By 1970 these tions in all types of applications. Gold is 

| uses had dropped to slightly over half of also used widely in printed circuitry be- 

total demand. Industrial, space, and defense cause it provides the low-cost, long-term, 

: uses of gold through the past decade have _low-resistance, and. low-pressure contact 

‘approximately doubled. Even in 1970, with needed for insertion and removal of the 

: the reduced overall consumption, in- circuits. No other metal can compete in 

dustrial uses increased their share of the application with this combination of desir- 

total demand. able characteristics. Other important appli- 

Much of the gold used in industry is in cations for industrial gold are in semicon- 

the form of metal or metal alloys. Gold in ductor parts, electron tubes, microwave 

high-quality jewelry is in the form of guide coatings, and various types of relay . 

| Karat gold, an alloy of gold (58.3 percent and switch contacts, There are also numer- 

| for 14 Karat) and copper (about 25 to 32 ous special uses for gold in space and de- 

percent for 14 Karat) , further alloyed with  fense applications where high quality over 

other metals (silver, zinc; platinum, etc.) long periods of time is mandatory. The 

depending on the type of jewelry to be largest single application for brazing alloys 
oO manufactured. In addition, substantial . 8 : 8 " PP } . BS oY 

amounts of gold are consumed in the elec * 0 jet-engine seals and manifolds which 

troplating of jewelry and decorative arti- 7°dUN™ 20 to 30 ounces per engine. The 
"cles, and also as-rolled gold plate and gold aircraft and space industry also consume 

fill. Gold-containing brazing alloys also are small, but significant amounts of gold in : 

| used in jewelry. In dentistry, gold alloys numerous exotic uses, such as space heater 

containing 20 to 70 percent gold are used reflectors, face masks, coatings for engine 

in wire form for orthodontic applications, shrouds, and duct work on fighter aircraft. 

STOCKS 

Monetary.—Compared with December on a liquidity basis, showed a deficit of 

1969, the December 1970 total U.S. gold over $4.5 billion (excluding the SDR allo- 

stock, including gold in the Exchange Sta-  cation).. This compares with the 1969 

bilization Fund, declined $787 million to liquidity deficit of $7.0 billion. The 1970 

$11,072 million. This loss compares with a estimate for the balance of payments deficit 

gain during 1969 of $967 million. The on the official reserve transactions basis in- 

. 1970 decline was largely accounted for by dicates a deficit of about $9.5 billion in- 

two -transactions with the IMF. The first cluding the SDR, as compared with a sur- 

was a resale of $400 million in gold out of plus of $2.7 billion in 1969. 

$800 million sold to the United States by Interpretation of these figures is par- 

the IMF in the 1956-60 period. The sec- ticularly complicated because of Euro- 

ond was a U.S. quota payment in Decem- dollar transactions. The President’s Council 

ber 1970 to the IMF of $385 million. of Economic Advisers characterized 1970 as 

The U.S. balance of payments, measured “a year of general calm in the foreign ex-
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change markets..It was free of any crises gold reserves of $4,339 million at the end, 
like those that had occured intermittently of 1970, | | 
in preceding years.” 5 | Industrial—Gold held in inventories by 

At yearend the gold reserves of non- | domestic refiners and fabricators declined 4 

Communist central banks and governments, percent below yearend 1969 stocks to 
and international banking institutions were 3,984,000 ounces according to the Office of : 

estimated at $41,280 million compared Domestic Gold and Silver Operations, U-S.., | 
with $41,010 million at the end of 1969. Department of the Treasury. Industry 

_ Gold reserves of principal non-Communist — stocks had increased steadily from 1.66 mil- | 

countries in millions of dollars at the end lion ounces in 1960 to 4.2 million in 1969. 
of 1970 were as follows: West Germany, The decline in 1970 was the first in 11 
$3,980; France, $3,532; Italy, $2,887; Switz- years. : | 

erland, $2,732; the Netherlands, $1,787; Economic R ' | a 
and the United Kingdom, $1,349. IMF had 197; O" 743° N¢Port Of the President. February 

45,000 ->———_—— — . 
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Figure 2.—Gold reserves of free world central banks and governments.
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| : PRICES © | 

During much of 1970 gold prices re- 1968 and 1969 for fabricated gold already 
mained near the monetary level within a exceeded the free world output of 41 mil- 
range of $35 to $37 per ounce. The aver- lion ounces. T his leads to the conclusion 

age selling price for gold as quoted by Eng- that with a relatively fixed supply and ris- 
elhard Industries in 1970 was $36.41 per ing commercial demand, the long-term 
ounce. Monthly averages and price ranges price trend can only be upward. Earlier es- 
are compiled in table 2. U.S. gold prices timates of world commercial demand for 
surged to a 1970 high of $39.45 per ounce gold have traditionally stated that it was 
in late October, possibly as a cumulative about half of world output. 
reaction to the 10 months of low prices. ~The Gold Fields study showed that 

The demand subsided and the year closed about. three-fourths of world commercial — 
at about $38 per ounce. | gold demand goes to jewelry manufactur- | 

The general London gold pricing paral- ing. The balance was consumed in elec- 
lelled U.S. prices, but were about $0.45 per tronics, dentistry, decorative, additional in- 
ounce lower. | dustrial uses, and in coin and metal : 

Factors depressing gold prices included markets. These markets were distributed 

unloading of earlier speculative gold pur-. among Europe, 41 percent; the United 
chases, South African free market sales, the States, 16 percent; other industrialized 

success of the SDR, change in the Euro- countries, 61% percent; India and Pakistan, 
dollar situation, and reduced U.S..economic 14 percent; and the remainder, 2214 per- 

| activity with lessened commercial gold de- cent among all other nations. : 
mand. | The Gold Fields study carefully defines 

and categorizes various types of specula- 
Table 2.—U.S. monthly gold selling price tion, hoarding, and consumption. Both the | 

(Engelhard Industries) Gold Fields and the Charter Consolidated 

TT 9070—~SOS”~—:”””—COC«Sturdies 8 reached similar conclusions. One 
Month —______________—. of the major complicating factors in a 

| Average Low High study of private gold demand was illus- 
January..-_...----- $85.39 $85.20 $35.60 trated in the Charter findings, which ob- 

March 7-77 88.55 88.40 85.75 Served that in 1968 about 40 percent of 
- April_____-_-------. 86.07 35.75 36.30 the world’s nonmonetary absorption of 

June 22-2 TTT 3898 85.65 gets «801d passed at some stage through unofi 
July__._-.--..-..... 85.82 85.75 36.00 cial hands (it was smuggled) before reach- 

September... 86.64 86:35 36.85 «MS its market. The main conclusion of 
October_.___...._._. 87.96 36.75 39.45 this study of the nonmonetary market is 

November - -------- 37.89 = 87.20 38.10 that “the outlook for gold is much more 
ecember__-.....--. 37.88 37.55 38.10 oy: aoe eee. ~=e_s resilient than many people have supposed 

Average.._.-., 36.41 36.08 36.73 .., and that ... gold is... already in a 
: . position to stand independently as an in- 
The greatest stimuli to increased gold dustrial commodity.” 

prices and a positive long-term upward It is interesting to note that the 1970 
price trend for gold were two comprehen- Annual Report of the IMF, released Sep- 
sive studies on existing world demand pat- tember 7, 1970, estimates 1969 industrial 

terns that were compiled by two major and artistic use of gold to be $930 million, 
London-based mining groups. These stud- based on the $35 monetary price. Theoreti- 

ies were made by Consolidated Gold Fields cally this would be increased to $1.1 billion 
Ltd.6 and Charter Consolidated Ltd.?7 Both in gold since the average 1969 U.S. free 
studies concluded that private demand in market gold price was $41.51. 

FOREIGN TRADE 
In 1970 total U.S. gold imports were ~~ | 

about 6.7 million ounces and exports were 6 Lloyd-Jacob, D. O., and P. D. Fells. Gold 

about 1.1 million ounces. Most of this 1969 (Private study). 49 Moorgate, London, 
trade was in refined bullion form. Canada E.C.2. September 1969, 18 pp. 5 . 

provided 64 percent of the imports and 9 Neo y a oi970, eee Optima, v. 
Switzerland provided 13 percent. South Af- 8 Work cited in footnote 6 and 7.
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rica and India received nearly all the ex- mated 40 percent of the imports were 
ports. Nearly 90 percent of the exports monetary movements; the balance were im- 
were monetary transactions, and an esti- ports for commercial uses. 
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Figure 3.—Net exports or imports of gold. | | 

WORLD REVIEW | 

Total world gold output in 1970 reached first applied in 1948-50. Until September 
a record level of 47.36 million ounces, 1970, this subsidy program paid $281 mil- 
compared with the 1969 level of 46.53 mil- lion to gold mine operators. 
lion ounces. The major factor in this in- In the first half of this century, gold 

crease was the Republic of South Africa’s mining was of unusual importance to Can- 
record high production of 32.16 million ada’s northern development, and to its 

ounces, supported by estimates of contin- economy in general. From about 1920 to 
ae 5 aie in gold output of the GF 1950’s, gold was Canada’s most valua- 

_ Canada.—Output of gold in Canada in oe a commodity: en today there 
1970 dropped for the 10th consecutive . il “ae 4 commu 1 1. ‘nine £ 
year. It declined 8 percent below the 1969 Pr™Matily Gependent on gold mining tor 
level to 2.34 million ounces. The most im- ™0St of their economic support. A recent 
portant development for Canadian gold Study by Cyril G. Delbridge, of the Cana- 
mines was the Government’s decision to dian Government’s Economic Research Sec- 

extend the Emergency Gold Mining Assist- tion, Mineral Resources Branch of the De- 
ance Act (EGMA) to June 30, 1973. It was partment of Energy, Mines, and Resources, 
to expire on December 31, 1970. EGMA was Ottawa, projects a continual decline in
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Canadian gold output throughout the 1970’s. Corp., Ltd., the major gold producer in 
In the latest EGMA annual report for Ghana. Lonrho received from the Govern- 

the fiscal year ending March 31, 1970, it ment of Ghana a royalty-free, 50-year 
reports that 33 gold mines received assist- lease, dating from 1969, in exchange for 20 

ance, and that three gold mines shut down percent of the Ashanti equity. The Ghana 

in 1969. EGMA assistance payments for Government also has the option to. pur- 

| this fiscal year were $14.4 million. The chase an additional 20 percent. In 1969 a 
Campbell Red Lake mine in Ontario, be- new shaft was sunk to 5,200 feet, and the 

cause of low production costs, was the only mill capacity was expanded to 80,000 tons 

operating lode gold mine ineligible for as- per month. Despite a strike in June and 
sistance. | July, in the fiscal year ending September 

Output by Giant Yellowknife Mines Ltd. ae N97, Bord 50000 % was 480,000 ounces 
in the Northwest Territories dropped tom fans 620,000 tons of ore. This was 

. . | a slight increase over 1969 output. Capital 
slightly in 1970 to almost 229,000 ounces di Ashanti 1 1 

| d from processing 425,000 tons of expenditures at Ashanti are almost $3 mil- | 

recovers P , f lion per year. It is expected that output in 
ore. This was sold at an average price oO 1971 will be 516,000 ounces, and that an- 

$36.47 per ounce. ne 7 | 
. 9D t t of E » Min d R e Ghana—In early 1969, Lontho Ltd, a (¢ Department of Energy, Mines and, Resources 

London-based investment firm with world- of the Emergency Gold Mining Assistance Act for 

wide interests, acquired Ashanti Goldfields oe fiscal year ended Mar. 31, 1970. July 1970, 
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| nual production “will continue to increase — Gompany. Mines 

substantially in coming years.” 10 — 

Philippines—Gold output in 1970 com- Goll Fields oF. South Aires Ltd” Ma. -- 3 
ared with 1969 increased about 6 percent Union Corporation, Ltd. .--.--_._.._----- 8 

to nearly 603,000 ounces. The major gold Anglo-Transvaal Consolidated Inv., Co., _ 5 | | 

roducer, Benguet Consolidated, Inc., pro- Rand Mines, Ltd_-__---..------.-----.--- 4 

duced about 40 percent of the total out. Sameral Mining & Finance Corp. Lia". 4 
put. The second largest producer, Lepanto. §=<—£ —————__________ | 

Consolidated Mining Co., increased _ its Because of the importance of gold min- a 
output in 1970 and was responsible for ing to the economy, the South African 

nearly 23 percent of the year’s total. Out- Government began subsidizing marginal . 
put at Lepanto should expand further in gold mines on April 1, 1968, under the 

1971 when a new 200-ton-per-day mill be- Gold Mines Assistance Act. Mines are eligi- 
gins Operation. Mill construction began in ble if, without the benefit of assistance, 
August 1970, and completion is scheduled they would be forced to close within 8 
for mid-1971. — | years. A fixed formula determines the rate 

The Philippine gold mines operate of assistance. During 1970, 19 mines re- 

under a Government subsidy program in ceived assistance under the new program. 

which the mines must sell their output to The imp ortance of increased gold prices pu . ak 
the Government at $35 per ounce to be el- to South Africa was indicated by the esti 

. : . mate of the Chamber of Mines’ president 
_ igible for the subsidy. Small mines are that for each $1.00 increase in gold price, 

paid at a maximum subsidy rate of $40.82 almost 8 million ounces of gold could be 
per troy ounce, and the larger mines have mined that would not otherwise be eco- 
a maximum subsidy of $36.11 per ounce. nomically feasible to mine. 

The mines may sell their gold on the free In 1970 the South African Government 
market if they choose to forego the sub- agreed to provide a loan of $10 million to 
sidy. It appears as though this may be open a new gold mine in the West Rand, 
likely in 1971 if the free market prices near Johannesburg. Shaft sinking is sched- 

continue their upward trend. uled i beg in an and the one IS 
. . . ected to begin production in and to 

Pe etn gold is mined primarily by reach full production of 100,000 tons per . 
*hilex Mining Corp. and Atlas Consoli- month in 1975. , 

dated Mining and Development Corp., Although the mining industry is diversi- 
which annually produce about 50,000 fying rapidly, gold mining is still very im- : 

| _ ounces and 28,000 ounces, respectively. It is portant to the South African economy and | 
| expected that coproduct output will in- js its major source of foreign exchange. 

crease in the future as copper production Therefore, the question of the ‘long-range 

expands. | future of gold mining is of major concern 
South Africa, Republic of—Output to South ‘Africans and to the world’s in- | 

from South African gold mines in 1970 dustrial users of gold. It now appears that 
reached a record level of 32.16 million ‘the current level of output can be sus- 
ounces valued at $1.097 billion from the tained for most of the 1970's. Beyond this, 
mining and milling of 74.47 million tons it appears likely that output will decline. 

. . Factors contributing to the decline will be 
of ore. Nearly all of this production came . . . 
from 47 deep underground mines that are as follows: lower ore grades, inflation, 

" skilled labor shortages, the need for deeper 

members of the Chamber of Mines of mining with associated temperature and 
_ South Africa. One mine, the Luipaard Vlei rock pressure problems, increased capital 

operation, shut down on March 31, 1970. expenditures, and lower world prices for 
Among the other 46 mines, the West Rand uranium, which is associated as a byprod- 
Consolidated produces both gold and ura- uct from about one-sixth of the existing 
nium as primary products. Nine of the re- gold mines. On the sustaining side, output 
maining 45 mines produce uranium as a_ levels would be assisted by higher gold 

byproduct of gold mining. Nearly all of | 
the 47 mines are owned by the following _ 
seven large mining investment houses: a Ree ignited Report and Accounts. An-
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prices, increased mining productivity higher price levels, and increased South 
through introduction of selective mining African assistance in financing new mines 
techniques, long-term uranium contracts at or subsidizing existing operations. - 

| TECHNOLOGY 

The Department of the Interior’s Heavy Common metals were not collected by the 
Metals Program was formally terminated resin nor did they seriously interfere with 
in mid-1970, but some elements of the re- the collection of gold.” 18 
search have been continued. In late 1970 Research investigation results have also 
the Carlin Gold Mining Co. completed the been published on the _ gold-chlorine 
construction of its new 500-ton-per-day system14 for use in chlorine metallurgy, 

| mill which is using the Bureau of Mines’ and on the use of malononitrile CH2 (CN) 2 

process to treat carbonaceous gold ores. asa gold leachant.15 . 
This plant was scheduled to begin opera- _- A statistical analysis was made of wagon- 

- tion in January 1971. Research on the de- drill gold samples from the Nevada Getchell 
velopment of heap-leaching techniques was mine. The study concluded that wagon-drill | 
continued by the Bureau of Mines in co- hole cuttings appear to yield satisfactory 
operation with both the Carlin and the samples ... and that in submicron de- 
Cortez gold mining operations. At the Car- posits, such as Getchell, fewer samples can 
Jin operation, a commercial size unit using provide satisfactory grade estimates than if 
cyanide leaching has been operating. This the deposit were coarse-grained.16 
four-pad unit can leach about 16,000 tons Concerning resources, publications were 

of crushed ore per month. The ore feed issued on gold placer mining evaluation 
reportedly averages 0.06 ounce of gold per and dredge selection,1? gold investigations 
ton of ore. in Idaho,18 and a study of the role of car- 

In 1970 the Bureau of Mines Salt Lake bonaceous materials in gold deposits at 
City Metallurgy Research Center conducted Carlin, Nev.19 The Geological Survey is- 
field and laboratory research on the appli- sued reports on the gold content of water, 
cation of activated carbon to the recovery TiNidoh LL. and L. P Leach 

° ° : 11 Nichols, I. L., an . Peterson. Leaching 
of gold from dilute cyanide solutions and Gold-Bearing Mill Tailings From Mercur, Utah. 
ore pulps. An unsuccessful research at- BuMines Rept. of Inv. 7395, June 1970, 10 pp. 
mpt - i i 12 Secondary Raw Materials. New Process To 

ter P Was made to leach gold bearing mill Recover Precious Metals Developed by Israel 
tailings from the Mercur, Utah, tailings Technion Researcher. V. 8, No. 12, December 

dump. This work was described in a Bu- 1970, pp. 51-52. . 
reau report.11 13 Green, T. E., and S. L. Law. Properties of 

port. an Jon Exchange Resin With High Selectivity for 
Bureau research continued on the recov- Gold. BuMines Rept. of Inv. 7358, 1970, p. 9. 

. : 14 Landsberg, A., and C. L. Hoatson. The Ki- 
ery of precious metals from electronic | Vtics“and Equilibria of the Gold-Chlorine Sys- 

_. scrap. The dual objectives of the project tem. J. of the Less-Common Metals, v. 22, No. 
are to develop methods of determining the 3, November 1970, pp. 327-339. 
ty d £ . . 15 Heinen, H. J., J. A. Eisele, and B. J. 
ype and amount of precious metals in  scheiner. Malononitrile Extraction of Gold From 
military electronic scrap and to develop an ae. puMines Rept. of Inv. 7464, December 

: s ° ’ pp. economical process for recovering precious 16 Koch, George S., Jr., and Richard F. Link. 
metals from low-value scrap. Pyrometal- A Statistical Interpretation of Sample Assay Data 

: : From the Getchell Mine, Humboldt County, Ne- 
lurgical methods are comp licated by large vada. BuMines Rept. of Inv. 7383, May 1970, 23 
amounts of aluminum which require exces- _ pp. 
sive amounts of fluxes and form difficult- 17 Romanowitz, C. M., H. J. Bennett, and W. 

handle sl L. Dare. Gold Placer Mining. BuMines Inf. Circ. 
to-handle slags. 8462, 1970, 56 pp. 

In late 1970 the trade press reported 18 Banister, | DArcy P. Geochemical Investiga- 
. 12 * * : tions for Gold, Antimony, an ilver at Stibnite, 

extensively 12 on a new highly efficient ion {gaho. BuMines Rept. of Inv. 7417, July 1970, 7 
exchange resin discovered and developed pp. 
by Dr. Gabriella Schmuckler of the Tech- Rice, W. L. Investigation of a Low-Grade Gold 

° : Deposit in the Orogrande District, Idaho. Bu- 

nion-Israel Institute of Technology. The Mines Rept. of Inv. 7425, September 1970, 14 
Bureau of Mines investigated the resin and _PP- Radtke, A. §., and B. J. Schei Studies of 

‘““ . 19 KadtkKe, » », an . J. Scheiner. Studies oO 
concluded, The resin was found to quan- Hydrothermal Gold Deposition, Carlin Gold De- 
titatively collect gold from acid solutions posit, Nevada: The Role vi Carbonaceous. sMare- 

: : . rials in Go eposition. Econ. Geol., v. 65, No. 
over a wide range of acid concentrations. 2. March-April 1970, pp. 87-102.
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plants and animals 20 and the absorption for gold-plating strip and wire, which 
of gold by plants.21 plates at a reported rate of 100 mi- 

One element of the Bureau of Mines’ re- _croinches per minute. 
source investigations is to develop methods Since 1968, the Chamber of Mines of 
for the cost evaluation of mineral deposits. South Africa Research Organization has 

A comprehensive study 22 was made using een publishing on a quarterly basis the 
sensitivity and probabilistic analysis meth- Gold Bulletin with selected abstracts from 
ods to obtain a financial evaluation of the technical literature on gold.28 These 
mineral] deposits. Data used to illustrate aye prepared on behalf of the Chamber by , ~ 
the evaluation method were from a large, Johnson Matthey and Co., Ltd., London. 
low-grade, open pit gold deposit. The Geo- This useful bibliographic reference ab- | 
logical Survey reported on a portable re-  gtracts both periodicals and patent specifi- 
fraction survey of the Nome, Alaska, gold cations. The four 1970 issues contain about 
placers 23 which was conducted in 1967, as 350 to 400 abstracts. 
part of the heavy metals program. | 

A technological forecast for the 1970’s §=—-———— | 
concluded that the prospects for precious 20 Jones, R. S. Gold Content of Water, Plants, 
metals are good, since the most dramatic and Animals, U.S. Geol. Survey Circ. 625, 1970, 
advances are expected to be in the growth 21 Shacklette, H. T., H. W. Lakin, A. E. Hu- 
of requirements for electroni ials. bert, and G. C. Curtin. Absorption of Gold by 
G 4 . . c materials Plants. U.S. Geol. Survey Bull. 1314-B, 1970, 23 

reater use is predicted for gold, silver, and pp. | 
| platinum in thin film circuits. Gold is ex- 22 Bennett, H. J., Jerrold G, Thompson, H. J. oo, : . Quiring, and J. E. Toland. Financial Evaulation 

pected to be used more in bimetallic sub- of Mineral Deposits Using Sensitivity and Proba- : 
strates, mountings, and frames. Much of bilistic opr alysis Methods. BuMines Inf. Cire. | 
the industrial gold used in electronic appli- 23 Greene, uy. P G. A Portable Refraction Seismo- 
cations is elecroplated.24 graph Survey of Gold Placer Areas Near Nome, 

one 1S Sieeroplare Alaska. U.S. Geol. Survey Bull. 1312-B, 1970, 29 __ A brief review by staff members of Eng- pp, 
elhard Minerals & Chemicals Corp. of the No’ fetal ayo ee the 70’s. V. 97, 
rigorous controls and standards for 25 Haley, A, R. Bazzone, and P. Epstein. Speci- 

electroplating was presented.25 Matthey- fying and Testing Gold Plating. Electronic Prod- 
. . . . ucts Magazine, v. 13, No. 8, Jan. 18, 1971, pp. 

Bishop announced 26 it was introducing a  9j-94, 136. 
new line of thick film inks for making hv- 26 American Metal Market. Matthey-Bishop , 
beg Se a8 OY Launches Group To Make Thick Film Inks. V. rid and integrated electronic circuits 77 No, 157, Aug. 17, 1970, p. 19. 
using combinations : of gold with plati- Pa American Metal Market. Frecious Glads Boast 

num-group metals. The trade press also 7 yer Assets. V. 77, No. 151, Aug. 7, 1970, p. 
reported 27 that Englehard had developed O 28 Chamber of Mines of South Gitica Research 

: rganization ohannesburg). 0 ulletin, 
a new high-speed process known as E.H.S. Quarterly Publication. 1970 issues, No. 9-12. 

| Table 3.—Mine production of recoverable gold in the United States, by States 
(Troy ounces) 

eee 

State 1966 1967 1968 1969 1970 
eee 

Alaska_____....-.-.--.-----.--- 27,825 22,948 21,262 21,227 34,776 
Arizona.-.....--.----.-------- 142,528 80, 844 95,999 110,878 109 , 853 
California. _._...........--__-_- 64,764 40,570 15,682 7,904 4,999 
Colorado____..___-__..--..-_.-- $1,915 21,181 22 , 688 25,777 37,114 
Idaho_____.--.----- +222 eee 5,056 4,838 3,227 3,403 3,128 
Montana_____..-.--..2--2- ee 25,009 9,786 13 ,385 24,189 22 , 456 
Nevada... -...------.-.-----___- 366 , 903 434 ,993 317,382 456,294 480,144 
New Mexico___...._____--.___- 9,295 5,188 6,680 8,952 8,719 
Oregon_._....-...--- 2-22 -eee 281 186 23 875 256 
Pennsylvania !____ 2-8 85,000 73,3387 54,453 47,020 55,008 
South Dakota__-.._____.________ 606 , 467 601,785 598 ,052 593 , 146 578 , 716 
Tennessee____..-.-.-- 2-2 141 181 140 126 124 
Utah___..-------- 2 438 , 736 288 , 350 334,419 438 ,385 408 ,029 
Washington___-.._._._-.._-.-__- (1) (1) (1) (1) (!) 
Wyoming--_.__---- 22-2 ee eee eee eee eee eee (4) wo neee eee 

Total__.---.----.-...-... 1,808,420 | 1,584,187 1,478,292 1,733,176 1,743,322 
meee 

1 Production of Pennsylvania, Washington, and Wyoming (1969) combined to avoid disclosing individual 
company confidential data.
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Table 4.—Mine production of recoverable gold in the United States, by months 
. | (Troy ounces) . 

- Month | 1969 1970 
January_.__.-.------------------------ 128,918 146,274 
February._-.-------------------------- 129, 443 ~- 185,329 
March. ..----------------+------------- 147,158 148 ,173 . 

| - April._.__-__------------------------ 143,237 ) 138,898 
May_....._-_----_-_-.----- soe eee nee | 144,811 147.338 
June___.------------------------------ 133 , 257 147 ,955 
July___..----------------------- eee : 147,218 139,139 a 
August_...-_-----------.-------------- 151,655 | 150,685 

~ September___.__-------.--------------- 147,700 147 , 062 
October___-_-.------------------------ 162,577 143 ,382 
November___..._-_-------~-2----------- 153 ,476 7 151,698 : 
December. __...-.-----.-.------------- | 143 , 726 147,389 

Total___..-.--.--.-------------- 1,733,176 1,748,322 —
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. Table 6.—Production of gold in the United States in 1970, by States, types of mines, 
and classes of ore yielding gold, in terms of recoverable metal 

Lode 
Placer < —_—___ 

. (troy Gold ore Gold-silver ore Silver ore 
State ounces — 

of gold) Troy ounces Troy ounces Troy ounces 
Short tons of gold Shorttons of gold Shorttons of gold 

Alaska__..--..-.---- 34,776  -.--_ouee eee eee eee eee eee eee eee eee 
Arizona_.___-.------ ~~~. --- 144 «65 (2) (4) 189,583 1506 
California._._-.....-. 2,264 990 948 (2) (?) waneen eee Looe eee 

- Colorado._-_.------- 1,618  ---2 2 ele. flee ee LeeLee (3) (8) 
Idaho.._....-----..- 5 240 134 @) (1) 1 §43 , 849 1974 
Montana__._.--_-_-. 14- ~~ ~=~=—S OO) (4) (4) (4) 438,801 42,768 . 
Nevada_-_....------- 3 51,661,485 5410,705 -_.-- 2 --- uu (5) (5) 
New Mexico_....-.-. --------  --------5 0 ~_------- (4) (4) 1476 i214 
South Dakota__..-... --.--.-. 1,954,129 578,715 --------. ) -.2---.-- 49 s 
Utah.___------------ pene eee ee eee eee eee eee (2) (2) 533 6 
Other States 6__._.__- 38 75,185 54,010 300 215 15 1 

Total__.--.--- 38,7138 3,692,123 1,044,577 300 215 673 , 366 4,330 
Percent of total gold__ 2 ..--_-u-- 60 _-_-_--_L (7) a (7) 

Lode 

Copper ore -Lead ore Zinc ore 

° Troy ounces Troy ounces Troy ounces 
Short tons of gold Short tons ‘of gold Shorttons of gold 

Alaska..------------ oo eee ene eee eee eee ne eee eee ce eee eee eee eee 
Arizona____..--.---- 184,968,089 107 , 292 100 1 weeeeene nae ee nee 
California. __..._.__- 62 1 wee eee eee eee eee eee ene 
Colorado. __.-.._-.-- 8 306,300 8 866 (8) (8) (8) (8) 

Idaho.-_.-_._.----_-. 1,601 27 36,054 26 waeneeee eee ee eeee 
Montana.___...--._.- 818,726,463 819,638 (8) (8) (8) (8) 
Nevada___--.------.- 14,183,221 69,188 3,697 / 222 ween eee eee nee 
New Mexico.-.------ 18,591,648 8,409 eae-enn-----) --e------ «=. 39, 778 63 
South Dakota__-_-_-- -------------  ------ eee eee ee eee eee eee eee ee eee ee eee ee 
Utah...-..-.-------.- 40,147,764 347 , 548 32,754 242 eeeeeeee wee eee 
Other States 6..------ ------ eee eee eee eee eee eee eee eee ee eee Lee eee eee 

Total_._-.-._.. 226,925,148 552,969 72,605 A491 39 , 773 63 
Percent of total gold. _....__-____- 32 ween ene eee (7) wean --e (7) 

Lode 

Copper-lead, lead-zinc, 
copper-zinc, and Old tailings, ete. Total 

copper-lead-zine ores 

Troy ounces Troy ounces Troy ounces 
Short tons of gold Short tons of gold Short tons of gold 

Alaska_------------- ------------ 0 eee eee eee eee eee ee eee Lee eee ee eee 34,776 
Arizona. ____.----__- 132 , 963 251 82,546 1,738 135 , 273 ,425 109 , 853 
California___-.---_-- 2104,125 21,489 20 9297 105 ,197 4,999 
Colorado. ._..-_--..-- 3 822 547 34,628 709 7 1,129 ,556 37,114 
Idaho_-__---.-------- 911,551 1,962 __..--.- -__------- 1,493 ,295 3,128 
Montana-_.__-----_-- “14 10 3,893 26 18,769 ,171 22,456 
Nevada.__-.-------- 1,229 20 2,292 106 15 ,851 ,924 480,144 
New Mexico.-.--.-_-- 122,417 172 810 1 18 ,755 ,124 8,719 

. South Dakota..-_-_-- -----------.  -------- ee eee Lee 1,954,178 578 , 716 
Utah____.-_.-------- 2 682 , 662 260,217 1,004 16 40,864,717 408 ,029 
Other States *_...._._.__ 1,903,799 158 = ______.- 11 966 1,979 ,309 55,388 

Total_._.._._.-. 4,681,307 98,907 +-91,274 3,057 236,175,896 1,743 ,322 
Percent of total gold__ --.--_.-_--- 6  ---_-.-- (7) wenn -e- eee 100 

1 Gold-silver and silver ores combined to avoid disclosing individual company confidential data. 
2 Gold-silver and lead-zine ores combined to avoid disclosing individual company confidential data. 
3 Silver and lead-zinec ores combined to avoid disclosing individual company confidential data. 
4 Gold, gold-silver, and silver ores combined to avoid disclosing individual company confidential data. 
5 Gold and silver ores combined to avoid disclosing individual company confidential data. 
§ Includes Oregon, Pennsylvania, Tennessee, and Washington. 
7 Less than 44 unit. 
8 Copper, lead, and zinc ores combined to avoid disclosing individual company confidential data. 
9 Includes byproduct gold recovered from tungsten ore. 
10 Includes byproduct gold recovered from uranium ore. . 
1 Includes byproduct gold recovered from magnetite-pyrite ore.
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Table 8.—Gold produced at amalgamation and cyanidation mills in the United States 
and percentage of gold recoverable from all sources . 7 

i 
Bullion and precipitates Gold recoverable from all sources 
recoverable (troy ounces) (percent) 

Year eS 
Amalgama- Cyanida- oo 

. Amalgamation Cyanidation tion tion Smelting ! Placers 

1966___..___.--..--. 482,180 * 519,631 24.0 28.8 a2 5.1 
1967__.-...-.------ 400 , 836 609,714 25.3 38.5 32.1 4.1 
1968_____._-.-_-..- 394,051 482 ,616 26.7 32.6 38.2 2.5 
1969___---.-.-.-.-- 397 , 869 580,694 23,0 33.5 42.0 1.5 
1970__..---...----- 353 ,957 638 , 966 20.3 36.7 40.8 2.2 

1 Crude ores and concentrates. co - 

Table 9.-Gold production at placer mines in the United States, by methods of recovery 

' Material Gold recoverable 
. treated ———____———_—___ 

. Method and year Mines Washing (thousand Thousand Value Average 
, producing plants cubic troy (thou- _—- value per 

yards) ounces sands) cubic yard 

Bucketline dredging: oo 
1968____._-.-.-..---------.----- 4 4 3,770 20 $778 $0 .206 
1969_____.--___-----_---~------- 4 4 814 13. 547 - .672 
1970____-_-._ eee 1 1 709 29 1,055 1.488 

Dragline dredging: . 
1968_.. 2-2 3 3 181 241 54 3.499 
1969_____---- 2 2 12 (2 4) 17 3,934 
1970____.-- 1... ee 1 3 12 (2 4) 20 310.000 

Hydraulicking: oo 
1968______-__ eee eee Lee eee eee eee ee eee eee eee eee wee ee 

— 1969... ee 4 ~o------ 3 (4) 3 1.245 
1970___...--__-_----- eee ee 8 4 17 1 20 1.176 

Nonfloating washing plants: 
1968____.-_. 2 - ee eee 26 37 1384 28 325 3,498 
1969____._-__--- ee 30 42 1347 29 365 3.727 
1970____-. eee 19 37 1275 28 291 31.058 

Underground placer, small-scale mechan- 
ical and hand methods, and suction 
dredge: : 

1968___-_-- ee 50 22 1241 28 296 31.227 
1969____-. ee 26 4 112 3 123 1.100 
1970____--___ ee 9 2 14 21 23 35.750 

Total placers: Z 
1968____--- eee 83 66 14,476 237 1,457 3 292 
1969____._- ee 66 52 11,278 225 1,055 3.726 
1970___ 2 ee 38 47 11,007 239 1,409 31.399 

1 Excludes tonnage of material treated at commercial sand and gravel operations recovering byproduct gold. 
2 Includes gold recovered at commercial sand and gravel operations recovering byproduct gold. 
b Gold recovered as a byproduct at sand and gravel operations not used in calculating average value per 

cubic yard. 
4 Less than 4 unit. 

Table 10.—U.S. gold consumption in industry and the arts ¢ 
(Thousand troy ounces) 

Industry group 1966 1967 1968 1969 1970 

Jewelry and arts_______-_-_-.----------------------- 3,758 3, 840 3,908 3,839 3,340 
Dental_____-._._-._-_--------.--------------------- 424 566 771 710 658 
Industrial, including space and defense_________...-.--- 1,880 1,888 1,925 2,560 1,975 

Total___________--.-__--__.------------------- 6,062 6,294 6,604 7,109 5,973 

e Estimated by Office of Domestic Gold and Silver Operations, U.S. Treasury Department.
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Table 11.—U.S. exports of gold in 1970, by countries 

ss 
Ore, base bullion, and scrap ' Refined bullion 

Destination _ | Value Value 
. Troy ounces (thousands) Troy ounces (thousands) 
A i Pe npr 

Belgium-Luxembourg_ ____._....-.-_-_-_- 73,512 $2 , 733 2,230 $68 
Canada_.___----_ 2 eee 705 26 990 38 
Germany, West_____________._______-___-- 12,317 442 131 5 . 
India__-~_------.-2 eee eee Wee eee 285,717 10,000 

— Mexico.___.--2 2 929 34 4,600 170 
Singapore. -___ 2 eee eee Lee 673 , 840 23 , 585 

~ ~ Sweden_____- eee. = s—«d2 200 43 ween nee eee Cee eee oo 
United Kingdom_________________________ 17,099 612 wee eee eee ee fe eee eee 
Venezuela____-_ eee 355 13 600 21 

| ~Total___ 2 eee eee =: 106,117 3,903 968,108 33, 887 

Table 12.—U.S. imports of gold in 1970, by countries , 

| Ore and base bullion Refined bullion - 

Country Value ‘Value 
Troy ounces (thousands) Troy ounces (thousands) 

SSeS Nes 
Australia... eee 25,214 $794 300 $11 
Austria_._---- 2-22 eee eee Lee 43 2 
Belgium-Luxembourg________.________.-_______ 15 (2) 39,415 1,422 
Burma____ ~~ 2 eee eee eee eee tee 598 , 067 20 , 932 
Canada___-_--_2- eee 79,751 2,792 4,185,546 149 ,220 
Chile____ ~~ eee 10,332 35) | 
Colombia___.....222 222 eee 174 6 223 ,400 7,817 
Czechoslovakia_.____-_.--.---- ee eee 8 3) eee ee eee ee Le eee 
BKeuador_____----- eee 67 20 Leelee eee Wee ee 
Eel Salvador____._..--- eee eee eee eee eee Lee 347 12 
France__-_.-- 22 eee ee eee eee 32,147 1,164 
Germany, West___________________-- eee Lee eee Lee 44 ,322 1,579 
Honduras___._...-_-2- 2 eee 5,227 123 2,594 91 
Hong Kong_____________________ ee 2,382 83 wenn ee eee Lee eee 
Italy... 2 134 B LeeLee eee LeeLee 
Japan... eee 55 2 68 , 589 2,400 
Mexico_____________~-__ ee 4,305 155 Leelee LLL 
Nicaragua___.._ ~~~ eee 47,262 1,666 2 eee LLL ee 
Norway.-_-_...----_-_-- eee eee 455 16 wenn eee ee eee 
Panama... .__ 2 66 2 ween eee eee LL eee 
Peru____.--- 2 eee 18,6386 618 ween eee eee LL eee 
Philippines____..-.-_-_ 22 eee 89,602 3,255 . 85,854 1,256 
Singapore_____-.-.-----.-_- 2-2) etek 925 : 7 . 
South Africa, Republic of___.........._.__ _--- 1,333 : 48 Lowell Lee 
Sweden_______---_- eee eee Lee eee eee Lee 4,436 156 
Switzerland___._.__.-__- eee eee eee ee eee 894,159 32,887 
United Kingdom_______________-_______-_-_-- 1,045 43 235,380 8,493 
Venezuela___-_----_-..---- 2 -eeeeee eeeeeeeeeeee 781 30 

: Total___-_.____--__-- eee 286 ,988 9,992 6,365,380 227,472 

i Less than |4 unit. 

Table 13.—Value of gold imported into 
and exported from the United States 

(Thousand dollars) 

- Year Imports Exports 

1968_____-_-------_----- $226,263 $839,159 
1969____.._._..-...__-_. 236,906 12 ,287 
1970_____---._._.-...-... 237,464 37,790
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Table 14.—Gold: World production, by countries 
(Troy ounces) 

Country 1 1968 1969 1970 » 

North America: . . 
Canada_._.-.-.~-----.---.------------- 2,688,018 2,545,109 2,338,454 
Costa Rica °¢._.....-.----------.------- 500 500 500 
El Salvador_______.._---.- 2. eee ee eae eee eee wee ee +--+ 2,301 
Haitie_._________._--. ie ----- 3,000 3,000 3,000 
Honduras____.._..---_--.----.-------- 6,150 6,223 — 3,333 
Mexico____..-.-__--_. eee ee 176,952 180,599 180 ,623 
Nicaragua___.__..-----------_--------.+ 193 , 008 120,011 115,173 
United States 2__.__..._..._._..---..--- 1,478,292 1,733,176 1,743 ,322 

South America: . . , 
Bolivia__..._-.---.---.-.--------s----- r 69,031 49 , 854 30,603 
Brazil__...._.- 2-2. eee 176,628 176 , 938 180 ,076 
Chile. ____.--__ nee 57, 743 59, 102 50,718 
Colombia__._..--__---o- aaa ee 239, 555 218 , 872 201, 500 
Beuador__..___._.------ eee ee 8,659 7,287 e 7,300 
French Guiana_____.-..._-._.--.---+--- 5,099 3, 590 ©3,600 
Guyana__________-__-_..-_-_-_--.------- 4,088 2,102 | (4,433 

-  Peru___._ ee 105,118 131,641 104 ,258 
Surinam________--_- ee -- 4,702 2,389 1,137 

. - Venezuela_._____._-_-_-_.-.-__-------e- 20, 600 19,385 21,862 
Europe: . 

Finland. .._.___.-.-.___ 2. a eee 21,380 18,872 20,319 
France_____..__-_.-.-_-.-__.-.------- r 58,450 54,946 58 , 000 
_Germany, West ¢___..._..._....-_-..--- 1,000 1,000 1,000 
Portugal (mine output)._.__..-_...----- 17,394 17,758 16,137 
Sweden (mine output).__.__._-_.--..--- 49 , 737 | 45,011 44,345 
U.SS.R,. ¢3. 000 eee 5,900,000 6,250,000 6 , 500 , 000 

, Yugoslavia__....-..__----------------- 70,314 84,074 97 ,384 
Africa: 

Cameroon. __.____-_-_____-_---_-------- 465 177 154 
~ Congo (Brazzaville)........_......._---- _ 4,790 3,922 e 4,000 
Congo (Kinshasa). _.....-..-_-...------ 169 , 975 175,804 177,128 
Ethiopia.__...._......-----_---.--~----- 38,828 - 42,400 — 27,282. 
Gabon__..____.________ eee eeee 16,724 14,243 | 16,108 
Ghana. ____-.----..-.-.--------------- t 739,731 706,621 703 , 858 
Kenya. -_------.---------------------- r 31,988 17,903 wane ee ee nnn nee 
Liberia 4__-_____._--.--_-_-_-_---.-_._-- 3,216 1,136 e1,100 
Malagasy Republic. _..._....----------- 543 646 534 

'  Nigeria_.............-...---.---------- 215 298 123 
Rhodesia, Southern___.__._.-...--.----- 499 , 943 e 480 ,000 e 500 , 000 
South Africa, Republic of_..___.-..-.---- 31,168,831. 31,275 , 882 32,164,107 
Sudan__________ eee 29 we ew ee oe eee een eee He 

. Tanzania_____...-.-_...___.-._-------- 17,473 16,016 7,859 
Zambia °......-_....-.-___------.------ 5,000 5,000 5,000 

Asia: 
Burma ¢_._-.2 eee 150 150 150 
Cambodia ¢______.___-_..----_-____- eae 4,000 4,000 4,000 
China, mainland e________._..__-_-.---- 50,000 50,000 50,000 
India____----- ~~ eee 115,357 109 , 473 104,200 
Indonesia____....__._._--_.------------ 5,968 8,250 7,608 
Japan $___. 2 ----- 288,511 246, 492 255,759 
Korea: . 

North e__ eee 160,000 160,000 160,000 
South 2__-.-..- 2-2 62,405 50, 734 51,345 

Malaysia: . 
Malaya. _...._._-_--.--.--..-------- 1,454 3,153 £3,912 
Sarawak_________._-.--._-..-.------- 2,718 2,271 1,265 

Philippines_.__..-.._.----------------- 527,355 571,145 602,715 
Taiwan. ..__-__-_____-_- eee ee 20 ,994 21,486 22 , 602 

Oceania: 
Australia__....-...-_.....--.-.-.------ r 781,782 699 , 223 617,000 
Fiji_........-------.---.--- ----------- 106 , 784 91,572 103 , 785 
New Zealand________._-._-_-_--.--_---- 8,626 10,717 11,283 
Papua and New Guinea___.--.---------- 26,144 25,857 623,798 

Total. ._...__.-__----.--.------..---- 146,165,417 46,526,010 47,356 , 053 
eee eee Teer 

e Estimate. P Preliminary. r Revised. 
1 Gold is also produced in Bulgaria, Czechoslovakia, Romania, Spain and small quantities probably in 

East Germany, Hungary, Thailand, and several other countries. Data for these are not available. Data are 
also lacking on clandestine activities. 

2 Mine production. 
3 Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 
4 Purchases by Bank of Monrovia. 

NA Refinery production for Japan was as follows: 1968—614,348 ounces; 1969—677 ,476 ounces; and 1970— 

6 New Guinea only.



Graphit 

By David G. Willard 1 | 

The graphite industry experienced some ral graphites totaled 41,593 tons, a reduc- 
minor problems in 1970. The total U.S. tion of 1,235 tons from the 42,828 tons at 
supply of natural graphite increased as the yearend 1969. The+change was caused by 
result of a sharp rise in imports. Neverthe- the release of 388 tons of Ceylon lump, 

less, some key foreign grades, particularly 968 tons of Malagasy flake, and 579 tons of 
| Ceylon lump, were difficult to obtain. At other crystalline types. 

the same time, me een in ne nd fe S The release of Ceylon lump eliminated 

So ee eee cate tbe stockpile exces of that type of graph 
brapae 0. , 5 | ite. A total of 14,067 tons of Malagasy 
increase in industry stock. flak ined j d th | 

- Domestic production of synthetic graph- "4° Te™Maimec In excess an@ was author- | 
ite maintained a steady growth with an in- ized for disposal in limited increments 

crease of 22 percent to 274,076 tons during Ver a period of years. A further disposal 
the year. of the Malagasy flake is under considera- 

Legislation and Government Programs. tion. No other changes occurred during 
—Defense material inventories showed that 1970 in any Government programs affect- 
the 1970 yearend stockpile of various natu- ing graphite. | | 

| DOMESTIC PRODUCTION | . 

The Southwestern Graphite Co. of Bur- Company Location 

net, Tex., a subsidiary of the Joseph Dixon Air Airco Speer Hleetrode and Ni Palle, N.Y 
ms : . node Division___._.._. Niagara Falls, N.Y. Crucible Co., continued to be the only do Aireo Speer Carbon Prod- eM > 

; if in ucts Division. _..__.... St. Marys, Pa. 
mestic P roducer of natural graphite in Becker Brothers Carbon Co___ Cicero, Ill. 
1970. Data on output cannot be disclosed, Carborundum Co.: __ . 

. . . Kentucky Graphite Plant. Hickman, Ky. 
but it showed a considerable decline from Graphite Products Divi- ‘ 

| . sion.___.__.......---- Sanborn, N.Y. 
the previous year. Great Lakes Carbon Corp.: 

. . . Antelope Valley Plant.._. Rosamond, Calif. 
Synthetic graphite output increased to Graphite Products Divi- 

. sion_____......_.__.... Niagara Falls, N.Y. 
274,076 tons in 1970, 22 percent more than Morganton Plant..------ Morganton, N.C. 

the 225,526 tons produced in 1969. Total Charles Piiger & Coy, inc 0 Baoton, Pa, 
211: tackpole Carbon Co______._. St. Marys, Pa. value rose to $158.5 million, 15 percent [rPOe pe Corp..._..... Niagara Falls, N.Y. 

above the 1969 value of $138.2 million. Do____..-------------- Columbia, oe 
. . . . n- 

The eight companies producing synthetic There were no new P roducers of sy 
. . ’ thetic graphite in 1970. A former source, 

graphite during the year and their plant the Space Age Materials Corp. plant of 
locations are as follows: Charles Pfizer & Co., Inc., in Woodside, 

N.Y. was closed during the year. 

1 Economist, Division of Nonmetallic Minerals. 
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| Table 1.—Salient natural graphite statistics 1 

eS Bo 1966» 1967 1968 1969 1970 

_ United States; Ce a, a 

'- .:Consumption 2__.___--------short tons__ 348,400. 38 ,300 38 , 500 r 39,100 82,900 ss. . . 
Value. _._--------------thousands__ 3 $6,629 $5, 700 $5,904 $6,339 $5,866 a : 

Exports___------.---------short tons_- 3,200 3,600 4,200 5,700 5,800 
’ Value_.__------_------thousands__ - $428 $460 $509 $682 © $701 | 

Imports for consumption ?___short tons.__ 56,700 | 56,700 67,900 58, 500 © 66,400 | 2 
Value. _il-_L.---_.-..thousands__ $2,545 —~ $2,348 $2,495. $2,419 - $3,027 : 

World: Production___._---.-----short tons__ 633,816 394,817 481 , 793 424 ,320 417,366 oo 

| ' Revised. _ . : _ : 

1 All short tons rounded to nearest 100. . . 
2 Includes some artificial graphite. 
3 Includes some estimated data. | 

| Table 2.—Government yearend stocks of natural graphite | | 

. oe (Short tons) | 

a re National Supplemental Total all 
Type of graphite | - stockpile stockpile. -stockpiles . 

Malagasy crystalline flake: . , . ” a . 
, | Objective_____.-.-_----.--------------------------- 10,800 a-s--e 10,800 

. Excess: Stockpile grade___._------------------------ 14,422 aaa ee 14, 422 

: — Total_____..-----------------eeee--eeeee------- 25, 222 cuue-e «25, 222 

Malagasy crystalline fines: Objective____------------------ - §,230 11,910 7,140 

Ceylon amorphous lump: Objective__ wana nnn e eee eee 24,300 1,198 5,498 7 

Other than Ceylon and Malagasy, crystalline: _ 
- + QObjective_.-____.-_----------------1--------------- 32,800 eee 2,800 

. Excess: Stockpile grade____.__.-_..------------------ . 933 Beeson S. 933 

Total_._.--------------------------------------- 8, 788 a 3,733 

1 Includes 1 short ton non-stockpile-grade material. | L . 
2 Includes 56 short tons non-stockpile-grade material. 
3 Includes 867 short tons non-stockpile-grade material. 

Source: Office of Emergency Preparedness. Stockpile Report to the Congress July-December 1970. 

CONSUMPTION AND USES 

In 1970 consumption of natural graphite have replaced graphite as a carbon raiser 
declined about 15 percent from the 1969 with various manufactured compounds 
level, primarily because of the nationwide containing carbon in another form. The 
slowdown in industrial activity. Other fac- increasing use of electric furnaces in 
tors included reduced automobile produc- foundries and smelters has lessened the re- : 

| tion, particularly the strike against General quirements for graphite crucibles and re- 
Motors Corp., (the automobile industry is _ fractories. 
a major user of graphite), and decreased Caution is suggested in using the data 
manufacture of lead additives for gasolines presented in table 3. They are incomplete 
in which graphite serves as a catalyst sup- regarding total consumption but do indi- 
port. | cate trends and relative distribution. The 

Technological developments and mate- overall analysis described in the preceding 
rials subsitution have also acted to reduce paragraphs, however, has been confirmed 
the demand for graphite. Some steel mills by industry. sources.
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Table 3.—Consumption 1 of natural graphite in the United States in 1970, by uses | 

Crystalline ~ Amorphous? - Total - 
Use — ue OO Oe ee 

Short tons Value Shorttons Value’ Shorttons Value ~ . 

Batteries___.____-22_ 2 LL | 796 $204,457 .864 $131,208 1,160: $335,665 
Bearings... _.--.-_-______ ee 57 24,808 29 17,079 86 41,887 
Brake linings. ____________________ 460 168,154 523 200, 107 983 368 ,261 
Carbon brushes___________________ 135 87,753 363 184,176 498 271,929 
Crucibles, retorts, stoppers, sleeves, oe ‘ 

and nozzles____.____._____..___-_ 3,986 698 , 952 204 45,504 4,190 744,456 
Foundry facings______.....--_-___- 1,817 373,551 4,870 540,184 6,687 913,735 
Lubricants_-_-.-.__-_. 22 ee 346 112,340 2,306 371,125 2,652 483,465 a 
Packings__ =... 189 108 , 930 148 45,851 337 154,781 
Paints and polishes________________ 19 6 , 830 129 19,655 148 26,485 
Pencils____._ 22-2 1,287 499, 731 676 140, 533 1,963 | 640,264 
Refractories___._~.___-____________ 597 - 70,670 6,076 575,279 6,673 645 ,949 
Rubber__--_-_-_-_-2-2-22 ee 90 41,792 108 23,183 198 64,975 
Steelmaking. _____________________ 863 134,706 3,648 353 , 627 4,511 488 ,333 
Other 3__ 22-8 1,717 399 , 764 1,105 285,679 2,822 685,443 

. - Total_____----_------------ 12,359 2, 932 ,438 20,549 2,933,190 32,908 5,865,628 

1 Data incomplete. Excludes numerous small consuming firms. - 
2 Includes mixtures of natural and manufactured graphite. 
* Includes adhesives, chemical equipment. and processes, electronic products, gray iron castings, powdered 

metal parts, small packages, and specialties. | us So : eS 

PRICES | | ; 
Prices for most grades of natural graph- Yearend prices, f.o.b. sources, quoted in - 

ite rose during 1970 despite lower demand. the Engineering and. Mining Journal, for | 
Reasons for the rise include an apparent'in- two major classifications of graphite im- | 
crease in foreign demand, a shortage in ported by the United States, were as fol- 
some foreign supplies, and higher costs of lows: | oo | 
domestic processing. | os | 

Quoted prices for natural graphite show : Per short ton 
the range of prices negotiated be tween | | "4969.4 970 
buyer and seller for different specifications ———— 
of several kinds of graphite. | _ Flake and crystalline graph- | . . . - Ite, bags: 

The Oil, Paint and Drug Reporter re- Ceylon__ “Siegert $80-$179 $91-$172 
: n ay. Lact . Germany, West___...... 118-685 123-777 ports prices on an ex warehouse basis. De Malagasy Republic... 82-281 86-281 | 

cember 1970 quotations follow: Norway_..--.-..------ 68-109 77-121 
a Amorphous, nonflake, erypto- oo 

O crystalline graphite (80 to 
sO Per pound 85 percent carbon): 
ln Mexico (bulk)___.___... 19-21 19 

No. 1 flake graphite, 90 to 95 percent : South Korea (bulk) -____- '. 24 22 
carbon .__-_--_..--._------------- $0.32-$0.42. Hong Kong (bags). ____- 24 24 

No. 2 flake graphite, 90 to 95 percent ae 
—@arbon_-._---- Le. 1 239-.32 . 

Powdered crystalline graphite: 
88 to 90 percent carbon:____._____ .184—.27 
90 to 92 percent carbon_._____.__ .255-—.275 
95 to 96 percent carbon_____.._._ .29-.399 . 

Powdered amorphous graphite_____... .0626—.195 
Powdered amorphous or crystalline - 

' graphite, minimum of 97 percent car- 
bon. .--2------2-------2 eee 28-286 : 

FOREIGN TRADE 
Exports (including reexports) of natural trend with a 13-percent rise to 66,449 tons, 

graphite increased about 2 percent over largely as the result of a 16-percent in- 
the record 1969 level to 5,7 83 tons. Gains Gyease in purchases from Mexico. However, 

“ sales to Latin America, Europe, and imports of high-grade graphite from Cey- Australia offset smaller shipments to Can- lon fell 29 be £ high ices 
ada, Asia, and Africa. Imports for con- /°" omer P ercent canse of magner Pp TICE 
sumption, including a small quantity of and increased competition from foreign 
artificial graphite, resumed an upward buyers.
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Table 4.—U.S. exports of natural graphite, by countries | 
| 

a Amorphous, crystalline flake, lump, or chip, 
and natural, n.e.c. 1 

| 1969 1970 
Destination 2 

Value Value 
Short tons (thou- Short tons (thou- 

sands) sands) 

Argentina___..____---_-------------------------- 18 $2 53 $8 © 
Australia__.___.--------------------------------- 42 4 211 16 
Belgium-Luxembourg___.-_-.--------------------- 6 1 278 24 
Bolivia..._.-.---=------------------------------- 11 1 ----- --- 
Brazil___.--------------------------------------- 55 5 16 7 
Canada____________-_-.-~_-~_--------- ee 2,087 235 1,586 179 
Chile_ _._____----------------------------------- 41 4 34 4 
Colombia__.._-._--____--.--.-_.-____.------------- 38 6 168 15 
Denmark___-_----------------------------------- Al 5 22 3 
Dominican Republic___._._._--_.....------------- 55 4 2 (2) 
France.___.------------------------------------- 376 42 645 95 
Germany, West______...-__---.------------------ 92 8 234 28 
India_._.....-.--------.---------.-------------- -o--- --- 55 4 
Israel__..._--.---.----..--.~.--~----------------- 20 1 w---- _-- 
Italy___.__--------------------------------~------ 95 13 300 35 
Japan__________.------- ee ---- +--+ -- 408 54 309 Al 
Libya__..---_._..-.-_..-.--_-------- +--+ 35 6 --.-- _— 
Mexico..___.__---------------------------------- 362 46 586 75 
Netherlands____.-__---_.------------------------ 343 40 177 15 
New Zealand. ___-_...--------4------------------ 25 2 4 (2) 
Norway. .-_-------------------------------------- ----- --- 27 3 
Panama___._.--.------------------i------------- 23 3 | 35 3 
Peru._____-_._--_--------------------------------- AT 2 68 9 
Philippines. ______....--------------1------------ 168 17 69 | 5 
Spain. _.._____---_- eee ee eee 10 2 wee --- 
Switzerland____.__.__._---------------------+---- 9 1 99 13 
Taiwan_____.._____..--_------------------------ 38 4 40 5 
United Kingdom_______-------------------------- 1,020 138 553 89 
Venezuela______-_-__-__------------------------+- 159 27 79 15 
Other countries_____-_____----------1------------ _ 61 9 73 10 

Total... ee eee eneeeenennnenee-e---- 5 655 682 5,788 701 

: 1 Not elsewhere classified. 
2 Lessthan 4 unit. 

WORLD REVIEW 

In 1970 world demand for graphite in- graphite. The Ceylon Government’s inten- 
creased over the 1969 level, particularly be- tion concerning public ownership of the 
cause of heavy buying by Japan. At the industry remained unclear at yearend. Be- 
same time, importers in the Western na- cause of the increased competition from 
tions encountered difficulty in obtaining Japan and other Asian nations, U.S. im- 
supplies of key grades from Ceylon. Orders porters found it difficult to obtain supplies 
to producers in other nations therefore from Ceylon. 
rose rapidly, sometimes exceeding produc- South Africa, Republic of—Graphitwerk 
tive capacity, and delays in obtaining ship- Kropfmuehl AG of West Germany pur- 
ments resulted. Some purchasers placed or- chased a graphite mine at an undisclosed 
ders with several producers to insure location in South Africa. It is the compa- 
receiving supplies, thus adding an artificial ny’s second investment in graphite mining 
element to demand. on the continent; the first was a joint ven- 

Ceylon.—The export tax on graphite, ture with two partners in Southern 
first imposed in 1969, was raised from 25 Rhodesia.? 
to 50 percent of value during 1970, causing ——————— | October 1970 
a sharp rise in the cost of Ceylonese gq, Undustrial Minerals. V. 37, October , p-
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Table 6.—World production of natural graphite, by countries 
(Short tons) - 

| ] Country! 1968 1969 1970 P 

Argentina. ____-.---------+------------------------------------- | _ 7410 268 e 300 
Austria_....--.---------------------+--~------------------------ = 726,959 28 , 467 30,570 
Brazil_......-----.------------------------------+--------------- 2,491 12,989 NA 
Ceylon 2.__...---2--.------------------------------------------- 11,907 12,586 10,788 
China, mainland e________...-___-----------------.-------------- 33,000 33 , 000 83,000 
Germany, West_____..--.-.------------+- eee 14,157 14,369 e14,500 
Hong Kong__..__._.+------------------------------------------ | 558 219 wee ee 
Italy___....------.-----------------1----1---------------------- ™1,558 1,895 2,302 
Japan_____.--.--.--.---.----------------------------=---------- | 1,641 1,903 1,615 
Korea, North ¢__.____-_-_-.-----------------~-------------------- 88,000 83 , 000 83,000 . 
Korea, Republic of 3. __-_---------------------------------------- 148,003 81,939 65,621 
Malagasy Republic___..___.-.--_-------------------------------- 1™18,110 18 , 594 20,058 
Mexico_.__._---.------ oe eee eee 58,085 AT,311 61,341 

. Norway.______----_------------------- +--+ ~~~ ee nee 9,117 10,274 £10,500 
South Africa, Republic of__.....-.._--..-------------------------- 797 ~—«B06 T71 
U.S.S.R. ¢_. eee eee 77,000 77,000 . 83,000 
United States__......2.2-.- 2-2 eee eee WwW . WwW Ww 

—, Total. ._-.--------------------+-------+--2--------------- 7481, 798 424,320 417,366 

; e Estimate. _P Preliminary. r Revised. NA Not available. W Withheld to avoid disclosing in- 
| dividual company confidential data. . | 

_ 1In addition to the countries listed, Czechoslovakia, India, Southern Rhodesia, and the Territory of South- 
West Africa produced graphite, but available information is inadequate to make reliable estimates of output 

eveis. 

2 Exports. . . 
3 Official South Korean sources give figures in metric tons that convert to the following, in short tons: Crys- 

talline graphite 1968-——709; 1969-654; 1970—-NA: Amorphous graphite 1968—395,551; 1969—341, 510. 
The amorphous graphite figures so reported, however, include material not marketed for traditional uses of 

- graphite. . . ‘ . 

: Table 7.—Malagasy Republic: Exports | | 
| ; of graphite by countries a 

ot (Short tons) | 

| Destination. 1968 1969 7 

Australia_____-.-..--.-.... 191 166 
Canada____ = ee 86 44 
France_____...--------.-.. 2,063 3,865 
Germany, West__.______._.-. 2,625 3,135 
India____.___________-_-___- 91 124 . 
Italy__-.__.-.---_-_...---- 752 994 
Japan____-._--__---..-.-.-. 2,272 1,969 
Netherlands______-___.-.---- 66 — 44 . 
Poland____._-____._._------ 165 116 
Spain_____....-_..______-_-- 215 340 
United Kingdom______._..... 4,629 5,086 
United States________.._.... 4,286 4,375 
Other countries________.____ 70 150 

Total_____._.-.__._.._ 17,511 20,408 

TECHNOLOGY 

Research and testing of graphite pow-  tanium oxide and iron in ilmenite by the 
ders and fibers in various types of compos- reduction of ilmenite in the presence of 
ite materials continued. Several companies, _graphite.7 
including Poco Graphite, Inc.,3 the Mon- 
santo Co.,4 and Ultra Carbon Corp.,5 

, rketin new form and com- * Metallurgia. New Graphite Powder. V. 82, 
began marketing orm om No. 493, November 1970, p. 193. 
pounds of graphite during the year. How- 4 American Metal Market. Monsanto Marketing 
ever, widespread use of the more advanced Graphite Fiber for Use in High-Strength Com- 

. 4 P . hi b posites. V. 77, No. 151, Aug. 7, 1970, p. 15. 
materials that incorporate graphite fiber, 5 Chemical Engineering. Graphite on Graphite. 
outside the aerospace industry, still ap-  V..77, No. 26, Nov. 30, 1970, p. 38. . 

P y P §Tron Age. Boron Versus Graphite: No Con- 
peared to be well in the future.¢ test. V. 206, No. 17, Oct. 22, 1970, p. 57. 
A recent experiment indicated the possi- Meg tallurgical Trankactions. Kinetics sand 
eae . - . i i i it aphite. | bility of a solid state separation of the ti- V1 Ne 6 June 1950, pp. 1729-1734.



ae oe By Richard E. Dawes 1 | a a 

The scarcity of mortgage money and in- tion, so the total supply of crude was only 
creased interest rates discouraged residen- 1] percent less than in 1969. Imports in . 
tial building through the first three-quar- 1970 of 6.1 million tons represented a hew . 
ters of 1970. In the fourth quarter, as high, so with lower domestic output, the 
mortgage tee a pean ein. a and —_yatio of domestic crude production to total 
interest Fates Geclined, building construc- crude supply was at a record low level. | 
tion increased and rejuvenated gypsum in- | tn : . | 

wo ) Sales of uncalcined gypsum for use as a re- | 
_. dustry production and sales by yearend. tarder in Portland ent declined slight]; 

| Production of crude gypsum in the United ances ho 3 an yi m whe , rr 5 
_ States in 1970 declined by about 5 percent more than percent rom t € recon : | 

| in quantity to 9.4 million short tons, and high. ‘The unit value of calcined ey psum 
_ declined more than 9 percent in value to OSE about 2 percent, which reflected in- | 

$35.1 million, the lowest value in more creasing production costs, although total 

than a decade. Increased imports of crude calcined gypsum value was down almost 8 
gypsum offset the lower domestic produc- percent from the 1969 record high value. : 

— oe Table 1.—Salient gypsum statistics | | 
. . . (Thousand short tons and thousand dollars) 

| a oS 1966 1967 1968 1969 1970. 
United States: So | _ 

Active mines and plants !__2__._.2.---._u__.- 121 113 115 1114 108 
Crude: 2 vo 

- Mined... 2-2 ei -- 9,647 . 9,393 10,018 9,905 9,436 . 
Value_____.----.--------2---_----- $85,681 $34,383 $36,775 $38,354 $35,132 

__ Imports for consumption________....._-- 5,479 4,563 - 5,474 5,858 6,128 
_ Caleined: Co . | a a } 

. Produced_-_......-...--_-.---.----.--.- | 8,484 7,879 8,844 9,324 — 8,449 _ 
Value_____.-_.-------------------- $119,747 $115,467 $133,239 $143,466 $132,047 

Products sold (value) ___-_--...------------- $376,871 $362,268 $404,739 $414,880 $353,474 
Exports (value)_....-__-.---_-__-_-----.--_.. $2, 674 $2,918 $3 , 556 $3 , 446 $3,475 
Imports for consumption (value)__.__..._..-. $17,281 $11,353 $13,058 $14,602 $16,513 

World: Production___.___._.__-____-.---------. 53,676 50,879 54,486 56,481 55,581 

1 Hach mine, calcining plant, or combination mine and plant is counted as 1 establishment. 
2 Excludes byproduct gypsum. 

| | DOMESTIC PRODUCTION 
Over 9.4 million tons of crude gypsum plants utilized 229 kettles and 71 other 

was produced in 21 States at 69 mines, of pieces of calcining equipment to produce 
which 56 were open pit and 13 were un- over 8.4 million tons of calcined gypsum. 
derground, although one site was operated The leading States producing calcined gyp- 
as a combination open pit and under- sum were New York, Texas, California, 
ground mine. The leading gypsum-produc- Iowa, and Georgia, which collectively rep- 
ing States were Michigan, Texas, Iowa, and resented over 45 percent of the total do- 
California, which collectively accounted for mestic calcined gypsum output. Gypsum 
over 50 percent of domestic production. board production was down about 7 per- 

Domestic and imported gypsum was —~~——————_ f Nonmetallic Mi 
calcined at 76 plants in 30 States. The eral scientist, Division of Nonmetallic Min- 

559
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cent from the record high in 1969. Over  dustrialized Housing and Urban Develop- 
, 9.5 billion square feet of gypsum board ment Department in their Building Prod- 

products, with a value of nearly $300 mil- ucts Division. This move gives the 

lion, were fabricated on 84 board ma- company greater opportunity to supply 
chines. | material for in-plant, factory-produced 

Kaiser Gypsum Co. phased out its Rosa- housing. The company modernized and ex- 
rio, N.M., gypsum wallboard plant at the panded its gypsum wallboard manufactur- 
end of 1970 because of current economic ing plant near Portsmouth, N.H. The 50- — 
conditions. The plant, which employed 37 — percent expansion of production is 
people, was built in 1960 with an annual — scheduled for completion in early 1971. 
production capacity of 125 million square Grand Rapids Gypsum Co., Grand Rap- 
feet. It is the smallest of the company’s six _ids, Mich., announced plans for an air pol- 

_ domestic wallboard plants. The decision to lution control program and expansion of 
close down the Rosario plant stemmed its Eagle Mills plant. New calcining facili- — 

| from operating losses due to reduced sales ties and an electrostatic dust collecting sys- 
and poor wallboard prices in the New tem would be installed by early 1971. | 
Mexico, Colorado, and Texas markets.  G.A.F., Inc., closed its New York gypsum 

National Gypsum Co. created a new In- operations early in 1970. 7 

Table 2.—Crude gypsum mined in the United States, by States oe 
_ (Thousand short tons and thousand dollars) | . 

| "1969 1970 | 

| State Active Quantity Value Active Quantity Value 
. : mines mines — on 

| Arizona... ___----_------------ ee eee eee 4 838 $424 4 98 $358 ~~ 
California___........-..------------------------- 9 1,210 3,339 G 1,182 3,271 
Colorado... _.._-.-.~------ eee ee 5 94 339 4 WwW WwW 
Towa__...__-.2- ee eee eee 5 1,169 5,274 5 1,186 4,223 
Michigan.__.__._.....-...----------------------- 5 1,327 5,384 5 1,312 5,061 

, Nevada____.__.-.._-_--------- ee 3 521 1,550 3 451 1,457 . 
New Mexico__.____..__.-._--- +--+ ee 5 141 526 4 WwW WW. 
New York________ = eee eee 4 492 2,945 3 425 2,787 
Oklahoma_-__.-__-___--.---- eee eee t 8 r980 *3,912 q 874 2,616 
South Dakota_____..--_..- eee eee ee 1 11 46 1 15. 61 
Texas______---- eee 8 1,314 4,398 8 1,220 4,252 

- Wyoming___........--------__---- +--+ | 4 WwW WwW 4 216 . 868 
- Other States!___________ eee 14 2,563 10,217 14 2,557 10,228 

Total___...._.-.-.-.---------------------- r75 *9,905 738,354 69 9,436 35,182 

P r Revised. W Withheld to avoid disclosing individual company confidential] data; included with “Other 
tates.”’ 

1 Includes the following States to avoid disclosing individual company confidential data; Louisiana, Montana, 
Virginia, and Washington (1969), 1 mine each; Arkansas, Indiana, Ohio, and Utah, 2 mines each; Kansas, 
3 mines (1970). . . . | 

Table 3.—Calcined gypsum produced in the United States, by States Ko 
(Thousand short tons and thousand dollars) 

1969 1970 

State Calcining Calcining | 
Active Quantity Value equipment Active Quantity Value equipment 
plants —_—_—_—_-——_-_——_ plants ——__—_—_—_— 

Kettles Other! Kettles Other ! 

California _ -_.-- 7 874 $10,922 16 11 qT 822 $10,403 16 4 
Florida___....- 3 WwW WwW 9 2 3 438 5,194 9 2 
Georgia... ..--- 3 551 10,577 15 __ 3 538 9,432 15) Jollee 
Jowa.._.-.---- 5 823 12,837 22 4 5 713 12,301 22 4 
Michigan___.-_- 4 373 6, 840 10 1 4 325 6,130 9 1 
Nevada_--_---- 3 325 3,506 12 6 3 240 3,425 12 6 
New Jersey_--- 4 383 . 5,022 9 3 4 334 4,785 9 4 
New York_.... 8 921 13,891 25 6 qT 874 18,551 21 8 
Ohio___..----- 3 356 5,506 9 1 3 321 4,984 9 1 
Texas____...-- 7 961 15,102 28 3 7 870 14,273 28 3 
Other States ?2__ 30 3,757 59,263 80 40 30 2,974 47,569 79 38 

Total___ 717 9,324 148,466 235 17 76 8,449 182,047 229 71 

W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other States.” 
1 Includes rotary and beehive kilns, grinding-calcining units, Holo-Flites, and Hydrocal! cylinders. 
2 Comprises States and number of plants as follows: Arizona, Arkansas, Colorado, Connecticut, Delaware, 

Illinois, Massachusetts, Montana, New Hampshire, Pennsylvania, and Washington, 1 plant each; Kansas, 
Louisiana, Maryland, New Mexico, Oklahoma, Utah, Virginia, and Wyoming, 2 plants each; and Indiana, 
plants.
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CONSUMPTION AND USES 

The domestic supply of newly mined prefabricated building products declined 
crude gypsum totaled 15.6 million tons, and returned to 1968 levels. The decrease 
9.4 million tons from domestic mines and of 700,000 tons reflected the generally re- 
6.1 million tons imported primarily from duced building construction activity preva- 
U.S.-company-affiliated mines in Canada, lent throughout the nation during 1970, 
Mexico, and Jamaica. Approximately 4.3 which significantly affected wallboard sales. | 
million tons of the crude was sold uncal- Total output of wallboard, however, still 
cined, of which nearly 3.4 million tons was represented over 90 percent of the square , 

for use as. portland cement retarder, footage of prefabricated products pro- 

- 800,000 tons for agricultural use, and the duced. Sales of building plasters, lath, and 

remainder for filler and other uses. The other specialty prefabricated products de- 
nearly 27-percent decrease in sales of agri- clined considerably. Dental and orthopedic 
cultural gypsum was again attributed to . ; 

2 es was the only use that increased during the 
reduced demand by California potato and Th lari £ 14-inch wallboard 
cotton growers, who are among the princi- Y°#" © popu arity 0 72-Inc watioarc 

| pal consumers of agricultural gypsum in gain dominated the prefabricated product | 

the United States. lines and represented over 60 percent of the | 

Consumption of calcined gypsum for value of prefabricated products. 

. Table 4.—Gypsum products (made from domestic, imported, and byproduct gypsum) 
| _ sold or used in the United States, by uses 

. (Thousand short tons and thousand dollars) 

. . 1969. 1970 
. : Use as 

. Quantity Value Quantity Value | 

Uncealcined: . . an / 
oo Portland-cement retarder_.-._-....2....-.._---_.---_------ 3,464 $15,850 3,358 $15,933 | 

Agricultural gypsum____.._-.-..--_---..-...__-._-_.____-. | 1,100 5,333 804 4,238 
vs Other uses !___2_ 2 eee eee 117 865. 96 1,123 

| Total. 2-222 222-2 2ne---eeeeee eee eee neeeeeeeeee----- 4,681 22,048 = 4,258 21,294 
| Calcined: Industrial: ee 

_ ’ Plate glass and terra cotta plasters. ______.__..___-_..-_---- 21 350 12 128 
» Pottery plasters_____.-.-2 2 eee 61 1,631 — 59 1,464 : 
Dental and orthopedic plasters__.__.__.._......._-_-_------ 15 661 16. TAT 

- Industrial molding, art, and casting plasters_____.._____----_ . 115 2,761 100 2,637 
Other industrial uses 2.2222 eee 104 3,366 97 4,082 

| Total____..----2--2 2-2-2 e eee 316 8, 769 284 9,058 

Building: Se | | | 
' Plasters: — fe . 

: Basecoat__.__..__.---.-. 22 eee 473 9,745 411 = 8, 708 
| Veneer plaster (basecoat and finishes)__.__..._...----_.- 51-2, 767 48 2,715 

: Mill-mixed basecoats (sanded and perlited)._______-__.-- 253 7,138 206 6,130 
To mixing plants. — -------------.-------------------- WwW WwW Ww WwW 
Gaging and molding____________--.-.-_-.------------- 74 1,986 64 1,821 
Prepared finishes. ._..__.______._......._..---_-_-__-- 8 632 7 530 
Roof deck. _____.-.--- 22k 290 5,234 240 4,534 
Keene’s cement____.________.__.._-_________-___-____- 17 586 WwW Ww 
Other 3____..-. 2-2 10 547 24 1,032 

Total__.--_..--- eee 1,176 28,685 1,000 25,470 
Prefabricated products 4____..____.____.___._____...____._.. 59,869 355,428 8,669 297,652 

Total___.--22--- 2 eee eee -----e------- «384,063 __----. 328,122 

Grand total, value___________.__.--.-..---_-_----------__-.  _-_-_-. 414,880 -----.. 353,474 
eee ETE ES SE EES 

W Withheld to avoid disclosing individual company confidential data; included with ‘Other.’ 
1 Includes uncalcined gypsum for use in filler and rock dust, in brewer’s fixe, in color manufacture, and for 

unspecified uses. 
2 Includes dead-burned filler, granite polishing, and miscellaneous uses. . 
3 Includes joint filler, patching, painter’s, insulating, and unclassified building plasters; and quantity and 

value indicated by symbol W. 
4 Excludes tile. 
5 Includes weight of paper, metal, or other materials.
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| Table 5.—Prefabricated products sold or used in the United States, by products 

1969 | 1970 

Product Thousand Thousand — Value Thousand Thousand. Value 
| square feet short tons! (thousands) square feet short tons! (thousands) 

Lath: oe 
3% inch._--..-------- 685,672 496 $17 , 886 501, 684 395 $13 , 059 
4 inch____-.---.----.- 217,695 208 7,807 208 , 574 198 6,801 
Other ?.__....-..---- 13,728 17 606 15,498 18 613 

Total_ _----..----- 917,095 721 26,299 725,756 611 20,473 

Wallboard: 
Yq inech..-_----~----- 110,242 62 2,746 105,164 66 2,344 
% inch..-.--..-----. 1,310,027 940 41,477 1,188,863 | 914 33,052. 
¥g inch.__._.-...-.-- 6,369,691 5,839 215,067 6,070,972 5,483 179,416 
5% inch._-...-..----- 1,244,750 1,451 57,833 1,220,309 1,336 51,162 
1 inch #___ 1 ee ee 55,299 19 2,194 29,555 43 2,844 

eee 
Total___.-----.--. 9,090,009 8,371 319,317 8,614,863 7,842 268,818 
eee 

Sheathing. ___-.-.---.--- 228,917 227 - 4,495 184 , 784 178 . 6,059 
Laminated board__.__.___ 49,256 12 687 7,974 8 946 

. Formboard.-_~.----..-.-.- 37,106 38 1,630 - 29, 578 30 1,356 . 

Grand total 5 _____ 10,282,383 9,369 355,428 69,562,956 ' 8,669 297 , 652 

1 Includes weight of paper, metal, or other materials. Oo a 
2 Includes a small amount of 14-inch and 1-inch lath. 
3 Includes a small amount of 54-inch, 34-inch, 15-inch, and 38-inch wallboard. | 
4 Area of component board and not of finished products. 

| 5 Excludes tile, for which figures were withheld to avoid disclosing individual company confidential data. 
¢ Data may not add to total shown because of independent rounding. 

| PRICES re 
Efforts by gypsum producers to improve News-Record for 20 U.S. cities showed | 

: the price situation occurred throughout the mixed directions of change. Neat plaster 
| year, as some companies announced price averaged $37.83 in January, and ‘rose to 

increases on gypsum wallboard and lath $40.57 per ton in December; gaging plaster | 
products. The upward price adjustments averaged $42.96 per ton in January and — | 
reflected feeling within the industry that rose to $47.53-by December. Tongue and 
the products have been underpriced. One groove sheathing also showed a rising. price 
‘producer sought to improve the price situ- over the year; in January the average price | 
ation in the East by initiating a job deliv- was $60.75 and by December it was. $63.26 
ery policy that would reduce the delivered per thousand square feet. Average prices 
price of wallboard to big customers by for board product, however, were generally 

eliminating the middle man. Industry somewhat lower. Quotations for 3g-inch 
opinion as to the effect of the job delivery gypsum board went from an average $54.39 | 

policy on ae hn to the ultimate con- per thousand square feet to $54.25. For 

Sas cae at Savings up to as 14-inch gypsum board the price went from 
much as $8 per thousand square feet deliv- ) 7 

. . . . $63.46 to $62.84 per thousand square feet; ered might be realized. Prices quoted in “ach lath showed pri ota 
the Engineering News-Record, however, Ye-ine SYP sum ath show price 4 US : 
were not affected by the new policy be- tions decreasing from an average $46.58 in 

cause list prices in the past have been ad- January to $46.25 per thousand square feet 
justed by discounting. in December. The averages do not include 

The average prices for gypsum products any discounting allowances that were avail- 
as published monthly in Engineering able in the various cities. 

FOREIGN TRADE 

Imports of crude gypsum from overseas sum from Canada through east coast and 
U.S.-company-affiliated mines increased Pacific Northwest customs districts com- 
from 5.8 million tons in 1969 to 6.1 mil- prised 77 percent of the total imports; 
lion tons in 1970. Receipts of crude gyp- from Mexico through the California,
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Washington, Texas, and Florida districts, Table 6.—U.S. exports of gypsum 
16 percent; from Jamaica through Gulf and gypsum products 

coast districts, 4 P ercent; and from the Do- (Thousand short tons and thousand dollars) 
minican Republic, Taiwan, Venezuela, and | 

Italy through the Puerto Rico, New York, Gide crushed, Other 
oe rude, crushed, er and Maryland districts, 3 percent. Oe or calcined © manu- Total 

An increase in imports from Mexico of Year —--_—__———— factures value 
191,000 short tons occurred in 1970. Im- Quan- Value value | | 

ae tity | value 
ports from Canada and the Dominican Re- —W | 
public also increased, but imports from Ja- 4968-__________ - 39 $1,688 $1,868 $3,556 So 
mai wer oO from 1969 1969__.-------- 40 2,003 1,443 3,446 

a1ca e d wn 37,000 tons Yo! 96 1970__._______._ 41 1,915 1,560 3,475 . 

levels. : | 

Table 7.—U.S. imports for consumption of gypsum and gypsum products _ 
- (Thousand short tons and thousand dollars) | — 

Crude Ground Alabaster Other 
(including anhydrite) or calcined manu- manu- . Total 

Year “ee ——————___—_—_——_ factures,} factures value 
Quantity Value) Quantity Value value n.e.c., value 

A TT AP NS cn 

1968_____.....---.---- 5,474. $11,384 2 $89 $932 $653 $13 ,058 
1969__..-2----. +e 5,858 12,394 2 87 1,242 t 879 r 14,602 
1970__.---.----------- 6,128 13, 723 2 106 1,559 1,125 16,518 

T Revised. a 
1 Includes imports of jet manufactures, which are believed to be negligible. 7 

Table 8.—U.S. imports for consumption | | | 
of crude gypsum (including anhydrite), | | 

by countries 
(Thousand short tons and thousand dollars) 

Country Quan- Value Quan- Value 
tity tity . 

Canada........ 4,722 $10,277 4,730 $10,859 . 
Taiwan__-.-.-.  ----.  ------- 58 44 . — 
Dominican 
Republic. .__- 43 136 90 287 : | 

Italy_....--... (4) 2 (4) 3 
Jamaica. -_.._-- 304 . 830 267 731 
Mexico. -..-_.- 789 1,144 980 1,767 
Other countries.  (‘)  . & 3 32 

Total_... 5,858 12,394 6,128 18,723 

- 1 Less than }% unit. . 

WORLD REVIEW 

Argentina.—Argentina remained the gypsum in uses other than agricultural in- 
largest producer of gypsum in the South dicated that about two-thirds of the con- 
American area. The level of production sumption was for plaster of paris produc- 
was basically determined by domestic de- tion and the remainder was for Portland 
mand for cement; however, a _ certain cement retarder. Exports of gypsum were 

amount of trade did take place, notably principally to the countries of New Zea- 
between Argentina and Uruguay. land, the Philippines, and Taiwan. The 
Australia.—Large proportions of gypsum average export value for the first quarter of 

production are controlled by two major 1970 showed a decrease to $5.43 per ton 
plaster manufacturers, Australia Gypsum _ f.o.b. from $5.50 in 1969. 
Industries Ltd. of Melbourne and the Col- Australian Gypsum Industries, Ltd., an- 

onial Sugar Refining Co., Ltd., of Sidney. nounced that it had established a technical 
Production in the state of South Australia link with the United States Gypsum Co. 
accounted for over three-fourths of the There were no financial ties as yet. How- 
Australian production. Consumption of ever, the arrangement provided for an ex-
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change of information on research and de- allows the Australian company access to an 

velopment work carried out by either entire new range of products, particularly 

company on gypsum products, with manu- in the field of metal accessories used in 
facturing and patent rights included. This partitioning. 

Table 9.-Gypsum: World production, by countries 
(Short tons) 

. Country ! 1968 1969 1970 P 
eer re ne a te sss SS 

North America: | , 
Canada (shipments) 2__________-_..-_----.---------------- 5,926,935 6,373,648 6,442,000 
United States_....______________..------2-----------

_---- 
10,018,000 9,905,000 9,436,000 

Central America: 
Dominican Republic___........_-------------------------

- 
r 111,648 e 110,000 e 110,000 

Guatemala___._..___.-_-______-__-------_------
------------ 

8,488 8,514 8,499 
Honduras___________-_________-_-_------------

 
+ --- 7,188 8,443 10,146 

Jamaica____________-_-_------_----_----- +--+ ee - r 232 ,960 281,121 e 285 ,000 
Mexico__.______.______-

_-_._ 
eee eee eee eeeee------- = 1, 861,620 =1,348,818 1,422,927 

Nicaragua 2____________.__._--__--_-_-------------------
-- 

r 15,680 33 ,600 e 33,000 
Trinidad and Tobago______-.____..._-_------------------- 4,760 4,480 e 4,500 

South America: 
Argentina. ___....__-_----.-----------------------------

- 
r 478,486 590 , 073 e 595,000 

Brazil_...-___..__-...--..-.-----------------
------------ 

r 238 ,978 e 240 ,000 e 240 ,000 
Chile. __________.________ eee eee tr 113,608 137,821 . 140,288 
Colombia___-_____________-.-______-----------

------------ 
133 ,380 166 , 449 208 ,405 

Paraguay______.__.___....-__-_--_--.---------
----------- 

r 3,808 3,858 6,614 
Peru___________---_-2-2----- eee eee ee nee 39 ,335 49 ,630 e 50,000 
Venezuela ¢______._______________.__-------------------

-- 
r 109,100 90, 400 110 , 200 

Europe: 
Austria 2. -__________________ tee eee eee eee eee ee 769 ,648 745 ,206 692 ,065 
Belgium____.._.__._..._._.-..-------~---------

------------ 
89 ,735 87 ,052 e 95,000 

Bulgaria_______.____________---_---_---------
------------ 

tT 213,848 e 187,400 187 , 400 
Czechoslovakia___._____________-__------------

------------ 
r 448,600 485 ,000 e 507 ,000 

France 2..._._._..._._
- 

eee eee ee eee ee------- «1° 5,858,278 6,568,886 6,711,084 
Germany: 

Bast 3____-_-_-_________ eee r 249 ,088 262,195 e 264,500 
West (marketable)__._._____.__----------------------

----- 
"1,677,237 2,013,084 1,623,661 

Greece_________.-__-__-_-------- ~~ ene eee r 258,855 299 ,080 330 , 700 
Italy ¢___________

_ 
eee eee --------- «078,196,700 3,306,900 3,417,200 

Luxembourg______._.___-_--------------------
----------- 

r 7,016 10,129 5,580 
Poland_______________._.___._-_--

-_------ 
eee e----- 3s 70, 825 892 ,871 e 909 ,400 

Portugal_________-.__-__---------------------
------------ 

© 117,171 104 , 868 e 104,700 
Spain_____________________----- eee --------- ™4,389,551 4,346,598 © 4,409,200 
US.S.R_._-.--. e+ 5,177,550 5,032,045 ¢ 5,180,900 

United Kingdom 2_________...____-__--------_------------- "5,063,529 5,065,769 4,712,968 
Yugoslavia______._______-----.-__------------

----------- 
216,747 255,547 276,260 

Africa: 
Angola__.___________--__-- ee eee ----- 14,316 18,075 e 16,300 
Ethiopia. ____..._--__.___-u__-_-_---------------------

--- 
r 397 5,722 5,126 

Kenya ?2____________________
-- 

eee eee r 46,411 68,172 . 65,058 
Libya 4__.___-__-._-__-____-_-_-----

--- 
+e ee r 15,400 e 9,000 3,030 

Niger_________.._-_____--_--------_-------- eee 2,157 e 2,200 e 2,200 
South Africa, Republic of___........._____------------------ 848 ,385 396,193 452,058 
Sudan 2__________ eee eee eee 11,272 e 5,000 1,804 
Tanzania__________.________ eee eee eee ee ee 4,917 12,161 22,838 

Asi United Arab Republic______._____._-__--_-.-_-------------
 

r 628,501 517,975 e 651,200 
sia: 

Burma____________--_-_______--- eee ee er 3,300 3,858 3,300 
China, mainland ¢________________-_____----.-------------- r 551,200 606 , 300 606 , 300 
Cyprus_______ eee eee eee 22,399 17,953 37,867 
India_____________

______-e 
ieee eee eee eee ee e----- 0°: 1,456,392 1,531,676 973 ,048 

Iran ¢4__.-2 eee -------- 71,676,000 1,759,800 1,847,800 
Israel © 5__-_ eee eee eee r 77,200 78 ,300 77,200 

Japan_________ 2 eee ee r 683,555 683 ,427 640,652 
Lebanon_____________--___- J -__ eee eee +e 44,092 33 , 069 38,581 
Mongolia ¢.______._____._-_---_------------------------

-- 
tr 27,600 27,600 27,600 

Pakistan___________________________-_- eee eee ee 50,706 226 ,425 184,661 
Philippines___________.-.--- oe eee 22 , 764 40,800 19 ,244 
Saudi Arabia______________________- eee ee 44,425 e 38,600 18,994 
Syrian Arab Republic ¢__.-________.__-_---___---_----_---- r 16,500 16,500 16,500 
Taiwan________________________-___- ee eee ee ee ee r 6,213 5,647 12,484 
Thailand_______________________--- eee ee 141,199 101,449 159,008 
Turkey ¢_______________-_--____--

_- 
eee eee ee r 242 ,500 308 , 600 352,700 

Oceania: Australia_________________-_-_-_-----__-_-
_--_-- 
- eee r 944,995 957,468 e 914,900 

Total__._..__.___._-_-__-____
-_-___ 

eee -___ * 54,486,143 56,481,455 55,580,650 

e Estimate. p Preliminary. '* Revised. 
1 Gypsum is also produced in Ireland, Romania, Switzerland, and Cuba, but production data are not 

available. Production in Bolivia and Ecuador is negligible. 
2 Includes anhydrite. 
3 Crude production estimates based on calcined figures. 
4 Year ended March 20 of year following that stated. 
5 Year ended March 31 of year following that stated.
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_ Canada.—Canadian Gypsum Co., Ltd, a and high freight rates. India’s total annual 
subsidiary of the United States Gypsum Co., production, therefore, is consumed in the 

_ began construction of a new $3 million country and largely within the fertilizer, 
gypsum wallboard plant at St. Jerome, cement, ceramic, and chemical and _ phar- 

Quebec, that was scheduled to begin oper- maceutical industries. Recently revised data 
ation early in 1971. on proved and indicated reserves from the ; 

With the completion of a new gypsum Geological Survey of India indicate that 
wallboard plant in Edmondton, Alberta, more than 1.1 billion metric tons of gyp- 
by B.A.C.M. Industries, Ltd. there are now sum has been located. Gypsum mining in 
16 gypsum products plants in Canada, one India is confined to open pit operations, a 
of which produces only plaster. Prelimi- and contaminating clays interbedded with 
nary production estimates indicate that the ore necessitate continuous selective 
output from Nova Scotia again represented mining.? 
about three-fourths of the total Canadian Mauritania.—Late in 1970 it was an- 
production. Newfoundland and Ontario younced that a substantial deposit of gyp- 

were the next largest producing provences. sym had been discovered near the capital, 
The average value of gypsum produced in Nouakchott. Reserves had been reported in 
Canada in 1970 showed a slight decline to the billions of tons. The deposit extends 
$2.32 per short ton. _ over many square kilometers and is .com- | 

France.—France continued to be the prised of two types of gypsum—gypsum in | 
largest producer and the largest exporter dunes and compact gypsum. oe 

‘ gypsum in Europe. The principal pro- Mexico.—Almost all the crude gypsum 
ucing. area, in and around Paris, ac- . . . 

output for Mexico is exported to the 
counted for about 70 percent of the coun- United States. The vast bulk of the output 
try’s total output. Most of the mines and . . " - Ourp 

is shipped from a quarry on San Marcos 
plants in the area belong to the three Island. in the Gulf of Californi | 

. ; oO alifornia, to the 
large integrated manufacturers, Lambert west coast of the United States | 
Fréres et. Cie, Société Poliet & Chausson, . | 

and Société G.R.M. Platres Mussat. The United Kingdom.—The United States 
second important mining and manufactur: Gypsum Co., whose principal European in- 
ing area is in the south of France near ‘terests are Gyproc-Benelux S.A. in Belgium | 
Marseilles. Operations are carried out by nd Gessi San Salvo S.p.A. of Italy, has — 
two companies, S.A. des Platiéres de Vau- disposed of its 15-percent interest in B.P.B. | 
cluse and Gypses & PlAtres de France. Industries, Ltd. The two companies will, 

India.—India is self-sufficient in gypsum however, maintaiin a close working rela- 
and has extensive reserves in eight States; Uonship and continue to exchange exper- 
however, many of the country’s deposits tise in research information. _ 
are excessively distant from consuming An article described the gypsum industry 
areas. The result is temporary shortages of Britain.3 

| TECHNOLOGY 

Interest continued to be shown in the hole. Raw sewage is used as a culture me- 
use of gypsum as a source of sulfur; how- dium and the bacteria are permitted a suf- | 
ever, the reduced price of sulfur has_ ficient work period to form hydrogen 
changed the economic situation for the sulfide gas. The hydrogen sulfide gas is re- 
various processes being considered. The in- covered and treated by conventional meth- 
creasing seriousness of waste piles of by- ods for its sulfur content.5 
product gypsum resulting from the manu- An improved fire-resistant plaster, com- 
facture of fertilizers is creating interest in 
obtaining answers from an environmental 2 Bureau of Mines. Mineral Trade Notes. V. 67, 
standpoint.t A method for the bacteriolog- No. 11, pp. 23°24. nm Britian. V. 37 
ical extraction of sulfur values from a sub- Octanae 1970, PP 17-21 Sypsum mn Brian wee 
terranean gypsum stratum uses a culture 4 Industrial Minerals Magazine. Gypsum’s Sulfur 
of thiobacillus thioparus, or other sulfide Values. No. 37, October 1970, pp. 22-25. 
reducing and oxidizing bacteria, inoculated 5 Johnson, C. J., W. G. Mouat, and A. Sc. David: 

into. the gypsum stratum via a cased bore- From Gypsum. U.S. Pat. 3,542,431, Nov. 24, 1970.
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prised of a gypsum plaster base with a hemihydrate gypsum plaster from water in 
- sizable percentage of either lime, portland a continuous. decanting centrifuge. The 
cement, phosphate rock, or phosphatic centrifuge casing is heated so that all sur- 
shale, an ,adhesive binder and either. ex- faces are hotter than 100° C.13_ | | 
panded perlite, or exfoliated vermiculite Granulation of hemihydrate gypsum is 
was patented.6 Another improved gypsum accomplished when plaster, the calcium 
plaster that dries to a hard, highly stable sulfate. hemihydrate obtained by conven- 

| mass consists of a mixture of accelerated tional means is agitated in the presence of 
anhydrous gypsum plaster, retarded hemihy- water at a temperature of 80° to 90°. The 
drate plaster, and 5 to 7 percent of ex- granules are then dried. Optionally, there 

panded perlite or exfoliated’ vermiculite. is added to the wet plaster either asbestos 
This mix is shown to be workable over a or expanded perlite or both to make it a 

_ comparatively long period of time.” reinforced product or lightweight product 
| - A xetarder for. use in gypsum plaster or both.14 a ee 

consists of a methoxy polyethylene glycol, A method and apparatus for high-speed 
or similar compound.8 A second gypsum drying of gypsum board was patented and 
plaster retarder is comprised of certain consists of a multitiered continuous dryer 
polycarboxylic compounds obtained by con- for gypsum board using high-velocity, 

a densation: of aliphatic amino acid with high-temperature jets of air.15. 
| formaldehyde.9 | | —__________ a | 
| A plaster for single-coat plastering of oe Ware, ¥. Heat and ping Resistant Plaster Com- 

concrete blocks or other high-suction Ot Hynes, J. P. " Gypsum Plaster. British Pat. 
| _ backgrounds was patented.10 The plaster 1,184,938, Mar. 18, 1970. : a 

consists of 54 to 74 percent gypsum plaster gin Uiir ‘Reseach Inc, New York). Set Retarded 
produced by continuous calcination of Plaster Composition. U.S. Pat. 3,544,344, Dec. 1, 

powdered -gypsum in a vessel of which the 1970. oe | 
7 contents are fluidized by evolved water, 25, Kunle,Ry Ax (assigned to Dominican Tax & 

to 35 percent of ground limestone, and 841,074, May 5, 1970. lA Ww. The al 

minor percentages of lime cellulose ether, 0 ileram. TA) and A. W- Thomhlll (ay 
ground crude gypsum, and animal glue. Canadian Pat. 831,069, Dec. 30. 1969. 

; ‘In alpha-type gypsum plaster manufac- “1 Chambers, G. P. C., and M. R. Damm. Man- 
. a . . facture of Calcium Sulfate Hemihydrate. U.S. Pat. 

ture, the starting gypsum rock is mixed 3590 708 July 14, 1970. 
with lithium hydroxide or similar com- p 12 Way. ib Hydraulic | Binding Agent. British 

pound as a retarder before it is calcined.11 es Brown, MG. and E. G. Foster (assigned 
A patent was issued on the manufacture to Imperial Chemical Industries, Ltd., London). | 
of a hydraulic binding agent for building cypsum Plaster. British Pat. 1,190,014, Apr. 29, 

purposes, in which gypsum plaster is 14 (Patentee not named, assigned to Rigips 
mixed with optimum proportions of fluor-  Baustoffwerke G.m.b.H.). A Method for Granu- 

’ spar, copper oxide, and a natural alumi- te oge Ane oS I Plaster. British Pat. 

num silicate material such as kaolin.12 "15 Schuette, H. W., and R. N. Hume (assigned 
A method to avoid caking of moist he- to Moore Dry ee Co.). Method and. Apparatus 

mihydrate consists of separating the pa. 3,529,357, Sept. 32, 1970. ”P =e



elium 

By Edwin M. Thomasson 1 

Sales of grade A helium in the United of Mines under the conservation program 
MM 970 were ae nen a Mt veer totaled 3,490.6 MMcfin 1970. . 

ct), a decline of about . Cc . . ' PR | 

from 1969 sales, Of the total, 230.7 MMcf ,,. © Price of helium, fo.b. Bureau of 
; . Mines plants, remained $35 per thousand 

was sold by the Bureau of Mines, com- . oo, ; . | 

pared with 360.7 MMcf in 1969. Private Cubic feet. This. price was established, in 
- plants had a total sales volume of 416.5 1961. Helium was sold by private produc-— 

MMcf in 1970, compared with 398.8 MMcf ers at various rates, all somewhat lower _ 

in 1969. Helium purchases by the Bureau — than the Bureau of Mines price. | : 

| | PRODUCTION - | 

| On January 1, 1970, there were 12 heli- plant by means of a pipeline connecting _ 

um extraction plants. operating in the the two. Production from the three plants 

United States. On December 31, 1970, 11 of | was 660.1 MMcf of high-purity (99.997+ - 
these plants remained in operation. Table percent purity) helium. or abot the same 

1 shows the plants operating at the begin- as the 1969 production of 666.9 MMcf. | 

ning of the year and their status at year- Helium produced by the Bureau of Mines : 

end. These plants may be classified in and not sold was stored in the Cliffside 
three categories: (1) plants owned by the _ gasfield near Amarillo, Tex. The Bureau 
Federal Government and operated by the of Mines plants at Exell, Tex., and Keyes, | 
Bureau of Mines, (2) privately owned and  Okla., processed essentially all the helium- 
operated “conservation” plants producing bearing natural gas tendered by the natu- 
only crude helium (50- to 85-percent pu- ral gas pipeline company serving the 

| rity), almost all of which is purchased by plants. | a 
the Bureau of Mines under the national Extensive modernization of the Exell 

helium conservation program, and (3) pri- plant and the installation of additional 
vately owned and operated plants produc- processing facilities continued throughout 

- ing helium for independent sale to com- the year. _ | | 

mercial (non-Federal) customers. . Conservation Plants.—Five privately 
Total production of helium (of all owned and operated helium extraction 

grades) from all plants during 1970 was plants produced helium for sale to the Bu- 

4,676.8 MMcf. This is a decrease of about eau of Mines under long-term contract 
1.6 percent from the 1969 production of for the Government’s helium conservation , 
4,752.4 MMcé. program. These plants produced only | 

Bureau of Mines Plants.—Three Bureau crude helium, principally for storage at 

of Mines plants, at Amarillo and Exell, the Cliffside field, but two of the plants 
Tex., and Keyes, Okla., were in operation sole small quantities of crude helium pro- 
at the beginning of the year. However, the ced Un Excess of conservation contract Te- 
plant at Amarillo, Tex., which commenced quirements to private helium plants for 
operation in 1929, was closed on April 15, purification. Some of this excess helium 

1970. The loading facility at the Amarillo 8 Stored at the Cliffside field under con- 
plant continues in operation with high-pu- tract with the private producers. During 

rity helium being supplied from the Exell 1 Staff engineer, Division of Helium. 

567
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| Table 1.—Ownership and location of helium extraction plants in the United States 

Category and owner or operator ! Location Type of production Status 
Dec. 31, 1970 

- Government owned (1): . | 
Bureau of Mines____....-.-...... Amarillo, Tex_._.._.-.----- Grade A helium.__.__ Abandoned. 

Do___..-------------------- Exell, Tex.--..-_-----.--- ~---do_.--_......__ Operating. 
Do.___.--------------------- Keyes, Okla___-..-------. ----do__----..----. Do. 

Conservation plants (2): ; 
Cities Service Helex, Inc____......_ Ulysses, Kans_..._....._.... Crude helium only___ Do. 
National Helium Corp____......-. Liberal, Kans___..-----... ~---do-..--2..-_-.- Do. 
Northern Helex Co_____.______... Bushton, Kans__._.._.-.._ ~-..do_..___u =. Do. 
Phillips Petroleum Co____......... Dumas, Tex.._--_.---.--. ~.--do__.---..--_.- Do. . 

Do_____..------.-.---...-.. Hansford Co., Tex_........ ....do__-...--. 2 - Do. 
Privately owned (3): 

Alamo Chemical Co________.__._.. Elkhart, Kans____..._.... Grade A helium_--___ Do. 
_ Cities Service Cryogenics, Inc_____. Scott City, Kans__..._.... Crude helium 2____-_ Do. 
Kansas Refined Helium Co___.._._ Otis, Kans__._...____.._...._ Grade A helium_-_-___ Do. | - 
Kerr-McGee Corp___.-...----.--.- Navajo, Ariz_.._.__........ Grade A helium 3__-_ Do. 

| Linde Co.4_______.--------------. Shiprock, N. Mex_.__-...- Grade A helium_____ Not operating. 
Western Helium Co____-_.---..... Navajo, Ariz_...----_.-.-. ~-.-do_._.......... Operating. 

1 See text for full descriptions of plant categories. 
2 Crude helium is shipped by pipeline to Cities Service Helex plant for purification. 
3 Plant equipped to produce liquid helium. 
4 Former Bureau of Mines plant, now owned by the Navajo Indian Tribe and operated under lease as a 

pilot-plant operation. . 

Table 2.—Helium production in the Table 3.—Production of grade A helium 
United States by Bureau of Mines plants 

(Million cubic feet) (Million cubic feet) 

ee Plant 1 Quantity 
: ant location a —_——— Year Quantity 1969 1970 

- 1966.____---.---------------------- 4,606.1 Amarillo, Tex.t.._.....-.----. 57.1 10.6 
UNG 1 - ~~ aon -So anon nore torneo a il2.8 Exell, Tex....--------------. 256.4 255.9 

© Ag’ TITTIIIIIIIIICIIIIIIIIIIIIEIID alrs2ia eves: Olla----------------- S888 898.6 
1970. _..--------------------------- 4,676.8 Total__..-------------. 666.9 660.1 

- . 1 Plant ceased operation Apr. 15, 1970. 

| | Table 4.—Helium purchased by the Bureau of Mines for conservation 
| (Million cubic feet) | 

Helium delivered 
Company Location ——————— 

1966 1967 1968 1969 1970 

Cities Service Helex Inc__..... Ulysses, Kans__.._.._..... 717.4 740.6 771.4 718.3 716.5 
National Helium Corp__.-...- Liberal, Kans._......._._ 1,303.7 1,245.6 1,211.6 1,247.4 1,165.8 
Northern Helex Co_.__.....-. Bushton, Kans_......... 565.5 654.9 618.1 662.4 612.9 
Phillips Petroleum Co__.._..... Dumas, Tex.........--._._ 539.8 551.2 569.9 587.9 587.3 

Do_____-_._-.-__.-.----- Hansford Co., Tex__..... 490.7 426.4 468.8 429 .3 408.1 

. Total__.__-----------_------------------------ 3,617.1 3,618.7 3,689.8 3,645.3 3,490.6 

Table 5.—Helium in conservation storage of this total, compared with 3,645.3 MMcf 

(Million cubic feet) purchased in 1969. 

San Private Plants.—Five privately owned 
Quantity Amount heli . 1 . . 

Year in storage privately eluum extraction Pp ants were 1n operation 

Dec. 31 owned ! during the year. These private plants oper- 
1966._____......-..... 12,720.2 50.2 ate independently of the Federal helium 

1967____-------------- 16,527.0 57.4 program, and sales are made for the most 
1968_____-_--_.-------- 20,328.5 69.8 . . . . 
1969_____-.-..--.----- 24,224:0 21.0 part directly, or through industrial gas dis- 
1970_____------------- 28,236.1 58.1 tributors, to commercial (non-Federal) 

1 Helium stored for private companies under stor- CUuStomers. 
age contracts and not owned by Bureau of Mines. Production from all private helium 

plants in 1970 was 416.5 MMcf of grade A 

1970, the five conservation plants produced helium. This compares with the 398.8 
a total of 3,600.2 MMcf of helium. The MMcf produced by these plants during 
Bureau of Mines purchased 3,490.6 MMcf 1969.
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CONSUMPTION | 

Bureau of Mines sales of grade A heli- sales of high-purity helium, 177.5 MMcf 
um continued to decline during the year. was delivered to Federal agencies and 53.2 . 
Bureau sales were 230.7 MMcf in 1970, MMcf to commercial customers. However, 

compared with 360.7 MMcf in 1969. Total much of the helium delivered to commer- 
sales of grade A helium from both Bureau cial firms was redistributed to Federal 

and private sources also decreased from a agencies; thus, the amount is not indica- 

total of 759.8 MMcf in 1969 to 647.2 MMcf tive of actual helium use by non-Federal 
| in 1970. Of the total Bureau of Mines customers. 

| Table 6.—Shipments of grade A helium from Bureau of Mines | 
plants to various customers 

(Million cubic feet) , 

| 1969 1970 
Recipient $$$ SSS 

Quantity Percent! Quantity Percent! 

Federal agencies: | 
Department of Defense_._____._-_..-.-.-.-_-.---. 191.6 53.1 119.5 51.8 
Atomic Energy Commission. ____..-----..-- 23.3 . 6.5 17.1 7.4 
National Aeronautics and Space Administration _-_-_ ~~~ 63.8 17.7 37.4 16.2 
Weather Bureau (ESSA)_________ 22 -- ee e 4.5 1.2 3.1 1.3 
Other_____--------------------------------------- 8 2 A 2 

Subtotal______2._------------------------------ 284.0 78.7 177.5 16.9 
Non-Federal customers 2.___.......--..-.-------------. . 76.7 21.3 53.2 23.1 

Grand total___...-.------_---------------------- 360.7 100.0 230.7 100.0 

1 Percentage of all shipments. 
2 A large part of this helium is redistributed by the Bureau’s non-Federal customers to Federal agencies and 

their contractors; hence, the data herein are not indicative of actual helium use by non-Federal customers. 

The decline in total helium sales'in the repackage it in smaller containers, and dis- | 
United States follows a trend first estab- tribute it to the helium-using Federal 
lished in 1967. Peak sales occurred in 1966, agencies. These contracts make relatively | 
when 948 MMcf of helium was sold small quantities of helium readily avail- 
(used). Most of the decline in helium able to the agencies and reduce freight 
sales (usage) is believed attributable to charges for small purchases. 
the reduced level of activity in the Na- The largest user of helium in 1970 was 
tion’s space and missile programs and the again the Nation’s space and missile pro- 
shift in these programs from development gram. Private industry and research organ- 
to operational status. Also, the overall izations also continued to use large quanti- 
slowdown in the Nation’s economy has un- ties of helium. 
doubtedly contributed to the reduction of 
helium sales in the past few years. : . | 

pe y . Table 7.—Grade A helium used in the 
All Bureau of Mines grade A helium ; 

. . . . United States 
was shipped in gaseous form in cylinders, Mini hic feet 
highway semitrailers, or railway tank cars. (Million cubic feet) 
Private plants shipped helium in both the Year Quantity ! 

gaseous and liquid states. a 

Helium redistribution continued satisfac. 19977277 2277777772TTTTTTTTIIITIIII 907 
torily under contracts between the General 1968. - - ---------------------------- 867 

Services Administration and private compa- 49797 7777722777772220000TTTTT sa 
nies. The private companies purchase hell- TV Includes helium produced and sold by privately 

° . ncludes helium produced and so y privately um from the Bureau of Mines in bulk,  oyned helium extraction plants.
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_ RESOURCES 

The survey to locate the helium re- Tex., near Amarillo. Five major helium- 
sources of the United States was continued _ bearing gasfields located in the Texas Pan- 

- throughout the year. A total of 457 natu-§ handle, Oklahoma Panhandle, and south- 
ral gas samples from fields and wells in 20 western Kansas contain over 80 percent of 

States and five foreign countries were col- the helium reserves of the United States. 
lected and analyzed for helium. These fields are (1) the Hugoton field in 

Judging from the information now Kansas, Oklahoma, and Texas; (2) the Pan- 

available, no significant discoveries of heli- handle field of Texas; (3) the Keyes field 
um were made in 1970; however, the fu- in Oklahoma; (4) the Greenwood field in 

ture development of new fields could in- Kansas and Colorado; and (5) the Cliff- 
crease estimates of reserves. side field in Texas. All of these fields are 

. As of December 31, 1970, the helium within 200 miles of Amarillo, Tex. The re- 

reserves of the United States were esti- maining helium reserves are contained in 
mated to be 154 billion cubic feet, exclu- 83 gasfields located in Arizona, Colorado, — 

sive of the 28 billion cubic feet of helium Kansas, Montana, New Mexico, Oklahoma, 

in storage at Cliffside Field, Potter County, Texas, Utah, West Virginia, and Wyoming. 

FOREIGN TRADE 

Export licenses for helium were granted MMcf. Most exported helium was used in 
by the Office of Munitions Control, U.S. fundamental and applied research, in chro- 
Department of State.2 Exports of helium matography, and in various atomic energy 
in 1970 are estimated to be about 60 to 65 applications. 

| WORLD REVIEW | 

The only helium extraction plant in op- tion data are not known, it is believed 
eration in the free world besides those in that the plant operates at near capacity. 
the United States is located near Swift Most of the helium produced is said to be 
Current in Saskatchewan, Canada. The exported to Japan and other Asian coun- 
plant began production in December 1963. tries, although some is used in Canada. 
It processes nonflammable helium-bearing “The authority t ant bh fo 

gas from a small reserve. In 1967, the helium was transferred to the Department of 
plant’s annual capacity was increased from Commerce. from the Department of State in 

12 MMcf£ to 36 MMcf. While exact produc- March 1971.



By F. L. Klinger 3 

World production of iron ore in 1970 250,000-ton range. The capacity of loading 
increased about 7 percent compared with and unloading systems installed was as _ 
that of 1969. Increased output was evident high as 15,000 to 20,000 tons per hour. 
in most of the principal producing coun- Slurry transport systems were affording | 
tries. Demand was strong in the first half such economies in transport and handling | 
of the year but declined to some extent in costs that a number of iron ore deposits, 
the last half as the pace of steelmaking ‘previously regarded as marginal or uneco- : 
was slowed in the United States, Europe, nomic, could now be exploited. 

and Japan. Iron ore prices were generally Capacity for iron ore pellet production 
higher, continuing a trend begun in 1969 continued to rise. New plants or expan- 
after several years of decline. Demand for sions of existing plants were completed or 

| high iron content ores, beneficiated to in- under construction in the United States | 
creasingly strict physical and chemical and a dozen other countries. The United 
specifications, continued to raise the qual- States produced more than half of the 
ity of marketable ore as well as the costs world’s pellets; output in 1970 was 55.4 a 
of production. This inevitably led to the million tons. The number of metallized- 
closing of additional high-cost or low-vol- pellet plants was also increasing. | 
ume producers such as small underground Australia became the world’s leading ex- 

- mines and to the coalition of other produc- porter of iron ore in 1970 and was the 
ers into larger, more competitive units. principal recipient of new iron ore invest- 

Transportation continued to be a major ments. Australia’s export commitments 
element in iron ore costs, but it was also under long-term contracts totaled more 
an area where important savings were pos- than | billion tons of iron ore, about 
sible. The trend toward increasing the size three-fourths of which was destined for | 
of individual ore shipments, ore-carrying Japan. Major expansions of production ca- 
vessels, and of the capacity of port facili- pacity were announced in Canada and 
ties to service them was evident all over Brazil. 

the world. Several ports were completed or 
under construction to handle vessels in the 1 Physical scientist, Division of Ferrous Metals. 

| Table 1.—Salient iron ore statistics 
(Thousand long tons and thousand dollars) 

1966 _ 1967 1968 1969 1970 

United States: | . 
Iron ore (usable;! less than 5 percent Mn): 

Production 2___..._.._----------------- 90,147 84,179 85,865 88 ,328 29,760 
Shipments 3__._____.------------------- 90,041 82,415 81,934 89 ,854 87,176 

Value 3_______.__-.._--_--_-_-.---- $854,184 $817,511 $836,433 $929,293 $941,739 
Average value at mines per ton_..___ $9.49 $9.92 $10.21 $10.34 $10.80 

Exports. __...-.----------------------- 7,779 5,906 5, 884 5,160. 5,492 
Value____.------------------------ $92,157 $71,585 $70,835 $62,310 $67,898 

Imports for consumption__.________.._-- 46 ,259 44,611 43 ,941 40 , 732 44,876 
Value__.._._-_-------------------- $462,354 $443,918 $453,753 $402,178 $479,380 

Consumption ____......-----------.---- 184,047 127,424 181,753 140,235 135,000 
Stocks Dec. 31: 

At mines 3_______._---------------- 12,160 12,959 16,041 13,566 15,316 
At consuming plants_____._.._.____- 54,658 55,121 53,282 + 50,935 52,781 
At U.S. docks___--_-_---------_------ 2,707 2,987 2,797 2,648 3, 403 

Manganiferous iron ore (5 to 35 percent Mn): 
Shipments_________-_.----------------- 246 289 245 385 329 

World: Production. __.._....------------------- 625,799 612,820 668,142 707,183 754,299 
——— $$$ $e 

t Revised. 
1 Direct shipping ore, washed ore, concentrates, agglomerates, and byproduct ore (mostly pyrites cinder 

and agglomerates). 
2 Includes byproduct ore. 
3 Excludes byproduct ore. 

57]
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Figure 1.—United States iron ore production and imports for consumption. — 

| EMPLOYMENT | 

Preliminary figures indicated a 1.4-per- percent. Nationwide, calculated output per 
cent increase in total man-hours worked in man-shift increased 1.3 percent for crude 
iron ore mines and beneficiating plants in ore; the figure for usable ore appeared to 
the United States in 1970. The average be almost the same as in 1969. A true 
number of men employed declined to measurement of productivity was prevented : 
about 17,000 compared with 18,600 in 1969. by the usual practice of mining companies 
The drop in employment occurred princi- to maintain a stable labor force by keep- 
pally in Michigan, where three under- ing men employed all year, even if not 
ground mines were closed at the end of producing iron ore. 
1969. In the Lake Superior district, the av- The trend toward reducing the number 
erage number of men employed was 66 _ of relatively small, high-cost mines in favor 
percent of the national total, compared of more efficient, large-scale operations was 

with 67 percent in 1969. continued. ‘There were 18 fewer mines op- 
The number of man-shifts worked in the erating at yearend compared with 1969, al- 

Lake Superior district in 1970 increased 1 though several of these were closed because 
percent compared with 1969, as output of ore reserves were exhausted. Employment 
crude ore rose 2.7 percent and output of figures in 1970 for the iron mining indus- 
usable ore, 1.4 percent. This reflected in- try in most of the principal producing 
creased production from taconite opera- States were lower than in 1969. 
tions. For the rest of the country, the Revised employment data for 1969 
number of man-shifts increased about 2 showed a total of 42,634,000 man-hours 

percent, output of crude ore rose 3 per- worked and the average number of men 
cent, and output of usable ore, about 2 employed to be 18,646. .
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DOMESTIC PRODUCTION | 

Crude iron ore production in 1970 in- lion tons of pellets per year. The expansion 

creased 2.6 percent compared with 1969. was scheduled to be completed in 1972. 

The higher output was generated mainly Elsewhere on the Mesabi, United States 

by taconite operations in Minnesota and Steel began production of ore at the Twin 

Wisconsin, which compensated for reduced City mine near Chisholm, and was prepar- 

production from “soft-ore” mines of the ing to strip surface overburden from the 

Mesabi and Menominee ranges. In Wiscon- Donora ore body near Aurora. Rhude & 

sin, the Black River Falls mine and plant Fryberger, Inc. announced that it was de- ae 

of Inland Steel Co. has its first full year of veloping a new open pit mine near Kin- 

production in 1970. ney, at the Rana property. Natural ores 

Domestic output of crude ore was pro- Will be mined by open pits at these prop- 
duced from 10 underground mines and 64 erties. In other developments, Bethlehem 

open pits in 1970, compared with 12 un- Steel Corp. and Pickands Mather & Co. 

derground mines and 80 open pits in 1969. were investigating the economic feasibility 
The proportion of crude ore mined from of constructing a 4-million-ton-per-year 

open pits in 1970 was 93.8 percent, slightly pelletizing facility for iron ore at Hibbing. 

higher than in the previous year. The av- The two firms announced in September 

erage iron content of all crude ore mined that a contract for the cost study had been 
in 1970 was approximately 33 percent. : awarded to United Engineers & Construc- | 

Mines operated during 1970 but closed tors, Inc., of Philadelp hia, Pa. ; 

by yearend included the Humboldt mine — In Michigan, the Eagle Mills pellet 

on the Marquette range, Michigan; the plant was closed at yearend. The plant, lo- | 

West Hill mine on the Mesabi range and ated east of Negaunee, pelletized a por- 
the Lauretta Manganiferous mine on the tion of the concentrates produced at the 

Cuyuna range in Minnesota; and the Pyne Republic mine. These concentrates will 

underground mine in the Birmingham dis- now be pelletized at the Humboldt plant, 
trict. The Pyne mine, operated by the which was idled in 1970 when the Hum- 

Woodward Co. (Division of the Mead  boldt mine was closed. 
Corp.), was the last of the “red ore” In California, Standard Slag Co. was re- | 

mines operating in Alabama. — ported to be building an iron ore process- 

Production of usable ore was 1.6 percent ing plant in the Kingston Peak area of 

more than in 1969, but shipments declined San Bernardino County. The plant was 

- 3 percent. Production and shipments of di- scheduled to begin production in Novem- | 

rect-shipping ores in 1970 were more than ber 1971 to fulfill a 5-year contract for 
. 25 percent less than in 1969 because the supply of 2.5 million tons of iron ore to 

market continued to favor ores having a the Nippon Steel Corp. of Japan. Source of 

higher iron content and/or a more uniform the ore is expected to be the Kingston 

structure. Production of pellets and sinter (also known as the Beck or Iron Gossan) : 

at domestic mines was about 5 percent more deposit. 

than in 1969, and the proportion of bene- _ In New York, National Lead Co. contin- 

ficiated ore 2 rose to about 92 percent of ued construction of a $4.5 million plant 

the national output compared with 89 per- for regrinding magnetite concentrate. Com- 

cent in 1969. The average iron content of pletion of the facility was expected in May 

| usable ore production and shipments was 1971. Although the plant was primarily de- : 

slightly higher than 59 percent. The Lake signed to recover additional ilmenite, the 

Superior district again accounted for 78 quality of coproduct magnetite will also be 

percent of the national output. improved. The company hopes to expand 

In Minnesota, United States Steel Corp. its sales of magnetite in the heavy-media 

began constructing additional processing market, and to the steel industry for use 

facilities at the Minntac plant near Moun- in  direct-reduction _ processes. National 

tain Iron. The new facilities, which will in- | Lead is a co-owner of the SL/RN direct-re- 

clude two Allis-Chalmers ‘Grate Kiln” duction process. 

pelletizing lines with a design capacity of 3 In Alaska, United States Steel acquired a 

million tons each, will increase nominal —W—W————— . 

production capacity of the plant to 12 mil- nary eneficiated oy crecning. treatment than ordi-
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| 10-year lease on 563 acres of the Klukwan Corp. was reported to have completed — 
Indian Reservation, north of Juneau. The planned field work on the Snettisham de- 
Klukwan iron deposits reportedly contain posits by mid-1970. The company had pre- 
an average of 13 percent iron and 2 per- viously announced plans for a $130 million 
cent titanium. No development plans were project to exploit the deposits, but no fur- 
announced. South of Juneau, the Marcona ther developments were reported in 1970. 

7 CONSUMPTION AND USES 

The method of reporting iron ore rates at steel mills includes foreign and 
consumption adopted in 1963 was contin- domestic direct-shipping ores, fines gener- 
ued in 1970. Concentrate used for agglom- ated in shipping, and foreign and domestic 
erate produced at mine sites was not re- iron ore concentrate. Other materials such 

. ported as iron. ore consumption. Its as limestone, flue dust, mill scale, and coke 
consumption was reported when the ag- breeze used in making agglomerates were 
glomerate produced was shipped to the excluded. | 
furnace site and used. However, concen- Total consumption of iron ore in 1970 
trate and fines used for agglomerate pro- was 3.7 percent less than the record con- 
duction (mainly sinter) at blast furnaces sumption reported for 1969. Consumption 
and steel mills was reported as iron ore in steel furnaces continued to decline as 
consumed. This method of reporting gives more open-hearth furnaces were shut 

| a valid balance between reported consump- down. Consumption of iron ore in blast fur- 
_ tion and iron ore supply (production plus naces was 4.7 million tons less than in 
imports less exports, including adjustments 1969 as production of pig iron fell about 3 
for losses due to processing and transport- percent. The weight ratio of iron ore con- 
ing) . | | sumed to hot metal produced remained at . 

Iron ore consumed in making agglome- approximately 1.6 to 1. | 

| STOCKS | 

Total stocks of iron ore at U.S. mines, the Canadian mines in that year. Total 
docks, and consuming plants, excluding by- stocks of iron ore in the United States at 
product ore, totaled 7 1.5 million tons on yearend were equivalent to about 6 
December 31, 1970. This represented a 6- months’ supply at the average rate of do- percent increace compared with total stocks . ion in 1970. Stocks at US 
at yearend 1969 and a return to the levels mestic consumption in - 
of 1967-68. The relatively low level of ™nes increased 11 percent by the end of 
stocks in 1969 was attributed to reduced the year as shipments were down nearly 

. shipments from Canada owing to strikes at 2.7 million tons from the 1969 level. 

PRICES | 

Base prices for Lake Superior natural per ton, effective August 15, by the Inter- 
iron ores and pellets were higher in 1970. lake Steamship division of Pickands 
Published prices per long ton, 51.5 percent Mather & Co. An additional charge of 5 
iron, natural, rail of vessel at Lower Lake cents per ton was made for deliveries to 
ports, were 25 cents higher than in 1969 docks not capable of handling vessels hav- 
and were as follows: Mesabi non-Bessemer, ing drafts of more than 23 feet. 
$10.80; Mesabi Bessemer, $10.95; Old Further increases in iron ore prices were 
Range non-Bessemer, $11.05; and Old Range announced in late 1970 for the 1971 sea- 
Bessemer, $11.20. Lake Superior pellets son. Hanna Mining Co. announced in- 
were priced at $0.266 per long ton unit, creases of 37 cents per long ton for natural 
up 1.4 cents from 1969. ores and 1.4 cents per long ton unit for 

Bulk vessel freight rates on iron ore pellets. The new prices, to be effective Jan- 
shipments from the head of the lakes to uary 1, 1971, were as follows: Mesabi. non- 
lower lake ports were increased 10 cents Bessemer, $11.17; Mesabi Bessemer, $11.32;
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Old Range non-Bessemer, $11.42; and Old price less the cost of mine-to-market trans- 
: Range Bessemer, $11.57. The price for pel- _ portatiorm 

lets would be $0.28 per long ton unit. Any Published prices of selected foreign ores 

increase in transportation or handling costs Were as follows: Venezuela, Orinoco No. 1, 
during 1971 was to be borne by the buyer. °8 percent iron, f.o.b. Puerto Ordaz, per 

The average value of usable iron ore 100g ton, $7.88 (January-August) and 
shipped from domestic mines in 1970 (ex- $8.55 (September-December) ; and Brazil, 

; lump ore, 68.5 percent iron, f.o.b. shipping cluding byproduct ore) was $10.80 per ; 
. . point, $9.10 to $9.60 per long ton. Approx- long ton, f.o.b. mines, compared with imate f.o.b. prices for Australian lump ore, ; 

_ $10.34 in 1969 and $10.21 in 1968. These 64 percent iron, were reported to be $10.15 
data were taken from producers’ statements to $10.25 per long ton in late 1970 (see . 
and approximated the commercial selling World Review—Australia) . 

TRANSPORTATION | 

| The trend toward increasing capacity of 1971. In Western Australia, contracts were 
ore-carrying ships and of loading and han- let for construction of an iron ore load- 
dling facilities to service them was contin- ing facility at East Intercourse Island, 
ued in 1970. On the Great Lakes, two near Dampier, designed to accommodate 
large self-unloading iron ore carriers: were 160,000-ton carriers. 
scheduled for service in 1971. One was The Grangesberg Co. of Sweden ordered 
being built for Bethlehem Steel by Erie a third 265,000-ton ore/oil carrier for deliv- 
Marine division of Litton Industries, Inc.; ery in 1974. All three to these vessels are | 
it has a length of 1,000 feet and a cargo being built at the Uljanik shipyard in 
capacity of 51,500 long tons at 25 foot, 6 Pula, Yugoslavia. The first two are sched-_ 

_inch draft. The unloading system can dis- uled for service in 1973 and are already 
charge ore at rates up to 20,000 tons per contracted for on a time-charter basis for 3 
hour. The vessel will increase the trans- to 5 years after delivery. 
port capacity of Bethlehem’s seven-ship The tonnage of individual iron ore car- 
fleet by as much as 50 percent. The second goes loaded at foreign ports continued to 
vessel, an 858-foot carrier built for United rise. The largest reported was 138,000 gross 
States Steel by The American Ship Build- tons loaded at Tubario; others included 
ing Co., has a cargo capacity of about 122,000 tons at Sept Iles, 111,000 tons at 
45,000 tons and an unloading rate believed Port Hedland, and 88,000 tons at Port 
to be comparable to the first. The latter Cartier. 
company was also building two 630-foot, The number of ore carriers operating in 
self-unloading lake carriers designed to world fleets on January 1, 1970, was re- 
transport ore to upriver terminals. These ported to be 273, averaging 30,800 d.w.t., 
ships, scheduled for service in 1973-74, will compared with 131 vessels averaging 18,100 
be of 19,000 deadweight tons (d.w.t.) and  d.w.t. on January 1, 1960. Corresponding : 
will have unloading rates of 5,000 tons per _figures for ore/oil carriers were 126, averag- 
hour. They are expected to reduce unload- ing 56,000 d.w.t., compared with 55 vessels 
ing time by 75 percent compared with averaging 24,000 d.w.t. 10 years previousiy.3 
manual methods. A study of bulk-commodity transporta- 

Abroad, new port facilities were com- tion on the Great Lakes was published by 
pleted in 1970 for accommodating iron ore the Bureau of Mines. It presents hydro- 
carriers of up to 250,000 tons at Sept Iles, logic data; discusses factors which influence 
Quebec, and 200,000 tons at the Europoort the volume, pattern, and cost of shipping 
terminal in Holland. The port at Tu-_ different commodities; and presents esti- 
barao, Brazil was being developed to allow mates of the composition, characteristics, 
loading 250,000-ton carriers, and plans and operating costs of the U.S. lake vessel 

were announced to develop a second port, fleet in 1995.4 
at Sepetiba Bay, to accommodate vessels of 3 Mining Magazine (London). V. 124, No. 3, 

similar size. Dredging of the port at Point wT Aase, JH Transportation of Iron Ore, Lime- Central, Mauritania, was expected to allow stone, and Bituminous Coal. on the (Great Lakes 
loading of vessels of 147,000 d.w.t. by April Mines Inf. Circ. 8461, 1970. 61 pp.
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Transport of iron ore by pipeline and loaded by conveyor, then converted to 

: by slurry ships continued to be a subject — slurry for discharge at Portland. The 

of high interest. The 53-mile pipeline  52,000-ton ship, the world’s first ore/ 

operated by Pickands Mather International slurry/oil carrier, was converted from a 

in Tasmania completed 3 years of success- conventional ore/oil carrier to use the com- 

- ful operation. A 232-mile pipeline was pany’s Marconafilo system. A second slurry 

planned by Canadian Javelin, Ltd., to move ship of 141,000 d.w.t. was being converted 

12 million tons of iron ore per year from from a 106,000-ton ore carrier by the com- 

mines in Labrador and Quebec to a pelle- pany. The latter vessel will be used pri- 

_ tizing complex on the St. Lawrence River. marily to transport slurried concentrate 

A study by the Bureau of Mines of the from Peru to Japan, to fulfill a 10-year, 

cost of pipelining magnetite concentrate 10-million-ton contract negotiated by Mar- 

from the Mesabi Range to the Chicago  ¢ona with Nippon Steel Corp., in 1970. 

area Suggested that the cost may be com- Offshore loading of slurried magnetite 
petitive with that of rail-vessel systems cur- ; . . 
rently useds concentrate by a ] S-mile submarine pipe- 

Transport of slurried iron ore concen- line from a Waipipi tron sand deposits 
trates by ocean carriers, with either in New Zealand was scheduled to begin in 

loading or unloading accomplished by 1971. This project, operated by a Marcona 
pipeline, began in 1970 when the Marcona subsidiary, will produce 2 million tons of 

Corp. shipped 42,000 tons of magnetite concentrate per year and will deliver 9.45 | 

concentrate from Tasu, British Columbia million tons to Japan under a 10-year con- 

to Portland, Oreg. The concentrate was tract negotiated in 1970. 

FOREIGN TRADE 

Exports of iron ore increased 6.4 per- mines were. strikebound for part of the 

cent, to about 5.5 million tons in 1970; 3.2 year. The principal U.S. centers for im- 

million tons were destined for Japan and 2 ports of iron ore continued to be Philadel- 

_ million tons for Canada. phia, Baltimore, Cleveland, Chicago, and 
U.S. imports of iron ore in 1970 in-  \opie 

creased 10 percent compared with 1969. 1 197 O th 1 f 

_ Total imports were 44.8 million tons, of ” ine average value of exports was 

| which 23.9 million tons came from Canada $12.36 per ton, imported ore was $10.68 

| and 13 million tons from Venezuela. Im- Pé€r ton. These values represented increases 

ports from Canada were nearly 5 million of about 2 percent and 8 percent, respec- 

tons more than in 1969 when Canadian tively, compared with 1969. 

WORLD REVIEW 

Australia—The Australian iron ore in- Annual production capacity of Hamers- 

dustry continued to grow rapidly in 1970. ley was about 17.5 million tons of ore in 

Production of direct-shipping ore and pel- 1970, including 2 million tons of pellets. 

lets increased to 50.3 million tons, and ex- The company plans to expand capacity to 

ports rose to 40.1 million tons; these 37.5 million tons by 1974, This will in- 

quantities represented increases of 31 per- clude increasing production at Mt. Tom 

cent and 53 percent, respectively, over 1969 Price and development of the Paraburdoo 

levels. Shipments by all producers in- mine 45 miles away; extension of the rail- 

creased in 1970, but the major increases road to Paraburdoo, and increasing haul- 

came from Mt. Newman Mining Co. Pty. age capacity of the present 182-mile rail 

Ltd. and Hamersley Iron Pty. Ltd. Ship- line from 20 million to 37.5 million tons 

ments by Mt. Newman rose to 11.6 million per year; and construction of deepwater 

gross tons, more than twice the quantity port facilities at East Intercourse Island to 

shipped in 1969, and those from Hamers- handle ships of more than 150,000 d.w.t. 

ley increased to 16.7 million tons, a rise > Polta, H.J. Mesabi Range Iron Ore Trans- 

of 28 percent. portation. Feasibility and Estimated Cost of Pipe- 
g. BuMines Inf. Circ. 8512, 1971, 46 pp.
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The Mt. Newman project’s ore produc- cated between Port Hedland and Damp-. 
tion capacity was also being increased to ier), and port facilities to accommodate 
20 million tons per year. Ultimate capacity —_150,000-ton ships. 

_ is designed to handle 35 million tons per The total quantity of Australian iron 
year. Drilled ore reserves were estimated at ore and agglomerates covered under long- 
610 million tons in 1970, with an average term Japanese contracts for 1970 through 
(blended) content of 64 percent iron; po- 1979 was estimated at more than 550 mil- 
tential of the Mt. Whaleback deposit was lion long tons. 
estimated at a minimum total of 1 billion Approximate f.o.b. prices in 1970 for - 
tons at the same grade. In 1970 the ship- Australian ore containing 64 percent iron 
ping channel at Port Hedland, 265 miles per long ton were as follows: fines, $7.17: 
by rail from Mt. Whaleback, was deepened lump, $10.15 to $10.25; pellets, $11.72. An | 
to accommodate 100,000-ton vessels at low approximate f.o.b. price of $37.97 was 
tide, but vessels.of 150,000 tons can appar- quoted for metallized products. 6 
ently be handled at other times. Brazil.—Production and exports of iron 

Goldsworthy Mining Ltd. shipped 6.5 ore in 1970 increased about 22 and 35 per- 
million tons of ore in 1970 and planned to cent, respectively, compared with that of | 
increase annual shipments to 8 million 1969. Indications were that exports would 
tons in 1973 in order to fulfill contract probably exceed 50 million tons per year 
commitments. Total delivery requirements, by 1975. Cia. Vale do Rio Doce (CVRD) 
including spot sales, through 1980 were re- Was expanding production, shipment, and . 
ported to be 89 million tons. The com- ¢Xport capacities, and Mineracdes_ Brasi- 
pany was acquiring additional iron ore  leiras Reunidas S.A. (MBR) was develop- 
properties in 1970 near Shay Gap and ing the Aguas Claras deposits for an out- 

. Kennedy Gap, to bring its total ore re- put of 10 million tons per year by 1973. 
serves in the Mt. Goldsworthy area to about In addition to increasing haulage capac- | 
115 million tons averaging 64 percent iron. ity of its rail system, CVRD was expanding = 

. Broken Hill Pty. Co. Ltd shipped 12.4 port facilities at Tubarao to accommodate 
million tons of ore from its two mines 250,000-ton carriers and increasing shipload- 

near Whyalla in South Australia and three ("8 Capacity to 14,000 tons per hour. The 
mines in Western Australia. Two million 6O™P@?Y let contracts {0 a German consor- 
tons of pellets were shipped, mainly to tium for construction of a concentrator for | 

Japan. hematite ore near the Cave mine in Minas | 
. . Gerais. The plant will use high-intensity 

Final agreements were made wn 1970 for magnetic separators to produce 12 million 
developing the Robe River Project 1M tons per year of hematite concentrate con- 
Western Australia. Participants in the $300 taining about 68 percent iron. The plant is 

million project include the U.S-owned 9 be completed by 1973. CVRD’s expansion 
Cliffs Western Australian Mining Co. Pty. program is being assisted by a U.S. Export- 

Ltd., 30 percent; Mitsui & Co. Ltd. of Import Bank loan of $31 million and guar- 
Japan, 30 percent; and Australian interests, 2 ntees for $38.5 million in other commercial 
40 percent. The Robe River deposits, lo- loans. | 
cated about 100 miles southwest of Cape MBR signed a contract in April 1970, to 

, Lambert and 120 niles northwest of Mt. supply 105 million tons of iron ore to six 
Tom Price, contain at least 260 million Japanese companies over a 16-year period 

tons of proved reserves averaging 57 per- beginning in 1973. The company plans to 
cent iron. The project is designed to pro- produce 10 million tons of 65-percent iron 
duce annually 4.2 million tons of pellets ore per year from the Aguas Claras depos- 

tone of 63.5 percent "57 and mon its near Belo Horizonte, of which 7 million 
pons of ines averaging 97 percent iron SY tons per year will be shipped to Japan. 
1975. Production will begin in mid-1972 +H. project also includes de tclopment of a 
and will reach 8 million tons of pellets deepwater port at Guaiba Island in Sepe- 

and fines by 1973. Long-term contracts for tina Bay, about 60 miles west of Rio de 
87 million tons of pellets and 71 million Janeiro. Ultimately, the port is expected to 
tons of fines have already been signed with acommodate 250,000-ton vessels. MBR is 
Japanese buyers. The development will in- 
clude two townsites, a 104-mile railroad 6 Freeman, R.D. Minerals in the Australian 

. Economy. Comm. for Econ. Devel. of Australia, 
from the deposits to Cape Lambert (lo- Melbourne, January 1971, 44 pp.
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owned 51 percent by Companhia Auxiliar and Star-O’Keefe iron ore deposits in La- 

de Empresas de Mineragio and 49 percent brador. The Star-O'Keefe property iS 

by St. John del Rey Mining Co. Ltd. The owned by Dominion Jubilee Corp., in 

Hanna Mining Co. owns 52 percent of St. which Canadian Javelin has a 34.8-percent 

John. share. The project is estimated to cost 

Canada.—After experiencing widespread around $400 million and would produce 12 

strikes in 1969, Canadian mines produced million tons of iron ore products per year. 

at near-capacity in 1970. Shipments rose to Concentrates produced at the mines would 

an estimated 48 million tons and exports be transported by a 232-mile pipeline to a 

to 39 million tons, both record figures. pelletizing facility to be built at Pointe 

The major producers in 1970 continued to Marmite, near Sept Hes. 
| be Iron Ore Co. of Canada (IOC), with Exploration of iron deposits on Melville 

shipments of 20.1 million tons; Quebec peninsula in the Canadian arctic was con- 

Cartier Mining Co. (QCM), with ship- tinued by Borealis Exploration Ltd. Indi- 

ments of 887 million tons; and Pickands cated reserves of magnetite ore in the 

Mather, with shipments of 8.0 million western sector of the deposits were re- 

tons including 5.4 million tons from Wa- ported to be 2.6 billion tons containing 35 

bush Mines. | | to 49 percent iron, and in the eastern sec- 

In 1970, IOC announced plans to in- (tor, 1.1 billion tons containing 25 to 30 

crease its annual production capacity to 33 percent iron. : 

- million tons of ore, including 16 million Chile—Production and shipments of 

tons of pellets, 12 million tons of concen- iron ore in 1970 were slightly below the 

trate, and up to 5 million tons of direct- levels of 1969. A change in government 

shipping ore. The expansion, to be com- policy Jate in 1970 led. to acquisition of 

pleted by 1973, is expected to cost $270 100 percent of Cid. de Acero del Pacifico 

million. Principal objectives include nearly (CAP) by the state-owned Corporacién de 

doubling the output capacity at Carol Fomento de la Producién (CORFO) firm, 

Lake to 23 million tons of concentrate per and government acquisition of the mines 

year, and constructing a 6-million-ton pel- operated by Bethlehem Chile Iron Mines | 

letizing facility at Sept Iles. The pellet Co. appeared to be likely. Iron ore 

plant will be equipped with two Allis- shipped by CAP and Bethlehem in 1970 

Chalmers grate-kiln systems, each having amounted to 3.3 million tons and 2.64 mil- | 

an annual capacity of 3 million tons. Ore lion tons, respectively, about half of total 

feed to the pelletizers will be hematite Chilean output. Development of the 

concentrate obtained by flotation of Labra- Chanar Boqueron deposit by CAP ap- 

dor (Knob Lake) ore. IOC also completed peared to be delayed, but increased ore 

a $14 million dock at Sept Iles in 1970 shipments by the company suggested that 

which can accommodate 250,000-ton car- construction of the magnetic concentrator 

riers. at El Algarrobo was completed in 1970. 

IOC export contracts with U.S. and for- Bethlehem was engaged in a $25 million 

eign buyers through 1995 were reported to expansion program, scheduled for comple- 

have a total value of more than $7 billion. tion in 1972, which included raising pro- | 

This included a 15-year, 75-million-ton duction capacity at El Romeral by 50 per- 

contract negotiated in 1970 with Japanese cent to 4.5 million tons of concentrate per 

steel companies. year. 

QCM began construction of a 75-mile In September 1970, the Chilean Govern- 

railroad from Lac Jeannine to Mt. Wright. ment authorized an investment of $55.8 

This was the second phase of development million by Mitsubishi Metal Mining Co. 

for the Mt. Wright project, which is sched- Ltd. and Ataka & Co. Ltd. to develop the 

uled to begin production in 1974-75. The Santa Clara iron deposits in Atacama prov- 

railroad will be completed in 1972, and ince. Production was scheduled to start by 

the mine and concentrator in 1974. Output 1973 at the rate of 2.4 million tons of con- 

capacity in 1975 is expected to be 16 mil- centrate per year. Reserves of magnetite 

lion tons of concentrate per year. ore were estimated at 40 million tons con- 

Canadian Javelin Ltd. was negotiating taining 35 to 45 percent iron. 

with iron ore buyers in Europe and Japan, Finland.—Two iron mines were being 

relative to its plans to develop the Julian developed by Rautaruukki Oy. One, at
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Levedselka near Raajarvi, will begin pro- 1970. Both plants have nominal production 
duction in 1971. The ore will be processed capacities of 1.8 million tons per year. 
at Raajarvi. The other was the Rautavaara Development of a major new mine may 
mine, near the Swedish border at Kolari. be undertaken in the Wologisi Range of 
Production at Rautavaara will begin by northwestern Liberia by 1974. Exploration 
1975 at the rate of 400,000 tons of concen- by the Liberian, Iron and Steel Corp. 

trate per year. (LISCO) indicated reserves of approxi- 
India.—Production and exports of iron mately 1 billion tons of material contain- — 

ore increased by 4 percent and 25 percent, ing about 35 percent iron. As of April =| 

respectively, compared with 1969. Domestic 1970, proven reserves of readily minable 
consumption was down 10 percent, to 10.2 ore, concentratable to 66 percent iron, . 
million long tons. The average value of were estimated at 375 million tons. Ore in 
export shipments dropped to $7.57 per some areas was considered concentratable 
long ton, compared with $7.78 the previous to 70 percent iron. Proposed facilities for 
year. Exports of iron ore to Japan in 1970 development included a 130-mile railroad, 
were 16.2 million long tons, or about 81 a 10-million-ton pelletizing plant, and port — 
percent of total exports. facilities capable of loading 350,000-ton 

_ Expansion of the Kiriburu mine in Or- vessels in 24 hours. To accommodate vessels . 
issa was continued in 1970. The mine, of this size, a 2-mile pier would be con- 

screening plant, and ore loading facilities structed from a shore base near Roberts- 
_ were being enlarged to provide an output port to reach a water depth of 100 feet. — 

of 5.5 million tons per year by 1972, an Three Japanese companies were reportedly : 
increase of 65 percent over capacity in negotiating wih Liberian International 
1970. | | , American Corp. (LIAC) for a 51-percent 
Output of the Bailadila mine, largely for equity in LISCO, LIAC owns 80 percent of . : 

export, was scheduled to increase to 10 LiISCO. 

million tons per year by 1976. At that Mauritania.— Mines de Fer de Mauri- 

time, from Kiriburu is planned to be di- tanie (MIFERMA) was deepening the | 

verted for domestic consumption at the port at Point Central to accommodate | 

Bokaro works in Bihar. 150,000-ton ore carriers by April 1971. The | 
Concentration of iron ore from the Ku- company was also studying the feasibility 

dremukh deposits mn Mysore was reported of increasing iron ore production from the. 
to be successful in pilot plant tests. Under F’Derik (Ft. Gouraud) area to 12 million 

a project submitted for the approval of tons per year by 1973. Output in 1970 was | 
the Government, 4 million tons of concen- _ ways 

. . a approximately 9 million tons. 
trate averaging 66 percent iron will be ey . . . | 
produced annually for export to Japan, Mexico.—Production of iron ore in- 

starting by 1975. Slurry transport will be creased 25 percent in 1970 to an estimated 

used. The pelletizing will be done in 4-3 million tons. Cia. Fundidora de Fierro y 
Japan. Participants in the project inckude Acero de Monterrey S.A. began production 

the National Minerals Development Corp. of ore from its new Hercules mine in Coa- 

(51 percent), the Marcona Corp. (25 per-huila early in 1970. Shipments of ore from 
cent), and three Japanese firms (24 per- this mine were expected to be 600,000 tons 
cent) . | in 1971. At Alzada, Colima, Hojalata y 

Liberia.—Shipments of iron ore by Lamina S.A. (HyLSA) began operating its 
Liberian American-Swedish Mining Co. new pellet plant on February 16, 1970. 

(LAMCO) Joint Venture in 1970 were up Shipments of pellets during the year to- 
nearly 10 percent, and the Grangesberg Co.  tajeq 650,000 tons, most were destined for 

reported prices were up 10 Percent com. FiyLSA. sponge iron plants at Monterrey 
P P y 5 © and Puebla. Annual production capacity of 
1971 exports by the four producing compa- ee P ‘Hion 1 
nies indicated essentially no change from the Colima plant is about 1.1 million 20n8 
the 1970 level. tons of pellets containing 66 percent iron. 

The pelletizing plant being built for the Morocco.—A $26 million iron ore con- 
Bong Mining Co. was expected to begin centration and pelletizing project was un- 
production early in 1971. LAMCO’s plant derway at the Vixan deposits, near Nador. 
produced 1.8 million tons of pellets in| The Vixan mines, operated by La Société
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d’ Exploitation des Mines du Rif (SE- large proportion of the higher grade ore. 

FERIF) are currently the only producers Consequently, imports in 1970 rose to 

in Morocco. In March 1970, a contract was more than twice the 1969 level in order to 

awarded to the Midrex division of Mid- _ satisfy rising domestic demand. 

land-Ross Corp. for installation of a shaft- Expansion of pyrite production and 

furnace pelletizing system. Annual produc- processing in southwest Spain was expected 

tion of 840,000 tons of pellets was planned to yield a byproduct of as much as 3 mil- 

to start early in 1972. Contract for design lion tons of pelletized iron oxide (63 to 65 
7 of a 1,312-foot circular shaft to be sunk at percent iron) per year by 1975. 

the Vixan deposit was awarded to Powell Sweden.—Swedish output and exports of 

-.  -Duffryn Technical Services of the United iron ore fell below 1969 levels partly be- 

Kingdom. | cause the strike at Luossavaara-Kiiruna- 
New Zealand.—Marcona Corp. contracted vaara AB (LKAB) mines was not settled © 

with a group of Japanese firms to deliver until February, and partly because of a de- 
~ 9.45 million tons of magnetic concentrat2 cline in export demand during the last 

to Japan over a period of 10 years begin- half of the year. Compared with 1969, pro- 
| ning in 1971. The concentrate will be pro- duction was down 4 percent to 31.3 mil- 

duced from the Waipipi beach sands on the lion long tons and exports were down 12 

| west coast of North Island and transported percent to 27.5 million tons. Prices were 

_as slurry by pipeline to a loading point 1.5 higher, however; the Grangesberg Co. re- 
| miles offshore. ported an average price rise of 14 percent 

Late in 1970, a similar contract was ne- in contracts for 1970 deliveries, and LKAB 
gotiated between New Zealand Steel Ltd. reported an average price rise of 10 per- 

and a group of Japanese firms for delivery cent. 
| of 11.6 million tons of concentrate over a Grangesberg’s plant for production of 

| 10-year period beginning in 1972. The cold-bonded pellets did not come on | 
beach sand concentrate will: be produced stream until the fall of 1970. Production at | 
from the Lake Taharoa area west of Ham- the planned rate of 1.5 million tons per 
ilton on North Island. Mining and ship- year was not expected until late 1971. 
ping methods will be similar to those used Venezuela.—Increased iron ore output by 
at Waipipi. Orinoco Mining Co. was responsible fcr 
Peru.—Marcona Corp. was expanding a 12-percent rise in Venezuelan production 

production capacity at San Nicolas by in 1970. Shipments by Orinoco and the 

about 20 percent, to 10.5 million tons of Iron Mines Co. of Venezuela totaled 

concentrate per year. Pelletizing capacity nearly 21.5 million gross tons, of which 

was being raised 700,000 tons, to 4 million about 60 percent was destined for the 
tons per year. Shipping facilities were also United States. 
being increased, both for dry ore products Construction of the iron ore reduction 

and for slurried concentrate that will be plant by Orinoco was again delayed by 

transported by the Marconaflo slurry sys- strikes, but completion was expected by 
tem. The $25 million project was to be 1972. Capacity of the plant will be 1 mil- 
completed by 1972. lion tons per year of briquetted concen- 

In 1970 the Marcona Co. signed a 10- trate containing about 86 to 92 percent 

“a: . , iron. 
year, $113 million contract with the Nip- New tax laws passed by the Government 
pon Steel Corp. for delivery of 10 million. . 

Fe ; . in late 1970 were expected to raise income 
tons of concentrate beginning in April taxes paid by the iron mining companies, 

1972. The concentrates will be shipped as  }yt whether iron ore valuations would be 
slurry and will be pelletized in Japan. raised by the Government was uncertain. 

Spain.—Increased output and efficiency The new law gave the Government power 
at iron mines continued to be a major to establish theoretical prices (called Tax 
objective of Spain’s development plan, but Reference Values) for iron ore, which 

progress was difficult. The national output would be used to determine income tax 

increased, but exports continued to drain a liability of exporting companies.
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| The demand for agglomerated iron ore iron ore containing a reducing agent.” The 
products continued to increase. U.S. output firm plans to build two plants, having a 
of agglomerates at or near the mines rose total production Capacity of about 235,000 
to Of Percent of comestic output oa we tons per year, for operation in 1971.13 
ore, compared wit percent in ; idland-Ross Corp. continued to pro- 
and pellets made up at least 37 percent of duce metallized iron ore pellets at its 
U.S. consumption of iron ore in 1970,com- —400,000-ton-per-year facility in Portland, 
pared with 34 percent in the previous Oreg. and was building new plants of sim- 
year. — ilar capacity at Georgetown, S.C., and 

The value of close sizing of ores and ag- Hamburg, West Germany. The company 
glomerates in blast furnace burdens has  4!so purchased a site near Taft, La., for an 
been recognized for some time; however, “additional plant and was planning to 
considerable attention is now being paid to build a fifth in Japan. | . 
physical properties of these materials at el- Reduction of red and brown iron ore 
evated temperatures and under reducing concentrates from Alabama, in fluidized- 
conditions. Compressive strength of ores bed reactors using carbon monoxide and 
and agglomerates as received, for example, hydrogen reductants, indicated that reduc- 
often appears to have little relationship to tion was fastest when hydrogen was used 
compressive strength under reducing condi- at temperatures of 725° C or higher.14 
tions.7 This is becoming increasingly im- B . “ye . a wate ench-scale studies and pilot plant devel- portant in maintaining permeability in the . 

. opment of a Bureau of Mines process for large burdens now being charged. In ducj tic 4 th £ 
Japan, the need for strong sinter and coke reducing nonmagnetic iron oe er- 
was repeatedly cited as a critical factor in TOUS Scrap were also described.15 A sum- 
obtaining high blast-furnace productivity.s ™ary of Bureau research on production 

Further investigations of the relationship ae smelting of P oval lly reduced pellets, 
between strength of self-fluxing sinter and W!!2 an economic evaluation of iron pro- the crystal size of fluxstone (limestone or duction using these materials and a survey 
dolomite) used to produce it, yielded di- .—— 
rect evidence that relatively large crystal » Harrison, Ww. R. International Conference on 

1 i i i the Science and Technology of Iron and Steel. 
size prevented adequate sintering: reactions Sec. 1—Ironmaking. Iron and Steel, v. 43, No. 6, 
and indicated that for strong sinter, the December 1970, p. 378. 
fluxstone should have a crystal size as 8 Work cited in footnote 7. 

< : 9 . Nakamura, N. The Modern Blast Furnace. 
small and as uniform as possible.? Re Thirty-Second Annual Mining Symposium, Univ. 
sults of a British study on the effect of sol- of Minn., Duluth, Minn. January 1971, pp. 91- 

le and unsol dditives on properties 193. 
uble a unsoluble additives ° Prop . Yamada, T. Blast Furnace Practices at Mizu- 
of unfired pellets was published.10 Mill shima Works. Iron and Steel Eng., v. 47, No. 11, 
design and operating parameters for fine November re Pp. aon D The I 

a ° +s air, . G., an . . Denton. e In- 
dry grinding of iron ore for pelletizing fluence of Fluxtone Crystal Size Upon Its Re- 
were discussed in another paper, which activity in Iron Ore Sintering. Blast Furnace and 
considered recent developments in Aus- Steel Plant, v. 58, No. 3, March 1970, pp. 179- 
tralia, Japan, and the Netherlands.11 Ball, D. F., P. R. Dawson and J. T. Fitton. 
Developments in the field of direct re- yidles jp Ton. Ore, Felletzng, Trans: Tost. 

duction of iron ore continued to increase. 1970, PP. ee a Mok. F 
: 11 Rathburn, D. R., and Jung K. ok. Fine Armee Stee Corp sfarted soneuruenon of a Dry Grin din of Iron Ore for, Pell etizing. Trans. 

plant in Houston, Tex., designed to pro- » v. 247, No. 4. December » Pp. 335- 
duce 1,000 tons per day of metallized iron 339. Metals Week. V. 41. No. $0. Dec. 14, 1970 
ore or pellets for feed to electric steel fur- p, 5. Ses so , 
naces.12. Ore reduction will be accom- 94 Skillings’ Mining Review. V. 59, No. 43. Oct. 

; 7 . , » p. : plished in shaft furnaces fueled by natu 44 Hansen, J. P., J. E. Berryhill, and J. A. 
ral gas. A Japanese company, Kubota Ltd., Aufman. Batch Reduction of Iron Ore in Fluid- 
announced that it had developed a new ved Bed. BuMines Rept. of Inv. 7461, Decem- 

: * . er ’ . 
technique for producing agglomerated iron 15 Prasky, C. R. E. Peterson, and D. L. 
ore containing 95 percent iron. The proc- Siebert. Reduction Roasting of Nonmagnetic 

d 6 h : “refined. Taconites With Automobile Scrap. BuMines Rept. ess was teste months, using “refine of Inv. 7389, May 1970, 19 pp.
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of the state of the art, was also published signed for magnetite feed and have pellet 
during the year. 16 production capacities of 4.5, 5.0, and 6.0 

In ore preparation, a four-pole magnetic million tons respectively, ‘per year. The 

separator, which separates ore particles fourth is designed for hydrated hematite 

from gangue by deflection from a free-fall- feed and an annual pellet production of 
ing stream, was being developed for com- 4.5 million tons. 18 
mercial use by Bethlehem Steel Corp.17 A Flotation experiments on hematite ores 
radiometric device for determining silicon (42 to 47 percent Fe), using hydroxamate 
content of iron ore slurries was being mar- and fatty acid collectors, indicated hydroxa- 

keted by Texas Nuclear Division of Nucle- mate may be a superior collector when 
ar-Chicago, a subsidiary of G. D. Searle & treating finely ground red hematite ores. | 
Co. Based on neutron activation, the de- Essentially no difference in performance 

, vice measures silicon content of a sample was found when specular ore was treated.19 
in less than 10 minutes and expresses the The Bureau of Mines continued to test 

result as percent silica by weight. For an flotation characteristics of hematitic taco- 
iron ore slurry containing 50 percent sol- nite from Marquette County, Mich., in co- | 
ids, accuracy of silica determination is operation with the Cleveland-Cliffs Iron 

guaranteed to be +4.0 percent relative at Co. : | 
the 95-percent confidence level for silica Laboratory tests on samples of manganif- 
concentrations greater than 4 percent by  erous iron-bearing materials from the Cu- 
weight. The device was said to be operat- yuna range indicated that most of the | 
ing satisfactorily on a 24-hour basis in cer- manganese could be extracted by selective 
tain U.S. and Canadian ore processing chlorination without the use of a reduc- 
plants. tant. The phosphorus content was also re- 

A new pelletizing system developed by duced by more than 50 percent, but silica 
Arthur G. McKee & Co. was undergoing content was unaffected. 20 

| pilot plant tests during 1970. The system _.. 
was designed to improve pellet quality by 16 Fine, M. M., N, B. Melcher, and others. Pre- 

providing better control of heat distribu. ieee ron ee PER Og0, Oo ep 
tion and loss; it is claimed to offer savings 17 Aubrey, W. M. and R. M. Funk. The Quad- 

| in operating and capital costs compared Mr etic “Separation. Equipment. Thirty Second 
- with other pelletizing systems. It employs a Annual Mining Symposium, Univ. of Minn., Du- 

circular traveling grate, water-sealed to tps Minn Jan” Ne 8, May SI 1970, p. 28 
prevent air leakage, enclosed in a continu- 19 Fuerstenau, M. C., R. W. Harper, and J. D. 

ous, refractory-lined shell. Several sizes of Miller, yt a mate IME W284 Now 1 March 

circular grates have been designed, with 970, pp. 69-73. 
mean diameters of 170 feet, 200 feet, 230 2 Okahara, Y. and I. Iwasaki. Chlorination 

nN ci. ee 7 of Manganiferous Iron Ores. Trans. AIME, v. 
feet, and 300 feet. The first three are de- 947, No, 1, March 1970, pp. 73-80.
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- Table 4.—Crude iron ore mined in the United States, by districts, States, 
and mining methods 

(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 

1969. 1970 
District and State OF 

Open Under-' Total! Open Under- Total! 
pit ground | pit ground 

Lake Superior: . 
Michigan_____...-..- 22-2 -----------. «= 25, 577 4,006' 29,584 25,926 3,344 29,269 
Minnesota______._...--...---....---... 185,483 ~--a-=-| 185,488 188,052 __.__.. 188,052 a 
Wisconsin _____ 2-2 eee AT2  ___ eee} 472 2,208 _______ 2,208 

Total_____--. eee ees -----_-. 161,532 4,006 165,539 166,186 3,344 169,529 

Southeastern States: Alabama, Georgia, North 
Carolina_____.._.._._..-.------ 2 eee 2,065 1,062 3,127 WwW WwW 3,277 

Northeastern States: New York, Pennsylvania_ WwW WwW 9,575 W W 9,177 

Western States: OT 
Arizona___-__- 22-22 ee 18 _LLL Le 18 12 _-- Le 12 
Montana_-_....2.-2.2-- eee } es 13 144) _Llu lle 14 
Utah___..-22 eee 5,722 _____ _- 5,722 5,615 __.-__. 5,615 
Wyoming____..- WwW W 4,331 W _iieiee 4,142 
Other ?____.- eee WwW W 18,818 WwW W 20,693 

Total reportable.........-...--------. 5,753 | W 28,902 5,641  W 30,476 
Total withheld____.__..._.-.-___--_____ = 24,510 8,215, ___--.. 27,425 9,865 _______ 

Grand total 1_____-__--...--.-------- 198,860 18,283/ 207,148 199,252 138,209 212,459 

ieviset- W Withheld to avoid disclosing individual company confidential data; included with “Total 
withheld.”’ 

1 Data may not add to totals shown because of independent -ounding. . 
| 2 Includes California, Colorado, Idaho, Missouri, Nevada, New Mexico, and Texas. | 

| 

Table 5.—Crude iron ore shipped from mines in the United States, by districts, 
States, and disposition 

(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 

1969: 1970 
eee (“#y”"”"’"’"''_ “aw 

District and State Direct to To bene- Direct to To bene- 
consumers ficiation Total! consumers ficiation Total! 

plants plants 

Lake Superior: 7 
Michigan___________2 22 eee 1,972 27,592 29,565 1,512 28,426 29,938 
Minnesota______.-.-._._.---_--- -_- ee 5,461 130,695 136,157 3,892 184,275 138,167 
Wisconsin ______..-2--- eee eee Lee 332 3382 ____.L- 2,248 2,248 

Total... 22 7,433 158,619 166,054 5,404 164,949 170,353 

Southeastern States: Alabama, Georgia, North 
Carolina__......-.--1------- eee eee WwW WwW W WwW WwW WwW 

Northeastern States: New York, Pennsylvania. _____-_- 9,629 9,629 _______ 9,185 9,185 

Western States: 
Arizona ____.---_-------- ee 18 _LL- LL. 18 12 __----- WwW 
Montana___...--__--------. 2-2 ieee 1380 LLL Le 13 14) _. Loe. 14 
Utah___-.---- ee WwW WwW 2,460 WwW WwW 2,639 
Wyoming___-..2-_2 2 eee WwW W 4,418 WwW WwW 4,143 
Other 2___.- 2 WwW =s 18,364 WwW W 20,152 WwW 

Total reportable__.........-----_-_-- 31 18,364 6,904 26 20,152 6,796 
Total withheld___.._..-._-____..--.22_-_____- 2,233 8,205 21,928 1,967 8,342 23,679 

Grand total 1______-..... 22-2 eee 9,697 194,817 204,515 7,897 202,628 210,013 

W Withheld to avoid disclosing individual company confidential data; included with “Total withheld.” 
1 Data may not add to totals shown because of independent rounding. . 
2 Includes California, Colorado, Idaho, Missouri, Nevada, New Mexico, and Texas.
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SS Table 6.—Usable iron ore produced in the United States, by districts, States, | 
and varieties 

(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 
a 

. 1969 1970 
District and State se 

Hema- Limo- Magne- Total! Hema- Limo- Magne- Total! 
tite nite tite tite nite tite 

Lake Superior: 
Michigan___.____.__-.------- W __u.-- _ WwW 18,417 W ___--- W 12,757 
Minnesota__.__..._._--_.-_---. 21,894 -___-. 38,381 55,275 20,728 -___-_. 35,345 56,0738 
Wisconsin. __._.-.---- 2-2-2. eee eee eee 38 88 ------  ---- 806 806 

Total reportable___.......-. 21,894 __---. 38,419 68,730 20,728 --_... 36,151 69,636 | 

Southeastern States: Alabama, 
Georgia, North Carolina_-___--~-- W 626 W = 1,487 WwW 620 WwW = 1,484 

Northeastern States: New York, 
Pennsylvania_____.--._--------. ---.-. -----. 3,800 38,800 ------ ------ 3,491 3,491 

Western States: 
Arizona__...- -.----------.-.- 1B wee Lee 18 12 _.---. ) ~~ 12 

. Montana_______-_.-.---2 ee Lee eee 13 18 ---.-. -.---- 14 14 
Utah_____- eee W Leite W 2,071 W Lee W 2,004 
Wyoming... ee W Lee W i,965 W Lee WwW 1,947 
Other 2_______..----_-------- WwW W 5,685 9,565 WwW W 5,903 10,337 

Total reportable.__...._.__- 18 W 5,698 138,632 12 W 5,917 14,314 
Total withheld___........________ 1 13,046 717 *8,882 __.... 12,844 930 8,233 ___.-- 

Total all States__._________ ™ 34,958 1,343 "51,299 87,599 38,584 1,550 53,792 88,925 
Byproduct ore 3__.-.--- eee eee Lee eee r729 _.LL-. Leen e ee Leet 835 

Grand total !1_____________. ™ 84,958 *©*1,3483 "51,299 *88,328 33;584 1,550 58,792 89,760 

r Revised. W Withheld to avoid disclosing individual company confidential data; included with ‘Total 
withheld.” 

1 Data may not add to totals shown because of independent rounding. 
2 Includes California, Colorado, Idaho, Missouri, Nevada, New Mexico, and Texas. 
3 Mostly cinder and sinter obtained from treating pyrites. Ore was treated in Colorado, Delaware, New Mex- 

ico, Pennsylvania, Tennessee, and Virginia. . 

| Table 7.—Usable iron ore produced in the United States, by districts, States 
and types of products 

(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 

1969 1970 

District and State Direct Con- Iron Direct Con- Tron 
, ship- Agglom- cen- content ship- Agglom- cen- content 

ping erates trates (natural ping erates trates (natural 
ore percent) ore percent) 

Lake Superior: 
Michigan_..._...__...-.__..--. 2,014 10,879 523 61 940 11,172 645 62 
Minnesota_____.__._._._-.-..... 5,461 338,381 16,433 59 §=6©3,892 35,345 16,836 59 
Wisconsin. _...-------------) ------ 38 ___-_. €2 __---- 806 ___._. 63 

Total______...._._.__._..... 17,475 44,298 *16,956 59 4,882 47,323 17,481 59 

Southeastern States: Alabama, 
Georgia, North Carolina____.__. W Lee W 40 W __.--. 1,288 46 

Northeastern States: New York, 
Pennsylvania____.....-...__-.  -.---- WwW W 63 ___ Le WwW WwW 63 

Western States: 
Arizona__.-.-________.----- 18 __..-.- -.---- 59 12 __..-. _uu.-- 58 
Montana______.__.-_.__._-- 1380 ____-- ~_LL-- A5 14 _LLL-e LL uuee 45 
Utah.__-.--- eee) = 1,868 LL L- 710 53 W eee WwW 54 
Wyoming___________..__---- W WwW WwW 57 W WwW W 58 
Other !____--_-_2_2-_- eee 613 5,141 WwW 61 496 5,540 WwW 61 

Total reportable_.......... 2,005 5,141 710 60 522 5,540 ‘W 60 
Total withheld___._.._.__._.----- 310 4,877 5,827 61 1,625 4,286 6,028 59 

Total all States 2____.._._... 9,790 54,316 23,493 59 6,979 57,149 24,797 59 
Byproduct ore 3______-----------  ----+- 661 r 68 66) _____- 691 144 65 

Grand total 2_.___....___... 9,790 54,977 *23,561 59 6,979 57,840 24,941 59 

r Revised. W Withheld to avoid disclosing individual company confidential data; included with *‘Total 
withheld.” 

1 Includes California, Colorado, Idaho, Missouri, Nevada, New Mexico, and Texas. 
2 Data may not add to totals shown because of independent rounding. 
3 Mostly cinder and sinter obtained from treating pyrites.
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Table 9.—Iron ore produced in Lake Superior district, by ranges 
(Thousand long tons and exclusive after 1905 of ore containing 5 percent or more manganese) 

Mar- Menom- . Ver- Spring Black } 
Year quette inee Gogebie milion Mesabi Cuyuna Valley River Total ! 

alls 

1854-1965__.. 339,781 288,179 320,172 102,622 2,518,404 67,035 7,236 ..__. 3,638,429 
1966_....--.- 9,589 4,620 - 118 704 51,506 1,299 i ) 68 ,603 | 
1967__.._.-.. 10,231 3,792 49 202 48,857 1,041 58 LL 64,229 
1968_._.._..-_ 10,086 8,684 L222, Laue 51,411 961 83 _____ 66 ,224 
1969......... 10,048 3,869 __..--. _-----= 55,275 ..22.--. ----+-- 38 68, 730 
1970.._....._ 10,363 2,394 ween Hee eeee 56,073 2-2. w.a--44 806 69 , 636 

| Total 390,098 306,038 320,334 103,528 2,776,526 70,886 8,149 844 3,975,851 

1 Data may not add to totals shown because of independent rounding. 

Table 10.—Average analyses of total tonnage (bill-of-lading weights) of all grades 
. | of iron ore shipped from the U.S. Lake Superior district 

. Thousand Content, percent ! 
Year long tons ————— . 

7 Tron Phosphorus Silica Manganese Alumina Moisture 

1966_..-.--. 69 , 724 56.82 0.068 7.99 0.49 0.64 6.20 
1967_2._.2-. 63 , 845 57.81 .059 7.63 AT 57 5.69 
1968___.-_.. 64,065 58.70 .051 7.35 .40 .52 5.16 
1969_..___-. 71,389 59.02 © .045 7.32 45 .69 4.82 
1970....__.. 69 ,072 59.26 041 7.38 .39 72 4.64 

1 Iron on natural basis; phosphorus, silica, manganese, and alumina on dried basis. _ 

Source: American Iron Ore Association. 

: Table 11.—Consumption of iron ore and agglomerates in the United States in 1970 
(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 

Iron ore ! Agglomerates 2 
State ————— Miscel- Total 4 

Blast Steel Blast Steel laneous 3 
furnaces furnaces furnaces furnaces 

Alabama, Kentucky, Tennessee, Texas__._---- 6, 706 77 4,921 Ww NA 11,704 
California, Colorado, Utah...-_.....-..-_---- 5,712 — 325 2,770 ____.- NA 8,807 
Ohio and West Virginia___...._...__..:--.--.-. 18,680 358 5,799: WwW NA 24,837 
Illinois and Indiana______.......-_---------. 21,157 809 10,775 WwW NA 32,241 
Michigan and Minnesota____.-___.---------- 8,089 89 2,226 WwW NA 10,404 
Maryland, New York, Pennsylvania_......... 20,896 1,181 238,877 WwW NA 45,954 
Undistributed___...._._._._._2_-_-----_ eee eeee eeeeeee eee ee 635 e 419 1,054 

Total 4___-_-_-__-____._______-_____._-. 81,240 2,339 50,367 685 e419 185,000 
. ° _ 

¢ Estimate. NA Not available. W Withheld to avoid disclosing individual company confidential data; 
included with ‘“‘Undistributed.”’ 

1 Includes 50,149,000 tons of pellets and nodules produced at mines. 
2 Does not include agglomerate produced at mine site. 
3 Includes iron ore used in making paint and cement, also ore consumed in ferroalloy furnaces. 
4 Data may not add to totals shown because of independent rounding. . 

Table 12.—Beneficiated iron ore shipped Table 13.—Usable iron ore 1 consumed in 
from mines in the United States 1 agglomerating plants and agglomerate 

(Thousand long tons and exclusive of ore containing P roduced from this ore in 1970, by States 
5 percent or more manganese) (Thousand long tons) 
a 

—_—— State Iron ore Agglomerate 

Bene- Proportion of consumed !_ produced 
Year ficiated Total beneficiated to Alabama, Kentucky, Texas_- 3,046 3,543 

total (percent) California, Colorado, Utah 2,174 2,768 
Ohio and West Virginia _-_-_-- ' , 

1966_____.----- 70,451 90,041 78.2  Tilinois, Indiana, Michigan.. 8, 545 9,536 
eg TTT TTT 66,28 Bae 3-3 New York, Maryland, 

~---------- 12,7 , 93: . vania._....--..-. 18, 568 16,762 
1969_____..-... 80.157 89,854 89.2 Pennsylvania eee 
1970_____---.-- 79,779 87,176 91.5 Total.......__..-.-. 31,430 37,982 

eee ene rr 

1 1 Does not include material used in agglomerate 
Excludes byproduct ore. produced at mine site.
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Table 14.—Production of iron ore Table 15.—Stocks of usable iron ore at 
agglomerates 1 in the United States, mines 1 Dec. 31, by districts 

. by types _ (Thousand long tons) 
(Thousand long tons) , . 

mye ttit«éC OMAK produced District 1969" 1970 

| 1969900 
Sinter, nodules, and cinder_ 244,949 341,661 Lake Superior. _..._._..----- 7,881 8,820 
Pellets._...__..._._..__.-. 52,196 55,444 Southeastern States_________- 643 834 
° - 7 a Northeastern States____.___--_ 4,164 4,658 

Total___._._-____-- 97,145 97,105 Western States__...-.------- 878. 1,004 

" t Revised. - . Total___.___... ~ 
1 Production at mines and consuming plants. ova -cro----- 18,566 15,316 
2 Includes 21,086 thousand tons of self-fluxing ae 

sinter. . r Revised. 
3 Includes 20,094 thousand tons of self-fluxing 1 Excluding byproduct ore. 

sinter. | | | 

Table 16.—Average value of usable iron ore shipped from mines or beneficiating 
plants in the United States in 1970 

(Per long ton) 

Direct-shipping ore Concentrates Agglom- 
District —_——————  ——- — erates 

. Hematite Limonite Magnetite Hematite Limonite Magnetite 

Lake Superior___....--_---- $6.98 _._----. -------- $7.41 --_----. -------. $12.79 
Southeastern___.__.-------- W ieee Lee WwW $6.27 W elie 
Northeastern____----------  -------~  ------2-0 ------2- 0 ------2- ------=- WwW 14.99 
Western__..--------------- WwW WwW WwW WwW W WwW = 12.33 

Total_......--.----. 6.88 Ww Ww 7.29 Ww e 7.40 12.84 

- e Estimate. W Withheld to avoid disclosing individual company confidential data. 

Table 17.—U.S. exports of iron ore, by countries | 
(Thousand long tons and thousand dollars) 

oe — | | 1968 1969 _ 1970 
Destination a 

Quantity Value Quantity Value Quantity Value 

Belgium-Luxembourg____...----_---------- (t) $21 1 $38 127 $1,756 
Canada____.-.----_.-.------------------- 2,278 28,113 2,085 26,255 2,045 27,111 
Germany, West_____.--------------------- 53 349 62 409 34 96 
Japan___....----------------------------- 3,550 42,314 3,009 35,529 3,206 37,727 
Spain. _.....-----------------------------  ------- eo ----- = -----) ------- 75 1,095 

' Other countries____....------.---.-------- 3 38 3 79 5 1138 

Total____._.-.--------------------- 5,884 70,8385 5,160 62,310 5,492 67,898 

1 Less than 14 unit. | 

Table 18.—U.S. imports for consumption of iron ore, by countries 
(Thousand long tons and thousand dollars) 

SO - 1968 1969 1970 
Country —_———_. 

Quantity Value Quantity Value Quantity Value 

Angola__-.-------------------------- 0 weeee eee ee ze-zee 50 $701 _.-.---. -----=-- 
Australia__.......-------------------- 131 $1,384 315 3,556 638 $7,389 
Brazil__......-.--------------------- 1,257 11,622 1,233 11,300 1,991 17,865 
Canada____.-.---------------------- 26,3389 308,014 *18,978 * 219,347 23,919 297,065 
Chile____--.-....------------------- 1,441 11,515 1,783 14,371 1,581 12,805 
Liberia_.__.....-.-.--.--------------- 2,942 23 ,389 8,144 27,227 1,873 17,216 
Libya____----------- eee nee eee ee eee eee 103 789 
Mauritania__________--__----------- ween ee ee eee ee eee eee eee ee 72 664 
Nigeria___...-.-.-------------------- ween ee eee eee eee eee 30 152 
Norway. _..------------------------- 360 2,646 269 1,937 49 356 
Peru__..--.--..--------------------- 925 9,375 1,003 10,738 1,329 13,771 
Sweden_______.-..---.-------------- 232 2,610 155 1,659 172 1,909 
Uruguay !__. 22 eee eee eee eee eee eee 39 354 49 444 
Venezuela___._____-__..-.------.---- 10,313 83 , 153 18,751 110, 745 13 , 026 108 , 493 
Other__..-__---------.-------------- 1 ‘A5 12 243 44 462 

Total___....-..--___---------- 43,941 453,753 +°'40,782 + 402,178 44,876 479,380 

r Revised. | 
1 Formerly reported as Bolivia, in 1969.
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Table 19.—U.S. imports for consumption of iron ore, by customs districts : 
(Thousand long tons and thousand dollars) 

1969 1970 
Customs district —_- rs 

Quantity Value Quantity Value 

Baltimore___.-.----------------------------------------- 9,500 $91,586 10,068 $106,069 
Buffalo____...------------------------------------------- ™2,479 133,444 2,954 40 ,960 
Chicago___---------------------------------------------- 4,399 47,542 5, 922 70,857 
Cleveland. ____------------------------------------------ 6,620 69,126 6,846 76,125 
Detroit___._._..-----.----------------------------------- 1,095 16,126 1,104 16 ,294 
Houston______.-.-_---._------------- +--+ 687 7,809 844 11,000 
Los Angeles__._...---------------------------------------- 0 eee eee oo e+e 52 401 
Mobile______-.-.--.------------------------------------- 4,171 36,805 4,787 44,712 
New Orleans__-_..------------------------------------+-+-- 458 4,204 602 5, 734 
Norfolk____--...------.---------~---------------- +--+ +e 96 941 16 183 
Ogdensburg__..__..-----.--.------------------------------ 18 415 4 350 
Philadelphia___........-___...-.-.----..----------------- 11,070 92,470 11,419 104,034 
Portland, Oreg__......--...-.--.--.-.--------------------- 126 1,632 176 1,774 
Puerto Rico______-.___--...- eee eee eee eee eee 11 91 
Wilmington, N.C___..____...__-____ ee eee eee eee e+e -- 69 781 
Other____.-.------------------------_- +--+ eee 13 78 2 15 

Total_____---_--_-- eee eee ----- = 40, 782 ++ 402,178 44,876 479,380 

t Revised. 

Table 20.—Iron ore, iron ore concentrates, and iron ore agglomerates:1 
World production by countries 

/ (Thousand long tons) 

Country 2 1968 1969 1970 P 

North America: 
Canada3______________-_---------_------ +--+ ---- «= 42,360 35,763 47,509 

, Guatemala______________-------.--------------------------------- 4 e3 2 
Mexico!____________-__------------------------ --------------- 18,152 3,440 4,288 
United States 3___________-__-__-_------.-------------.------------ _' 85,865 88,328 89,760 

South America: . 
Argentina_______------------------------------------------------- 273 295 e 300 
Bolivia_.....-.-_------------------------------------- ++ ee == --- 2 4 
Brazil_....._________--_----_---_------------ +--+ --- = 24, T26 & 32,500 & 39,600 
Chile_____._________.---__----__---------- +--+ eee 711,728 =11,3852 = 11,087 
Colombia________.--_---_-------------------------+-------- eee. 569 346 446 
Peru________-__-----_----------- +--+ ee 8,873 9,123 9,509 
Uruguay__.__--___---_-------------------------------------------  -en-e--) ------- 1 
Venezuela. _________-_____-__._------- +--+ eee eee 15,9384 19,404 21,800 

Europe: . 
Albania 5_____________-____.-------------- +--+ +--+ +e 399 399 531 
Austria_____________.-----_--_--_------ +--+ +--+ 3,427. 3,919 3,934 . 
Belgium. _________.._-.__------------------------------------------ 81 93 93 
Bulgaria_._.._____.-_...----_------------------------------------- 2,603 2,646 2,374 . 
Czechoslovakia__.___......---_----------------------:-------------- 1™1,548 1,544 1,582 
Denmark. ______________-----.------------------------------------ 19 31 e 30 
Finland ¢____.-______ eee eee +--+ 838 870 846 
France_._______________--__----------------- +e ee ---------- = 4,865 = 554,550 = 555, 903 
Germany, East 7______..____..------------------------------------- 1,392 885 e 885 
Germany, West____....___--.--.----------------------------------- 6,345 5,965" 5,445 
Greece_________-____-___--------- +--+ ee ee 12 Lue. Lee 
Hungary____.__-----_--.----------------------------------------- 628 670 619 
Italy 8_______________---------------------- ~~ +--+ 697 750 745 
Luxembourg____..__.__-_-_--------------------------------------- 6,292 6,211 5,632 
Norway____-_.----------------------------------------+--+--------- 3,645 3,793 3,943 
Poland__.__._____-__--_-_-_------ +--+ ee 3,002 2,777 . 2,513 
Portugal 9__._._____.--------_---------------------------+------ +++ 197 160 124 
Romania_____.____-__.-_-____---- +--+ +e 2,704 2,952 3,155 
Spain___.__.._.-_____--------_----------------------------------- 175,888 6,308 6 , 844 
Sweden_________._____-_-_----_--__--------- ~~ eee --- «781,907 32,661 31,272 
U.S.S.R_________-.---_-_------ eee eee --- 1: 178,827 §=1838,194 191,133 
United Kingdom________._._2_-.---------------------------------- 18,715 12,104 11,828 
Yugoslavia____..-.--.-------------------------------------------- 2,677 2,678 3,636 

Africa: 
Algeria_________.__-______-----------------------------------------  ™3,081 2,923 2,818 
Angola__________-__---------------------------------------------- 3,167 5,391 5,995 
Liberia.______-____-__-________-_____------------ +--+ -------- =: 19,262 = 22,505 3=.21, 942 
Mauritania. _______.________--.--------_--~----------------------- ™7,918 8,541 109,072 
Moroceo______--_-------------------------------+--- +e -eeeee 194 737 859 
Rhodesia, Southern ¢______----------------------------------------- r 700 rT 500 500 
Sierra Leone__________-_---_------------------- =e eee 7 2, 457 2,337 2,259 
South Africa, Republic of !______----------------------------------- 178,551 9,081 7,605 
Swaziland. ___________-___.---------------------------- ~~~ --- 2,018 2,266 2,260 
Tunisia___________-__--__------_--------------------------_------- 1,000 931 762 
United Arab Republic___...---------------------------------------- 440 453 e 490 

See footnotes at end of table.
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Table 20.—Iron ore, iron ore concentrates, and iron ore agglomerates: 
World production by countries—Continued 

(Thousand long tons) 

Country 2 1968 1969 1970 Pp 

Asia: 
China, mainland e____________________i-- eee eee ______-_ 387,000 739,000 43,000 
Hong Kong______________________-_ eee 159 163 168 
India__._--__-_____ eee eee eee e_------. 27,000 29,097 30,294 
Tran 2_ 2 eee eee eee ee 1 2 2 
Japan 8____o eee eee eee = 72,188 1,824 1,558 

. Korea, North ¢_______-___ ee eee eee 6,900 7,400 7,900 
Korea, Republic of_________._-__----__---_ eee r 816 698 562 
Malaysia____..____-_______ eee eee eee ee 5,085 5,151 4,420 
Pakistan__....2_2--_-_-___ eee eee (14) penne ee Leeann 
Philippines_____.______ io eee eee eee eee 1,332 1,537 1,840 
Taiwan___.____.___-_____ eee eee e6 8 6 
Thailand_____________2 1 _- eee eee A492, 470 22 
Turkey _____ eee ee------- = 1, 807 1,956 ¢2,155 

Oceania: 
Australia___._.-_.-_____- eee eee eee _---- = ° 26,204 88,476 50,297 
New Caledonia_____._______---.----____._--_ eee ee 169 __----. _u----- 
New Zealand______________-- eee eee eee 3 16 20 16 140 

Total____.- eee eee eee -___-- ™ 668,142 707,183 754,299 

e Estimate. »p Preliminary. ' Revised. 
1 Insofar as availability of sources permits, data in this table represents the non-duplicative sum of market- 

able iron ore, iron ore concentrates and iron ore agglomerates produced by each of the listed countries. Moreover, 
concentrates and agglomerates produced from imported ores are excluded, under the assumption that the ore 
from which they are produced has been credited as marketable ore in the country where it was mined. 

2 In addition to the countries listed, Cuba and North Vietnam may produce iron ore but definitive informa- 
tion on output, if any, are not available. ° 

3 Includes byproduct ore. 
4 Calculated from reported iron content assuming a grade of 60 percent iron. 
5’ Nickeliferous iron ore. 
6 Includes pelletized iron oxide produced from pyrite sinter, but excludes additional pyrite sinter not proc- 

essed to oxide. 
7 Includes pyrite sinter, not separable from available sources. 
8 Excludes iron oxide pellets produced from pyrite sinter.” 
9 Includes manganiferous iron ore as follows, in thousand long tons: 1968—52, 1969—55, 1970—53. 
10 Exports. 
11 Includes byproduct magnetite as follows in thousand long tons: 1968—912, 1969-—1,852, 1970—1,936; and 

manganiferous iron ore (20-+385 percent iron, 15--30 percent manganese) as follows in thousand long tons: 
1968—448, 1969-432, 1970—368. 

12 Year beginning March 21 of that stated. 
13 Concentrates, including concentrate derived from iron sand as follows in thousand long tons: 1968—1,096, 

1969—884, 1970—701. 
14 Less than )4 unit. 
15 Sales. 
16 Largely concentrates from magnetite-titanium sands...
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By F. E. Brantley ' : 

Although down from the record 1969 continued advances in raw material, labor, 
outputs, domestic production of pig iron and transportation costs. 
and raw steel2 in 1970 was the second Pollution control remained an item of 
highest for the industry. Production of pig major concern in the steelmaking commun- 
iron declined by 3 percent to 92.2 million ities. To meet increasingly stringent en- 
short tons, and raw steel production de- forcement of regulations, the domestic steel 

clined by 7 percent to 131.5 million tons. industry expended over $166 million for 
Because of the strike against General Mo-  water- and air-pollution control facilities 
tors Corp. during the last half of the year, placed in operation during 1970. 
steel shipments to the automotive industry Steel exports showed a marked increase 
decreased. This accounted for much of the over 1969, but imports declined slightly. 
overall decline in production. Reduced de- Shipments of stainless and heat resistant 

mand resulted also from inflationary pres- products by domestic producers were off 22 

sures and curbs on spending, especially for percent from 1969. This segment of the 

new construction. domestic steel industry apparently received 

Steel production in the rest of the world ‘he greatest impact from imports in 1970, 
continued to rise, with the increase for 29d requested government assistance to 
1970 over that of 1969 of 6 percent. Japan Prevent plant closures. | | 

again led all countries in steel growth with 1 Physical scientist, Division of Ferrous Metals. 
an increase of approximately 13.6 percent. 2 The term raw steel, as used by the American 

. . Iron and Steel Institute, includes ingots, steel 
Prices increased throughout the world castings, and continuously cast steel. It corre- 

following the 1969 trend, and _ reflected sponds to the. term crude steel as used by the 

| Table 1.—Salient iron and steel statistics . 

' (Thousand short tons) 

1966 1967 1968 1969 1970 

United States: 
Pig iron: 

Production.......-.-...-...---.-..---.----. 91,287 86,799 88,767 95,003 92,213 
Shipments___.....-.-.....-.-.-----...--..-. 90,884 86,819 89,085 95,472 92,191 
Exports___.____.-.--- eee eee 12 qT 9 44 310 
Imports for consumption____...._-------_---- 1,187 605 786 405 249 

Steel: 1 
Production of raw steel: 

Carbon___-_.......-----:----_-.-------. 118,782 118,190 116,269 124,832 117,411 
Stainless. ____._..-...---.. 222. eee 1,651 1,451 1,432 1,569 1,279 
All other alloy._.......----.---.-----.-. 18,718 12,572 18,761 14,861 12,824 

Total______.....-.-----.-.-..-.-.-.-. 184,101 127,218 181,462 141,262 131,514 
Index (1957-59) =100___________-_-_---_-_---- 138.1 1381.0 135.0 145.4 135.4 
Total shipments of steel mill products......._.__ 89,995 83,897 91,856 938,877 90,798 
Exports of major iron and steel products__-—___- 2,144 1,898 2,460 5,515 7,352 
Imports of major iron and steel products 2._._.. 11,043 11,446 17,893 14,019 13,838 

World production: 
Pig iron 3____-._.....---.---.-----....-.....-.-. 382,000 389,000 422,000 457,000 479,000 
Raw steel (ingots and castings)___................. 524,000 544,000 584,000 682,000 654,000 

1 American Iron and Steel Institute. Includes ingots, continuous cast steel, and all other cast forms. 
2 Data not comparable for all years. 
3 Includes blast furnace ferroalloys. 
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PRODUCTION AND SHIPMENTS OF PIG IRON 

Pig iron production in the United States in the blast furnaces. Total net iron ore 

was 922 million tons in 1970, compared consumed in the blast furnaces including 

with the 95.0-million-ton output in 1969. agglomerates, was 145 million tons. The 

Average production of pig iron per blast- total tonnage of iron ore including man- 

furnace-day increased to 1,641.6 tons, com- ganiferous ore, consumed by agglomerating 

pared with 1,609.0 tons in 1969 and 1,624.5 plants at or near the blast furnaces in 

tons in 1968, according to the American producing 44.0 million tons of agglomer- 

Iron and Steel Institute (AISI). A total of ates was 35.6 million tons. The remainder 

169 blast furnaces were in blast at the be- consisted of mill scale, coke, limestone, and 

ginning of the year, including two ferroal- small amounts of other materials. Pellets 

loy furnaces. The number of producing charged to the blast furnaces totaled 55.9 

furnaces totaled 228, including five ferroal- million tons and sinter amounted to 45.7 

loy furnaces. At yearend those in blast had illion tons. | 

decreased to 152 out of a total of 219 pro- According to the AISI, total blast fur- 

ducing furnaces, including two ferroalloy nace oxygen consumption was 13.5 billion 
furnaces. Four furnaces were dismantled in cubic feet, compared with 9.1 billion in 

1970, and five were being rebuilt or re-  jo¢9 ang 6.7 billion in 1968 

lined at yearend , “ ~* 
ay Se, : . Data reported to the Bureau of Mines 

Shipments of pig iron approximated ep : 
total production for the year. Stocks at by the iron and steel industry showed that 
consumer and supplier plants increased by blast furnaces, through tuyere injection, 
21 percent to 2 million tons. consumed 44.4 billion cubic feet of natural 

Metalliferous Materials Consumed in 282%, 2.0 billion cubic feet of coke oven gas, 
Blast Furnaces.—For each ton of pig iron 141.9 million gallons of oil, and 51.3 mil- 

| produced in 1970, an average of 1.663 tons lion gallons of tar, pitch, and miscella- 

of metalliferous materials were consumed neous fuel in 1970. 

| PRODUCTION AND SHIPMENTS OF STEEL 

Production of raw steel during the first steel mill products rose by 1.8 million 

quarter of the year paralleled that of 1969. tons. The latter were consigned primarily 

. There was a monthly high of 11.9 million to the United Kingdom and the European 

tons in March. Output for the remainder Economic Communities (EEC). Shipments 

of the year dropped below that for 1969, made direct to the automotive industry to- 

reaching a low of 10 million tons in No-  taled 15.9 percent compared with 19.5 per- 

vember. cent in 1969, while those to service centers 

The 1970 steel index, based on the aver- 2d distributors increased from 18.7 per- 

age production of 1957-59 as 100, was cent to 19.5 percent. 
135.4 compared with 145.4 for 1969, and Materials Used in Steelmaking.— Metallics 
135.0 for 1968. Production in 1970 was charged to domestic steel furnaces in 1970 
proportioned between the basic oxygen per ton of raw steel] produced averaged 

process (BOP), 48.2 percent; open-hearth 1,234 pounds of pig iron, 1,011 pounds of 

furnace, 36.5 percent; and electric furnace, scrap, and 51 pounds of iron ore including 
15.3 percent. At yearend over 50 percent of agglomerates. In 1969 comparable amounts 

domestic steel was being produced in basic were 1,192 pounds of pig iron, 1,053 pounds 

oxygen converters. of scrap, and 54 pounds of iron ore. 

Steel shipments declined from 93.9 mil- According to the AISI, steelmaking fur- 

lion tons in 1969 to 90.8 million in 1970, naces consumed 569,732 tons of fluorspar, 

with cold rolled sheets showing a drop of 2.6 million tons of limestone, 5.9 million 

2 million tons, and pipe and tubing 1.4 _ tons of lime, and 806,693 tons of other 

million. Tin-free steel for container use in- fluxes. Oxygen consumption for steelmak- 

creased by 10 percent, and total exported ing totaled 186.2 billion cubic feet.
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| CONSUMPTION OF PIG IRON | 

Pig iron consumed in steelmaking to- foundries and miscellaneous users, primar-. 

taled 81.12 million tons. Basic oxygen con- ily for charging cupola furnaces. Also, 6.83 

verters consumed 49.14 million tons; open million tons in the form of molten metal 

hearths, 31.53 million tons; and electric was used in making ingot molds and direct 

furnaces, 0.45 million tons. An additional castings. : 

2.18 million tons was consumed by iron 

| PRICES 

Prices continued to rise for iron and finished products amounted to about 5 

steel products in 1970. This was the result _ percent. 

_ of increases in the cost of metallurgical- The composite price of pig iron, accord- 

grade coal, fluxes, other ironmaking and ing to Iron Age, increased from $58.13 per 

steelmaking supplies, labor and transporta- ton at the beginning of the year to $65.71 

tion. | per ton at yearend, and the composite 

Producers of merchant pig iron an-_ price of finished steel rose from the equiv- 

nounced increases equivalent to $2.68 per alent of $145.04 to $156.26 per ton. Foreign 

short ton in March, and $4.90 per short steel price increases were universal in the 

ton in September. Steel mill advances were world market. Although they were made 

not consistent, but varied depending on on a selective basis, a general average ap- 

the specific products. Shapes and plates peared to be about 4 to 5 percent. An- 

were up $7 per ton in February, sheet pil- nouncements were made of higher prices 
: ing $10 per ton, and hot roll and cold to begin in 1971. Price reductions were 

rolled plate about $4 to $5 per ton. Silicon noted for various nickel-bearing steels. The 

electrical sheets advanced in April $10 to prices had been raised abnormally during 

$15 per ton. Increases in finished and semi- the world nickel shortage in 1969. 

FOREIGN TRADE 

Voluntary agreements by major steel dicated that many domestic facilities for 

producers of the European Common Mar- making these would be forced to close un- | 

ket countries and Japan to limit steel ship- less relief was obtained. Although the vol- 

ments to the United States remained in ef- untary agreements called for specific limits 

fect during 1970. However, an increase in to quantities of steel] that would be ex- 

Specialty steel imports resulted in requests ported to the United States yearly through 

_ by the domestic specialty steelmakers for 1971, no limitations were imposed on 

an improvement of the voluntary agree- specific products. 

ments to include specialty steel quotas and Exports of total steel products were 7.5 
that other countries shipping these steels million tons in 1970, 5.6 million in 1969, 
to the United States be covered by the vol- and 2.5 million in 1968. Imports of total 
untary plan. steel products in 1970 decreased to 14 mil- 

By Presidential request, the U.S. Tariff lion tons from 14.6 million in 1969, and 

Commission conducted hearings in October 18.5 million in 1968. 
to determine the impact of all imports on Exports of iron products totaled 527,500 

domestic industries. Sharp increases in im- tons in 1970, 236,900 in 1969, and 185,300 

ports of stainless and tool steels and high- in 1968. Imports of iron products, largely 

alloy specialty products were cited by pig iron, decreased to 327,400 tons in 1970 

spokesmen for the U.S. producers, who in- from 495,000 in 1969, and 859,100 in 1968.
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WORLD REVIEW 

Argentina.—The Government-owned steel the stockholders of two major Belgium 
producer, Sociedad Mixta Sidertirgia Argen- steel companies, Cockerill-Ougrée-Provi- 

, tina (SOMISA), began its second phase of dence and Metallurgique d’Espérance- 
an expansion program to allow production Longdoz. Total steel production of the two 
of 2.5 million tons of steel in 1972. The companies has been about 65 million tons 
program, involving expenditures of $300 annually. The new group, designated as 
million, included a 4,500-ton-per-day blast Cockerill, will be the fifth largest in the 
furnace, to be supplied by a British firm; EEC. 
an oxygen converter and a continuous cast- The country’s second largest steel group, 
ing plant, to be built by West German  Sté Métallurgique MHainaut-Sambre S.A., 
groups; and other plant units will be furn- added blast furnace capacity and put two 

| ished by Belgian and Japanese groups. Iron _ new basic oxygen converters into service at 
and steel production has not kept pace with its Couillet plant. 
domestic demands. With an announced Belgium’s steel production declined 
goal of an 8-percent rate of growth for the about 2 percent from 1969, following sharp 
Argentine economy, additional domestic increases of 11 percent in 1969, and 19 

| steel capacity has a high priority. percent in 1968. The decrease was attrib- 

Australia—The plan of the consortium uted to domestic coal mine strikes early in 

headed by Armco Steel Corp. to establish a the year, and declining demand later in 
large steel complex in Australia was still the year. Investment in new steel projects 
under consideration. Other members of the and plant modernization for 1970 amounted 
proposed combine were Kaiser Steel Corp. to $134 million. BOP steel increased from 
and August Thyssen-Hiitte AG. (ATH) of 45 percent of the total in 1969 to 53 percent 
West Germany. The proposed plant would in 1970, owing to continued decrease in the 
have a capacity of 4 million tons annually, Thomas method and increase in the basic 
and initially would produce semifinished oxygen capacity. , 

steel for export. Brazil.—Steel production increased by 9 

Broken Hill Pty. Co., Ltd. operated 11 percent over 1969, and expansion plans 

blast furnaces to produce approximately were made to keep pace with expected fu- 
5.8 million tons of iron. These furnaces ture requirements. A Government program 

operated at four locations. The plants at called for an expenditure of $800 million 
New Castle and Port Kembla each had to raise capacity from 3.2 million long 
four. Expansion at Port Kembla progressed tons to 6.9 million by 1976, at the three 
during the year, and by 1972 capacity is largest Government-controlled steel mills, 
expected to reach 5.5 million tons. New Cia. Siderirgica Nacional (CSN), Cia. Sid- 
equipment will include a 36-foot-diameter erurgica Paulista (COSIPA), and Usinas 

blast furnace, and a BOP shop with two Sidertrgicas de Minas Gerais (USIMI- 
200-ton-capacity converters. Also, tinplate NAS). About one-half of the cost was ex- 
capacity will be expanded twofold to pro- pected to be financed by world lending 
vide about 500,000 tons to meet domestic agencies. 

demands into the 1980's. The private sector also planned expan- 
A fifth location, on Westernport Bay, sions and projected new mills for the fu- 

Victoria, is expected to begin production ture, with West German, Japanese, and 
of cold-rolled strip and galvanized products U.S. interests mentioned as _ participants. 
by 1973. Remaining sections are to be in- One steelworks was to be designed by the 
stalled later with Broken Hill’s plants ini- German firm Schloemann A.G., Diisseldorf, 
tially supplying the slabs and billets neces- and would be located near Rio de Janeiro. 
sary for the operation, estimated to cost The first stage included electric furnaces 
$92 million. Overall costs for the complex and a rolling mill capacity of 220,000 tons 
when completed will be about $1 billion. per year. This would be raised in subse- 

Australia’s domestic demand for raw quent stages to 1 million tons. 
steel has risen from a per capita consump- Swindell-Dressler Co. of the United 
tion of 530 pounds in 1950 to approxi- States signed a major contract to supply a 
mately double that in 1970. 600-ton-per-day HyL direct-reduction plant 
Belgium.—A merger was approved by for Usina Siderurgica da Bahia S.A.
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(USIBA) . The process would be under li- gique du Nord de la France (Usinor) , sec- 
ccense from Hojalata y Lamina §.A. of ond of the _ principal French - steel 
Mexico. The output would provide feed to expansion projects, was scheduled to in- 
the electric furnaces of a $50 million inte- crease its crude steel capacity by 1975, to 
grated steelworks under construction near 9,000,000 tons. The two plants would sup- 
Salvador, Bahia. ply a large percentage of the country’s 

: Canada.—The Stee] Company of Canada, proposed 30,000,000-ton steel output by 

Ltd. (STELCO), continued a $102 million 1975. These projects and other smaller 
expansion program at its Hilton works in plant expansions would help reduce de- 
Hamilton. Three basic oxygen converters pendency on French steel imports, espe- 
and a $50-million bloom and billet mill cially coils and sheet steel, and place the 
were included in this program, French steel industry in a better overall 

The Algoma Steel Corp. Ltd. had a new Position to meet foreign competition. | 
blast furnace and a basic oxygen shop A prospective merger of Péchiney, Eu- 
nearing completion at Sault Ste. Marie, rope’s largest aluminum producer, and 
and Dominion Foundries & Steel Ltd. was Ugine Kuhlmann, Europe’s major specialty 
proceeding with a new blast furnace and steel producer, was announced during the 

mill facilities. Sydney Steel Corp. had a . year. This combine would create France's — 

modernization program underway that in- largest single industry. 
cluded a basic oxygen shop and vacuum India.—No increases were reported in 
degassing facilities. steel capacity by India’s three largest steel | 

Finland.—In April, the Lake Ontario producers, and output of raw steel was ap- 

. Stee] Co. of Canada submitted a formal re- proximately 6 percent less than in 1969. 
quest to the Minister of Trade and Indus- The steel industry has been producing at 

try to establish a small local steel mill about 65 to 70-percent capacity, with 
with an output of about 150,000 tons an- strikes and lockouts contributing to the 

nually. low production rate. A goal of a 10-per- 
Outokumpu Oy completed a feasibility cent increase in production was set by the 

study on construction of Finland’s first Minister of Steel. The Government banned 

stainless steel plant, which was reported as further exports of certain types of steel be- 
favorable. The size of the plant would cause shortages continued and black mar- 
depend on sales prospects to be developed, ket conditions developed in mid-1970. Im- 

but press reports indicated a possible $100 ports for the fiscal year 1969-70 amounted 
million investment. to 459,000 tons of iron and steel, and 1.9 

Rautaruukki Oy continued expansion Million tons were exported. Imports from 
work and expected to have its cold-rolling the United States doubled to 67,000 tons, 
plant and galvanizing plant at Hamee- essentially all of which was financed by 
linna completed before 1972. Armco Steel the U.S. Agency for International Develop- 

was to train key personnel in the United ment (AID). 
States for this plant, under an agreement The Bokaro plant was scheduled to start 
concluded during the year. The possibility production in 1973, but difficulties experi- 
of Rautaruukki Oy constructing a pipe enced left the date uncertain. Initial 

mill at Raahe was under consideration. planned production of 1.7 million tons was 

France.—Plans proceeded for construc- to be followed by a second phase of con- 
tion of the Fos-sur-Mer steel complex to ‘struction to reach 2.5 million tons by 
be built by Solmer, a subsidiary of the 1973-74. 
Lorraine steel group Sollac (Wendel-Side- An announcement was made of site 
lor), near Marseilles, with an overall in- selection for three new plants, all in the 
vestment figure of about $1.2 billion. The public sector. One is to be located at Kan- 
plant, planned to begin production in jamalai near Salem in Tamil Nadu. It 
1973, would produce 7.5 million tons an- would produce alloy and special steels. 
nually after a few years. The Port of Fos Hospet, in Mysore, would be the site of a 
would be designed to handle up to _ second plant and Vizagapatnam, in An- 
300,000-ton ore vessels, Three giant blast dhra, the third site. These two were 
furnaces were to be erected with engineer- planned with a 2-million-ton capacity for 
ing done by a Japanese group. each. All three plants would have separate 

The Dunkirk complex of Union Sidérur- corporate structures, with the respective
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state governments possibly given equity cessful in increasing exports compared 
shares. — with 1969 as follows: East Europe, 145 per- 

Italy—Stee] expansion had a high prior- cent; mainland China, 24.8 percent; and 
ity in government investment plans, and Africa, 47 percent. Sales also were in- 
crude steel capacity is expected to increase creased to the U.S.S.R., Romania, and Yu- 
from an estimated 21 million tons in 1970  goslavia. 
to more than 27 million by 1975. Japanese per capita consumption ad- 

At the Taranto plant of the Govern- vanced and approached that of the United 

| ment-controlled Finsider group, a new States. Shipbuilding was at maximum 
blast furnace similar to one that added Capacity in a pronounced seller’s market. A 
1.5-million-ton-per-year pig iron capacity total of 29 shipyards were in full operation 
in 1969, was under construction. A loan of and two others were under construction. 

$55 million was approved by the Export- | Japan’s capital steel investments were es- 
Import Bank to be used principally in timated at $2.3 billion for 1970, compared 
financing 50 percent of this plant’s expan- with $1.9 billion in 1969. The steel indus- 

sion. The loan was made to Instituto Mob- try employs about 460,000 workers, or 6.4 
iliare Italiano (IMI), an Italian credit percent of the nation’s total industrial 

agency of Rome. Italsider S.p.A. of Genoa workers. | 
operates the Taranto complex and three Capital investment by the Japanese steel 
additional integrated steel production facil- industry in Spain was announced. One 
ities. The Taranto plant plans include two joint venture would produce stainless steel, 
additional blast furnaces to be completed and another would involve new steel facili- 
by 1976, and a basic oxygen shop by 1972. ties in Greece. 
The total expansion would raise steel ca- Korea, Republic of.—Construction of 

pacity at Taranto to 11,350 tons. - various installations at the integrated iron 
| The Inter-Ministerial Committee for and steel complex of Pohang Iron and 

Economic Planning (CIPE) decided to Steel Co. Ltd. at Pohang, proceeded on 
spend about $1.6 billion to construct Ita- schedule. Harbor facilities to serve the 
ly’s fifth steel center in the province of complex were about 70 percent complete. 
Reggio Calabria. This would be built in Initial pig iron capacity of the plant 
the period 1971-75. (approximately 1 million tons) was ex- 
Japan.—The upward trend of Japan’s pected to meet 60 percent of the country’s 

steel production continued through 1970, requirements by the startup date of 1973. _ 
with the year’s output totaling 102.9 mil- Japanese and Austrian financing is in- 
lion tons, an increase of 13.5 percent over volved, and Korean technicians are to be 

that of 1969. Although this was less than given training in Japan for technical oper- 
the previous year, reflecting the worldwide ation duties as the plant units start up. 
economic slowdown, a high growth rate is Mexico.—Hojalata y Lamina S.A. oper- 

expected to continue. Output in 1975 ated its new plant near Puebla, which rep- 
would reach 130 to 150 million tons if resented an $80 million investment. Altos 
plans continue as scheduled. Actual capacity Hornos and Fundidora, the other leading 

may total 130 million tons before the end _ steel producers, had expansion programs 

of 1971. New plant construction in fiscal underway to meet the country’s rising steel 
1971 was set at $2.8 billion. demand. A blast furnace and basic oxygen 
Three additional giant blast furnaces plant was included in Altos Hornos’ Mon- 

were completed in 1970 as follows: Nippon clova expansion. 
Steel Corp.’s 2,548-cubic-meter furnace at Work proceeded in preparing for a new 

Hirohata, Kobe Steel Works, Ltd. 2,840-cu- steel plant on the Pacific coast. It will be 
bic-meter furnace at Kakogawa, and the an integrated facility to be operated by 

3,667-cubic-meter furnace of Kawasaki Steel Sideruirgica Las ‘Truchas, S.A. Mexico’s 

Corp. at Mizushima. Four additional blast steel demand for the next 10 years has 

furnaces in the 3,000- to 4,000-cubic-meter been estimated by the National Chamber 
range are scheduled for completion in of Iron and Steel to rise to 9 million tons; 
1971. that is, to increase at an average rate of 
With the United States export market about 9 percent per year. A _ record 

stabilized by mutual consent, Japan sought monthly production rate of 388,500 tons 
additional export steel] outlets. It was suc- was reached in October. A Presidential de-
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cree published July 2, set as a minimum 10-million-ton output in 1973. An estimate 
51 percent Mexican capital that must be of crude steel requirements in 1980 totaled 
invested in all new iron and steel indus- 18 million tons. 

tries in Mexico. Aluminum and _ several United Kingdom.—Ashmores (Davy-Ash- 
other commodities were included in the : . more group) concluded an agreement with 
same decree. Nippon Steel of Japan to utilize Nippon’s 

South Africa, Republic of.—Recent plans design information and know-how to build 
by the South African Iron and Steel In- jarge high-output blast furnaces of the 
dustrial Corp. Ltd. (ISCOR), called for a type now operating in Japan. Ashmore’s 

minimum expenditure of $1.8 billion over contracts of major significance were to 
a 9-year period to increase production of pyild a furnace larger than any in the 
steel to 8 million short tons by 1980. The  jniteq Kingdom at the Llanwern works 

_ Vanderbijlpark works of the company is pear Newport for the British Steel Corpora- 
presently raising capacity by adding two tion (BSC), and another to be erected at 
135-ton electric furnaces, and a fourth the Vanderbijlpark works of ISCOR in 

blast furnace has been contracted for.’The South Africa. The company is also instal- 
Pretoria works was being modernized, and ling the largest argon oxygen-decarburizing 
plans for the New Castle works called for furnace in the world for the BSC. This 

construction to start in 1971 with produc- furnace is for the production of stainless 
tion in 1973. The African Metals Corp. steel and is based on the Linde develop- 
Ltd. (AMCOR) works at New Castle, ™ent. it is expected to be followed by 

taken over previously, would form a part Other installations. 
of the New Castle works as a producer of The BSC ceased open-hearth steelmaking 
pig iron. in the latter part of the year in favor of 

The Southern Cross Steel Co. (Pty.) basic oxygen converters at its Port Talbot 

Ltd. was expected to increase output of plant. For the period up to 1975, the cor- 

stainless steel from 3,500 to 4,500 tons per poration plans to spend between $360 mil- 

month with installation of a new electric lion and $420 million each year for me 
arc furnace. The Southern Africa Stainless rovement of production . facilities and 
Steel Development Association reported do- he ansion: ae “319 dT ninate at in de 

' mestic consumption of stainless steel to be thorpe total $ marion, and anenes 
ws three 300-ton converters. As part of. cost 

rising at a rate of 25 percent per year, duction plans, unit trains will operate to 
which justified the expansion. neuen Bias P 

. ; move imported ore from a deep-water ter- 
Spain.—T'wo Japanese steel firms, Nis- inal at Immingham to the Scunthorpe 

sho-Iwai Co., Ltd., and Nisshin Steel Co., works 23 miles away. 

Ltd., combined with the Spanish Banco Es- . i. 
pafiol de Credito to form the Compaiiia U.S.S.R.—The Soviet Minister for Iron 
Espafiola para la Fabricacion de Acero and Steel indicated that the steel industry 

Inoxidable (ACERINOX) to construct 4S producing as projected during 1970. 
Spain’s first stainless steel plant, Initial [he crude steel production target was re- 
output would be at a rate of 2,750 tons vised downward to 117 million tons for 

per month in 1972, and increase to 11,000 the final year of the 1966-70, 5-year plan. 
tons per month by 1977. Original plans called for 124 million tons 

Plans for the new steel complex at Sa- in 1970. Construction of new facilities con- 

gunto were progressing. The Instituto Na- en and the new yeas Plan coining 
cional de Industria (INI) completed a de- nt h 1s to maintain the rapid rate 0 
tailed study, which included a timetable growth. 
and financing arrangements. An opening A new steel plant was underway at Bir- 
date was set for 1978 with a 5-million-ton juss, in East Siberia. Several large blast 
estimated capacity. Both Japan and France furnaces were in various phases of comple- 
have indicated interest in cooperating with tion at other sites, and various steelmaking 
the Government in construction and financ- facilities were being constructed. More 
ing of the complex. electric furnaces were said to be needed, to 

A current expansion program calls for a replace cupolas.
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TECHNOLOGY 

Blast Furnace—The production of pig Basic Oxygen Process.—In 1970, 48.2 
iron in an experimental blast furnace percent of the domestic steel was produced 
without use of coke was accomplished by by the BOP compared with 42.7 percent in 
Rheinstahl Hiittenwerke A. G., West Ger- 1969. Open-hearth furnaces were retired or 
many. The furnace used as a fuel “hot-bri- placed on standby as the oxygen converters 
quettes.” These consisted of a 70-30 mix- went on line. Open-hearth production | 
ture of degasified coal fines and coking dropped from 43.1 percent in 1969 to 36.5 
coal, and were formed at about 500°C, but percent in 1970. 
not coked. Companies building converter shops or 

Ratios of coke consumed to pig iron re- those in the process of installation during 
moved from blast furnaces. in 1969, ‘the year included National Steel Corp., 

amounted to 0.504 for Japan, 0.685 for Youngstown Sheet and Tube Co., Republic 
France, 0.656 for the United Kingdom, Steel Corp., and Inland Steel Co. 
0.577 for West Germany, and 0.626 for the | The Steel Company of Canada Ltd. was | 
United States. These ratios have decreased installing three 120-ton converters at its 
each year for the past decade and can be Hilton works. In Canada, Algoma Steel 

expected to continue as injection tech- W4S planning for two larger converters at 
niques and substitute fuels are improved. Sault Ste. Marie. 
Japan reported economic pig iron produc- Altos Hornos- of Mexico scheduled a 
tion in a 4,000-ton-per-day furnace oper- third converter in its expansion plans for 

ated with a coke to pig iron ratio of 0.393; 1971. The BSC followed installation of two 

heavy oil supplied the additional fuel re- 300-ton converters at Port Talbot with 
quirements. Laboratory blast furnace plans for additional units of this size to be 

operation had a lower coke ratio of 0.360. located at the Scunthorpe works. | 
| Present target for the Japanese furnace op- Japan remained the leading basic oxygen 

erators is for a ratio of less than 0.400. steelmaking country, with installed and 

Japanese steel companies at the end of planned capacity of over 90 million tons. 
1970 had the world’s seven largest blast The practice of Japanese steelmakers in 

| furnaces. A productivity record of 2.74 tons P reheating scrap before charging into the 
per day per cubic meter of furnace volume basic oxygen converter in order to decrease 

- was made at Nippon Kokan’s Fukuyama pig tron requirements has been followed 
works, and the Nagoya works of Nippon by a few companies in the United States. 

Steel established a record of 10,095 tons STP increases of 6 to 12 percent over the 
. ° ; normal scrap additions allowable have 

produced by its No. 3 blast furnace in 1 1, reported 

day. A brief discussion of Japan's larger Electric Furnaces —The electric furnace 
blast furnaces and the steel industry’s fu- . " 
ture plans was published.2 continued to be used more in the produc- 

: | " tion of steel with 15.3 percent of the do- 
ATH, operators of Europe’s largest blast mestic total, compared with 14.3 percent in 

furnace at Ruhrort, West Germany, was 1969. Opportunities for small steelworks, 
using a combination of manual and auto- commonly known as mini-mills, have in- 
matic inputs in a computer control system creased because of improved transformers, 
to obtain maximum efficiency. An increase refractories, electrodes, and overall efficiency 

in production from 100,000 tons per month of the electric operation and better pollu- 

to 150,000 tons per month was expected to tion control. 
be obtained. . Electric furnaces that range from 20 to 

Bethlehem Steel Corp.’s second large fur- 400 tons are in Use. Some of the major 
nace was under construction at Burns Har- steelworks are beginning to depend on the 

bor, near Chicago. The hearth diameter is ranger furnaces yor an increasing Part ot 
to exceed the 35-foot diameter of the first then capacity. These can be equipped ae h . . “e's highly advanced control equipment giving 
which started operation in 1970. United constant tap-to-tap intervals essential for 
States Steel Corp. was reported to have continuous casting. 
plans for a blast furnace at its Gary, Ind., 

location that would rank among the larg- 3 Masubuchi, K. Japan’s Mammoth Blast Fur- 
est now in operation. nace, en Age, v. 206, No. 24, Dec. 10, 1970,
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The Ford Motor Co. contracted for what eration by the Japanese firm, Nippon 
_ was reported to be the largest number of Kokan, at the company’s Keihin works. 

electric furnaces to be installed in a single The process provides for interface mixing 
location; 11 electric-arc furnaces at the only by means of surface stirring, and de- 
Flat Rock, Michigan, casting plant. These pends on the filling of the transfer ladle 
were to be used for both melting and to give adequate mixing action over the 
holding of the liquid steel in the casting entire hot metal volume. A stabilized de- 
operations. | sulfurization rate of over 90 percent is 

Use of the electric furnace for smelting obtained.5 | 
iron ore to produce hot metal or pig iron = The Airco Vacuum Metals Division of — 
was described in a Canadian publication.4: AIRCO placed its combined refining proc- 
Increasing the world iron capacity by use ess, Electron-Beam Continuous Hearth Re- 
of this method does not appear to be gain- ‘fining, in commercial production to pro- 

ing in favor. duce high-performance alloy steels. One 
Direct Reduction.—Pig iron production nickel-free product containing 26 percent 

by the direct-reduction method received a chromium was described as unchallenged 

setback in the United States as McWane by the chromium-nickel austenitic stainless 
_ Cast Iron Pipe Co.’s plant on the Gulf steels for many uses.é 

Coast, using the D-LM process, was sold Refining without formation of the 
to the Air Reduction Co. (Airco). The brown fumes normally associated with oxy- 
plant was to be converted to the produc- gen injection was accomplished by the | 

tion of ferroalloys by Airco’s Alloys and injection of powdered iron oxide into mol-_ 
Carbide Division. ten steel bya carrier gas. The process was 

Steel via the direct reduction route, using announced by a British group, Steel Cast- | 

metallized iron ore products, gained head- ings Research and Trade Association. The _ 
way as Armco Steel announced that a facil- injection of other metal oxides to combine 
ity to produce 1,000 tons of iron product alloying and refining was another novel | 
per day for direct charge into electric-arc feature of the process. Control of the car- | 
furnaces would be constructed at Houston, bon boil was said to be possible. Also, 

Tex. This would supplement present blast injection of powdered lime and fluorspar 
furnace production at the company’s Hous- along with the metal oxide allowed low- . 
ton works. Electric furnace steelmaking by phosphorus steel to be produced. | 
the Oregon Steel Mills in Portland using a —- Continuous Casting.—Continuous casting | 

| 90 to 95 percent metallized pellet product jin the United States gained additional 
from the adjacent plant of Midland-Ross units with startups or construction re- | 
Corp. was started. A second steelmaking ported during the year at 12 sites. New in- 

plant designed to use the Midland-Ross  stallations also were underway in several 
metallized product was near the operating European locations. 

stage in Georgetown, S.C. Another facility Although less spectacular than the blast 
was being constructed at Hamburg, West furnace growth, the rapid increase in con- | 
Germany. A third metallized pellet plant tinuous casting in Japan has resulted in 30 
was to be built in Japan. The latter would installations in operation at yearend, in- 
have three Japanese firms, Mitsui & Co., cluding five completed in 1970. | 

Ltd., Daido Steel Co., Ltd.,,and Chugai-Ro A report on United States Steel Corp.’s 

Kogyo Kaisha as joint venture signers with caster at Gary, Ind., and an evaluation of 
Midland-Ross. various aspects of the company’s develop- 

The Brazilian firm, USIBA contracted ment was given in a speech by the 

for a steel plant using the HyL process to chairman.7 ; 

furnish sponge iron to electric-arc steel- 
making furnaces. Swindell-Dressler would 4Loe, L. T. Aspects of Smelting Pig Iron in 

build the plant, which is scheduled to sine Reduce aa ahi 
start at a production rate of one-half mil- 5 Japan Iron and Steel Monthly. New Pig Iron 

lion tons and reach 2 million tons by 1975. | Desulphurization Process Developed by NKK. No. 
. : 191, December 1970, p. 14. 

Products would consist of bars, rods, wire, 6 Knoth, Roy J. Electron Beams, Ultra Vacuum 
and structural shapes. Score Pluses for Steelmaking. Chem. Eng., v. 77, 

: . No. 14, June 29, 1970, pp. 46-48. 
Iron and Steel Refining.—A process for 7 Gott, Edwin H. The Economic Importance of 

desulfurization of large volumes of molten Continuous Casting of Steel Slabs. Iron and Steel 
oo. 3 . Review (India)—12th Anniversary Number, 1969, pig iron was developed and placed in op- 5. 17-30.
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| A continuous casting facility for produc- pollution requirements is one factor in the | 
ing gray iron was discussed from the decline. a _ , 

standpoint of cost, metallurgy, and tensile A new pattern of operation for ductile _ 
strength.® and: gray iron foundries was forecast with 

Powder Metallurgy.—A new method of an arrangement whereby a large shredded 
Peder ender high tc operature ane steel scrap processor leased ground and installed 

: | and pres- ‘liti le cca, 

sure, was undergoing pilot plant tests in ee rounery to AUPPIY Proc essed 

Sweden. Developed jointly by the Swedish action The special-srade vredded OL 
firms Allmanna Svenska Elektriska Aktie- ct js said nae ‘dear for fu rr 
bolaget (ASEA) and Stora Kopparbergs free flowin ‘ vont tencity : ue t ng but with sufficient density to 

| Bergslags AB, commercial production was cyt melting time. | 
to start in 1971.9 | | oy a . 

Kobe Steel Ltd. offered new atomized A reste of nodulizing Processes 10 
powder products for sale under technical worldwide use for making ductile iron was 

agreement with A. O. Smith-Inland, Inc. presented.1? 
These included, pure iron powder, and The last maker of wrought iron in the 
both low- and high-alloy steel powders. United States, A. M. Byers Co., perma- 
Uses were expected to be mainly in manu- ently closed its wrought iron manufactur- 
facturing automobile parts. ing facilities in Pennsylvania the first of 

_ Discussions at the International Powder the year.’ Op crating losse 8 Over ene tast 
Metallurgy Conference in New York indi- years were attributed fo increasing Ccompe- | 
cated that technological advances would tition from other materials, The company 

” rapidly expand iron powder market possi- used the Aston process for making 
bilities. For example, the use of powder in wrought ron and also operated one of the | 
roll compaction and in isostatic pressing last surviving Bessemer converters. 
would allow steel alloys of any composition Research.—Research by the. Bureau of 
to be blended and formed to customer Mines continued on improving continuous 
specifications, oo steelmaking by electric furnace methods. 

High-speed steel production, using iso- Studies to recover values from steelmaking 

static processing methods, was announced dusts, and to improve metal produced 
by Colt Industries, Inc., Crucible Specialty from ferrous scrap were underway during 
Steels Division, which scheduled an an- 1970. Published rep orts by the Bureau ™ 
nual production rate of 600 tons. The pow- cluded a cost study 74 of disposing of steel 
der method was said to give tool steels slag, estimated at al percent of steel ingot 

| that outperform those made by conven- production for a mill in the Pittsburgh 

tional methods; the ingots have maximum area. Another report ~ deals with the ef- 
density and are devoid of carbide separa- fects of variables in basic oxygen steelmak- 
tions. ing. Progress in steelmaking technology 

, and improvements made in the quality of 
baa “rrocees By “the Avcos Corp. finished steel products was covered in a 

for producing tool steel ingots from = —-—————— 

powder.1¢ The Tin Research Institute an- 8 Krall, H.A., and B. R. Douglas. Continuous 
nounced results that showed sintering of Casting of Gray Iron. Foundry, v. 98, No. 11, 

iron powder compacts could be improved November 1970, pps S058 a, cauced by 
by prior addition of tin powder. | Powder Metallurgy Technique. V. 82, No. 489, 

Foundry.—Studies by the Gray and Duc- ee vetal BP stin. Powder’s Promising Future. 
tile Iron Founders’ Society indicated gray No. 5518, july ae goto PP aL 35 ilures Worry 

iron foundries to number about 1,500, Users of Iron Castings. V. 167, No. 17, Oct. 26, 
compared with 3,000 20 years ago. About 1970. pe es KC ne P f 

400 more will probably close in the next 5 Making Ductile Iron. Foundry, v. 98, "No. 7, July 
years. This is in spite of the tonnage in- 1970, PP. B48 Wrought 1 5 
crease, from 10 million tons in 1960 to Heap. No. 2108, Jan. 3, 1970" D. is on vere? 
about 16 million tons in 1969, which has 34 Baker, E. C. Estimated Costs of Steel Slag 

been largely in captive foundries.!1| The Disp Seronelio. VP Re a Ae er aod Ww. C. 
relative high cost of installing equipment Hill. An Evaluation of Variables in Basic Oxygen 

in the smaller installations to meet air 3S op aking. BuMines Rept. of Inv. 7345, 1970,
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publication by the United Nations.16 An- steelmaking processes, as well as cost as- | 
other presentation covered problems con- pects are included.17 oe 

cerned with pollution in the steel industry. we United Nati Economic C _ fo 
- . . . . ‘Unite ations, Economic Commission r 

Sections dealing with technological im- Europe. Development of Production Technology 
provements in the various iron and and New Properties of Steel Products, New York, 

. 1970, 49 pp. 
‘4 ss : 17 United Nations, Economic Commission for 

Table 2.—P 1s iron produced and shipped Europe. Problems of Air and Water Pollution 
in the United States, in 1970, by States Arising in the Iron and Steel Industry, New 
(Thousand short tons and thousand dollars) York, 1970, 86 pp. 

a Shipped from -- Fable 3.—Foreign iron ore and — fe eae 
| State Proe — furnaces manganiferous iron ore consumed in 

. duction. Quan- Value manufacturing pig iron in the 
: ‘tity : | United States, by source of ore 

Alabama..-..--__- 4,654 4,709 $300,544 | (Thousand short tons) : 
Tlinois_____-2-___ Le 7,388 7,384 470 ,339 TO 
Indiana__.._.__.____ 18,348 13,293  874'673 ' Source — 19691 1970? | 
Ohio_____.._._._-_. 16,331 16,353 1,120,028 De ee Pennsylvania__._.__._. 20,793 20,774 1,332,856  Brazil.__-.--.-____-_-_____---.-- 477 751 
California, Colorado, Canada__.__._----------------- 1,487 1,756 

Utah____--.---.-. 5,150 5,098 336,888 Chile-_-___-__2--_-.---.-.-----. 1,155 1,080 
Kentucky, Maryland, Peru_-_-_---------------------- : 9 198 Texas, West Vir- Venezuela__-___..___....__.-._.. 4,882 5,012 

ginia__________.__ 11,451 11,426 717,533 Other countries___........---.-. 3,272 1,678 
Michigan, Minnesota. 7,550 7,569 472,635 | : | Ta 909 In AUN New York.___._._.. 5,548 5,585 365.760. Total_---.--------------- 11,282 10,470 

1 Excludes 22,455 tons used in making agglomerates. 
Total-.--.---- 92,213 92,191 5,991, 256 2 Excludes 20,600 tons used in making agglomerates. 

Table 4.—Pig iron shipped from blast furnaces in the United States, by grades 1 | 
(Thousand short tons and thousand dollars) . 

NUNN 
1969 1970 

Grade Value Value 
; Quantity ——__—_—_____—_- Quantity ———____________ 

Total Average Total Average 
per ton per ton 

EEE 
Foundry. ____-.---.---2 2-2 - eee 2,380 $135, 888 $57.10 1,780 $110,281 $61.96 
Basic_____--_2- ee 89,580 5,237,698 58.47 87,010 5,663,791 65.09 
Bessemer -___.__.-_-_-_-. ee 1,228 72,075 58.69 1,346 88, 772 65.95 
Low-phosphorus_______________________- 147. 8,885 60.44 130 8,717 67.05 
Malleable____________________________. 1,730 100, 536 58.11 1,548 95,763 61.86 
All other (not ferroalloys)__...------.-- 407 23,677 58.17 377 23 , 932 63 .48 

Total____--2_- ee 95,472 5,578,759 58.43 92,191 5,991,256 64.99 . eT 

1 Includes pig iron transferred directly to steel furnaces at same site. 

Table 5.—Number of blast furnaces (including ferroalloy blast furnaces of uding y | 
in the United States, by States 

. Jan. 1, 1970 Jan. 1, 1971 . 

State In Outof Total In Out of Total 
blast blast blast blast ee EE enn eee 

Alabama__...-.-----2 2 ee 12 q 19 11 8 19 
California. _....--.2---2 eee 4 ___. 4 A wile 4 
Colorado. __--.------------------- eee 4  __. 4 4  ..- 4 
Ilinois_ 2-2 eee ee 14 4 18 13 6 19 
Indiana___._...------ 2 eee 21 4 25 21 4 25 
Kentucky____.__-_-.-_-_- ee 2 1 3 2 -.-. 2 
Maryland. ________-___--_--__- 8 2 10 8 2 10 
Michigan____....._._.----_--____ ue 9 _w.' 9 9 LL 9 
Minnesota______..----_-____.-_-__________ eee 1 1 2 1 1 2 
New York____-__.----2 eee 12 3 15 9 6 15 
Ohio_______ 2-2-8. 31 15 46 27 17 44 
Pennsylvania. _________.-_________________.__ ee 41 15 56 33 22 55 
Tennessee____....______-_-___________________._ 3 $8 ---- ---- ---- 
Texas______._---- 2 ee 2 LLL 2 2 -.-- 2 
Utah_____-_ ee. 2 1 3 5 3 
West Virginia._...._-..._-___ es 4 LL 4 3 1 4 

Total___.---- 2 s7 56 223 150 67 217 
Ferroalloy blast furnaces___..._____________._.___...._.._.._.. 2 3 5 2 2. 2 

Grand total__.__-___-__________ es 59 228 # 152 67 219 en eee 
Source: American Iron and Steel Institute.



MINE 
RALS 

YEARB 

s 

OOK, 
1970 

aioe 

3 
et 00 

wn 
fou’ 

Ps 
Honea 

g aSee| 
& RERSAE 

BES |S 

| 

3 

on 
& 

fe 

oO 
0 © «© 

acon 
w 

AI 
OD 

~~ 
ad © 00 

. iv 
a) 

Xo> 
1 06 b~ 

DH 
one & 

a 
EN 

Se Noo 

3 2 

{ett ed 
= 

© 

> 
mes 

© 
NesSsess 

° 
fant 

oa 
1 

' 

— 

4 
79 

oe wee 
00 rt 09 

iat 

Qo 

n 

Oo 

oe 
~Oto10 

rt rt rt 
oo 

e 

® fe 

So 
ee. 

CO tO 
N 

co 

@ 

: 
ae 

| 

2 SESS 
DOAAIH 

EF § 

= 
m 

og 
Or rt HOY 

ol 
Oe 

Ss3a 
N 

bok 

} 
wa 

2 
CAB 

ISS 
a 

7 
2 6 <0 

3 ; 
8 4 

+ 
5 

8 
oess38 

AAS, 
a 

‘ 

3 a 

A 
i 

H 
add 

> 60 QRH | 
woe 

. 
< 

red 

Bee 

dade 

ne 
© 

SDeESBe 

om 
& 

go 
‘ 

riried 
|e SSSoeewo 

ROU 

3 

g 

£ 
3 

n _! 
° 

MAO 

wt 
ce 

© 00 
aor 

ef 

o "cs 

= 2 |S8ge S2S2se BR ecenee eeele 
2 3 

& 
2, 

Zvge 
SSSSSE 

Soawlea 

aod 
|e 

3 

— 
258 

= 
oC 

S S8sis 
OK) 

mi 
8 

v 
oe" 

“ 

° SSSss 
SF 1° 

5 5 

= & 
+ a, 

CO 
100 

o ee 
oo 

Ses 
N 

qo 

g 

=o 

Va 

SBROLH 

oO 

o 28 ¢ 
OS 

& 

a 

eae 
ZAR 

SSESS 
an2 1S 

eS 
a 

s 
a9 

an 
° 

roo 
EeSe 

x Be cb 
Ce 

sos 

‘st 

Ln 

sod os Naasss 
© OC &* 

° 6 

ea 
hs 

wt 1 69 

: 2 OSS 
NN oO 

oD 

cS 
© 

z 

®@® 
£8 

S3el253 

an 

So 
ee ¢ ooo 

sr] 

al 16 

. 

© & bo & 
~ 210 SHOE 

CW 69 10 
o> II 

. 

ri 

= 

aeAee 
10 1 

SS oo t 

o 

a] 

go 
see 

D1 a | 10 
eases 

g ve] 

S 

ede 
e 

SRSS9383 

tO > 6 , 

6 ¢ 

o 

bo & ,o 

tO 

= 
so 9 SHG 00 

00 > O oO 

6 

Qu 
ceas 

BOBS 
Kear 

ae 
wee 

wo 
& 

. 

/ 

Hos 

- 
OMe 

tO =} 
ow 

| See 
° 

om ~~ 

qi 

o 
qeaen 

S3ais 

=H 00 00 

ed 

s = 

6 

quo an16 
OH 

| © 
SeVues 

3 £ 

ra 
até 

f BOT RS4 
moO 

= 

4 
g 

ave|e|| 
wrsess 

BBS |S 
$3 

4 
12 be be re 

° 
rg 

me | A 
co 

of 

ROSES 

AaNe 

rin 
ahs 

- 

- o 

a 

FE, 

tS 
i000 

| os 

mi 
n 

wy 

fu 

wet 
a 6 

AIS 
oO 

OnCY 

[oa 

oOo 0 

CoN 
we 

nN SSskcss 
& 

oe 8 

zz 

- ~ © HE m1 00 melo 

5 

& 

» @ 

wos 

= 
sein 

QQ =H oo 
| BG 

2 Qa 

@ 

@ id 
eetnce 

ry 
on 

~ > oO 
3 s 

: 
23 

SZEnce EBs |g 
aa |S gs 

= 

9 

wom FOOD 
wee 

oO 
ar 

~ 

R - 

E 2 

yey 
beste | 

BoA 
Sofia 

= £ 

" 

oo 
eT 

ee 
rv 

N 
3 

— 

Ss be 

os 

Keo 
NOs 

Ost 

: vated 
bX Ho 

. 
i 

Sats 
5 

‘ 

5 3S. 

75 

a 1D E10 
0 DOD 

10 

‘ 
5 

@ 
80 8 

3 a 
8 

sett titet Grae 19 || or Ror 

> SESE 

w oO 

N oD 
RAS 

- 
ON 

den 
—gQs 

o 
8 

< no 8 

oe § 

am |B Mise 
ian 72818 

i 
Ree 

* 
3 

2,! 
! 

oaor~ 

. 

red 

Gms 
Ho 

~ ee 
on 

+ 

gece 

23/3 
EEE 

SSNs 
82 

“aaas? 
SH |g 3 pass 

a 
® 

ogo 
© OO 4 aria 

|S 

9 3c 
met 

3 «GS 
3 

ae 
San 

|S AES 

5 @ 
of o£ 

VS 
3 

a 
; 

Se 
Sea 

OS 
PA 

none 

o 
3 

_ 
o 

xs 
le 

BBC 
LES 

IS a= 
ogog 

eS 
S 

3 
19 10 IS 

9 

Mo SE rt POS 
| @ s 

HoH 

9 
7 

Roageis 
a0 

mie 
a |S |e 

=e 3 

Y 
° 

5 
NOM 

Soa 
|S 

-| 8 
bors be 

wt 

{Area 
N 

t~- 

ed 
S 

1, 2, 

S 
4a 

n 
ei 

QA | 
be 69 ot 10 x 00 

o's 
Bags 

nm 

l= 
Qa 

oD 

00 
QD wt 00 

so 
5.86.8 

a 
o 

on 
Sim 

ao 
t~ 0019 

AN et 
at 30 

om Oct 

2 & |Szee 
Q89be2 

SN |g 
$|23 

2383 

- 
ieeL oats $28 /8) SEBSZS 

s\E2 Sosa 

or 
00 

os 

i 
% 

Ye 
wE900 

OO 1S 
SSoSSseR 

19h oO 
|S a3 

OAS 

eS 
me 

a 

st 
WOO rd 

f O20 | 10 acs 
Ley SU 

= 
68s 

Sk Saar 
Or 

eu? 
~ =o 

232 

= 
ao6 

) B= 00S 
< 

Sie 
10 

set 
‘ah 

Ba 
#35 

2 
8 

= 
wouow 

=O 
tt 

 —) 

aie 
@ 

Em 

ml 

@ 

ao 

r= 
<= 

~~ 
= 

eee 

S 

Oo 
ae) 

mand 

AN 
ao 

- 
Oa) < 

oO 
t~ ~f 

oA 
R238 

| § 
= 

aa | «|«| 
> AI SHS 00 

Sexe 
|S re 

ick 

s 

3 

a 
GOON 

Ot 
a en 

gc Eg 

Vv 

' 

ei 
Sagan 

~ 
ae 

eo 2 s 

bom | 
Boo 

maa 
03 O 

- ~ 
oc 19 2 

S 

ao 
8 

iBaS 

rir 
alss 

a2 Son O 

a 6 oo 
rom 

BES 

N |] OR 
oS 

o 
fx 

"o 

4 
S| 

1 

© 
N 

= 

a 

a 
N 

t= 

£ 

ad 

‘ 
~ = 1 

re 
Cc 

S 
! vd 

~ 

QR, 
oe 

o 

a 
toms 

nN 
ieee 

| 
se. 

Bee 

a 
3B | 

a 
FSR: BES |S Sod Be ce 

3 
ze} 2| 8 

=) oi os B/E | Fee 
seas 

| 

i) 
oo 

Seers 

\ 
— 

= 
£ ws 

me 
9 

er 

© 

' 

~ 

ps 

dem 
oy 

- 
AHO 

BON 

i 

oS 
of & O Rn es 

a=) 

o 8 Qe 
- 

Veal 
@>) 

Oa 
2 

a 

eS oy 
oade 

= 

bd 
Eg a woo 

S00 | 6 SeeEHS 

qe 
SERES 

cS 

on 
~ 

3 
nan 

on 
8". 

Sin 
oct 3s 

rei | oOo 
- OD al 

Be 
1S 1s > Sncery 

v 

' 

ei 
LN Qo |S Sad 

ements 

oa 

' rte. 

ooo 

re 
Sea 

at 
ora 

} 

hit 
i rt 

et Eee 
=m 

rT 
gs ~ tJ ' ‘ 

cd 
Segeh 

ere 

¢ 

1 
io 

18.8 
1c 

' 
1 

4 

N 
Eg 

SEES 

~~ 

@ 

ttn 
= ie 

' 
ripe 

|B 
Reus 

ie 

oS 

> 

1 tet 
‘pa 

10 
5 

t 
et tot 

ct 
elo. 

go 
SMS . 

aa 
0,8 

= 

3 

pi emg 
\ propre 

~~) 
i1e338 

£20.8 
2 

= 

ww 

teu 
oe 

® t 

1 
aad 

“ee 
10 

t 
1 a 2 

aE 
— 

nn 

44 
(Sa 

& i ' 
sou 

igus 
1 ' ' n 3 82 

sFs 

| 

rida 
> 8 ' ' 

pee 
irs & o | \ 63a 

22 
og 

e 

m4 
' a) 

= 
1 

toe 
to 

ont 
' 

1 
= 2 

asa 
od 

© 

oS 

tot 
tot 

EY 
6m 

' 
1 

ios 
1 tod 

a Ob 
12 

1 
' 

ore 

SGnSh 

, 

ci 

t 
ou 

i 
OS 

‘ 
1 

at 
too 

1.0.8 
1s 

1 
' Beas 

ow 
&@ 

3 

rea 
i= OF 

' ' 
‘ :! ais & 

{7s 20 
be 

v 

rt tg & 
1 

pat 
Sa.8 

1 ' 2 
ogos 

onal 

he 

if 
ioe 

oo ! ' 
tres 

is Min | ' SEReSS 
g2s 

= 

s 

en 
| 1S 

s S I 
' 

\ 1: 
6 ‘OD 

o> 
' 

1 wEasore 

ose 

6S 

o 

et 
& fis 

x 
' 

bit 
om 

' 1 SOROS 

= 

> 

& 
' 

is. 
8ST 

a 
1 

an 
| 

a) 

I 
1 
a 

SHS 

f= 

nS 
reass8s 

! 
et 

Leos 

a) 
t 

5p 
oo 

BOS 

go & iD 

~ 

rug 
> 

t eS 
od 

° 

oO 
BE 

2 Son 

coboaud 

Ss ! ' 
ae 

sus 

Soa 
¢2Sp 

Es". 
a 

iii 
ig ads 

ox 
it& 

sees 
ags 

g's 
= Po 8 2 Ea S SAT 

oan = Svbsos 
2% 

Soo 
gas 

aM 

n iPaeags 

~ ~ace 
2 8.2 

25 
Sas oR 

Rag (peas 
oe 

goerasas 

a = FOuOe 

ar) 
an 

22.8 
1 ee gt OO 

—_ |o 
Ses 

a8 

/ 

5 
AZ 

Spa¢ ee ive 3 |2e9seeses 

o 

(Bape 
saa“g8 

° Sigeigsgs 

o SOun0oe 
a a 

3 nond 

é 
S27 

£23 885555 

for) 

@ 
» 

mm a 

ae 

2H ORES 
a 

B BO 
9 

“ 
2k 2 

waowe 
go



IRON AND STEEL 605 

Table 7.—Steel production in the United States, by type of furnace1 | 
(Thousand short tons) 

nr 

Open hearth Basic 
Year —_______—_———_ Bessemer oxygen Electric Total 

Basic Acid process 
A Nhs 

1966___.------- eee 84, 804 221 278 33 , 928 14,870 134,101 
1967______-.-._2-2 2 l-_-------- 70,550 140 (2) 41,484 15,089 127,218 
1968__------ eee. = 65, 836 (2) (2) 48,812 16,814 131,462 
1969.____..._._._____________-_---_- 60,894 (2) -.-----. 60,286 20,182 141,262 
1970-2 48,022 (2) -------- 68,830 20,162 181,514 a 

eee 
1 Excludes castings produced in foundries not covered by AISI. 
2 Included with basic open hearth. 

Source: American Iron and Steel Institute. 

Table 8.—Metalliferous materials consumed in steel furnaces in the United States 

(Thousand short tons) 

rr Pr errr er 

Iron ore Agglomerates — Pig Ferro- Iron 
Year EF iron alloys! and steel 

Domestic Foreign Domestic Foreign scrap 
eee 

1966___.-. 2-2 1,348 3,768 870 348 83 ,947 1,915 68,778 
1967... 2 954 2,905 600 378 80, 404 1,818 65,027 
1968___.------ ee 958 2,514 684 337 79,948 1,676 67,281 
1969___. 710 2,121 487 512 84,187 1,775 74,343 
1970____ 2 502 1,889 465 A476 81,118 1,641 66,451 

re aa en eee 
1 Includes ferromanganese, spiegeleisen, silicomanganese, manganese metal, ferrosilicon, ferrochromium 

alloys, and ferromolybdenum. 

Table 9.—Consumption of pig iron 1 Table 11.—Consumption of pig iron 1 | 
in the United States, by types of furnace _ in the United States, by States : 

— (Thousand short tons) 

1970 
Type of furnace —_—_—_—_—_—_ ae 
or equipment Thousand Percent | State 1970 

short tons of total ee 

Open hearth._.._._......---.. 31,529 37.9 Alabama-...--.....-------------------- 4,026 
Basic oxygen converter___.__... 49,136 59.0 California __..-.------------------------ 2,834 
Electric____.__.._.__........__ 453 .5  Connecticut____._---.------------------ 21 
Cupola__......_...._..-_---. 2,076 2.5 Delaware__-_--.------------------------  @_ 
Air______.____..___._....____. 94 1 © Georgia_____-._-.-.__--------------_-- 11 
Other2___...............____ 10 ...... Hllinois___- ~~ ----- eee. 7,368 

$e Indiana___....-_---.-------...-._-___-. 18,400 
| Total__...-.._.-...-.-. 88,298 100.0 Jowa__-_---.---------~---------------- 28 

—_—_— Kansas. __._....------------------------ 3 
1 Excludes molten pig iron used for ingot molds Louisiana - -_....----------------------- ) 

and direct castings. Maine_______ eee (2) 
2 Includes vacuum melting furnaces and miscel- Massachusetts_____....-.---.----------- 21 

laneous melting processes. Michigan ____..._._-_-..---------.----- 7,470 
Minnesota. __...._-_--.-.---.----.-.---- 478 
Missouri_____....----_---- +e eee 21 

_. Montana_____.-...-.------------------ (2) 
Table 10.—Average value of pig iron at Nebraska. _-...-------.---------------- 

blast furnaces in the United States, Nevada-__._-.--.---------------------- () 2 
New Jersey____..__-______-------_------ 5 

by States New York.___.........--.---.--..2---- 4,998 
Ohio______-_ eee «15,071 , 

(Per short ton) Oregon________..__.-....--_-_--.- ee 1 

| __ Pennsylvania. --.--~----------------- 21,366 
ode Island_________..----.------_-.-.- 

State 1970 Tennessee_._______.._______ ee 132 

Alabama____-.._.-.-.----------------- $63.82 Vermont 27 TTTTTTT TTT 5 
California, Colorado, Utah__-.......----. 64.71  Wisconsin..___._.......~. 120 155 
Mlinois. __--------------.-------------- 63.69 Undistributed ?__________.____.___..-._. 18,065 
Indiana ----------------~-+------------- 65.80 —__—_——_ 

ew YOrkK.--_--.--.-----------------.. 65. _.u.---_--. 90,126 
Ohio____._..-.------------..-.--.--.. (68.49 Total. ---------------~- 
Pennsylvania_._...._..__.-_...__....... 64.16 . 
Other States 1___.. 022.22. 62.65 1 Includes molten pig iron used for ingot molds and 

——_—_—- direct castings. 
Average.__...--.-.------_-.-._--. 64.99 2 Less than \% unit. 

SS § Includes Colorado, Florida, Kentucky, Maryland, 
1 Includes Kentucky, Maryland, Michigan, Minne- New Hampshire, North Carolina, Oklahoma, South 

sota, Texas, and West Virginia. Carolina, Utah, Virginia, and Washington.
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Table 12.—U.S. exports of major iron and steel products | 

| , 1969 1970 

Products Short Value Short Value 
| tons (thou- tons (thou- 

. . sands) sands) 

en EEO none TnnnnnnTITnnenTnTInITEnnEITT nn nee eaeEEEt nt EI UIE EI UT IER UIEnNAR Ren nnRnEEEREEE EERE 

. SEMIMANUFACTURED . 
Ingots and other primary forms: 

-” Puddled bars and pilings, blocks, lump and other 
primary forms of iron or steel, n.e.c__-_----------- 8,643 $1,015 11,425 $1,721 

Blooms, billets, ingots, slabs, sheet bars and roughly oe 
forged pieces.______.--------------------------- 1,810,490 142,767 3,177,922  § 270,368 

Coils for rerolling._..----------------------------- 421,531 61,911 840,630 A9 ,903 | 
Blanks for tubes and pipes, iron or steel______------- | 12,159 1,400 © - 2,175 _ 280 

| Total._.... --.----e----e-ne-eeee-en----------- 2,252,823 207,098 3,582,152 322,272 

Bars, rods, angles, shapes and sections: | 7 a 

Wire rods______.-.------------------------------ t 98,245 r 16,348 163 , 520 20,147 
Bars, rods, and hollow-drill steel__.-.--------------- 215,674 51,797 216,362 48,415 
Concrete reinforcing bars._.._.__.__-.--------------- 86, 762 11,592 80,077 11,194 
Angles, shapes and sections__._._-..--------------- 170,424 29,261 212,402 37,552 

Plates and sheets: 
Steel plates_____..-....-------------------------- 25,441 12,603 27,111 14,021 

_ Steelsheets__.__--------------------------------- 1,040,381 146,923 1,268,402 190,100 . 

Black plate___..__..-.--------------------------- 49,723 6,789 - 50,718 7,579 

Iron and steel plates, n.e.e__._--.------------------ 403 , 715 66,152 292,631 57,469 

Tinplate and terneplate___.-..------------------------ 339 , 606 52,264 341,275 61,844 

Tinplate circles, cobbles, strip and scroll____------------- 26,080 2,577 23,910 2,628 

Hoop and strip__-------_----------------------------- 100,595 38, 160 376,050 73,297 

Total. __..-.-------- eee ne ee eee ee eee -------- 7 2,556,646 434,466 3,052,458 524,246 

: MANUFACTURES 
Rails and railway track material -___._.----------------- 73,136 12,995 81,829 15,867 

Wire____._.__-_--------_---------------------------- 85,227 37,518 72,868 88,479 

Cast-iron pressure pipe, soil pipe and fittings_.____------- 82,419 9,340 83,571 11,863 

Steel tube and pipe fittings, union and flanges_____..-.--- 29,985 46,105 44,541 64, 942 

Malleable iron tube and pipe fittings, n.e.c_____...------- 2,087 2,290 1,560 1,857 

Electrical conduit fittings of iron or steel_____..--------- 12,317 7,965 10,453 7,971 

. Iron tube and pipe fittings, n.e.c.____----.------------- 7,191 10, 562 7,929 - 10,402 

Seamless tubes and pipe____-.------------------------- 251,996 99 ,235 243 , 822 100,291 

Welded, clinched or riveted tubes and pipe-____.---.----- 73,767 28 , 992 93 , 335 43 , 552 

Castings and forgings_...-.---------~------------------ 137,454 67,824 177 ,232 86,471 

- Total... coco eeeee--ee--- 105,579 822,826 —- 767,140 —- 381, 695 

- Grand total___._......-__---------------------- * 5,515,048 7 964,385 7,351,750 1,228,213 
ne 

~t Revised. 

Table 13.—U.S. imports for consumption of pig iron, by countries 

a Re
 

1968 1969 1970 

Country Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 

sands) sands) sands) 
en 

Australia.__._.-.---------------------------  ------- ------- 674 $31 __.---.- ------- 

Brazil_....._--_-----_---------------------- 33,240 $976 ___-.-. _------ ------- ------- 

Canada_____---__------------------------- 416,383 18,043 295,076 14,449 249,129 $13,720 

Finland___.__.-.--.---.-------------------- 17, 762 2,658 69,843 2,422 _.__--.. ------- 

Germany, West______---------------------- 107,704 3,961 *36,484 ‘1,486 112 9 

Netherlands_____---.---------------------- 330 15 _-----e Lee eee Lee eee eee ---- 

Norway___-------------------------------- 61,616 2,037 2,811 107 __--.-- --=----- 

Spain__.._..-_---------+------------------ 21,221 741 _-----e eee eee nee eee ------- 

Sweden_______-_-------------------------- 41,219 1,252 __----. Lau ee--) ------- + ------ 

United Kingdom_-____--.------------------- 26,424 798 ____--. -------) -eee-e- wee -- 

Total__._____----------------------- 785,899 30,481 '404,888 *18,445 249,241 13 , 729 

a 

r Revised.
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Table 14.—U.S. imports for consumption of major iron and steel products 

. 1969 1970 

Products Short Value Short Value 
tons (thou- tons (thou- 

sands) sands) 

Iron products: - | Oo - 
Cast iron pipes, tubes and fittings. __.._._..---.-- 34,395 $9,451 28,181 $9, 763 
Bars of wrought iron___..........--------.----- 617 153 428 123 

. Total__._...--.-.----.---=-----------=------ 35,012 9,604 — 28,609 i 9,886 

Iron and steel products: 
Ingots, blooms, billets, slabs and sheet bars___._-- 195,176 37,514 170,647 29,917 
Bars of steel: 

Concrete reinforcing bars..............--.-- 470,807 40,563 202 ,699 21,200 
Other bars__..._-.-.-------.-------------- 903 , 756 119,510 727,741 117,152 

Plates and sheets: 
Black plate_._........-.-----.-.------.--- 11,657 1,684 6,928 | 3,585 
Steel plates___._...-.-..-----.-.---------. 1,202,168 121,105 1,391,046 492 , 433 
Steel sheets___._....-....----.-..--.-..-.. 3,948,628 423,318 4,290,683 554,913 
Plates, sheets and strip of iron or steel_______ 960,183 139,714 1,046 , 042 167,690 

Strip of iron or steel. _______.--.--.----  - eee 96,167 32,921 92,3385 37,935 
Hollow drill steel_....._..--...-.----..------_-- 5,412 2,036 4,212 1,687 
Wire rods of steel__._.__---_-..---..._.......-. 1,260,890 129,803 1,055,570 127,099 
Sheet piling___.__..__-.---..------.22----_-_-- 65,957 6,854 52,335 6,189. 
Pipes, tubes and fittings....__.....-......._..... 1,691,384 265,481 1,966,917 340, 054 
Angles, shapes and sections__............._.._... 1,992,410 206,875 1,644,560 207,919 
Tinplate and terneplate__.............-..-.--_-- 300 , 664 51,339 327,725 59 , 066 
Rails and railway track material_____......_---- 44,141 4,043 39 , 878 4,312 

. Wire__.___..--.-_.--_---------------- + --- 822,162 167 ,602 777,070 185,241 
Castings and forgings____......-.-_...---..---- 17 , 242 7,859 12 , 728 6,101 

. Total__.__.__._--_.--...----------_--------- 18,988,804 1,758,171 18,809,116. 2,362,493 

Grand total____..._.__.--------------_------ 14,018,816 1,767,775 18,837,725 2,372,379 :
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Table 15.—Pig iron and blast furnace ferroalloys: World production, by countries 

(Thousand short tons) 

Country 1 1967 1968 1969 1970 > 

North America: 
Canada 2____-.-.---.------------- +e ee 7,108 * 8,550 7,665 9,296 
Mexico? 3_______---------------------------------------- "1,813 2,228 2,378 2,575 
United States 4__._..-...--.---------..------.------------ 86,799 88,767 95,003 92,213 

South America: 
Argentina 4____.._--.----------.------- ee 657 633 643 898 
Brazil 4.__._..-.-------------------+--------------------- 3, 383 3,714 4,297 4,632 
Chile 4__.--.._.--.------------ ee 549 487 535 503 
Colombia_._......---.-.----.-.-------.-----------------+- 228 218 227 e 260 
Peru 5___.2 ee -  -  - ---- 34 122 194 e 90 
Venezuela_______.....----- eee nee 465 t 677 573 562 

_ Europe: 
Austria 6-22 eee ee ee 2,359 2,727 3,104 3,267 
Belgium____...._.-.--...222-2 eee.) 9,818 «511,482 12,468 11,955 
Bulgaria *__..-.----. eee 1,135 1,195 1,209 1,325 
Czechoslovakia_.___..--..__--------~---- eee eee 7,520 * 7,629 7,726 8,320 
Denmark_______--.--- eee ee © 127 t 205 228 237 
‘Finland 7__-2-2- 2-2 eee eee 1,174 1,218 1,357 1,347 
France_.............--.-.--------- eee eee. 717,822 18,1383 20,075 21,188 
Germany, East 3_____________--.----_-- eee 2,783 2,572 2,313 2,200 
Germany, West______.________---__---_------i----_--..-. 380,166 33,406 37,218 37,067 

| Greece_____._.------------------------------------------ e 300 e 300 320 331 
Hungary 6_____ eee eee 1,835 1,818 1,932 2,015 
Italy 7-220 eee 8,060 8,644 8,593 9,209 
Luxembourg_______..-- ~~ eee eee 4,365 4,749 5,370 5,307 
Netherlands___ 2. eee 2,853 3,110 3,815 3,962 
Norway 5________---_-- eee eee 702 743 7154 T47 
Poland §____ eee eee 6,974 7,225 7,423 7,699 
Portugal 7__--.--__-- eee eee 321 317 381 347 
Romania 8___.. 2-2-2 eee 2,708 3,314 3, 843 4,642 
Spain 6__-- eee 2,953 3,063 3,674 4,590 
Sweden 3_______________ eee. = 2,771 372,919 2,949 3,079 
Switzerland_______-.-___._-__--- eee eee 26 24 28 31 
U.S.S.R8__. eee -------- 82,466 ** 86,849 89,986 94,688 

. United Kingdom 8_____________.......-.-.-----.---------. 16,971 18,404 18,357 19,480 
Yugoslavia 6___-_. 1.2 eee 1,297 1,324 1,321 1,405 

Africa: . 
Algeria °.________ eee eee 11 11 66 77 
Rhodesia, Southern ¢ 10________ 2 eee 220 r 290 300 310 
South Africa, Republic of 2__._........--.-..-.------------ 4,177 4,546 4,801 4,795 
Tunisia___.____..--___-__-_.-___-- eee 108 141 144 e 140 

Asi United Arab Republic_____.._......-.---.----.------------ er 220 e 220 466 e 500 
ia: 

China, mainland ¢!0___ eee e---------- 15,400 20,900 22,000 24,300 
India 4_____-________-__---- ~~ eee eee 7,618 7,883 8,114 7,754 
Israel] €10__- eee eee eee 40 40 40 40 
Japan 6..__ eee ------------ «=—6§ 44, 19T 51,144 64,096 75,010 
Korea, North ¢!9__. oe eee 1,930 2,200 2,500 2,600 
Korea, Republic of 19. ___.- eee T 36 r25 57 67 
Malaysia © 10.) 2 eee 20 70 70 70 
Taiwan!0_______ eee eee ee 95 r 86 88 67 
Thailand 10__._-_ = eee 7 19 12 12 
Turkey._______________-_--__--_--- eee 934 1,003 1,045 1,140 

Oceania: 
Australia. ....... 2.0 2.22.2 5,671 6,214 6,819 56,777 
New Zealand (all sponge iron)_____..-.-.------------------  ------- 0 ---+-+-++- NA 25 

Total. __-____- eee eee 1 388,721 *421,508 456,577 479,151 

e Estimate. p Preliminary. * Revised. NA Not available. 
1 In addition to the countries listed, North Vietnam and a few other countries presumably have facilities to 

produce pig iron, but available information is inadequate to make reliable estimates of output. 
2 Includes electric furnace ferroalloy output. 
3 Includes sponge iron output as follows in thousand short tons: Mexico: 1967-359; 1968-412; 1969-444; 

1970-679; Sweden: 1967-168; 1968-167; 1969-196; 1970-204. 
4 Series revised to exclude all ferroalloy production, for which see table 16. : 
5 Excludes all ferroalloys. 
6 Series revised to exclude electric furnace ferroalloys. 
7 Series revised to include blast furnace ferroalloys, and, in the case of Finland, pig iron output by some 

producers not included previously. 
8 Series may include electric furnace ferroalloys as well as pig iron and blast furnace ferroalloys. 
9 Series revised to conform with data reported by the Polish Government to the United Nations’ Economic 

Commission for Europe. 
10 Includes electric furnace ferroalloys if any are produced.
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Table 16.—Electric furnace ferroalloys: World production, by countries 1 _ 
(Thousand short tons) 

Country ? 1967 1968 1969 1970» 

North America: United States 3.___...-..._...-.---.---------.----.---. 2,750 2,621 2,629 2,595 
South America: 

Argentina. ____._..._..----------- eee ee 20 27 27 ©27 
Brazil 2__--. 2 pee 65. 74 81 e 85 
Chile 3_____ oe eee eee 11 ll 13 e15 

Europe: 
Austria... eee ee eee 6 6 T- 6 ~ 
Bulgaria_____._._.__-_-_-..--__-.--1 eee eee e 31 31 41 55 
Czechoslovakia___........-.....------------------------- ee 107 111 107 115 
Finland. _..22-- ee ee ee eee eee 9 29 36 
France__._____-- ee eee 289 301 341 374 
Germany, West____....__.-...------------------------ ++ eee 177 230 277 297 
Hungary___-___._ oe ee eee eee ne 15 10 15 11 
Italy__.. eee eee 168 168 168 193 
Norway 3________ eee en ee ne ee ee 605 726 773. 562 
Poland__ ee eee eee 119 115 126 131 
Spain____-__--_--_- ee eee eee 89 107 105 © 120 
Sweden____ eee eee 230 255 272 257 
Switzerland____..__-_-_-._--- eee 2 7 7 ¢10 
Yugoslavia_____...___._------ eee eee ee 87 94 99 112 

Asia: 
India 3__2 2 ee eee eee eee 167 186 221 236 
Japan__..2__- eee) «61,042 1,175 1,480 1,835 
Turkey___-.- eee eee 9 9 10 | 10 

Total... eee) =, 989 6,273 «36,778 7,082 

'e EHstimate. »P Preliminary. 
1 Excludes some countries as indicated by footnote 2, and includes blast furnace ferroalloys for five countries 

as indicated by footnote 3. 
2 In addition to the countries listed, Canada, Mexico and the Republic of South Africa also produce electric 

furnace ferroalloys, but output is reported in sources as an inseparable part of a total ferroalloy production 
figure together with blast furnace ferroalloys and is included in table 15 with pig iron and blast furnace ferro- 
alloys. East Germany, Romania, the U.S.S.R. and the United Kingdom also produce electric furnace ferroalloys, 
but data on output are not available and sources do not clearly indicate if output is simply unreported or if it is 
included with blast furnace ferroalloys in table 15. Electric furnace ferroalloy production, if any, from Australia, 
Israel, North Korea, Republic of Korea (South Korea), Malaysia, Southern Rhodesia, Taiwan, and Thailand 
is included with pig iron and blast furnace ferroalioy production in table 15. 

8 Total ferroalloy production, including blast furnace ferroalloys.
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Table 17.—Raw steel:1 World production, by countries - 

. (Thousand short tons) 

_ Country ; 1968 1969 1970 > 

North America: 
Canada___..----.~---=.---~-+----+ 22-8 eee ee 11,251 10,307 12,346 
Cuba &_._...-----..----------- ++ eee 55 60 60 

_ Mexico_..-.---------2.--- eee eee eee .3,621 3,825 4,238 United States ?___....------------ 2-2 eee eeee----se- 181,462 141,262 181814 
South America: : , 

. Argentina_..--.--22---------- ee eee r1,711 1,871 2,012 
Brazil 3_.__-.----+----------+----+----- see eee eee 4,909 5,429 © 5;917 
Chile 3_.___----~-~. 2-1 +--+ eee 628. 713 603 . 
Colombia. ...--.-.-----------+---------2----- een eee 282 290 e 330 
Peru_.--.--1---+--------- +--+ 2 eee eee r 117 212 e 90 
Urugilay_ -_.---.------- 2-2 eee 10 15 e 20 
Venezuela. ._..-----.---.--2---- ++ -e eee eee t 948 905 1,017 

Europe: . 
Austria_._--..----------- eee eee 3, 822 4,328 4,496 
Belgium.__..2-..---------------- eee 12,752 14,145 13,897 
Bulgaria__._-_--..~--.---2------ sae ee eee ™1,614 1,670 1,984 
Czechoslovakia....-....2.---------+-----L----- eee eee 11,635 11,907 12,655 
Denmark-_.-..-----..--2------_ eee es r 504 5381 - §21 
Finland___._-.-.----------------+--------2------ eee t 804 1,067 1,289 
France. ....---------.2------ eee © 22,497 24,814 26,205 
Germany, East____-..:-.-.-.-..------------------ ee eee 5,175 5,318 e 5,540 

| Germany, West___:...-.---_-- Lie eee 45,370 49,952 49,649 
Greece. _._-..-----+--+------- eee ee _ 240 496 480 
Hungary- -------.+---------------- +--+ eee, ss 83, 200 8,342 3,428 
Treland_.__-.------------------ eee eee 75 89 e990 
Italy___._-.-.---------------2----- +e eee 18,700 18,109 19,045 
Luxembourg. _.-_--....------- 2-2 eeeeeeeeeeee 5,329 6,086 6,021 

. Netherlands__....-..--.-.---------------------- =e eee 4,086 5,204 5, 558 
Norway.-.--------------+-------- 2-2 eee eee _ © 895 936 959 - 

| Poland_...-.------------2-------- +--+ eee 12,133 12,446 . 12,998 
Portugal__-2 2-2 eee eee eee 345 440 A24 
Romania_-_.-_------_+-.---------.------- e+ eee 5,237 6,107 7,184 
Spain__._.-.------ 22-2 eee ee r 5,428 6,619 8,144 

_, Sweden_____.---.- 22+ +--+ eee ee 5,616 5, 866 6,058 
‘Switzerland___._.._..---_----- eee 499 551 578 

. USS.R.___. eee eee eee 117,487 121,616 127 , 868. 
United Kingdom_.___2-..-----.---------2---- eee * 28,965 29 , 593 31,213 
Yugoslavia. __.-2-------------------- eee ee 2,201 2,447 2,456 

Africa: 
Algeria_.._-.--------- eee 31 20 e 20 
Rhodesia, Southern ¢__..__--..-..---.-.2------ ~~ eu. 150 r 160 180 
South Africa, Republic of___..._.....--. 22.2 ee 14,749 5,323 e 5,620 
Tunisia_____.--------- 2s ---e eeeee ee r 88 110 e 110 
United Arab Republic__-___--...--.---_.-- eee tr 209 e 540 e 550 . 

Asia: 
Burma ¢.___.------..----.+--~-- +a eee 20 20 20 
China, mainland ¢.________-_--_----------------- 2 eee 16,500 17,600 18,700 
India 3_.__-.---.-------2----- +--+ eee 7,108 7,122 6,722 
Israel ¢_.____---------------------- eee eee F110 r™130—— 130 
Japan _____--------- +e eee eee 7 73,737 90,572 102,870 
Korea, North °____-------------------------------_-_-_- ee 1,930 r 2,200 2,400 
Korea, Republic of____-__-._...----.-----_--- ee ee eee 410 412 530 
Lebanon ¢___.._._-.__ eee 20 20 20 
Malaysia ¢3______._.. eee r 65 65 65 
Pakistan ¢____.__.- +e eee 110 110 110 
Philippines ¢_______._._2----_- eee 95 95 95 
Taiwan______---=-.--------~----_--- eee 267 299 324 
Thailand. _.___.-...--- 2 eee 6 10 7 
Turkey_.._.--.-_---.--_- eee eee eee 1,222 1,290 1,446 
Vietnam, North ¢_____.---____- eee 8 8 8 

Oceania: 
Australia__...-..-2-22-- eee 7,167 7,735 7,520 
New Zealand ¢______-____- eee 75 15 15 

Total.__--_-------_-_ +--+ eee e---_-. = 583,630 632 , 484 654,409 
EE SS ees 

e Hstimate. pP Preliminary. * Revised. 
1 Steel formed in first solid state after melting suitable for further processing or sale. 
2 Data from American Iron and Steel Institute (AISI). Excludes steel produced by foundries not reporting 

output to AISI but reported to Bureau of Census as follows (in thousand tons): 1968-1,557; 1969~1,906; 
1970-1,723. 

3 Excludes castings.



Iron and Steel Scrap 

By Harold J. Polta? | 

Domestic consumption of iron and steel derly reclamation of metals, and (3) re- 
| scrap in 1970 declined in line with the search on the use and recycling of scrap. 

general decline in U.S. business conditions, The National Environmental Policy Act 
but record exports partially offset the de- of 1969, signed by the President January 1, 
crease in domestic consumption. Although 1970, established a national policy on the | 
scrap processors continued expansion of fa- environment, created the Council on Envi- | 
cilities for shredding and fragmentizing ronmental Quality in the Executive Office 
junked automobiles and other obsolescent of the President, and placed new responsi- | 
scrap, there was evidence that additional bilities on Federal Agencies by directing 
innovations would be required to further them to take into consideration environ- 
increase recycling of materials. Presidential, mental factors in decision making. The 
Congressional, and public concern about first annual report of the newly created 7 
the quality of our environment and the Council was transmitted to Congress in | 
need for conserving natural resources re-. August. It included several items pertinent 
sulted in several legislative acts pertinent to the iron and steel scrap industry: (1) 
to the ferrous scrap industry. As a result, an average of 9 million cars are retired 
both industry and Government continued each year; (2) 2.5 million to 4.5 million | 
studying ways to increase reclamation and cars are abandoned each year; (3) al- 
consumption of iron and steel scrap. though the President recommended a 

bounty system (on old automobiles to the 
Table 1.—Salient iron and steel scrap, processor, wrecker, or owner) the Council 

| and pig iron statistics in the United States = concluded a bounty system is not practical; | 
(Thousand short tons and thousand dollars) (4) the Council recommended firm penal- 

_*'71'9GG~~SC*«WWQQ~S*é«‘@S:«saagaimsst. abandonment and improve- 
— ——— ment of State title and transfer laws to 

Stoe  ree at consumer put abandoned autos more promptly in the 
plants. ___...-.------ 6,552 7,668 scrapping cycle. oS 

eae ar ottioe conegner and 1,723 2, 082 The Resource Recovery Act of 1970 di- 

Const _ Total___.-------- 8,275 9,750 yects the Secretary (of Health, Education 
onsumption: . 

Scrap__..--.---------.- 94,816 85,559 and Welfare; and of the Interior) to carry 

Exports 94,635 90,126 out an investigation and study to deter- | 
Scrap (excludes rerolling mine recommended incentives for accelerat- | 

Value 1 -27712 2011856 $481/905 ME Tecycling of solid wastes; the effect of 
Imports for consumption: existing public policies such as subsidies 

Scrap (includes tinplate and tax incentives on recycling; and the 
and terneplate scrap) _- 335 301 . : i . 

Value__._...-.-. $18,488 $11,200 necessity and method of imposing disposal 
11965-1969 included ships, boats, and other ves- charges on packaging containers, vehicles, 
sels for breaking up for scrap. and other goods. Several state and _ local 

oo, governments passed laws which were di- 
Legislation and Government Programs. ected toward accelerating recycling, and 

—The Mining and Minerals Policy Act of any more had such legislation under 
1970 gave the Secretary of the Anterior the consideration. : 

responsibility, among other things, to fos- The Environmental Protection Agency 
ter and encourage private enterprise in 
(1) the development of sound and stable =——————— 

metal reclamation industries, (2) the or- 1 Mining engineer, Division of Ferrous Metals. 

611
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was established in line with a reorganiza- Commerce to stop exports to prevent an 
tion plan sent to the Congress by the Presi- excessive drain of scarce materials so as to 
dent on July 9, 1970. Of particular interest avoid serious inflationary impact from ab- 
to ferrous scrap consumers, are items per- normal foreign demand. Although the De- 
taining to redirecting research on solid partment of Commerce requires licensing 
waste management to place greater empha-_ of stainless and other nickel-containing 
sis on recycling and reuse of materials. scrap exporters, it had imposed no quotas 

| -The Export Administration Act of De- or embargoes on ferrous scrap in recent 
cember, 1969, allows the Department of years. 

| AVAILABLE SUPPLY | 

The 86.7 million tons of iron and stee] lion tons purchased scrap (net receipts) . 
scrap reported available for consumption Home scrap production was down 7 per- 
at consumers’ plants in 1970 consisted of cent from that in 1969, and scrap pur- 
52.6 million tons of home, and 34.1 mil- chased was down 8 percent. 

CONSUMPTION | 

Consumers reported consumption of 85.6 1969. Consumption statistics are given in 
million tons of iron and steel scrap in tables 2 through 9. 
1970. This was 10 percent less than in | . 

| STOCKS 

Consumers’ stocks reported on hand De- 17 percent from the year before. 
| cember 31, 1969 were 7.7 million tons, up | 

| PRICES 

| ‘Iron and steel scrap prices, which started melting scrap reaching a low of $35 per 
to rise rapidly early in 1969, continued up- ton in December. However, at yearend | 

ward in the first months of 1970 and then price increases had No. 1 heavy melting at 
generally declined the rest of the year.  g9 per ton. 
The American Metal Market composite . 
price of No. 1 heavy melting scrap, which Scrap prices generally followed demands 

rose from $26 to over $36 per ton in 1969, for export. Demands for export were high 
went to $46 in February 1970. Thereafter, in the early months of 1970, then generally 

prices generally declined, No. 1 heavy decreased the rest of the year. 

| FOREIGN TRADE 

Exports of iron and steel scrap (exclud-_ erally either below or only slightly above 
ing rerolling material) in 1970 reached a _ those in the comparable 1969 months. 
record 10.1 millon tons. This was an in- Largest indicated export tonnage in- 
crease of 13.3 percent over 1969 exports. creases were in the shredded and No. 2 
Principal destination of U.S. scrap was bundle classes. Exports of No. 2 bundles 
Japan which received 5.2 million tons or increased 343,000 tons (33 percent) over 
51.5 percent of the total exported. Next those of 1969. No similar direct compari- 
largest importers of U.S. scrap were Spain son of 1970 shredded exports can be made 
(11.5 percent), and Mexico (8.1 percent). with those of 1969, because shredded scrap 
Monthly exports were well above those of exports were not reported as a separate 
the comparable months in 1969 from Janu- scrap class prior to 1970. However, if 1970 
ary through July but, thereafter, were gen- exports of shredded (1,165,000 tons) had
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Figure 1.—Steel production (AISI); total iron and steel scrap consumption; pig iron 
consumption; home scrap production; and net scrap receipts.
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been included under “other steel scrap,” as quire exporters of iron and steel scrap to | 
in former years, this catchall category submit weekly quantity reports. However, | 
would have increased 50 percent. at yearend it had imposed no quotas or 

eo Because of the significant increase in embargoes on ferrous scrap, but continued 
scrap exports, the Department of Com-_ to require licensing of stainless and other | 
merce, on November 23, 1970, began to re- __ nickel-containing scrap exporters. 

WORLD REVIEW so 

Conditions around the world apparently The Netherlands reported steelworks re- 
paralleled those in the United States, ac- ducing stocks. Swiss processors, who rely 
cording to delegates at the Bureau Inter- heavily on labor from outside the country, 
national de la Récupérations conference in were concerned about Government action 
Brussels near yearend. Delegates reported relating to foreign workers. Sweden re- 

strong demand for ferrous scrap, efforts to ported that most of its imports were from 

upgrade scrap quality, and awareness of the Soviet Union and the United States | 
_ the need for recycling to improve the envi- 29d that it had imported large quantities 
ronment. | : | of fragmentized scrap in order to acquaint 

| Austria was reported requiring 500,000 the steelworks with this material. A frag- 
7 | . _.. mentizer was being erected at Halmstads 

tons of scrap, 400,000. tons of which were } . | : . 
ay . : Jarnverks AB, in Sweden, and a second 

supplied from domestic sources. In West Scandinavian fragmentizer was being in- | 
Germany scrap deliveries declined in the stalled in Norway. Belgium reported in- 

second half of 1970, and processors were creases in scrap imports. Czechoslovakian 
oe finding it difficult to sell lower quality processors were reportedly producing over 

_ scrap. The British reported high scrap de- 92 million tons of ferrous scrap; most of it 
mand and expected to continue importing was for domestic steelworks, but some was 

. _ from the United States until spring. for export. | 

TECHNOLOGY | 

Spurred by the President, Congress, and large city for studying commercial use of 
the general public, both industry and Gov- the process for recovering, separating, and 
ernment accelerated research directed to- shredding incinerator residues developed 
ward increasing the use of scrap. by the Bureau of Mines. . : 

Research by Jones & Laughlin Steel _General Motors Corp. and its Traverse | 
Corp.? determined that the elements with City, Mich. dealers cooperated in an exper- 
most significant effects on the mechanical imental campaign to clean the area of 
properties of low-carbon sheet steels are abandoned automobiles.4 The program in- 
tin and sulfur, that the rate of No.2 bun-_ volved finding, hauling, and processing 
dle consumption (in a plant with basic junked automobiles. Its objective was to 
oxygen and electric furnace shops) is set determine costs. According to reports, Gen- 
by the hot metal composition and quantity eral Motors concluded that crushed cars 
of No. | heavy melting scrap, and that can be hauled to processing centers eco- 
consumption is influenced by the variabil- nomically from within a radius of about 
ity of composition of this form of automo- 150 miles. General Motors is making a 
bile scrap. similar study in California in cooperation 

National Steel Corp. ended a test pro- with Southern Pacific Railroad. The scrap 
gram,3 sponsored by the American Iron equipment manufacturing industry was re- 
and Steel Institute (AISI) and Carbonated sponding by developing smaller equipment 
Beverage Container Manufacturers Associa- ‘Silver. Jexy.- Using M Bundles in Steel. 

tion (CBCMA) , that proved scrap cans are making, ’Sceondary Raw Materials, v. 8. No. 3, 
suitable for primary steelmaking. AISI and March 1970, pp. 29-88. | Can Makers Move to 

CBCMA proposed that Congress include in jean’ Up Old Can Problem. V. 166, No. 24, 
the Resource Recovery Act of 1970, $2 mil- June IP. 1970, Poo Rounds Up Auto Hulk 
lion to build a demonstration plant near ay, 167,'No’6, Aug. 10, 1970, pp. 67°69.
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designed for operation at production limits dismantler; (3) through a grant to the 
.imposed by economic haul distance of Maryland State Health Department for a 
scrap feed. In a cooperative research effort junked auto study was indirectly involved 
with United States Steel Corp., General in enactment of legislation relating to 
Motors reportedly has developed a process junked automobiles; (4) was participating 
whereby quality hot rolled sheet products with other groups in the formulation of a 

_ can be made directly from scrap iron skip- nationwide abandoned automobile policy; 
ping the conventional first remelting proc- and (5) in cooperation with the Institute 
ess. of Scrap Iron and Steel, gave a $150,000 

Bureau of Mines research directed to-. grant to Battelle Memorial Institute for a a 
ward conservation of minerals through research project entitled: “A Study to 
recycling which has been underway for Identify Opportunities for Increased Recy- 
many years was continued and expanded. cling of Ferrous Waste.”10 : | 7 
The smokeless junk car incinerator devel- In Canada a chemical process was devel- 
oped at Salt Lake City5 was operated to oped to produce iron powder from scrap | | 
determine amounts of nonferrous metals  iron,11 and in Belgium scrap dealer Rob- 

melted during incineration, and to find ert George found that cooling scrap .to 
ways of increasing the capacity and lower- —190° C makes steel brittle, whereas the 

: ing operating costs of the unit. At College nonferrous metals and nonmetallic material 
Park, Md., research on processing of mu- retain some elasticity at that temperature. 
nicipal residuesé and refuse, started in Subsequent shredding results in scrap eas- 
1965, continued in several directions. Suc- ily separable by magnetic separation to — 

cess with pilot plant processing equipment produce high-quality scrap.12 | 
prompted development of a flow sheet for Major equipment manufacturers contin- . 

a prototype processing plant containing ued to develop more economical and 
shredding, magnetic separation, and other efficient scrap processing equipment, the — . 

conventional equipment. The objective of trend was toward both larger and smaller 
prototype plant operation would be not equipment: larger for most economic opera- 
only to develop procedures, but also to de- tion in areas of large scrap supply and 

termine costs. Additional effort was di- smaller for economic operation in areas of 
rected toward developing economical meth- _jesser scrap supply. 

ods for copper removal from ferrous scrap; 7 
toward developing methods for identifying, § ———____ 
sorting, and separating metals; and toward °Chingren, C. J., K. C. Dean, and J. W. Ster- 

developing chemical processes for preparing pet, Construction, and, Testing of a Junk Auto 
premium grades of scrap from ferrous  ruary 1970, 8 pp. 
residues. 6 Stanczyk, Martin H., and A. Ruppert. Contin- 

. . uous Physical Beneficiation of Metals and Miner- 
At the Bureau’s Twin City Metallurgy als Contained in Municipal Incinerator Residues. 

Research Center, efforts to increase use of P10, Second, Mineral, Waste Utilization, Symp. 
ferrous scrap included studies on produc- Institute, Chicago, March 1970, pp. 255-260. 

tion of synthetic pig iron from scrap.” On ¢,40'"Automobile “Scrap. Proc’ Second. Mineral | 
use of ferrous scrap in foundry operations, Waste Utilization Symp., Cosponsored by U.S. 
on high-temperature oxidation of ferrous March Go7d op o67B Institute, Chicago, 

scrap, and on using ferrous scrap in the 8 Prasky, Charles. New Developments in Use of 

processing of low-grade nonmagnetic iron Ferrous, Scrap. Proc. Second Mineral Waste Utili; 
ores.8 With a grant from the Bureau of ITT Research Institute, Chicago, March 1970, 

Mines, the University of Wisconsin was ine PRS Voneban, Richard D. The Administration 
vestigating the effect of residual elements [Looks at the Abandoned Automobile. Secondary 
on the use of ferrous metals from inciner- Kaw gy agctials, v. 8, No. 4, April 1970, pp. 

ated refuse. 10 American Metal Market. Metal Market Bu- 
In 1970, the Department of Health, Edu- reaus, Pas g Vase Obiectives Defined. V. 77, 

cation, and Welfare (1) granted funds to 11Gravenor, C. P., T. Rigg, and J. N. Stone. 
Gulf Southwest Research Institute to study A Hydrometallurgical Process to Produce Iron 

°7: Powder from Scrap Iron. Canadian Mining and 
the use of old autos to stabilize levees;9 Metallurgical Bulletin, v. 63, No. 693, January 

(2) in coop eration with the Department of Tee serial Research. Fresh Frozen Scrap Pro- 
Commerce, studied the problems of the duced by INCH. December 1970, p. V10.
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Table 2.—Iron and steel scrap supply 1 available for consumption in 1970, by States 

(Thousand short tons) . ; 

. New supply 
State Receipts Production Total new Shipments2 available for | 

supply consumption 

Alabama__-...------------ 1,580 2,041 3,621 144 - 8,477 
Arizona’. __..-.-.---------- W W WwW WwW WwW 
Arkansas..........-.-.---- WwW WwW WwW ~-s--- WwW 
California__.......-.-.---.- 1,629 1,599 3,228 96 3,132 
Colorado-_ _-.--...--.---.-- WwW WwW WwW Ww WwW 
Connecticut... -.--.-- 82 56 138 5 133 
Delaware__.....-.------.-- WwW WwW WwW WwW WwW 
Florida__._....--...--.---- WwW WwW WwW WwW WwW 
Georgia___-...----..------ WwW W WwW WwW WwW 
Tilinois_.._-.---------- ee 4,383 4,532 8,915 481 : 8,484 
Indiana____-.-..--_..----- 2,575 8,226 10,801 615 . 10,186 
Tow2..-.._-.------.-..---- 417 163 580 1 j 579 
-Kansas___.-.------_----_-- 65 45 110 5 | 105 
Kentucky. __.--._._...---.- WwW WwW WwW ws. WwW 
Louisiana__..-...-..-.-.. 2. W W WwW WwW WwW 
Maine____..--_-___-___.--. W WwW WwW WwW Ww 

. Maryland___-...-...._.-.-- WwW WwW WwW WwW WwW 
Massachusetts. __..._...-.- 41 52 93 2 91 
Michigan___-..-._.-__.-...-. 4,126 4,092 8,218 191 8,027 
Minnesota__......-_.._.--- 276 216 492 8 484 
Mississippi_---..---------- WwW WwW WwW wnenn- WwW 
Missouri... ...._.._.._.-.- 798 283 1,081 8 1,073 
Montana__-__._-..-...---_-- WwW WwW WwW eee WwW 
Nebraska__....___.._._---- WwW wonnne WwW W WwW 
Nevada... _-_----.---------- | WwW WwW WwW ------ WwW 
New Hampshire__._.....--- WwW WwW WwW ------ WwW 
New Jersey____....._-_-.-- 517 137 654 All 637 
New York_____.__.---.---- 1,077 2,030 3,107 174 2,933 

. North Carolina.___.-....--- 126 47 _ 173 ~----- 173 
= QOhio__- .----L--e eee 6, 842 8,716 15,558 1,374 14,184 

Oklahoma. -___..._...----- 225 52 277 (3) 277 
Oregon____-._----.-_------ 136 59 195 , 14 181 
Pennsylvania__......--.--- 7,392 11,522 18,914 1,815 17,099 
Rhode Island__.......----- WwW WwW WwW WwW WwW 
South Carolina__.____..-_-- ‘W WwW WwW ------ WwW 
Tennessee_______________-- 287 163 450 13 437 
Texas_____-. 2 eee 1,683 1,680 3,363 158 8,205 
Utah___.-_--.-.-_____ ee W WwW WwW W WwW 
Vermont. __.___-..__-.-_--- 9 7 16 wonune 16 
Virginia___._........---_-- WwW WwW WwW WwW WwW 
Washington____.....__-__-- 559 152 711 11 700 
West Virginia.__...__.__--- Ww WwW ‘W WwW WwW 
Wisconsin____....._----_-- 417 413 830 34 796 
Undistributed_-____.._.._.. 4,426 6,292 10,718 354 10,364 

~ US. total 4.222222 39 ,668 52,575 92 ,243 5,520 86,723 

W Withheld to avoid disclosing individual company confidential data; included with ‘‘Undistributed.” 
1 New supply available for consumption is a net figure computed by adding production to receipts and deduct- 

ing scrap shipped, during the year. The plus or minus difference in stock levels at the beginning and end of year 
is not taken into consideration. 

2 Includes scrap shipped, transferred or otherwise disposed of during the year. 
3 Less than 1% unit. 
4 Data may not add to totals shown because of independent rounding.
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Table 3.—Consumption of iron and steel scrap and pig iron 1, by States, by type 
of manufacturers in 1970 

(Thousand short tons) | 
i 

Steel ingots and Iron foundries and 
g castings 2 Steel castings? | miscellaneous users Total 4 

Scrap Pig iron Scrap Pig iron Scrap Pig iron Scrap Pig iron 

Alabama__...... 2,401 3,506 160 (5) 906 520. 8,467 4,026 
Arizona...-.---- WwW woueue WwW wee eee W -e---e WwW eoncne 
Arkansas_..--22. LoL a WW weet. 0 eee ele ees OW ae ~ 
California._..... 2,641 2,228 128 3 254 103 3,023 2,384 
Colorado. __...-- WwW WwW WwW eee ee WwW ~oueee WwW WwW 
Connecticut_-_—_- 69 wennue 3 (5) 63 21 135 21 
Delaware__.....- WwW wnnnee WwW WwW waenue ------ WwW WwW 
Florida_.....-..- WwW wnenne w----- -----e WwW WwW WwW - WW 
Georgia_.......- WwW wanuee WwW (5) WwW 11 WwW 11 

‘Tilinois.......... 6,831 7,067 449 4 1,060 292 8,340 7,363 
Indiana___...... 8,839 13 , 222 153 2 651 176 9,643 13 , 400 
Towa_....------- ------ wo---- 42 wnanee 530 28 572 28 
Kansas_.....--.. ------ ------ 87 (5) 17 3 104 8 
Kentucky___..-. 1,127 WwW ------ ~----- 218 WwW 1,345 WwW 
Louisiana........ ------ woa-e- weeene ween ne weenee ------ WwW (5) 
Maine__....-.-- ------ ------ ~----+- ~----+- WwW WwW WwW (5) 
Maryland.__-... 2,808 WwW 29 wao--- 79 WwW 2,916 WwW 
Massachusetts... -_-.- wennee 10 (5) 82 21 92 21 
Michigan__....-- 5,019 7,045 100 — 1. . 2,988 — 424 8,057 7,470 © 
Minnesota___-_-- * 327 442 | 56 1. 81 35 464 478 
Mississippi_ --..- WwW wun ne. w----- ~----- wnanne ------ WwW w----- 
Missouri_.__..-- 870 2 113 1 q9 18 1,062 21 
Montana_.....-. ------ w----- ~----- ------ WwW (5) WwW (r) 

'  Nebraska_....-.. -.---- a WwW WwW WwW wane ne WwW WwW 
Nevada___...--. ---.-- wnenne WwW WwW ween twee ne Ww WwW 
New Hampshire... __---- wuauoe WwW ------ . W Ww WwW WwW 
New Jersey__.-.-- 216 woonee 38 (5) 374 52 628 52 
New York_...... 2,172 4,912 143 11 587 15 2,902 4,998 
North Carolina_-_-_ WwW wanes wue-ee auaeee WwW WwW WwW WwW 
Qhio._._..---.-. 11,787 14,438 426 28 1,843 605 14,056 15,071 
Oklahoma. -_....- WwW woes WwW waenee WwW WwW woe. Ww 
Oregon____....-- — 127 waanee 55 (5) 6 1 188 1 . 
Pennsylvania_.._. 16,051 21,221 385 | 33 724 112 17,160 21,366 
Rhode Island__--. 74 unee- w~o---- wa---- 58 10 132 10 | 
South Carolina... -..--. eeu une a-o---- wnwnee AT W AT ‘WwW 
Tennessee__..... ..---- -u---- 18 2 410 130 428 132 
Texas._.......... 2,539 - 22 53 1 592 72 8,184 95 
Utah____...._--- WwW WwW WwW WwW WwW WwW Ww WwW . 
Vermont____...-. -.---- weenee waenne wennne 17 5 17 5 . 
Virginia_........ .--..- uae ee 184 WwW 435 WwW 619 WwW _ 
Washington_-____- 634 WwW 17 WwW 18 (5) - 669 WwW 
West Virginia.... 1,638 - wf 33 WwW 48 WwW 1,719 - WwW 
Wiseonsin.._.... ------ | ------ 245 7 558 148 803 155 

' Undistributed_... 3,153 12,844 183 5 451 216 3,787 13,065 . 

U.S. to- 
tal4_-._.__ 69,323 86,949 8,110 99 13,126 3,078 85,559 90,126 

W Withheld to avoid disclosing individual company confidential data; included with ‘‘Undistributed.” 
1 Includes molten pig iron used for ingot molds and direct castings. — 
2 Includes only those castings made by companies producing steel ingots. 
8’ Excludes companies that produce both steel ingots and castings. 
4 Data may not add to totals shown because of independent rounding. 
5 Less than )4 unit.
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Table 5.—Consumption of iron and steel scrap and pig iron 1 in the United States | | 
in 1970, by type of consumer and type of furnace or equipment 

; (Thousand short tons) 

Manufacturers of | . . 
steel ingots and | Manufacturers of Iron foundries and Total all types 4 

Type of furnace castings 2 steel castings 3 miscellaneous users So 
or equipment =———————____——— SSS _“ eSsSsSsSsSSSSSSSSSSSSSSSSSSSSS—— 

Scrap Pig iron Scrap Pig iron Scrap Pig iron Scrap Pig iron . 

Blast furnace5___ 5,302.  — ___.- weu-ee eee ee eee eee 802 
Basic oxygen con- DS 

verter §6_.__.... 21,124 49,136 wo--ee wae ~-- ee penn ne 21,124 49,136 
Open-hearth fur- ‘ 

nace.__...._... 21,9385 © 31,494 378 35 ~---2- wou--- 22,313 31,529 
Electric furnace_. 18,834 288 2,381 37 1,799 128 23,014 | 453 
Cupola furnace___ 1,695 115 307 18 10,986 1,943 12,988 2,076 
Air furnace______ 41 6 44 8 142 80 227 94 . 
Other furnaces 7__ 392 8 ---+-- ---++- — 199 2 591 10 

U.S. to- . oo 
tal4_.-_ 69,323 81,047 3,110 98 ‘18,126 ©§ 2,153 85,559 838,298 

———— 

1 Excludes molten pig iron used for ingot molds and direct castings. - Oo 
2 Includes only those castings made by companies producing steel ingots. 
3’ Excludes companies that produce both steel ingots and steel castings. 
4 Data may not add to totals shown because of independent rounding. . 
5 Includes consumption in all blast furnaces producing pig iron. , 
6 Includes scrap and pig iron processed in metallurgical blast cupolas and used in oxygen converters. . 
7 Includes vacuum melting furnaces and miscellaneous melting processes. 

Table 6.—Proportion of iron and steel 
: , scrap and pig iron used in furnaces - | 

| in the United States | 

(Percent) . 

- 1970 | 
Type of furnace _—_ 

a Scrap Pig iron 

Basic oxygen converter__......_. 380.1 69.9 
Open-hearth furnace._._........ 41.4 58.6 
Electric furnace__.....__._._.... 98.1 1.9. . 
Cupola furnace_.__............. 86.2 13.8 . 
Air furnace___.........-..._-... 70.7 29.3 . 

Table 7.—Receipts, production, consumption, shipments and stocks of iron and steel 
| scrap and pig iron, by type of manufacturer, in 1970 

(Thousand short tons) | 

Manufacturers Manufacturers Iron foundries 
of steel ingots of steel and miscel- Total 
and castings! castings 2 laneous users 

Scrap: _ 
Receipts___._....2...-22-- 22 eee 29,129 2,155 8,384 39 ,668 
Production. ______.____.....-___-___. 46,394 1,032 5,149 52,575 
Consumption. ___.___.___.._.___-_.__- 69,323 3,110 13,126 85,559 
Shipments_____.....-.2 2-2-2 ee 5,127 52 341 5,520 
Stocks Dee. 31___._._..-..___._._.__. 6,515 "292 861 7,668 

Pig iron: 
Receipts_..........----- eee 4,893 98 8,223 8,214 
Production. ________..._.._._._____-. 89,667 a w----- 89 , 667 
Consumption_-___._._...___.____-_-.- 86,949 99 3,078 90,126 
Shipments___._._.._.2------- ee 7,428 1 4 7,433 
Stocks Dec. 31_________.____________- 1,623 13 446 2,082 

TS SSS Se err ri rr SSSA 

1 Includes only those castings made by companies producing steel ingots. 
2 Excludes companies that produce both steel ingots and castings.
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Table 8.—Consumer stocks, receipts, production, consumption, and shipments — 
of iron and steel scrap in 1970, by grades 

(Thousand short tons) 

Produc- Consump-  Ship- Stocks 
Grades of scrap . Receipts _—_ tion’ tion ments Dec. 31 

Carbon steel: 
Low phosphorous plate and punchings.__.---. 1,611 250 1,861 14 126 
Cut structural and plate_____--.2.-.-..--..-. 1,477 qT 1,530 8 106 
No. 1 heavy melting steel___....-...-------- 8,175 20,961 26,544 2,129 2,617 
No. 2 heavy melting steel._.._-.-.-.-.------ 2,262 1,038 3,228 | 90 388 
No. 1 and electric furnace bundles.__.......... 5,379 115 5,943 67 621 
No. 2 and all other bundlcs______...-.-...-.. 3,607 373 3,918 148 388 
Turnings and borings___........--.------.-- 2,355 591 2,779 226 ' 242 

. Slag scrap (Fe content)__._...-------------- 1,307 2,042 3,292 57 113 
Shredded or fragmentized_____....-.-------- 879 wocene 841 1 56 
All other carbon steel scrap__....--...------- 5,228 13,715 17,449 1,046 965 

Stainless steel_...........-..-..-.-----.-------- 481. 500 950 49 104 . 
Alloy steel (except stainless)_............-------- 609 2,447 2,841 250 366 
Cast iron (includes borings)_..._._.......---.----- 5,607 9,228 13,194 1,354 1,514 
Other grades of scrap__.-_..._-_.---------~----- 691 578 1,189 81 62 

. U.S. total!_.2_-2- ae __----- 39,668 52,575 85,559 5,520 | 7,668 

1 Data may not add to totals shown because of independent rounding. - 

| Table 9.—Consumer stocks of iron and steel scrap, by grades, and pig iron, 
Dec. 31, 1970, by States: oe . 

. . (Thousand short tons) ern = 

Carbon - 
steel Alloy Cast iron Other Total . 

State (excludes Stainless steel (includes _ grades of scrap Pig iron 
rerolling steel (excludes borings) scrap stocks ! stocks 
rails) stainless) — 

Alabama... --- 151 _ ue (2) 43 (2) 224 168 
Arizona__....------ WwW a (2) WwW WwW WwW ----- 
Arkansas_.........- (2) -----) ----- eeeee ~---- (2) ----- 
California___....--. 181 1 2 102 — 3 289 207 
Colorado. ......---- A WwW W ----- Ww WwW 
Connecticut. _._-.-- 2 3 1 6 WwW 13 2 
Delaware_..__-.__-- WwW _---- WwW (2) ----- WwW a 
Florida___-..._--_-- WwW w---- ----- (2) a _ OW (2) 

. Georgia. _-...--.--- WwW ----- ~---- WwW ~---- WwW 1 
Illinois. _.......---- 650 3 15 70 1 739 71 
Indiana_-_-._.-...-- 858 6 5 246 4 1,119 80 
Towa..-....-----.-.- 48 (2) (2) 7 1 56 3 
Kansas___.-____._-- 5 _---- ----- (2) ~---- 5 . (2) 
Kentucky____.__..- 92 (2) 20 11 il 134 WwW 
Louisiana___..._---- WwW a aueee eeeee ----- WwW a 
Maine_.__________- (2) --.-- ----- (2) ----- (2) (2) 
Maryland________-. 205 13 17 90 w~---- 325 WwW 
Massachusetts-_ _-_-- 3 ----- (2) 2 ----- 5 5 
Michigan_._.......- 202 11 1 116 2 332 140 
Minnesota_____....- 87 wo--- (2) 12 1 100 6 
Mississippi__.-.---- WwW ~---- a ---+- wo +e WwW ----- 
Missouri__.._--.---— 157 (2) 1 30 4 192 q 
Montana_..._....-. _----- ----- a WwW WwW WwW (2) 
Nebraska__.......-- (2) neue ~~ ++ WwW ----- WwW (2) 
Nevada__-.--------- (2) ----- ----- (2) ----- (2) (2) 
New Hampshire. _---- (2) ~---- none ----- ~---- (2) (2) 
New Jersey___.----- 30 (2) 4 .19 (2) 53 9 
New York.___.--.-- 216 9 8 146 (2) 379 260 
North Carolina__._.- WwW ~---- a | OW ----- WwW 2 
Ohio___.----------- 851 10 64 165 2 1,092 534 
Oklahoma. _.--.--- WwW a w---- WwW (2) WwW 3 
Oregon___....-.-.-- 8 4 1 (2) ~---- 13 (2) 
Pennsylvania__._.... 1,104 44 181 270 25 1,625 315 
Rhode Island_._---- W ----- W WwW (2) WwW 1 
South Carolina____-- 1 a w---- (2) a 1 Ww 
Tennessee__.---.--- 8 w---- (2) 11 2 21 12 
Texas__...-------+- 236 (2) 24 47 (2) 307 58 
Utah_____..._..---- Ww ae Ww WwW ~---e WwW WwW 
Vermont____------- 1 _---- ----- an 1 2 1 
Virginia__.._..----- 19 a (2) 10 ----- 29 WwW 
Washington_____---- 87 ~---- 4 12 (?) 103 1 

West Virginia____.-- 96 ~---- 4 4 ~---- 104 4 

Wisconsin_____._--- 20 (2) (2) 7 1 28 29 

Undistributed_____-- 304 a 14 58 4 378 163 
a 

U.S. total!__. 5,622 104 366 1,514 62 7,668 2,082 

W Withheld to avoid disclosing individual company confidential data, included in ‘‘Undistributed.” 
1 Data may not add to totals shown because of independent rounding. 
2 Less than 1% unit. "
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Table 10.—Stocks of iron and steel scrap and pig iron at major consuming - 
, industries’ plants Dec. 31 

. (Thousand short tons) 

Manufacturers Manufacturers Iron foundries . 
Year of steel ingots of steel and miscel- Total 

and castings castings laneous users 

Serap stocks: ) 
1969.--------_ ee 5,413 270 869 6, 552 
1970_-.-..-- eee 6,515 292 861 7,668 

Pig iron stocks: 
1969_ 2.222 Le 1,467 16 240 1,723 
1970_.2 ek ~~ 1,628 a 13 446 2,082 , — 

Table 11.—Average monthly price and composite price for No. 1 heavy - 
melting scrap in 1970 | 

(Per long ton) 

Month Chicago Pittsburgh Philadelphia Composite price ! 

January_....-....-2- 2-2-4 ue $41.00 $40.25 $40.25 $40.50 
February_......-.-...-------- 49.00 47.50 42.00 46.17 
March. ___.----_....-------- 44 ,90 43 .90 42.70 4 .83 
April____-.. 2-22 40.00 41.75 41.50 41.08 
May-__--.----- ~~ 43.75 42.50 43 .00 43.08 
June__. ee 43.70 42 .30 43 .30 43.10 
July... ee 40.50 39.50 41.00 40.33 
August__..-.2---.--- eee 41.30 39.90 39.60 40.27 
September___...........---.- 45.63 42.75 39.50 42.63 

. October__-._-.-_.--..-_------ 41.00 42.00 37.25 40.08 
November_.__.._....--.---.- 34.70 37.30 34.50 35.50 
December. ___.-.---.-.------ 36.83 37.50 34.17 36.17 
Average: , 

1970___---- ee 41.86 41.43 _ 39.90 41.06. 
19697_ 22 30.12 31.26 ' 31.22 : 30.87 

1 Composite price, Chicago, Pittsburgh, Philadelphia. | 

Source: Iron Age, Jan. 1, 1971.
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Table 14.—U.S. exports of ships, boats, and other vessels for breaking up for scrap 

(Thousand short tons and thousand dollars) Ho 

i 

1966 1967 1968 1969 | 1970 

| Country Quan- Quan- Quan- Quan- Quan- 
tity Value tity Value tity Value __—_—itity Value _ tity Value 

Bahamas_-_-------- --- --- --- --- 8 $137 5 $78 --- w----- 

Canada____-------- 7 $102 12 $116 a 97 3 20 18 $338 . 

Denmark_._-_-------  --- ~-- 7 130 --- a —_— ane --- -~----- 

, ““Germany, West___-. 10 — 296 ele --- job oT ees onl weet oe «15 - 497 we 

Hong Kong__...-...  --- a _-- _ee 8 275 12 210. _-- meee ee 

Italy...------------  --- --- 13 54 --- a---- --- ----- 48 913 

Japan__._-.-------- --- --- --- --- 3 125 --- a 6 100 

Mexico_____-------- 3 70 --- --- --- ----- 3 51 --- ------ 

Netherlands_.._--..  --- --- --- --- --- ----- ~-- ~---- 15 275 

Spain___.---------- 3 42 --- --- 51 725 - 10 1,098 357 71,637 

Taiwan_____.-.---- =-- --- --- _-- 38 734 20 849 58 1,607 

Other._-..--------- @ 1 2 6 5 12 1 13 14 467 
cr 

Total.....--- 28 511 34 306 120 2,105 114 2,819 581 11,474 

| 1 Less than } unit.
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Table 16.—U.S. imports for consumption of iron and steel scrap, by countries 

1969 1970 
Country . aaa 

. Value Value 
Short tons (thousands) Short tons (thousands) 

Austria_....--...-.--.-----------.- 115 $63 ~------ weannne 
Canada____---.-_....---.--_.-.--- $24, 562 r11,474 294,122 $10 , 906 
Dominican Republic_.._-....-.-.---- 501 10 4 1 
French West Indies______........_.-. 786 25 wanne-- ~------ 
Germany, West. __._...._-.._.---.- 4,644 991 1 1 
India_...--------.--------------- 50 _ 88 ------ a------- _. 
Japan._......-- 22-1 1,047 oo r 289 968 25 
Korea, Republic of. ___--__--_--__-- 56 14 ~ou ee ee pee n nee 
Mexico____...-2 2.2 ee 440 155 4,332 101 
Sweden_.__.--..-.----------.----- 2,107 152 1,358 114 
United Kingdom___..._-_-_--.._-__-- 676 r 252 414 49 
Other_......-.----- 22 ee ee 215 25 94 3 

Total... 2.2 eee 335,199 r 13,488 301 , 293 11,200 

r Revised. .
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Tron Oxide Pigments 

- - By Henry E. Stipp 1 a 

Sales of crude and finished iron oxide small motors used in autombiles and home 

pigments decreased in 1970; however, pros- appliances. | 
pects for a substantial increase in sales by _—_ Legislation and Government Programs— 

| 1975 reportedly were good. Projections of The Bureau of Customs started withhold- 
paint sales in the United States indicated ing appraisement of ferrite cores imported 
an increase of approximately 33 percent in| from Japan pending a decision as to 
value from an estimated $2.53 billion in whether the ferrites were being sold at less 

1970 to an estimated $3.36 billion in 1975. than fair value. If the ferrites are found to 
Demand for hard ferrites, an important _ be sold at less than fair value the case will 
consumption category for iron oxide pig- be referred to the Tariff Commission for a 
ments, was said to be significantly larger determination of injury. Dumping duties 
in 1970 than in 1969. Hard ferrites are re-- could then be assessed effective after the . 

placing copper-wire-wound fields in many withholding date. 7 

, DOMESTIC PRODUCTION 

Crude iron oxide pigments production — sales) decreased only 2 percent to 69,138 | 
decreased for the second consecutive year tons, compared with 70,507 tons in 1969. 
to 38,600 tons, down 5 percent from the Total sales of finished iron oxide pigments 
40,600 tons of 1969 and a drop of 33 per- decreased 13 percent to 123,988 tons in 
cent from the 57,600 tons output of 1968. 1970, compared with 142,893 tons in 1969. 
Seven companies operating eight plants in Twelve companies operating 17 plants in | 
Six States reported production of crude nine states produced finished iron oxide 
iron oxide pigments. Cleveland-Cliffs Iron pigments. Charles Pfizer & Co., Inc., with 
Co. produced the largest quantity of crude plants in Pennsylvania, Illinois, and Cali- 
iron oxide pigments from mines in Michi- fornia was the major producer. _ 
gan. Production of manufactured finished | : 

iron oxide pigments (as indicated by 1 Physical scientist, Division of Ferrous Metals. 

Table 1.—Salient iron oxide pigments statistics in the United States 

1966 1967 1968 1969 1970 

Mine production_.._____.__-....._short tons__ 63,200 39 ,900 57,600 40 ,600 38 , 600 
Crude pigments sold or used_____._.__.do__._ 63,900 41,800 57,600 40 , 800 39 ,200 

Value____-__-.__._-....___thousands__ $476 $326 $457 $362 $442 
Finished pigments sold___...._._short tons.. 130,700 127,300 182 , 400 142 ,900 124,000 

Value__.....--.-.-.-...-.-thousands._ $24,841 $26,720 $30 ,676 $32 ,289 $28 , 200 
Exports. __.._._._..___.._._____short tons__ 4,800 3,100 3,300 4,000 4,565 

Value_____._--------...._.thousands._ $1,307 $1,312 $1,257 $1,439 $1,621 
Imports for consumption______._short tons__ 24,600 23 , 400 29 ,900 33 , 400 32 ,684 

Value____--.-------.-.....thousands._ $3, 163 $3 , 203 $4,117 $5,044 $5,759 
eee 

627
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CONSUMPTION AND USES 

| The decrease in consumption of both of iron oxide and strontium, barium, lead, 

crude and finished iron oxide pigments nickel, magnesium, manganese, or copper 

could have been the result of sluggish eco- that are used for their magnetic properties 

nomic activity, particularly in the automo-. in computers, inductor and microwave de- 

bile and building materials fields. Inven- vices, color television sets, small’ motors, 

tory adjustments also could have closure devices, cordless appliances, and a 

contributed to the drop in demand for fin- | number of other applications. | 

ished pigments. | _ Data are not collected by the Bureau of 

In addition to its use as pigments in Mines on specific uses of iron oxide pig- 

paint, enamel, linoleum, wood fillers, plas- | ments, and the figures given in table 2 do 

tics, rubber, paper, and wood stains, iron not necessarily reflect all sales of iron oxide 

oxide pigments were used in ferrite appli- . pigment material for uses except as pig- : 

cations. Generally, ferrites are compounds ments. 

) Table 2.—Finished iron oxide pigments sold by processors in the United States, 
| by kinds | 

a eS 
: - 1969 1970 

Pigment Value! Value! 
Short tons (thousands) Short tons (thousands) 

a 

Natura}: 
Brown: 

Iron oxide (metallic) ?_.._....----- 15,240 $2,419 11,600 $2,049 
Umbers: 

Burnt___...-------.--------- 4,341 970 4,258 1,014 
Raw.----------------------- 1,192 270 1,087 262 

Red: 
Tron oxide___..--.---.----------- 36,301 2,245 23,177 1,647 
Sienna, burnt._......-.---------- 1,035 377 963 352 
Pyrite cinder__.__...------------- (3) (3) (3) (3) 

Yellow: 
Ocher 4.__._-.------------------- 5,527 379 4,718 312 
Sienna, raw__...------.---------- 600 188 619 201 

Total natural__....-.---.------ 64,286 6,848 46,422 5,887 

Manufactured: oO 
Black: Magnetiec__.____.-.----------- 3,527 1,196 6,480 1,387 
Brown: Tron oxide___.-.-------------- 7,163 4,110 4,661 1,732 

ea: 

Pure red iron oxides: 
Calcined copperas-_.._-------- 18,558 5,609 14,199 4,602 
Other chemical processes 5_ _ _ _- 14,322 3,909 18,131 3,952 

Venetian red______--------------- 603 110 592 124 
Yellow: Iron oxide___.--.-----.------- 26 ,334 7,903 25,075 8,004 

Total manufactured______.-_------- 70,507 22 ,838 69,138 19,801 
Unspecified including mixtures of natural and 

manufactured red iron oxides_-__-__------.- 8,150 2,603 8,428 2,559 

Grand total...._------------------- 142 ,893 32 ,289 123 , 988 28,197 
ee 

1 Data may not add to totals shown because of independent rounding. 
2 Includes black magnetite and vandyke brown. 
3 Pyrite cinder included with red iron oxide for 1969 and 1970. 
4 Includes yellow iron oxide. 
5 Includes other manufactured red iron oxide. 

PRICES 

Price increases on most grades of iron firm throughout the remaining part of the 

oxide pigments became effective on April year. Demand for iron oxide pigments ap- 

17. Further adjustments of these prices parently was strong until the latter half of 

took place on May 22, and prices were 1970.
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Table 3.—Prices quoted on finished iron oxide pigments, per pound, in bags, | 
unless otherwise noted, as of December 31, 1970 

Pigment Low High | Pigment Low High 

Black: Red: , = 
Pure___._.______.----_----. $0.1575 $0.1775 Domestic primers___._._..... $0.0725 __.._- 
Synthetic__..........-..-.. .1600  .1770 Persian Gulf!.._......-._.... .0825 $0.0900 

Brown: Pure synthetic___.-._-..--- 1675 1725 
Pure, synthetic___...-..-_.- .1875 =. 1925 Sienna, American, burnt-_-__ .1825 .2600 
Metallic_____.-_-_---. ee .0775 .0950 Yellow: 
Umber, American, burnt_... ©.1125  .1350 -Ocher, domestic..........-..  -.0550 _-_-_- oe 
Umber, American, raw._._-- .1150 =.1350 Ocher, French type_.-..-.-.. .1050 _..--- 

. Vandyke, American !_____._- .1450 .__--- Pure, light lemon_._._..__-- .1600 ___-_- 
Sienna, American, burnt___-- .13825 .2600 Other shades_______.-_____- -1500 ___-.- 

1 Barrels. | 

Source: Oil, Paint and Drug Reporter and American Paint Journal. . | 

| FOREIGN TRADE | | 

United States exports of iron oxide pig- tons, a decrease of 2 percent from the 
ments in 1970 increased 14 percent to 4,565 33,431 short tons imported in 1969. The 
short tons, compared with 3,992 short tons yalue of iron oxide imports totaled about : 
in 1969. The value of exports increased 13 $5.8 million in 1970, compared with $5.0 

percent to approximately $1.6 million from million in 1969. Approximately 74 percent 

apout eee en in ee Canada received oF total imports consisted of synthetic iron 
almost halt of iron oxide pigment exports, oxide pigments. Imports of natural iron 
followed by Australia, the United Kingdom, oxide piements, which constituted about 
and France, which received over 300 tons pigm , - . . 
each 26 percent of total iron oxide imports, : 

_ Imports of iron oxide pigments into the consisted mainly of crude and refined 
United States in 1970 totaled 32,648 short umber. 

| Table 4.—U.S. exports of iron-oxide and hydroxides, by countries, 1970 

Pigment grade Other grade 

Destination - Value Value 
Short tons (thousands) Short tons (thousands) 

ee 

Argentina____._-_-_------------------------- 41 $17 1 $1 
Australia_........-_-...---.--------------.--- 368 198 191 106 
Belgium-Luxembourg_._.........-.----------- 10 4 145 87 
Brazil___..............---------------------- 100 60 202 100 
Canada______.._._-__..-----------+----------- 2,160 478 1,643 696 
Chile______.-. ee 14 6 ----- ----- 
Colombia__.......-.--.----.-------------.--- 44 16 70 22 
France______________-_-_-.-_~-.------------- 306 156° 135 101 
Germany, West___.._--_--------------------- 124 55 333 211 
Guatemala______.-..-_----.-.----.----.----- 30 9 3 1 
Hong Kong_.____.-._---.---------.---------- 17 q ----- ----- 
India_____.-_-. eee eee eee a 333 160 
Tran_____.------------------- ++ 3 2 ----- _---- 
Italy_..._.------------.--------------------- 41 49 434 482 
Japan_._._..---.---------------------------+- 115 40 1,412 1,004 
Mexico. __.__....-.----.--------------------- 132 72 115 141 
Netherlands_______._......------------------ 48 9 347 259 
New Zealand_________.___--_--.--_---------- 10 7 eee ee _---- 
Panama_._......--..--------.---.---.------- 7 4 46 6 
Philippines__......__..-.-.-....---------.----- 95 38 2 2 
Sweden. ____. 2-2 eee 10 3 6 2 
United Kingdom_______._._._-_-.._------.--- 354 168 367 289 
Venezuela____________.. ~~~ -e ee 144 48 38 17 
Vietnam, South____....__._.--.-------------- 212 111 62 66 
Other_....-2._-_ oe eee 180 64 313 149 

Total... __ ee 4,565 1,621 6,198 3,902
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a Table 5.—U.S. imports for consumption of selected iron-oxide. pigments 

To — 1969S 1970 

, oe Kinds | oo | Value a Value 
. a Short tons (thousands) Short tons (thousands) 

= Natural: oe 
Ocher, crude and refined__.__..._._--- 87 $6 . 62 $4 | 
Siennas, crude and refined__--_-__._-___. | 1,341 - 146 1,051 115 

. Umber, crude and refined________..__.- 6,240 - | 235 4,883 171 
Vandyke brown_-_-------------------- 472 42 435 50 

. Other!___.2 2 eee 2,736 225— 2,115 155 

oo “Total___-__----.------------.----. 10,876 654 8,546 495 
Manufactured (synthetic) _...-------_----- 22,555 4,390 24,138 5,264 

Grand total_...__._..----.-.-------_ 33,431 5,044 82,684 5, 759 
1 Classified by the Bureau of the Census as “Natural iron-oxide and iron-hydroxide pigments, n.s.p.f.”’ 

Table 6.—U.S. imports for consumption of iron-oxide and iron-hydroxide | 
| and pigments, n.s.p.f., by countries | | 

. Natural Synthetic - 

| 1969 7 1970 1969 1970 
- Country —_ 

. Value Value Value Value 
oo oS Short (thou- Short (thou- Short (thou- Short (thou- 

' tons sands) tons sands) tons sands) tons sands) 

Belgium-Luxembourg_.... .._-- wae _---- ~- ee ----- ----- 15 .. $2 
. Canada___.._._--------- 1 $1 10 $10 7,169 $1,513 7,742 1,383 

Finland____..---.--.----  --_-- _o-ee eeu ee -o--- 240 - 87 eee wwohe 
France___...----2 eee LLL ----e (1) 1 21 4 20 4 
Germany: Oo . | . 

. Bast_...- 2-2 eee LLL -ouee -ouee weet eee ee a 18 3 
0 West__--- eee 2 “5 13 10 13 ,824 2,553 14,797 3,119 

Jamaica__.__._.-.----.-..  --_-- wuuue (4) 1 ~eeee ae eoeee a 
Japan____-- Lee 11 30 1 2 14 56 183 535 
Netherlands. 022-222-2220 LL Lee eel ee a ~eeee 10 1 28 17 
Portugal_.._._-- 22 Lee Lee woe 22 1 ae a we ee _u--- 
Spain. ...-__._.--_..--.. 2,517 160 1,848 109 . 85 6 5 1 
Switzerland._....-..--.--  -__-- wo--e ----e -ooee ¢3) 1 1 (1) 

| United Kingdom________- 205 29 221 21 1,192 ' 169 1,329 200 

_ Total_._._.__.___. 2,786 225 2,115 155 22,555 4,390 24,138 5,264 

1 Less than 14 unit. 

TECHNOLOGY 7 

| The properties of micaceous iron oxide the release of radioactive inert gas was 
used as a pigment in protective paints for reported.6 
iron and steel, was described.2 Although A computer was used to monitor various 
Micaceous iron oxide pigment has been steps in manufacturing iron oxide ferrites.’ 
used extensively in the United Kingdom This method of supervision gave better 
and European countries, its use in the yield, inventory control, and utilization of 
United States reportedly has been neglig- equipment than conventional methods. 

ible. 2 American Paint Journal. Micaceous’ Iron 
. . . Oxide. V. 54, June 22, 1970, pp. 68-81. 

Research on iron oxide ferrites was con- 3 Brockman, F. G., and K. E. Matteson. Nick- 
centrated mainly on improving physical el-Zinc Ferrites: I, Effect of Composition on the 

d . . b Wi Magnetic Properties of a Nickel-Zinc- (Cobalt) 
and magnetic properties y contro INS Ferrite. J. Am. Ceram. Soc., v. 53, No. 9, Sep- 
composition,’ amd size and distribution of tember 1970, pp. 517-520. 

: : + Johnson, D. W., and F. J. Schnettler. Charac- 
grains.# The chemical compound terization of Freeze-Dried AlzO3 and Fe2O3. J. 
PbO-5Fe,03, had the best permanent mag- Am. Ceram. Soc., v. 53, No. 8, August 1970, pp. 

ic properties of any lead ferrite tested.5 #40744. 
neuc prop -: Y . °> Tokar, Michael. Micro-Structure and Magnetic 
Small quantities of silica and boron oxide properties of Lead Ferrite. J. Am. Ceram. Soc., 
-added to the lead ferrite composition ye june 1969, pp. 302-306. ‘ C 

. : alek, Vladimir. Emanation and Surface Gas 
formed low melting Phases and gave a Labeling Methods of Studying the Solid-State Re- . 
denser magnetic material. action of ZnO and Fe2O3s. J. Am. Ceram. Soc., v. 

93, No. 10, October 1970, pp. 540-543. 

A method of studying the reaction of ‘ atto,. Allan, and John H. Labick. Computer 

zinc oxide and iron oxide by measuring October 1970, eo Be, Ve 00, NO. tM



yanite and Related Minerals 

| By J. Robert Wells * oe . . 

Kyanite, sillimanite, andalusite, dumor- sive in view of the closing in South Caro- 
| tierite, and topaz are .conveniently consid- lina of the Henry Knob mine of Combus- 

ered as a group, because they are. natural tion Engineering, Inc., hitherto the source 
silicate minerals with many similarities in of a consistently substantial share of the 

composition and properties. In common national total. The South Carolina deficit | 
| with synthetic mullite, they all can be was more than counterbalanced by briskly - | 

used as materials for the manufacture of stepped-up production at the same compa- 
mullite-type refractories. ny’s operation.in Georgia—an increase that | 

The United States and India are the coincided with significant gains achieved 
: world’s principal suppliers of kyanite. elsewhere by each of the other two pro- 

Large-scale production of sillimanite is ducing firms. - 
mostly confined to India and the Republic Legislation and Government Programs.— 
of South Africa, the latter being also the The Office of Emergency. Preparedness 

most important source of andalusite. announced on March 4, 1970, that kyan- | 

Minor quantities of kyanite-group minerals jte-mullite had been removed from the list 
are produced from time to time in some of strategic materials for stockpiling. Ap- 
half dozen other countries, but no im- proximately 4,800 short tons of kyanite- 
dustrial utilization of dumortierite or of mullite remained in the Government’s 

non-gem topaz has been reported in recent stockpile inventory at that date, and no dis- 
years. — , “ 

In the United States, the quantity of posal of this material had been made as of 

kyanite sold or used by domestic producers December 31, 1970. — a 
increased notably in 1970, exceeding by ap- The Government's Office of Minerals Ex- 
proximately 11 percent (with regard to Ploration offered to provide loans of up to 
both total tonnage and total value) the 50 percent of the approved costs of explo- . 
previous alltime high attained in 1969. ration of eligible kyanite deposits, but no 
This new record was all] the more impres- loans for that purpose were made in 1970. 

DOMESTIC PRODUCTION | 

Kyanite was mined in 1970 in two States sive deposit in Clay County. In California, 
and was recovered as a coproduct mineral small quantities of quartz-kyanite rock are 

in a third. Kyanite Mining Corp., the larg- quarried occasionally and marketed as 

est domestic producer, operated two mines building stone, without separation of the 
in Virginia, one at Dillwyn in Buckingham Component minerals. . ; 
County and the other at Farmville in adja- __ Domestic output of kyanite in 1970, rid- 
cent Prince Edward County. In Georgia, ing the 16th annual increase in the last 20 

Aluminum Silicates, Inc. a subsidiary of Y¢47S © the largest total ever recorded ° , , y Combustion Engineering, Inc. produced was more than 10 percent greater than in 
. ; oe 1969. Actual kyanite production figures 

kyanite from the Graves Mountain mine in must be withheld to avoid disclosure of in- 
Lincoln County. Kyanite was also recovered = giviqual company confidential data. 

as an accessory product at the Trail Ridge, Synthetic mullite, totaling 14 percent 
Florida plant of E. I. du Pont de Nemours more in tonnage than in 1969 and 29 per- 

& Co., Inc., during the extraction of heavy TFinslcll wdlentist.  Divisi eoN alli 
minerals from complex sands of an exten-  yinemie CDE vISion ok Nonmerause 
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cent higher in total value, was produced meet less exacting specifications. Rotary, 
in 1970 by eight firms: The Babcock & periodic, and tunnel kilns were used in the | 

: Wilcox Co., Refractories Division, New making of sintered material, but the pro- 
York, N.Y. (plant at Augusta, Ga.); The duction of fused mullite was carried out in | 
Carborundum Co., Niagara Falls, N.Y.  electric-arc furnaces because of the higher 
(plant at Niagara Falls, N.Y.); C-E Min- temperatures that are needed. 
erals, a division of Combustion Engineer- Plans were announced in 1970 by C-E 

| ing, Inc., King of Prussia, Pa. (plant at Minerals, a division of Combustion Engi- 
Andersonville, Ga.) ; Harbison-Walker Re- neering, Inc., for a substantial increase in . 
fractories Co., Pittsburgh, Pa. (plant at production capacity at its recently con- 
Eufaula, Ala.); Norton Co., Worcester, structed Andersonville, Ga. plant. Three 
Mass. (plant at Hunstville, Ala.); H. K. additional calcining furnaces will be in- 
Porter Co., Inc., Refractories Division, stalled for processing aluminum silicate 

Pittsburgh, Pa. (plant at Shelton, Conn); raw materials for the manufacture of ce- | 
Remmy Division of A. P. Green Refracto- ramics and mullite-type refractories. 
ries Co., Philadelphia, Pa. (plant at Phila- | 

delphia, Pa.) ; and The Chas. Taylor Sons Table 1.—Synthetic mullite production 
Co., subsidiary of National Lead Co., Cin- in “the United States 
cinnati, Ohio (plant at South Shore, Ky.) . | | 

The extra-quality grades of synthetic Year Short Value 
mullite were manufactured by high-tem- 7 tons (thousands) 

perature treatment of mixtures of Bayer- 1966_________-_-------. 49,551 $5,961 

process alumina with pure silica sand, i9gg°7770[ITITTTT. elo 5458 
while siliceous bauxite and bauxite-clay 1969__._________.___.. 48,588 6,847 

mixtures served for products intended to 1970------------------ 55,516 8, 840 

oe CONSUMPTION AND USES | 

Kyanite, either domestically produced or ceramic mixtures, in which it confers a 
imported, and mostly ground to 35 mesh number of important advantages. Its pres- 

: or finer, was consumed chiefly in the prepa- ence in a ceramic body often improves the 
ration of refractory mortars, ramming workability, and the interwoven texture of 
mixes, and plastic refractories. For the {he mullite crystals that are formed on 
most part, synthetic mullite was used in the firing, also provides superior mechanical 

fabrication of high-alumina refractory strength in the finished products. The in- 
brick and shapes for structures exposed tO) ease in volume brou ght about upon 
extreme and long-continued heat. These firine by the conversion of kyanite to mul- 
refractories were used in furnaces for fer- mang by Bae ce y . 
rous and nonferrous smelting, in the elec- lite is often advantageous, furthermore, in 

tric-arc preparation of special alloys, and that it can compensate for the reduction 
the manufacturing of glass. caused by the shrinkage of the clays that 

In addition to the refractories applica- usually are the principal components of 
tions, kyanite was incorporated in certain the ceramic mixture. 

PRICES 

Ceramic Industry Magazine, January 85 mesh_----------------------- $57 

1971, showed the current price range for = 49 mesh_____------------------- $60 
kyanite to be from $53 to $91 per ton. 200 mesh___--------------------- $65 | 

The December 1970 issue of Engineering 825 mesh_.----------.---.-------_ Nominal 
and Mining Journal quoted the following Published prices for imported kyanite 
prices per short ton for kyanite, f.o.b. ship- have been largely conjectural for a number 
ping point, South Carolina or Georgia, in of years and have not appeared in the 
bags (bulk shipments $4 less per ton) : Journal since November 1969.
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FOREIGN TRADE © , | 

Kyanite imports and exports, which the approximate ratio of imports to exports 
started into the 1950’s with imports far was 20/1 and that by 1970 the relationship 
in the lead and then crossed paths after had been precisely inverted, 1/20. 

_ coming briefly to a balance about 10 years Tariff regulations applicable in 1970 
ago, continued to diverge (after the minor continued to provide for duty-free impor- | 
reversal recorded in 1969). Imports de- tation of kyanite, sillimanite,; and dumor- 
clined to their lowest level in the 34 years tierite. The ad valorem duty on mullite, 
of published data, while exports climbed fixed at 12 percent at the start of 1969, . 
to an alltime high that was 12 percent was reduced to 10 percent on January 1, 
above the previous record established in 1970 and was scheduled for a further re- 

| 1967. It seems worthy of note that in 1951 duction in 1971. | 

| _ Table 2.—U.S. exports and imports for consumption of kyanite and related minerals 
SESE 

1968 1969 1970 

Short Short Short 
tons Value tons Value tons —~ Value $$ $$ Ee 

EXPORTS 
Argentina. ______________ eee 22 ~&#=«§$1,420 19 $1, 462 245 $18,375 
Australia______ 2 ee 704 46,748 692 49 ,438 715 55, 642 
Belgium-Luxembourg__________.______.__. 876 61,464 487 34,480 739 48 ,004 | Canada. -_---------_-------------------- 3,861 252,084 4,342 306,801 6,765 443/911 
Colombia__-__---------------.----_--_ ee 182 11,566 209 9,381 __._- ~---- 
France_____.------_-----------2-- eee 398 49 , 074 157 26,045 285 34,240 
Germany, West___.__.._..._-____-_----.. 1,740 © 104,527 2,559 168,145 2,707 170 , 246 
Hong Kong_-____---_---..------------ ee, Lee een-- oH eee ----- 50 2,353 
Italy__.-_----------- eee.) 1,557 116,490 2,845 211,864 °° 2,996 229 , 425 
Japan.___------------ 2-2 «65,576 331,262 2,338 151,762 2,168 167,869 
Mexico._____..---------2-----2- = 1,488 - 88,987 1,498 105,796 2,485 164,591 
Netherlands____-_-_-__-.-------2____ oe 61 3,990 22 6384 ___-- ----- 
Philippines____.____-_-_ 22 _ = 37 4,020 20 ' 2,190 15 5,877 
South Africa, Republic of_________________. 144 8,404 97 6,319 Al 6,044 
Sweden_____-___------ eee 575 27,082 1,124 | 64,673 1,217 72,775 

. Taiwan_________-_____-______ 8 _---- 589 20,750 309 8,823 
Thailand ______________________ 582 85,973 _____ ----- 61 3,800 
United Kingdom______._..__.__-_-----_-_--_ 1,687 79,481 1,476 85,989 2,213 (122,757 
Venezuela _____-_---.------ 22 621 39,675 740 67 , 923 780 46,437 
Other countries______________________.__. 416 48 ,452 502 39,733 223 20,864 

Total__--..----------------------. 20,477 1,810,694 19,696 1,353,385 24,024 1,622,033 . 

IMPORTS 
Canada. ____-__-_----- eee eee, ----- 306 17,921 __--- ----- 
France.__-_.------2-2--- eee eee Lee meen nee ee -~---- 1 290 
India_____---- 2 ee eeeeee-.)=-1,391 49,414 1,167 48,439 1,178 55,264 
Mozambique_________________._________.. ____. _euee 277 9,921 LLL ----- 
South Africa, Republic of ____...____._____- 59 1,967 338 11,928 —____- ----- 

— Total.__-----2- 22-2 ------------- 1,450 51,381 2,088 88,209 1,179 55,554 a i 

WORLD REVIEW . 

India.—Kyanite production in India mineral. India’s sillimanite production in 
during 1969, the last year for which com- 1969 was 4,349 short tons, of which 2,316 

plete data are available, amounted to short tons, with a declared value of 
92,457 short tons valued at $2.3 million, $182,000, was exported. 
approximately 30 percent more in quantity Concern has been expressed in regard to 
than. in 1968 and 22 percent higher in the present validity of the published figure 
total value. About 54 percent of the 1969 for proved kyanite reserves in India, which 
output was exported to 17 countries, have been reported for a number of years 
among which Japan received 25 percent of at 700,000 tons with no adjustment for ac- 
the tonnage exported and the United tual extraction in the meanwhile. It now 
States, 3 percent. Italy, the United King- appears that this figure—the equivalent of 
dom, West Germany, and Belgium each re-__less than a decade of production at the 
ceived 12 to 15 percent of the exported present rate—may be too high and that 

“
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conservation measures may be advisable to three quarters of 1970 totaled 31,391 short | 
ensure supplies for rising domestic con- tons, marginally higher than in the corre- 

_ sumption. sponding period of 1969. Sillimanite pro- : 

South Africa, Republic of.—According to duction, reported at 31,192 short tons for 
data released by the Republic’s Depart- 4}) of 1969, was about 15 percent below 
ment of Mines? production of ana the 1968 output, and exports were lower 
amounted to 46,793 short tons in 1 69, in approximately the same _ proportion. 
greater by 89 percent than the output in } ‘a: ; oo 

7 : Local sales of sillimanite were of minor 
1968. Local sales of the mineral out- . : 

. ; importance. Data for January through Sep- 
weighed exports by a ratio of about 7 to temb t that sili | ducti 
6; compared with 1968 figures, both rember suggest tat si imanite pro uction 7 
exports and local sales were more than i” 1970 may have been substantially higher 

doubled with respect to tonnage and total than in 1969 and about abreast of the 
value. Andalusite production in the first 36,591 short tons mined in 1968. | 

TECHNOLOGY 

Research conducted by the Bureau of The technology of mullite and other re- 
Mines in cooperation with the University fractories was exceptionally well presented 
of Alabama resulted in the development of in a sound and color film titled ‘Fahren- 
an advantageous procedure for the benefi- _heit 3300”, made available for free loan by 
ciation of a Georgia kyanite ore. The sam- the Bureau of Mines and sponsored by 
ple used in the investigation, representing Kaiser Refractories Division of Kaiser Alu- 
material from a deposit in Georgia’s Lin- minum & Chemical Corp. The film illus- 
coln County, contained about 28 percent trated in a vivid manner the technical as- 

kyanite in a gangue that consisted essen- pects of the versatile materials that are 
tially of quartz, clay, and pyrophyllite, to- being custom-made to contain and bring 
gether with 2 to 3 percent of iron miner- into the service of mankind the extremes 
als. Laboratory flotation tests, both batch of temperature used in _ present-day 
and continuous, were carried out in which — technology. The Bureau of Mines issued 
successive variations in conditioning speed, an important publication on the rapidly 
conditioning time, percent solids, and pulp evolving technology and utilization of re- 
pH were studied in conjunction with dif- | fractories, including those containing mul- | 
fering types and quantities of flotation re- lite, for modern high-temperature process- 
agents. By applying a system of treatment, ing of metallic and nonmetalic materials.5 
for which optimum parameters and a rec- Two patents were issued in the United 
ommended flowsheet were detailed in a States that may foretell major new outlets 
published report, concentrate fractions were for kyanite-group minerals. The respective 
obtained that assayed 56 percent Al2O3 | | 
(equivalent to approximately 90 percent 
kyanite) and about 5 percent acid-soluble 2Republic of South - Africa, Department of 
iron (calculated as Fe203) _A subsequent Mines. Quarterly Information Circular, October— 

. . . : . December 1969, pp. 26-31, July-September 
high-intensity wet magnetic separation up- 1970, pp. 26-31. 
graded the concentrate to the equivalent 3 Browning, James S., and Paul E. Bennett. Ben- 

f 93 k . ‘th 1 h eficiation of Georgia Kyanite Ore. BuMines 
of about percent yanite wit ess than Rept. of Inv. 7376, 1970, 8 pp. 

1 percent of residual Fe O3, for an overall bl Prospective borrowers, who must have avail- 
. : : able a 16-millimeter sound projector and an ex- 

kyanite recovery in the neighborhood of 83 perienced operator, should address applications 
percent. for short-time loans as follows: 

The results of another Bureau research Motion Pictures 
; ; Bureau of Mines 

project, this one a study of methods for U.S. Department of the Interior 
reclaiming magnetic kyanite rejects, are 4800 Forbes Avenue 

. , Pittsburgh, Pa. 15213 
available for reference at the Bureau’s 5 Kusler, David J., and Robert G. Clarke. Im- 

Tuscaloosa Metallurgy Research Labora- pact of Changing Technology on Refractories 
torv. T 1 Al Consumption. BuMines Inf. Circ. 8494, 1970, 68 

y, Tuscaloosa, Ala. pp.
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texts described independent procedures by ® Iverson, H. G., and H Leitch (assigned to 

which alumina (or an alumina anteced- U.S. Secretary of the Interior) . Extraction of 
Aluminum Values From Ibite, northosite, 

ent) can be extracted from a number of  Xyanite, Bauxite, or Other Low-Grade Siliceous 
silicate mineral materials, among which ves or Rocks. U.S. Pat. 3,507,629, Apr.. 21, 

. andalusite and kyanite were specifically Slatin, H. L. (assigned to Timax Associates) . 
mentioned.6 Production of Metallurgical Grade Alumina From 

A patent also ted for k te Andalusite, peak. Neppelite, siliceous | Bauxite, 
was granted for a kyanite- or ther Low-Grade Aluminiferous re. S. 

based ceramic batch mixture for the man- Pt, 3.489.514, Jan. 13,1970. | . Elarde, V. D. (assigned to Ceram Corp., La 
| ufacture of high-quality and precisely di- Mesa, Calif.). Precision Tolerance Ceramic and 

mensioned electrical insulators.7 Method ora. reparing Same. U.S. Pat. 3,549,393, -
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Lead | 

By Donald E. Moulds? 

World production and consumption of battery and antiknock requirements in- 
lead increased to record levels in 1970. But’ creased about 2 percent, well below the 
although free world mine production in- prior growth rate. The total consumption 
creased about 5 percent, mainly in Canada of lead was 1.36 million tons, a decrease of 
and the United States, and metal produc- 28,800 tons from that of 1969. Battery use 
tion increased about 2 percent, the in- amounted to 44 percent of the total and 
crease in metal consumption was modest gasoline additives, 20 percent. 
and failed to use all of the available new The surplus supply of lead became evi- 
supply. As production increases continued dent early in the year as primary plant 
and a slackening of general business activ- shipments began to lag behind production 
ity began to affect consumer purchasing, and as stocks at plants increased each 
the market underwent a sharp reversal month except September. Because the in- 
from the one of short supply that persisted ventories of 25,700 tons at the beginning 
through most of 1969 and into the first of the year were unsatisfactorily small, the 

| half of 1970. Free world producer stocks, 87,100 tons held at the end of August were 
which had trended upward from a low of . too large, and steps were taken by St. Joe 

oe 152,000 tons at the end of September 1969 Minerals Corp. and American Metal Cli- — 
to 185,000 tons at the start of 1970, in- max Inc. to reduce production. Stocks, — 

creased rapidly, except in September and however, continued. to accumulate to a 

October, to 303,000 tons at yearend. A total of 97,900 tons at yearend. The sur- 

downward pressure on world price began plus situation was also evident in the in- 
in. April 1970. The trend thereafter contin- crease in consumer and secondary stocks 
ued with a resultant drop of 2.4 cents per from 126,000 tons to about 133,500 tons. 
pound (U.S. equivalent) in the London Sales from Government stockpile to com- 
Metal Market monthly average price from mercial accounts were negligible, only 22 
the December 1969 high to December 1970. tons sold and shipped. Government trans- 

The domestic: lead industry again fers to Government plant uses, mainly for 
achieved major production increases in ammunition, amounted to 12,100 tons. The 
spite of difficulties in marketing lead dur- available domestic supply from all sources, 
ing the second half of the year. Mine pro- ~ including primary, secondary, net imports, 
duction increased 12 percent to 571,800 and changes in commercial and Govern- 
tons, mainly due to larger output from the ment stocks indicated an apparent con- 

new Missouri mines despite. production sumption of 85,000 tons of lead in addi- | 
curtailments at some mines in the second tion to the reported consumption of 1.36 
half of the year to reduce inventories. The million tons. 
production of 678,000 tons of primary lead The world price of lead, as indicated by 

was the largest output since 1929, and do- the London Metal Exchange monthly aver- 
mestic mines contributed 84 percent of the age, declined during the year from the De- 

primary lead metal. Secondary lead output cember 1969 high of 15.4 cents per pound 
of 597,000 tons was second only to the rec- to an average of 12.6 cents for December 
ord 1969 output. The domestic supply of 1970 and 13.8 cents for the year. The do- 
lead—primary, secondary, and imports—  mestic price for common lead at New York 
amounted to 1.52 million tons, 21,000 above held at the 16.5 cents per pound estab- 

that of 1969. lished on December 15, 1969, until reduced 

The demand for lead declined in essen- “T Phvsical acie ‘st, Divisi £ Nonferrous Met- 

tially all uses except transportation where 0 Sctentist, Duviston of Nonterron 
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: to 15.5 cents on July 8. Three successive ment stocks. Hearings were held, but no | 
. reductions during the second half of the further action was taken. 

year brought the price to 13.5 cents on In May, the Administration proposed a 
December 21. All of the producers did not tax on lead used as a gasoline additive, 

follow immediately the reductions initiated which amounted to $4.25 per pound of 

| by American Smelting and Refining Co. lead. The levy on antiknock producers | 
(ASARCO), and the actual pricing was would amount to 2.3 cents per gallon of 
confused by the indicated quotation range fuel containing 2.5 grams of lead. The tax 
during most of the second half of the year. was designed to encourage the public to | 

Legislation and Government Programs. use low-lead or unleaded gasoline to cur- 
| —The domestic small lead and zinc mine tail air pollution. The proposed legislation 

assistance program, authorized under Pub- was tabled by the House Ways and Means | 

lic Law 89-239, was terminated on Decem- (Committee. All Federal vehicles were, how- 
ber 31, 1969. Government participation in ever, ordered in late October to use un- 

exploration, primarily for lead, had been leaded or low-lead gasoline whenever 
withdrawn in June 1962. The program practical. 

under the Office of Minerals Exploration, The International Lead and Zinc Study 
Geological Survey, U.S. Department of the Group convened in Geneva, Switzerland, 
Interior, continued to be active in explora- for its 14th session on November 16. The 
tion for other base-metal deposits often in Study Group sessions during November 
association with lead and, also, in manag- 16-20 were preceded by meetings of the 

ing repayments on production from pre-  yarious subcommittees during the period 
viously certified discoveries resulting from Noyember 11-15. A review at the statistical 
Government participation in projects au-  gybsessions of the member Governments 
thorized prior to June 1962. indicated that the continued expansion of 

Sales of Government surplus lead from — jeaq production in 1970 and 1971 was well — 
the strategic stockpile to commercial users  ajpove anticipated consumption, with an 

under Public Law 91-46 decreased to 22 indicated supply surplus of 220,000 tons in 
tons from the 22,698 tons sold in 1969. j9%9 and 150,000 tons in 1971. The Study 

Lead authorized for sale on an off-the-shelf Group also discussed liberalization of lead- 
basis to commercial users amounted tO jing trade and environmental problems, es- 
77,290 tons at the end of 1970. Transfers pecially in use of lead and the need for 
for Government use under authorization of i, eased attention to marketing and use 
Public Law 89-9 amounted to 12,064 tons development. Special groups were desig- 

in 1970, which was used primarily at Gov- ated to implement further study of the 
ernment-owned ammunition plants. The problems pointed out in the discussions. 
remaining tonnage in the authorization The International Lead-Zinc Research 

was 28,562 at yearend. Actual depletion of oO ization, incorporated in 1965 by pro- 
the Government stocks during 1970 was *ganiz , P yP 
12,117 tons leaving a total inventory of ducers and consumers of lead and zinc, 
1,140,620 tons, of which 610,620 tons is in COMtinued to sponsor a broad program of 
excess of the 530,000-ton stockpile objec-  Cperative research on a worldwide basis. 
tive. The program provides a global approach 

In February legislation was introduced to ecological problems, process and mate- 
| in the House and Senate to dispose of rial improvements, development of new | 

498,000 tons of surplus lead in Govern- products, and additional basic information.



Table 1.—Salient lead statistics 

. (Short tons unless otherwise specified) 
—— eee 

1966 1967 1968 1969 1970 
LT 

ren 

United States: 
Production: 

_ Domestic ores, recoverable lead con- 
tent___. 22 e-_-__. «= 827, 868 316,931 359,156 509,013 571, 767 

Value._._._....._...thousands_. $98,964 $88 , 741 $94,903 $151,635 $178,609 
Primary lead (refined): : 

From domestic ores and base : 
bullion__.__--.--.---.__--... 318,646 258 , 507 349 , 039 513,931 528 , 086 

From foreign ores and base bullion 122,089 121,887 ° 118,271 124,724 138 , 644 
Antimonial lead (primary lead content) 11,182 9,083 19,494 16 ,250 11,655 
Secondary lead (lead content) ________ 572 , 834 553 , 772 550,879 603 , 905 597,390 

Imports, general: 
Lead in ore and matte___-.......... 148,991 124,067 87,836 109 , 252 112 ,406 
Lead in base bullion. __...--_.._____ 2,012 569 8 1,993 296 
Lead in pigs, bars, and old___._.__._._. 293,085 373 , 887 344,601 285 , 342 251,480 

Exports of lead materials excluding scrap __. 5,435 6,536 8,281 4,968 7,747 
Stocks December 31 (lead content): 

At primary smelters and refineries____ 115,473 125,479 90,427 101,860 192 ,985 
At consumer plants___..-.--__ 2] 90,306 105, 786 78,900 126,404 133 , 502 

Consumption of metal, primary and sec- 
ondary__._-._.-----------------...._ 1,323,877 1,260,516 1,328,790 1,389,358 1,360, 552 

Price: New York, common lead, average, a 
cents per pound..__22 2-2 15.12 _ 14.00 13.21 14.93 15.69 

World: 
Production: 

Mine____..----.--------------.-._ 3,188,779 3,159,348 - 3,314,992 3,568,602 3, 750,826 
Smelter. .._.-.-------------------. 3,026,266 3,182,316 3,246,900 3,561,198 3,637,472 

Price: London, common lead, average, 
cents per pound... 11.87 10.28 10.88 13.09 13.76 

LL LA CCE EE CC REDS
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Figure 1.—Trends in the lead industry in the United States. 

DOMESTIC PRODUCTION 

MINE PRODUCTION Idaho, the second largest producer, pro- 

Domestic mine production of recoverable vided 11 percent; Utah, 8 percent; and 
Colorado, 4 percent. These four States 

lead reached a monthly peak of 51,800 combined supplied 97 percent of domestic 
tons in March and held at a high level primary lea aL P P 

| throughout the year. The 571,800 tons pro- The “New Lead” belt in southeastern 

duced in 1970 was the largest total since . . 7 
Missouri has more than tripled Missouris 

1929, and the 47,600-ton monthly average . . 
. lead production during the past 5 years, 

indicated a 12-p ercent increase compared even though the 1970 total was reduced. 
with 1969. Production from Missouri mines During the second half of the year, St. Joe . 

registered a gain of 66,300 tons compared Minerals Corp. and Missouri Lead Operat- 

with 1969, a 19-percent increase, as un- jing Co., a joint venture of American Metal 
interrupted operations continued. The Climax Inc. and Homestake Mining Co. 

421,800 tons from Missouri represented 74 curtailed production in order to reduce 

percent of total domestic lead in ore. metal inventories. Due to a strike at
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| ASARCO’s concentrate processing smelter a new mining method utilizing ramps and 
that began on September 1 and continued _ trackless equipment was initiated at the 
through the remainder of the year, pro- Bunker Hill mine. Output of the Lucky 
duction at Ozark Lead Co., a subsidiary of | Friday mine owned by the Hecla Mining 
Kennecott Copper Corp., also was reduced. Co., continued at a stable rate; however, . 

The Fletcher mine of St. Joe Minerals output by Day Mines, Inc., decreased owing 
Corp. was the leading lead producer in to the closure of the mine in July and 
1970, and the five leading mines, all in August for mine development and repair. 
Missouri, contributed 64 percent of the A great effort continued in deep and 
total domestic mine production. The 10 lateral development of the Coeur d’Alene 
leading mines produced 86 percent, and 25 mining district by ASARCO, Bunker Hill 
mines contributed 97 percent. Co., Hecla Mining Co., and Day Mines, Inc. 

Although production was curtailed about Lead output in Utah increased slightly 
14 percent during the second half of the in 1970. The Mayflower mine of Hecla | 
year, St. Joe Minerals Corp. produced Mining Co., United Park City Mines Co., 
318,400 tons of lead concentrate and 206, and the mines of United States Smelting | 
300 tons of lead and lead alloy during Refining & Mining Co. all reported re- 
the year, essentially all from company duced lead production compared with 
mines. Portions of the old Federal mines 1969. The Tintic Division of Kennecott . 

were closed during the year owing to de- Copper Corp., however, approximately 
pletion of reserves. The first phase of the doubled the metal output of 1969 despite | 

. new Brushy Creek development was com- continuing adverse mining conditions and 
: pleted, and the mine shaft was down the a shortage of qualified miners at the Bur- 

initial 550 feet of the planned 1,391 feet.2 gin and Trixie mines. Development work 
The plant when completed in January at the Trixie and Ball Park areas contin- 
1973 will be a duplicate of the efficient ued, and installation of additional pump- 
Fletcher mine and will cost about $19 mil- ing capacity at the Burgin mine continued 
lion. to lower the ground water table.5 — 

The Ozark Lead Co. produced 66,900 ASARCO and The Anaconda Company 
| tons of lead, compared with 41,200 tons in in a joint venture with United Park City | 

| _ 1969. The strike at the Glover smelter ne- Mines Co. have agreed to spend at least 
cessitated the stockpiling of concentrates $2.5 million in the next 2 years to explore 
and reduction of mining operations during the mineral potential of this famous old 
the last 4 months of the year. The total Park City, Utah, silver-lead-zinc mining 

production of lead by Kennecott frem district. 
both Missouri and Utah mines was 83,700.3 Colorado also reported a slight increase 

According to the 1970 annual report of in lead output, despite some reverses. Ore 
American Metal Climax, Inc.,4 the first mined by the Idarado Mining Co. de- 

full year of production at the Missouri creased from 403,500 tons in 1969 to 
| Lead Operating Co’s. Buick mine resulted 349,200 tons with a corresponding decrease 

in the mining and milling of 941,000 tons in metal produced. A continuing and wors- 
of ore from which 75,000 tons of lead con- ening shortage of skilled and semiskilled 
centrate was produced. Lead output was manpower was the major cause of the de- © 
more than triple the 1969 output, al- cline. In the last quarter of 1970 a sub- | 
though a production cutback of 10 per- level stopping method was initiated in cer- 
cent was in effect during the fourth quar- tain areas using multidrill jumbos and 
ter. trackless equipment in an effort to im- 
The Magmont mine at Bixby, Mo., a prove productivity. Construction and devel-_. 

joint venture of Cominco American Inc. opment was continued throughout 1970 at 

and Dresser Industries Inc., also increased the Leadville Unit, a joint venture of 

lead production by approximately 37 per- Newmont Mining Corp. and ASARCO at 
cent compared with 1969. Leadville, Colo. Completion of the 700- : 

Idaho, the second largest State in out- ton-per-day plant is scheduled early in 
put, posted a 4,400-ton reduction compared — 2g, Joe Minerals Corp. Annual Report. 1970, 
with 1969. The Page mine, which pro-_ pp. 5, 24. } 
duced 3,600 tons in 1969, was closed in De Kennecott Copper Corp. Annual Report. 1970, 

October of that year. Production at the 197 American Metal Climax, Inc. Annual Report. 
Bunker Hill and Star mines increased, and 5 Pane 13 of work cited in footnote 3.
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1971. Ore reserves are estimated at 2.4 mil- less antimony in batteries and other anti- 
lion tons averaging 5.13 percent lead, 9.95 © monial lead uses. | 
percent zinc, and 2.64 ounces of silver per The Herculaneum smelter of St. Joe 
ton.6 The New Jersey Zinc Co., Rico Ar- Minerals Corp. produced 196,600 tons of 

gentine Mining Co., Homestake Mining lead metal and alloys from 318,420 tons of 
Co., Keystone Mines Co., and Federal Re- lead concentrates produced from company 

sources Corp. operated mines in Colorado mines and 52 tons of purchased raw mate- 
that supplied lead concentrates during the rials. Output was 12 percent below the | 
year. 1969 total because of scheduled production 

The Van Stone mine of ASARCO at _ reductions. A wide variety of technical and 
Northport, Wash., was closed in December equipment improvements were made dur- 
upon exhaustion of ore reserves. The ing the year to improve the efficiency and | 
Ground Hog mine near Silver City, N. environmental aspects of smelter operation.’ 
Mex., and the flotation mill at Deming, N. . The Missouri Lead Operating Co. smelter 
Mex., was reopened in 1969 by ASARCO at Buick, Mo., owned jointly by Amax and 
and produced 3,174 tons of lead in concen- © Homestake Mining Co., produced 115,000 
trates during the year. Eagle-Picher Indus- _ tons of refined lead, of which 50,000 tons — 
tries, Inc. closed its operations in the Tri- originated at the company’s mine and 65,000 

, State area, including the Central Mill in tons was refined on toll for other producers.8 
| November. The Illinois-Wisconsin opera- ASARCO’s Glover, Mo., smelter and _ re- _ 

tions of Eagle-Picher continued during the finery operated until September 1 when 
year, although lead output was reduced _ closed by a labor stoppage which contin- 
compared with 1969. The Illinois operation ued into 1971. The East Helena, Mont., 
of Ozark-Mahoning Co. more than doubled smelter of ASARCO, one of the largest cus- : 
lead output in 1970. In the eastern area, tom lead smelters, processed crude ores 

the Balmat mine of St. Joe Minerals Corp. and concentrates coming from approxi- 
in New York and the Virginia operation of | mately 60 small Montana mines, as well as 
The New Jersey Zinc Co. were the large from mines in Canada, Idaho, Utah, Colo- 
producers of lead. rado, Australia, and South America. The 

= firm’s Omaha refinery processed lead bul- 
SMELTER AND REFINERY PRODUCTION lion from the East Helena and El Paso 

smelters. In July ASARCO announced that 
The increased availability of primary its Selby, Calif., smelter-refinery would be 

lead in domestic and foreign ores provided closed after 85 years of continuous opera- 
the base for a 4-percent increase in refined tion, and production was phased out in an 

lead output, in spite of a curtailment in orderly fashion by the end of the year. | 
production of lead in concentrates at some Selby produced over 3 million tons of lead, 

domestic mines. St. Joe Minerals Corp. 40 million ounces of gold, and 100 million 
Missouri Lead Operating Co., Ozark Lead ounces of silver during its many years of 
Co. and ASARCO, although that was due operation. Extensive efforts in the environ- 
to a labor strike that was due to closure of =| taj field were made by ASARCO at all 
the Glover smelter on September 1. The their plants during the year to improve 
666,700 tons of primary refined lead was k . d t local air purit 
the largest total since 1929 and the seventh stac emussrons ane meet loca’ an’ pany 
largest in the history of the domestic in- regulations. Production at ASARCO refin- 
dustry. Over 79 percent was derived from ties during 1970 amounted to almost 
domestic ores, compared with 80 percent 226,000 tons of lead, compared with 
in 1969. An additional 4,400 tons was re- 207,300 tons in 1969.9 

fined from scrap. Production of antimonial The Bunker Hill lead smelter-refinery of 
lead was reduced for the second successive Gulf Resources & Chemical Corp. at Kel- 
year with only 19,300 tons of lead re- logg, Idaho, produced 123,000 tons of lead 

covered, of which 7,600 tons originated during the year; this amount was slightly 
from scrap, 8,800 tons from domestic ores, pelow the 1969 level. The new updraft sin- 
and 2,800 tons from foreign ores. Of spe-  —__ 
cial interest was the reduction of the anti- ® Newmont Mining Corp. Annual Report. 1970, 

mony in the antimonial lead from 8.4 per-  °% Pages 8-24 of work cited in footnote 2. 
cent in 1969 to 5.8 percent, thus » ase i of work cited in footnote , Co. An- 

confirming the industrial trend of using  yyaj Report. 1970, DD. Wis. oe,
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ter machine for lead ores was placed in contributed 571,800 tons, about 83 percent 
| operation in the fourth quarter of the year of the plant production of 690,400 tons of 

and replaces 10 downdraft machines that primary refined and antimonial lead, com- 
had been in service for almost 50 years. pared with 79 percent in 1969 and 74 per- 

: The new updraft machine will improve cent in 1968. Lead in imported concen- 
both sinter quality and sulfur recovery ‘yates smelted during the year amounted | 

| from stack gases.1 to 141,500 tons, the largest input of for- 
International Smelting & Refining Co., a gign material since 1964 and an increase of 

subsidiary of The Anaconda Company, 9 percent compared with 1969. The 12,000 | 
processed custom lead concentrates, Of tons of lead recovered from lead scrap : 
which about 12,000 tons of lead came from processed at primary plants was slightly 

_ Anaconda and 26,100 tons of lead in bul- above the 1969 total but constituted less 
lion from other mines under contract. than 2 percent of the total lead from pri- 
The lead bullion was refined by the United mary plants. Raw material stocks at the 
States Lead Refinery, Inc. in East Chicago, peginning of the year at primary plants 

Ind. A relatively small tonnage of primary amounted to 162,400 tons, of which 58,800 | 
lead was refined by Schuylkill Metals Corp., tons was in process and 3,600 tons was in 

Baton Rouge, La., primarily a secondary secondary materials. Total stocks reached a 
smelter. | | low of 155,000 tons at the end of June and 

Antimonial lead from primary ores and’ a high of 179,400 tons at the end of Octo- 
scrap was produced by ASARCO at its ber. At yearend, stocks of primary mate- 
Omaha and Selby plants, Bunker Hill Co., rials awaiting processing contained 100,200 
St. Joe Minerals Corp., and United States tons of lead; material in process, 71,500 . 
Lead Refinery Inc. The total of 19,800 tons; and secondary materials, 2,600 tons. 

tons was well below the 1969 output. This makes a total of 174,300 tons of lead. 

Secondary lead production in 1970 de- Scrap materials consumed in 1970 

creased 1 percent to 597,400 tons, com- amounted to 786,200 tons, compared with 

pared with the record 603,900 tons in 1969. 797,800 tons in 1969. New scrap in the 
_ Secondary plants and foundries contributed form of purchased drosses and residues 

585,400 tons, or 98 percent of the total. from a wide variety of sources amounted 

The type of material produced indicated a to 121,800 tons, 15 percent of the total 
_ decreasing market for various alloys and feed. The remainder, old scrap, was pre- 

that only 15 percent of total secondary dominantly battery scrap with small 
production is required. Soft lead amounted amounts of cable lead, babbitt, solder, type 
to 27 percent and antimonial lead 58 per- metal, and soft and hard lead. The scrap 
cent of the total production. processed was essentially all from domestic 

The expansion in domestic primary lead sources. Export of scrap by the United — 

production has decreased the secondary States in 1970 amounted to 4,200 tons, 
component of domestic supply from 53 compared with 2,300 tons in 1969. General 

percent in 1968 to 49 percent in 1969 and import of reclaimed scrap was 6,900 tons 

to 47 percent in 1970. Secondary lead con- (lead content) mainly from Australia, 

stituted 39 percent of the domestic 1.52 Canada, and Mexico. Of this amount only 
million-ton new supply of lead, including 3,000 tons was entered for consumption 

metal imports but excluding all stock during the year. Stocks of scrap at smelters 

changes. The recycling of lead has been held reasonably steady during the year. A 

significant in the resource utilization area, low of 67,000 tons occurred at the end of 

and, with increasing ecological pressure, June prior to the seasonal vacation period, 

collection and utilization of lead scrap has but the year ended at 73,300 tons, com- 

maintained a high position in resource re- pared with 73,600 tons at the start of the 

cycling. year. 

RAW MATERIAL SOURCE | 10 Gulf Resources & Chemical Corp. Annual 

Recoverable lead in concentrates deliv- Report: 1920, Pe Company. Annual Report. 

ered by domestic mines to smelters in 1970 1970, p. 6.
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: | CONSUMPTION AND USES 

Lead requirements during the first 6 in unreported consumption and_ stock 
months of 1970 continued at the record buildup especially at small users and deal- 
levels of 1969, and the January-June total érs who do not report to the Bureau of 

: of 701,300 tons was about 1.6 percent _ Mines. 
above the 690,200 tons used in the same Consumption of lead during the 10-year | 
period in 1969. The second 6 months, period 1961-70 has presented a shifting | 
however, was disappointing; only 659,300 growth pattern. The total average annual 
tons was reported consumed. The total re- growth of 2.9 percent resulted primarily 
ported consumption for 1970 was therefore from the large-tonnage transportation sec- 
1.36 million tons, a 2-percent drop from tor, which showed a growth of 5.3 percent 

| the record 1.39 million tons reported dur- per year for batteries and gasoline anti- 
ing 1969. All products except batteries and knock compounds. Ammunition, solder, cast- 
antiknock additives required lesser amounts ing metals, collapsible tubes, and foil have 
of lead. The 10,900-ton increase in battery also shown growth during the period. The 
lead and 7,400-ton increase in antiknock communication and construction use of 
additive requirements represented the only lead in cable covering, type metal, calking, 
Significant growth areas for lead in recent plumbing, and sheet have declined signifi- 
years. The growth in battery requirements cantly in tonnage. In the pigment area the | 

| was 1.9 percent, and growth in antiknock use of lead in decorative paints (such as 
additives was 2.7 percent. However, 1970 white lead and colors) has declined, but 
was disappointingly below the 1969 growth in anticorrosive and highway safety use (as 
of 13.4 percent for batteries and 3.5 per- red lead and lead chromates) a modest 

_ cent for antiknock additives. The down- growth has occurred. Lead used for ballast 
trend in requirements for all of the other and weights averaged a 5.9-percent growth, 

_ metal products, pigments, and miscella- mainly in shipbuilding. The use of lead in 
neous and other uses continued in varying products in terms of percentage of the 
degrees in 1970. total in 1960 was as follows: Ammunition, 
Requirements exceeded 100,000 tons dur- 4 percent; metal products, 32 percent; bat- | 

ing each month. The high occurred in  teries, 35 percent; pigments, 10 percent; 
March instead of the usual peak in Octo- chemicals including antiknocks, 16 per- - 
ber; as usual, the low occurred in July. cent; and miscellaneous, 3 percent. During 
The daily average of 3,728 tons was 78 1970 the comparative percentages were as- 
tons below the record 3,806 tons in 1969. follows: Ammunition, 5 percent; metal 
Soft refined lead represented 67 percent of products, 21 percent; batteries, 44 percent; 
the total, and hardened antimonial lead pigments, 7 percent; chemicals including 
represented 28 percent. Lead in other al- antiknocks,. 20 percent; and miscellaneous, 
loys, mainly solder and bearing metals, was 3 percent. 
4 percent. Lead in copper-base scrap, 1 
percent, is recovered from old material and LEAD PIGMENTS 
returned as marketable brass and bronze. ; . 
About 35,200 tons of lead in scrap was re- Production of lead oxides and pigments 
covered and used directly at foundries in Tequired 386,200 tons of lead in 1970, a 2- 
end products and 1,200 tons of lead was percent increase compared with that of 
consumed in leaded zinc oxide and other 1969. All of the. lead used was derived pigments. from refined pig lead except for the lead 

The domestic supply of lead metal from i” leaded zinc oxide which was derived di- 
all sources—production, imports for con- ectly from foreign and domestic ores, The 
sumption, stock changes, and stockpile ‘equirements, for lead in making pig- shipments—totaled 85,000 tons above the ™ents, mainly white lead and red lead, de- 
amount accounted for by reported con- creased almost 13 percent and comprised 

sumption and exports. The unaccounted Only 7 percent of the lead consumed in 
for supply in 1970, amounting to 6 percent this category. White lead in all products 
of the reported consumption, compares in 1970 amounted to about one-half the 
with 108,000 tons in 1969 and annual aver- quantity used in 1960. Use of red lead has 
age of 63,500 tons for the 1963-69 period. been slightly more stable, remaining at 

The difference in totals is presumed to be about the 1960 consumption level of 22,600
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tons. Litharge requirements for ceramic Foreign ‘Trade.—Exports of pigment- 
glazes and in oil refining increased slightly. grade lead oxides amounted to 1,516 tons 

| The largest use of litharge is in battery valued at $649,000, and exports of lead ox- 
manufacture included in “Other.” This  jdes other than pigment grade was 363 _ 

_ category has increased from 75,700 tons in ‘tons valued at $303,000. Shipments were 

1960 to 118,000 tons in 1970. | made to more than 50 countries. South 
Shipments of white lead and red lead = Vietnam, France, Republic of South Africa, 

were again below production, indicating Canada, and the United Kingdom were the 
reduced Pad for sea base paints. oer leading importers of pigment-grade lead 
ments of litharge were, however, 14, . . 

font “above production and” indicated a OWE, accounting, for 53° percent ofthe continued drawdown of stock. " 

Prices——The quoted price of lead pig- regen nonth ore en B ide of the 363 
ments was relatively stable during the year pigment-Br " ° . 
compared with the downward trend in the | Imports for consumption of lead oxides 
price of lead which decreased 3 cents per and compounds decreased 30 percent to 
pound during the second half of the year. 22,600 tons. Value decreased 27 percent, 

The price of basic carbonate white lead $2.1 million down from last year’s total. 
was reduced on January 5 from 22.3 cents The only increase was in the amount of 
per pound to 21.5 cents per pound in car- red lead received; the major decrease was 
load lots, freight allowed, and continued at ax litharge, which showed nearly a 10,300- 
that price for the remainder of the year. jo, drop. Import of lead alloys, while 
The price of red lead, 95 percent red-lead posting a significant decrease in gross 

oxide (PbsO) in carload lots, at works, weight and value, posted an increase of 
was reduced on July 20 from 19.75 cents 169 tons in lead content. Mexico was the : 
per pound to 18.75 cents and again to largest supplier with 87 percent of the 
17.75 cents on September 14. Commercial ‘onna ‘nly as red lead and lith 
grade litharge, powdered, in carload lots, ge, mainly as red lead and ltharge. | 
at works, quoted at 19 cents per pound at Canada, the United Kingdom, and West | 

| the beginning of 1970 was reduced to 18 European countries provided essentially all 

cents on July 20 and remained at that of the remaining tonnage. Imports of lead 
level for the rest of the year. nitrate amounted to 323 tons; lead acetate, 

The value of shipments of white lead, 14 tons; white lead, 985 tons; lead sulfate, 
red lead, and litharge amounted to $60.7 120 tons; red lead, 6,909 tons; lead subox- 

million, an average of $348 per ton in ide, 69 tons; litharge, 13,703 tons; orange | 

1970, compared with $57.6 million and mineral, 1 ton; leaded zinc oxide, 149 tons; _ : 

$342 per ton, respectively, in 1969. and other lead compounds 318 tons. 

| STOCKS | 

| Primary plant inventories of refined and stoppage at the Glover smelter of 

antimonial lead at the end of 1969 totaled ASARUO. € lead in all £ . 
25,700 tons, of which 21,300 tons was re- tocks of lead in all forms at consumer _ 

: fined pig lead. Production exceeded ship- ane ney Smeg Piants Sorting 

ments during each month of 1970 except consumer revised the ‘stock figure in De- 
September, and a buildup of stocks cember for the period from September 
reached 97,900 tons by the end of the year. 1968 to December 1970. Revised inventories 

Of the total, 90,900 tons was refined pig indicated an increase from 126,400 tons at 
lead. Stocks of base bullion decreased 44. beginning of the year to 133,500 tons 

about 1,000 tons during the year, but ore a yearend, of which 88,100 tons was lo- 
_ and matte stocks increased about 20,000 cated at consumers. Refined soft lead con- 

tons. In addition to concentrate stocks at stituted 62 ‘percent of the inventory, com- 

smelters, concentrate stocks were held at pared with 53 percent of the revised total 

some Missouri mines owing to the labor in 1969.
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| | PRICES 

The high level demand for lead at the the price of common lead at New York 
beginning of 1970 was drastically altered from 16.5 cents per pound to 15.5 cents 
by the uncertainty created early in the per pound. This action was followed by 
year, resulting from environmental actions all domestic producers. On August 7, 

related to the use of lead in gasoline and ASARCO initiated a price of 15 cents, 
design proposals for automotive engines to which was confirmed by all producers by 
operate on lead-free or low-lead gasolines. August 11. On September 2, ASARCO an- 

The uncertainty was reflected in a down- nounced a price of 14.5 cents per pound. 
ward drift in London Metal Exchange Other producers, however, did not confirm 

price from a high of 15.77 cents per pound the lower price and a book price range of 
on February 19 to 11.86 cents on December 14.5 to 15 cents was in effect until Decem- 
30. | are when ASARCO Announced a Price 

| Oo 5 cents per pound. Other producers 
The domestic market was also affected again took no public action. Most of the 

by the general slowdown in industrial ac- — Gomestically produced lead was sold at the 
tivity and accompanying reduction in con- Metals Week average published by Mc- 
sumer inventories. ‘The expanded domestic Graw-Hill, and the lower ASARCO price 
output of refined lead thus began accumu- was _the top consumer bid for lead. Dis- 

lating at producer plants in the second counting below that average was reported 
quarter and on July 8 ASARCO reduced for some sales. 

FOREIGN TRADE 
Exports of lead materials during 1970 tion. Delivery of lead in ore and bullion, 

, ageregated almost 12,000 tons valued at however, exceeded lead ore and _ bullion 
$5.8 million, compared with 7,300 tons val- entered duty-paid for consumption by 
ued at $4.4 million in 1969. Exports of 68,900 tons, indicating a major buildup of 

| metal averaged slightly over 300 tons lead ores in bond. During the supply 
monthly for the period January-April. A shortage period of 1967-69, duty-paid en- 

: large tonnage, 2,400 tons, was shipped in tries of ore exceeded general deliveries by 
May, and shipments averaged 580 tons 35900 tons, thus demonstrating the draw- 
monthly during the June-December pe- down of bonded stocks accumulated, espe- 
riod. Unwrought lead and lead alloys cially in 1966. Canada continued to be the 
amounted to 5,000 tons shipped principally leading supplier of lead in ore with 37 
to Spain, Canada, and India. Wrought lead f the total. followed by Australia 
and lead alloys amounted to 2,800 tons de- percent © , y , 
livered mainly to the Netherlands, Turke Peru, and Honduras. Canada was also the y , y; 
Canada, Venezuela, and Mexico. Exports of leading metal supplier with 26 percent of 
scrap during 1970 was over 4,200 tons val- the total, followed by P cru, 21 percent; 
ued at more than $1 million. Shipments Australia, 21 percent; Mexico, 16 percent; 
reached a high of 1,000 tons in November, and Yugoslavia, 8 percent. Australia, Can- 
and Italy, Canada, Belgium-Luxembourg, ada, and Mexico were also the significant 

and the United Kingdom were the princi- suppliers of lead-bearing scrap material. 
pal purchasers of scrap. It is noteworthy that during the 1957-61 

Imports of lead materials continued to period imports for consumption averaged 

decrease in tonnage and totaled 364,200 186,709 tons per year of lead in ore and 
tons in 1970. Owing to the higher average 279,400 tons of lead metal for an average 
price however, value increased to $99.8 total of 466,100 tons. The 1966-70 average 

million. Receipts of lead in ores was about was 92,600 tons of lead in ore and 302,100 
3,000 tons above the 1969 total, but metal tons of lead metal for a total of 394,700 

receipts decreased to 244,600 tons, com- tons. The decrease in lead ore imports re- 
pared with 338,000 tons in 1968 and _ flects the rising availability of domestic 

278,400 tons in 1969. Essentially all of the ores for smelting and also the rising self- _ 
metal was entered duty-paid for consump- _ sufficiency of the domestic lead industry.
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WORLD REVIEW | 

Published statistics on the world lead metal as well as secondary lead. The 
industry differ in reporting base, reporting U.S.S.R. was again in second place fol- 
source, and scope of estimating. The Bu- lowed by Australia, Japan, Canada, Mex- 
reau Of Mines reports indicate the basis, ico, France, West Germany, Yugoslavia, 

insofar as possible, used for each country; and Belgium. These 10 countries each pro- 
Bureau reports also depend largely on duced over 100,000 tons and together ac- 
Governmental information. The Interna- counted for 72 percent of the world total. 
tional Lead and Zinc Study Group reports The North America area accounted for 38 . 

also use Governmental data but ore-con- percent of the free world metal output 
tent is the base used. The American Bu- and 29 percent of the estimated world out- 
reau of Metal Statistics (ABMS) relies toa put (excluding U.S. secondary produc- 

| large extent on company and industry as- tion). The increase in free world output 
sociation sources. Therefore, free world12 amounting to 2 percent was mainly in the 
mine production of lead ranged from the United States, Canada, France, Japan, and : 
Bureau of Mines total of 2.81 million tons Australia. Secondary production in the free 
and through the Lead and Zinc Study world was estimated at 800,000 tons, of 
Group preliminary total of 2.80 million which the United States accounted for al- 
tons, to the ABMS total of 2.74 million most 580,000 tons. This secondary output 
tons. In addition, the Bureau of Mines es- is included in the smelter output of some 
timated production in Communist coun- countries, particularly France, Japan, and 
tries, excluding Yugoslavia, at 934,000 tons, West Germany. | 
and the world total, 3.75 million tons. Consumption of lead metal, including 

Smelter output of lead is reported by the primary and secondary, as indicated by the 
Bureau of Mines as primary output, inso- Lead and Zinc Study Group preliminary 

far as possible, whereas the Lead and Zinc totals for the free world, amounted to 3.5 
Study Group reports metal output from million tons, an increase of 2.9 percent or 
both primary and secondary sources. Free- 99,900 tons above the 1969 total. Europe 
world smelter output in 1970 thus ranged and Asia accounted for the increase; Aus- 

| from the Study group preliminary total of tralia and North America posted a de- 
3.64 million tons through the ABMS total crease. The Lead and Zinc Study Group 

of 3.0 million tons to the Bureau of Mines free world comparative statistics on metal | 
total of 2.72 million tons. In addition the production and consumption reflect a sup- 
Bureau of Mines estimated 914,000 tons of ply surplus of 95,000 tons in 1970 and 

metal produced in the Communist coun- 122,000 tons in 1969. This was reflected in 

tries, (excluding Yugoslavia), to provide aq rise in producer stocks of 22,000 tons in 
world total of 3.64 million tons of primary 1969 and 118,000 tons in 1970. . 

lead. | Argentina.—Compinia Minera Aguilar, 
The Uni:ed States continued to be the S.A., a subsidiary of St. Joe Minerals 

leader in mine production of lead, with 15 Corp., completed a major expansion of 

percent of the world total, followed by mine and mill facilities and produced 
Australia and the U.S.S.R. Canada, Mexico, 46,662 tons of lead concentrates during the 
Peru, and Yugoslavia were other leading year, essentially at the 1969 level of 

world producers with over 100,000 tons of output.13 

lead in ore mined; these seven countries Australia.—Sixty-two percent of the lead 

produced 65 percent of the world total. mined in Australia originates at Broken 
The increase in free world output of 5.1 Hill area mines, which are operated by 

percent came mainly from mines in the four major companies, and 33 percent 

United States and Canada. The North comes from Mount Isa Mines, Ltd. The re- 
America area increase amounted to 13 per- mainder comes from mines in Tasmania, 3 
cent, and the 1.18 million tons represented percent, and the remainder from several 

42 percent of the free world total and 32 small scattered mines. 

percent of the estimated world total. TF As used throughout this chapter, “free 
The United States also continued to be world” implies all noncommunist countries plus 

the leading producer of primary lead eae 12 of work cited in footnote 2.
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Mount Isa Mines Ltd., 52.7-percent first full year of operation by Anvil Min- 
| owned by ASARCO, continued to expand ing Corp. Ltd. in the Yukon Territory. 

production. During the fiscal year ending Reserves at the Anvil mine have been cal- 
June 28, 1970, the quantity of ore treated culated at 63 million tons, averaging 3.4 
increased almost 20 percent: The mint percent lead and 5.7 percent zinc. The re- | 
achieved an 18,000-ton-per-day rate, and mainder of the increase came largely from 

annual lead output reached 168,400 tons expanded operations at the Heath Steele 7 
| an increase of 28 percent compared with Mines, Ltd., in New Brunswick. The Anvil 

: the prior 12 months. Ore reserves were in- mine and the startup of production at 
creased to 58.2 million tons of primary sil- Venus Mines Ltd. provided the Yukon 
ver-lead-zinc ore compared with the pre- Territory with a lead output of about — 
viously reported 50.4 million tons. In 69,000 tons. Northwest Territories was the 
addition, 134.4 million tons of 3-percent leading Canadian lead-producing area, with 
copper ore was. estimated as reserves. Fur- 110,000 tons. Pine Point Mines, Ltd., was 

| ther expansion at Mount Isa is planned again the leading producer in the North- 
for the lead smelter, and additional refin- west Territories, with an increase in output 
ing facilities to process ore from the Hil- comparable to that of 1969. Exploration in 
ton mine are being provided. Starting in the Nahanni Mining District by Cadillac 
1976, production from the Hilton mine, is Explorations Ltd. reportedly indicated re- 
expected to bring the annual lead output serves of about 2 million tons of lead- 

' from Mount Isa Mines’ two properties to  zinc-silver ore averaging 11 percent lead 
313,000 tons per year. Reserves at the Hil- and 13 percent zinc. | | 
ton mine have been estimated at 39.2 mil- Cominco Ltd. operating the Sullivan 
lion tons of silver-lead-zinc ore averaging mine at Kimberley and the Bluebell mine 
7.7 percent lead.14 at Riondel, both in British Columbia, pro- 

Operations at Broken Hill area mines vided 110,200 tons of lead in concentrates 
improved slightly during the fiscal year during 1970. Cominco also operates the | 
ending June 30 as the labor situation per- Trail smelter and refinery, treating com- 
mitted increased working time. Production pany and custom ores from several western 
of lead from these mines with the excep- mines. 
tion of the New Broken Hill Consolidated Brunswick Mining and Smelting Corp. 
Ltd. is smelted at the Port Pirie plant of Ltd. continued to be the leading lead pro- 

_ the Broken Hill Associated Smelters Ltd.; ducer in New Brunswick, accounting for 
production of metal amounted to 180,000 about 65 percent of that Province’s esti- 
tons, slightly above that of previous years. mated 62,000 tons of lead. Heath Steele 

St. Joe Minerals Corp. and Phelps Dodge Mines, Ltd., began operation of its ex- 
Corp. announced discovery of a deposit of panded facilities early in 1970. East Coast | 
massive sulfides with a substantial lead- Smelting and Chemical Co. Ltd. at Belle- 
zinc-silver-copper content at their joint dune, New Brunswick, a subsidiary of 
venture in New South Wales. Brunswick Mining and Smelting Corp., 

Expansion at the Electrolytic Zinc Co. of continued operation of its Imperial smelter 
Australasia Ltd. mines and mill in Tas- and associated refining facilities. 
mania was underway with the expectation The ASARCO Buchans Unit in New- 

of doubling production by mid-1971. foundland produced about 20,200 tons of 
Burma.—Almost all metal production  |ead. Byproduct lead from Hudson Bay 

comes from mines run directly by the Gov- Mining and Smelting Co. Ltd., Ecstall 
ernment’s Myanma Bawdwin Corp., whose Mining Ltd., a subsidiary of Texas Gulf 
central operation is the Bawdwin mine at Sulphur Co., Nigadoo River Mines Ltd., 

Namtu, Northern Shan State. Significant and other small mines provided about 
production also is reportedly coming out 90,000 tons of Canada’s total lead output. 
of the Bawsaing mines and the Yadana Output of primary refined lead showed 
Theingi mines in Northern Shan State. about a 10-percent increase to 205,000 

Lead concentrates produced in 1970 tons, Export of lead in ores and concen- 
amounted to 16,200 tons, yielding 10,000 trates principally to Japan, United States, 
tons of refined and antimonial lead. West Germany, and Belgium were almost 
Canada.—Mine production of lead in  gqouybled in 1970. 

1970 increased over 19 percent to almost 
395,000 tons; this was due mainly to the 14 Page 14 of work cited in footnote 9.
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France.—Output of lead and zinc have has almost doubled since 1965: The 1970 | 
shown opposing trends with lead increas- output at 230,000 tons. The gain of 5 
ing and zinc decreasing. Closure of the percent, however, was well below the prior 
high-zinc Pierrefitte mine in May 1969 and growth rate of 11 percent. Because of 
expansion of the high-lead Largentiére stringent air-quality standards, the seven 
mine caused the change in the output pat- lead-zinc smelting companies are faced | 
tern. | with major capital investment for antipol- 
Honduras.—The El Mochito mine of lution controls. Nippon Mining Co. Ltd. 

New York and Honduras Rosario Mining discovered a promising vein deposit of sil- 
| Co. increased ore output 9.2 percent above  ver-lead-zinc' ore in its Toyoha mine near 

the 1969 level. The lead content of lead Hokkaido. A 5-year development plan will 
and zinc concentrates amounted to 16,568 be undertaken to produce 60,000 tons of 
tons, a record for the mine. The increase crude ore per month, thus doubling the . 
resulted from completion of major expan- Toyoha output. 
sion projects at the mine and mill. Addi- Mexico.—Cia. Industrial Pefioles_ S.A. 
tional mill and mine improvement was in was modernizing its lead smelter at To- | 
progress at yearend. Exploration and devel- _rreén, Coahuila State, to add over 20,000 
opment increased ore reserves by 16 per- tons in annual bullion capacity, bringing | 
cent during the year and marked the sixth _ total capacity to over 130,000 tons. Develop- ; 
consecutive year of increase in ore reserves ment of the La Negra mine in Querétaro 
at the mine.15 : State was in progress. It will have a capac- 
ASARCO Exploration. Co. of Canada in ity of 14,000 tons of silver-lead ore monthly. 

a joint venture with New York and Hon- Asarco Mexicana, S.A., 49-percent owned 
duras Rosario Co. began driving a 2mile by ASARCO, continued a mine expansion 
tunnel to reach projections of ore shoots at and modernization program and produced 
the old Rosario mine. 83,300 tons of refined lead, slightly above | 

India.—India, with only one domestic the 1969 tonnage. The new 660-ton-per-day 
producer, is dependent on imports of lead. mill at the San Martin unit began opera- 
Hindustan Zinc may build a new 10,000-ton- tion at midyear; the new 350-ton-per-day | 
per-year lead smelter in the Sundergarh mill at the Santa Eulalia unit was under 
District of Orissa State following location construction, and major mine development 
of an ore deposit at Sargipalli estimated to works continued at the Santa Barbara and : 
contain 4.6 million tons of ore, averaging 5 Taxco units. A new updraft sintering | | 
to 6 percent lead. These reserves would plant was under construction at the Chi- | 

| supply the smelter for nearly 20 years. The huahua lead smelter; together with other 
Orissa Industrial Development Corp. is improvements at the smelter and the Mon- | 
making a detailed study of the district terrey lead refinery, it will provide added : 
potential. Hindustan Zinc was studying the concentrate capacity.16 
possibility of modernizing and expanding Morocco.—A new deposit discovered in 
its ‘Tundoo lead smelter. Currently annual 1968 near the Zellidja mine is being devel- — 
production is about 2,500 tons of lead, well oped to produce at an estimated rate of | 
below the 6,000-ton rated capacity, owing 95 990 tons per year beginning in 1971. Re- : 

to obsolete equipment and low-lead con serves were estimated at 11 million tons 
tent of the concentrates from its Zawar averaging 2.75 percent lead. The concen- 
mines at Debari in Rajasthan. , . ~ 
Ireland.—The two large mines in Ire.  ‘2teS Will be smelted by Fonderies Pefiar- 

. 5 . -Zellidja, in a 30,000-ton-per-year plant land supplied over 65,000 tons of lead in *OY@40tICJa, UI , per-ycar Pp 
1970. Continued exploration by subsidiaries 2t Oued El Heimer. 
of Northgate Explorations, Ltd., and Sil- Peru.—The Cerro de Pasco base metal 
vermines, Ltd., has encountered mineraliza- Complex of Cerro Corp. was adversely af- 

_tion in County Meath and County Tipper- fected by sporadic labor disturbances dur- 

ary. Smelter Corp. of Ireland, a subsidiary ing the year which reduced lead output 
of Northgate Exploration, Ltd., was study- about 7 percent to 79,300 tons. About 32 
ing the feasibility of building a $36 mil- percent of the lead was derived from pur- 
lion smelter in Ireland to process the chased ores. The principal mine at Cerro 
lead-zinc concentrates now being shipped 
to smelters on the European continent. An. New York and Honduras Rosario Mining Co. 

Japan.—Refined lead production in Japan ie Page 15 of work cited in footnote 9.
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| de Pasco dates back to the Incas who about 50,000 tons of Spain’s 76,000-ton lead 

worked it for gold and silver. Cerro Corp. output in 1970. 
began operations in 1902, principally for Yugoslavia——The Yugoslav lead-zinc in- 
copper. Presently the mine is operated dustry is planning to increase production 
chiefly for lead and zinc, by both open pit _ significantly in 1971 as a result of develop- 
and underground methods. Expansion of ments during 1970. Lead-zinc ore is ex- 
the open pit presently involves a major pected to reach 3.2 million tons, of which 
construction and town moving project.17 1.75 million tons will be supplied by. the 
_ Spain.—Penarroya’s lead smelting plant Trepca combine of mines 580,000 tons by 
at Cartagena was modernized and its ca- the Zletovo-Sasé mines in Macedonia, and 
pacity increased from 30,000 to 100,000 400,000 tons by Mezica deposits in Slov- 
tons per year. The company’s 20,000-ton  enia. Lead concentrate production in 1971 
plant at Cérdoba will be dismantled. It is expected to be 157,000 tons compared 
was estimated that Pefiarroya produced with 131,000 tons in 1970. 

| | TECHNOLOGY 
Technological activity in the lead indus- ganization now has 34 — supporting 

| try was directed not only to research and companies in 14 countries and is conduct- 
development related to new and expanded’ ing about 55 lead research projects. The 
markets for lead, but significantly greater Environmental Health program involved 
efforts were directed to solving, economi- many _ projects conducted jointly by 
cally, the increasingly strict air and water JLZRO, other involved industries, and — 

quality standards and other environmental Government agencies. 
problems. Research aiming toward improv- The Library and Abstracting Service, 
ing methods and equipment to control wis 

. os . | . Zinc Development Association and Lead 
smelter-stack emission, improvement in Develo: t Associati ‘Lond IDA 
concentration methods to alleviate water evetop hich vets fi ron he on on) fl L 

pollution and land beautification problems, DA, which exists tor the service of tea 
| and development of automotive exhaust 40d zinc users throughout the world and. 

controlling devices was intensified by in- financed by the various international lead 
dustry and Government. Technical assist- and zinc research and development associa- 

| ance was also devoted to improving solid tions, provides abstracts of current world 
waste reclamation and meta] recycling. literature and published research upon in- 

The International Lead Zinc Research quiry to Lead Industries Association Inc., 

Organization (ILZRO) coordinates re- 999 Madison Avenue, New York, N.Y. 10017. 
search and development on an _ interna- 

_ tional basis. Incorporated in 1965, the or- 17 Cerro Corp. Annual Report. 1970, pp. 6-7. 

Table 2.—Mine production of recoverable lead in the United States, by State 
(Short tons) 

State 1966 1967 1968 1969 1970 

Alaska. ....-----.------------------------------ 14 ___..-- WwW 2 .--.---- 
Arizona ___-----------------~-------------------- 5,211 4,771 1,704 217 285 
California___.-.-----------.-------------------- 1,976 1,735 4,001 2,518 1,772 
Colorado.__.....-------------------------------- 23,082 21,923 19,778 21,767 21,855 
Idaho___..------------------------------------- 72,334 61,387 54,790 65,597 61,211 
Illinois. ...---------------------- +--+ 2,285 2,384 1,467 791 1,532 
Kansas__-.....--------------------------------- 1,109 1,031 1,227 395 80 
Kentucky... .__. 2 - eee 484 845 ee 
Missouri... ...---.----------------------------- 182,255 152,649 212,611 355,452 421,764 
Montana..____---------- +--+ ++ 4,409 898 1,870 1,753 996 
Nevada____------------------------------------ 3,581 1,500 863 1,420 364 
New Mexico_____.------------------------------ 1,596 1,827 1,363 2,368 3,550 
New York__-------.---------------------------- 1,097 1,653 1,396 1,686 1,280 
Oklahoma. __-.--.-.---------------------------- 2,999 2,727 2,387 605 797 
Oregon_.__-.---- eee eee eee wee ee Ww (1) (1) 
South Dakota____------.------------------------ --------  -------- 0 -++----- 1 3 
Tennessee____._.---------------------+----------- 181 --------) -------- = -------) -------- 
Utah____-.----------- +--+ +--+ ---------- «= 64, 124 53,813 45,205 41,332 45,377 
Virginia_.__...--------------------------------- 3,078 3,430 3,573 3,358 3,356 
Washington _-__--.------------------------------- 5, 859 2,762 5,655 8,649 6, 784 
Wisconsin___._.-.---__----- eee 1,694 1,596 1,126 1,102 761 
Other States__._..----------------------- eee ween eee wenn ee 140 _.-----. -------- 

Total. _........-------------------------- 327,868 316,931 359,156 509,013 571,767 

W Withheld to avoid disclosing individual company confidential data; included in ‘‘Other States.” 
i Less than 14 unit.
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Table 4.—Mine production of recoverable lead in the United States, by months  —— 

—_ (Short tons) 

| Month 1969 1970 Month 1969 1970 

January__......_____.-___-. 386,805 47,151 August___.-__.___..____.... 45,099 47,435 
‘February.._......._.__..__..-.. 84,944 46 ,333 September__.____.___...... 43,178 47,940 
March. ___._--....._.____.._ 38,816 51,771 October__........-.--..-.. 46,2381 46,167 
April___-.-----2--2-------_. «= 42, 258 49,098 November__-__.........-.. 42,289 47,840 
May___-----.-.___--.-..__. 48,816 49,640 December____.___.-._.___. 46,128 45,842 
June_.__----...---.-.--.... 45,124 46,797 —_ 
July. 22-2 ---.-._. «= 44, 830 45,758 Total___..-...-.._..- 509,013 571,767 

Fable 5.—Twenty-five leading lead-producing mines in the United States in 1970, 
| in order of output 

Rank Mine County and State Operator Source of lead . 

. 1 Fletcher___......... Reynolds, Mo__-_._....... St. Joe Minerals Corp_...... Lead ore. 
2 Magmont_____----- Iron, Mo____..__........._ Cominco American, Inc_____ Do. 
38 Viburnum___._..... Crawford, Iron, and Wash- St. Joe Minerals Corp_____-- Do. . 

ington, Mo. , 
4 Ozark__.._......... Reynolds, Mo______._.._... Ozark Lead Co___.___._____ Do. 
5 Buick_..._..-.-.-.. Iron, Mo_________......._ Missouri Lead Operating Co_ Do. 
6 Federal___.._...... St. Francois, Mo____..___._ St. Joe Minerals Corp____-_- Do. — 
7 Bunker Hill__._...._ Shoshone, Idaho___._..._.... The Bunker Hill Co.____... Lead-zine ore and 

lead-zinc tail- 
. . ings. 

8 Lucky Friday__.....  ~.._.do__.____.____....... Heela Mining Co__._.___.___ Lead-zine ore. 
~ 9 U.S. and Lark_.___. Salt Lake, Utah____._._._.. U.S. Smelting Refining and Lead and lead-zine . 

Mining Co. ores. 
10 Burgin....__-...... Utah, Utah__._......_.__.. Kennecott Copper Corp_-___- Do. 
11 Indian Creek___.... Washington, Mo.___..._._ St. Joe Minerals Corp___.._._ Lead ore. 
12 Star-Morning__...._. Shoshone, Idaho__........._ Hecla Mining Co__..._..__. Lead-zine ore. 
18 Idarado__.___._.__- Ouray and San Miguel, Idarado Mining Co__.._.... Copper-lead-zinc 

olo. ore. 
14 Mayflower___._._.... Wasatch, Utah_._._._..__._.__ Hecla Mining Co__________- Do. 
15 Pend Oreille_.__._._... Pend Oreille, Wash________ Pend Oreille Mines & Metals Lead-zinc ore. . 

0. | 
16 Sunnyside_____..... San Juan, Colo__..__....._ Standard Metals Corp______ Do. 
17 United Park City._... Summit and Wasatch, Utah. United Park City Mines Co__ Do. 
18 Austinville and — Wythe, Va__._...._._._._...._ The New Jersey Zine Co____ Zinc ores. 

vanhoe. 
19 Ground Hog........_ Grant, N. Mex______-__.-- American, Smelting and Re- Lead-zinc ore. 

fining Co. 
20 KEagle___._...._..._. Eagle, Colo.__..._........ The New Jersey Zine Co___. Zine ore. 
21 Van Stone._.__...... Stevens, Wash___......... American Smelting and Re- Do. 

fining Co. 
22 Dayrock...._....... Shoshone, Idaho..._....... Day Mines, Inc______._._.... Lead ore. 
23 Bulldog Mountain... Mineral, Colo.-___._........ Homestake Mining Co______ Silver ore. _ 
24 Darwin____.._..... Inyo, Calif...._.......... Darwin Mines______.__..._ Lead-zinc ore. 
25 Emperius__....._.... Mineral, Colo............. Emperius Mining Co_._____- Do. 

Table 6.—Refined lead produced at primary refineries in the United States, 
by source material : 

(Short tons) . 

1966 1967 1968 1969 1970 

Refined lead: 
From primary sources: 

Domestic ores and base bullion__-_...._... 318,646 258,507 349,039 513,931 528,086 
Foreign ores and base bullion.___.._.._..__ 122,089 121,387 118,271 124,724 188,644 

Total_._-..------ eee... 440,735 379,894 467,310 638,655 666,730 
From secondary sources___.__________.__.___. 9,004 2,588 2,259 4,966 4,367 

Grand total._...-_-.-._.......-.._.-..-... 449,789 382,482 469,569 643 , 621 671,097 
Calculated value of primary refined lead (thousands) !1_ $133,278 $106,370 $123,463 $190,702 $209,220 

1 Value based on average quoted price, New York, and excludes value of refined lead produced from scrap 
at primary refineries.
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: Table 7.—Antimonial lead produced at primary lead refineries in the United States : 
Renn erence eee nee n ne eT i 

° Antimony content Lead content by difference (short tons) 
Production §©=—————- —§ ————  __—C—OSSSS 

Year (Short tons) Short From From From 
. tons Percent domestic foreign scrap Total 

ore ore 
ee 

1966______-.-.- 24,059 2,119 8.8 6,025 5,157 10,758 21,940 
1967_____...---------.-- 18,608 1,717 9.2 5,449 3,634 7,808 16,891 
1968___._--- ee 28 , 363 2,007 7.1 15,788 3,706 6,862 26 ,356 
1969___- 24,741 2,082 8.4 11,507 4,743 6,409 22,659 
1970________- ee 20 , 438 ‘1,184 5.8 8 , 826 2,829 7,599 19,254 

Table 8.—Stocks and consumption of new and old lead scrap in the United States in 1970 

. (Short tons, gross weight) 

Consumption 
. Class of consumers and Stocks Receipts ———__—___________——___ Stocks 

type of scrap Jan. 1 New Old Total Dec. 31 
scrap scrap 

NY SS ey Sh ST Ps SSS fu -UNSSs 

Smelters and refiners: 
Soft lead__-..--- 2 2 2,672 52,614 1. Le 52,342 52,3842 2,944 
Hard lead___...._.------2 ~~ 1,553 19,622 _______- 18,930 18 ,930 2,245 
Cable lead-______._.--- ee 621 27,108 _______. 26 , 462 26 , 462 1,267 
Battery-lead plates___..__________- 42,240 506,994 ________ 512 , 030 512 ,030 37,204 
Mixed common babbitt_._____.____ 304 3,508 _______- 3,372 3,372 A435 
Solder and tinny lead______________ 381 10,659 ________ 10,640 10,640 -400 
Type metals__._-_- 3,279 80,309 ________ 32,001 32,001 1,587 
Drosses and residues_____._.._...-... 22,310 126,859 121,766 -_____.___ 121,766 26,903 

Total.___------ eee 73,360 777,168 121,766 655,777 TTT, 543 72,985 

Foundries and other manufacturers: . 
Soft lead__--___-__---_-.-------- 2 -.------ 129) LLL eee 84 84 45 
Hard lead______-_~_~ ~~ ee 20 82 LLL 85 85 17 
Cable lead____.__-_-_----.-----__- 41 88 LLL __e 82 82 AT 
Battery-lead plates______...______- 36 44) Lele eee eee 80 
Mixed common babbitt__.-________ 59 8,487 1 _- 8,427 8,427 69 
Solder and tinny lead___-..-__-2-e ee eee eee eee eee eee eee ee ee 
Type metals_______.-.-.------ ee eee eee eee eee eee eee Lee tee 
Drosses and residues___=.______-__.. Ss 55 

Total. _-.--- 2 eee r211 8,780 __------ , 8,678 8,678 313 

All consumers: | 
Soft lead___..-2-_--_- ee 2,672 52,748 _.-____- 52,426 52,426 2,989 
Hard lead_______...-_--_--------- 1,573 19,704 ________ 19,015 19,015 2 , 262 
Cable lead_.--_-2- ee 662 27,196 _____ LL 26,544 26,544 1,314 
Battery-lead plates___._........... 42,276 507,088 ______.. 512,030 512,030 37,284 © 
Mixed common babbitt_____._____- 363 11,940 ________ 11,799 11,799 504 

. Solder and tinny lead______________ 381 10,659 ________ 10,640 10,640 400 
Type metals______.____.__________ 3,279 30,309 _______- 32,001 32,001 1,587 
Drosses and residues_____._......--. "22,865 126,359 121,766 ___.____ 121,766 26 , 958 

Grand total_______..__....-. *78,571 785,948 121,766 664,455 786,221 73,298 

t Revised.
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Table 9.—Secondary metal recovered 1 from lead and tin scrap in the United States 
in 1970, by type of products 

(Short tons, gross weight) _ 
ee 

. - Lead Tin Antimony Other Total , 
ee mn 

Refined pig lead________._.__.._-_-------------- 188,890 -------. . -------- -~------- 188,890 
Remelt lead_____.________------__------ eee) 20,277) Lee ---- eee +++ ----- 20,277 

Total. _._.____._______-_---------------- 159,167 __.-----  -------- -------- 159,167 

Refined pig tin-______________------------------ -------- 0 2,686 _-------  -------- = 2, 686 
Remelt tin_._..._--..___-_._.___------------------ -------- 197 ___----. ) ~u------ 197 

Total. .___------------------------------ -------- 2,888 -------- -------- 2,883 

Lead and tin alloys: 
Antimonial lead___.___....--.----- -------- 348,358 393 16,002 — 414 365,167 
Common babbitt__._.._...-_--.-----------. 10,312 652 1,073 61 12 ,098 
Genuine babbitt...._........-.------------.- 16 113 10 4 143 
Solder_______-____.---_-_------------.----. 38,348 5,486 823 142 39,799 : 
Type metals_______._---------------------- 25,889 1,699 3,477 3 30,568 
Cable lead___.__.-..---.------------------- 8,110 2 25 Ju uu ee 8,137 
Miscellaneous alloys___........-.---------..- 864 96 14 137 1,111 

Total___.___-.-------------_-----------. 426,397 8,441 21,424 761 457,023 | 
Tin content of chemical products__--------------- -------- 784 .__- Lu. Lee ee 784 

Grand total__._..L-._---.._---_--------..-. 585,564 12,108 21,424 761 619 , 857 
cr TS 

1 Most of the figures herein represent actual reported recovery of metal from scrap. 

Table 10.—Secondary lead recovered in the United States 

(Short tons) 
ee PP SS SS SP SS SSS re 

| 1966 1967 1968 1969 1970 
a 
As metal: 

At primary plants______.----------------- 9,004 2,538 2,259 4,966 4,367 
At other plants__........____..------------.- 147,215 147,806 186,607 149,344 154,800 

Total. .--------------------------------- 156,219 150,344. 188,866 154,310 159,167 

In antimonial lead: , 
At primary plants__..__-.-...-------------- _10,758 7,808 6, 862 6,409 7,599 
At other plants___...__....---.-.----------. 272,977 280,911 301,701 336,066 840,759 

Total____..---_-.---__------------------. 288,785 288,719 308,563 342,475 348 , 358 
In other alloys___.._..--..-----_-_-_----------- 182,880 114,709 103,450 107,120 89, 865 

Grand total: . 

Quantity__.___.__..-____.---.------= 572,834 553,772 550,879 603,905 597,390 
Value (thousands) !___._.._...--_----- $178,225 $155,056 $145,542 $180,326 $187,461 
SSO 

1 Value based on average quoted price, New York. . 

Table 11.—Lead recovered from scrap processed in the United States, 
by kind of scrap and form of recovery 

(Short tons) 

ee ———— 

Kind of scrap 1969 1970 Form of recovery 1969 1970 
ee 

New scrap: As soft lead: 
Lead-base______.__...--. 81,672 86,753 At primary plants_.__.__- 4,966 4,367 
Copper-base_ _.._.------- 5,898 4,144 At other plants__......... 149,344 154,800 
Tin-base____...-..------ 398 307 aaa 

—— Total___..__.___.----_. 154,310 159,167 
Total_.__-_-____---._____ 87,968 91,204 — 

——— In antimonial lead !_____._____. 342,475 348,358 
.Old scrap: In other lead alloys____..__.__ 90,582 77 159 

Battery-lead plates_.___._._._ 349,507 350,273 In copper-base alloys__..___--. 16,511 12,690 
All other lead-base________ 147,796 189,365 In tin-base alloys__.._._.____--- — 27 16 
Copper-base__....-...... 18,631 16,546 
Tin-base_____..._.__- -- 3 2 Total__._-.__._.__-_.--. 449,595 488,223 

Total__......_-.-----. 515,937 506,186 Grand total____.._._._.-. 603,905 597,390 

Grand total__......_.__._ 603,905 597,390 
a 

1 Includes 6,409 tons of lead recovered in antimonial lead from secondary sources at primary plants in 1969 
and 7,599 in 1970.
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Table 12.—Lead consumption in the United States, by products 

(Short tons) | 

Product 1969 1970 Product — 1969 1970 

| Metal products: | ; 
Ammunition...-....... 79,2838 72,726 Pigments—Continued 
Bearing metals_._...... 17,406 16,328 Pigment colors__._.__.- 14,670 14,407 
Brass and bronze._.-.---. 21,512 18,927 Other !_...------------ 1,201 1,178 
Cable covering........._ 54,208 50,772 —_—- 
Calking lead___._._...._. 44,857 34,608 Total__..-----.--__ 102 , 386 98 , 736 
Casting metals_.________ 9,918 7,498 ——————— 
Collapsible tubes_._..... 12,484 10,913 Chemicals: 
Foil__..-.-------.-____- 5,881 5,521 Gasoline antiknock 

‘Pipes, traps, and bends._. 19,407 17,888 additives_.._._....... 271,128 278,505 
Sheet lead_.._.._...... 25,818 21,050 Miscellaneous chemicals_ 602 623 
Solder__............... 72,626 - 69,707 oO oor 
Storage batteries: . Total___-...------_- 271,730 279,128 

Battery grids, - ————————— = S 

posts, ete__...... 280,386 288,451 Miscellaneous uses: 
Battery oxides__._.._ 302,160 310,002 Annealing. ........-.-- 4,252 4,161 

Terne metal____...____ 1,583 1,038 Galvanizing............. ‘| 1,797 1,792 
Type metal__......-... 25,660 24,476 Lead plating.......--.. 406 400 

—_——______—— Weights and ballast_____ 17,366 16,184 
Total___...---._..... 978,184 944,905 _ 

——— Total.___...---.---- 23,821 22,537 
Pigments: Other, unclassified uses__._.- 18 , 287 15,246 

White lead____-2 ui Le 6,617 5,936 _ 

Red lead and litharge___ 79,898 177,215 Grand total 2..__.... 1,389,358 1,360,552 

1 Includes lead content of leaded zine oxide and other pigments. 
2 Includes lead which went directly from scrap to fabricated products. 

Table 13.—Lead consumption in the United States, by months 

(Short tons) 

Month 1969 1970 Month 1969 © 1970 

January_....._...--.__-.... 118,080 118,444 August__..--2 022 ee 112,189 110,486 
February......._._.._._---. 105,585 110,497 September_........------_ 123 , 941 114,215 
March...........-_.-----. 117,508 120,832 October_.....2.--_--__---- 131,891 115,419 

April. -------------77--7-- 115,948 117,797 November___._.__-.--_.--- 112,521 103 , 401 
ay._------------..----.. 117,272 117,547 . December________________- 117,749 114,889 

June_.._..-....-------.... 115,780 116,137 ———_ 
July....---.-..----.--...-. 100,894 100,888 ‘Total t..2......-..--. 1,889,358 1,360,552 

1 Includes lead content of leaded zine oxide and other pigments and lead which went directly from scrap to 
fabricated products. 

Table 14.—Lead consumption in the United States in 1970, by class of 

_ products and types of material . 

(Short tons) 

Lead in Lead in Lead in 
Product Soft lead antimonial alloys copper- Total 

lead base scrap 

Metal products_____........-.------------- 173,491 83,366 45,310 14,1388 316,300 
Storage batteries___._.....-_-_-____------.-. 318,571 274,882 ..--2.-. LeeLee ee 593 , 453 
Pigments.._....-.--.---2-- ee 97,558 -.------e Leelee Leelee 97,558 
Chemicals. __..__---..-..---.-_--__-----_. 278,848 285 .---l-ee uu a eee 279 ,128 
Miscellaneous___......_..--_----_-_.-_---- 9,754 12,546 143) __-...--- 22 , 443 
Unclassified__.....-__.-----2---- 2 eee 13,939 896 411  _._...-.- 15,246 

Total___----------------.-_.---.... 892,156 371,975 45,864 14,133 11,324,128 

1 Excludes 35,246 tons of lead that went directly from scrap to fabricated products, and 1,178 tons of lead 
contained in leaded zinc oxide and other nonspecified pigments.
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Table 15.—Lead consumption in the United States in 1970, by States | 

(Short tons) . 

Refined Lead in Lead in Lead in 
State soft lead antimonial alloys copper- Total 

lead base scrap 

California___-.-..-.-.....-.-----.---------- 94,958 37,901 5,777 760 139 ,396 
Colorado. _.----..--...-----.--.---------- 1,146 3,135 64 ____..--- 4,345 
Connecticut____-.....-.....--..---------- 16 , 664 8,945 8 1,018 26,635 
Distriet of Columbia__.__.......--------_-- 186 __--_----- ) --------- +e 136 . 
Florida__.-.--------.__..--.--------------- 5,541 6,802 _.--.--_-. --------.- 12,3438 
Georgia__....----....._-.-----------~----- 44,985 17,121 1,887  --.-.---- 63 , 993 a 

_ Jilinois__.-.-------.-_..------------------ 75,277 38 , 138 7,185 1,847 122 ,447 
Indiana_______--...-..------------------- 74,927 39 , 842 1,838 342 116,949 
Kansas____________--_ a+ nee 11,089 10,095 58 215 21,457 
Kentucky__._--_.-.----.---.------------- 3,040 7,726 Lo Lone eee 10, 767 
Maryland_______..-.--_.----------------- 1,176 12,918 37 _-------- 14,131 
Massachusetts_________.-_.-----.--_------ 5,081 722 15 135 5,953 
Michigan______________-------.---~-~----- 18,109 18,815 1,517 421 38 , 862 
Missouri______....__------------------.-- 36,172 | 10,606 189 525 47,492 
Nebraska_____.___...--------------------- 3,680 627 44 947 5,298 — 
New Jersey______--.-------.------------.. 182,984 18, 703 10,165 678 162 , 530 
New York_______.-_.----------------.--.- 38 ,214 1,984 10,708 . 873 51,779 , 
Ohio___.-..-.__-------------- eee e------ 83, BT 3,357 3,013 883 15,828 
Pennsylvania. ___....-..---..------------- 59,589 40,573 746 2,600 1038 , 508 
Rhode Island_._._-....--.------.--------- 1,968 174 33 _----.--- 2,175 
Tennessee_______..-__----.------.-------- 201 13,319 205 1380 13 , 855 

- Virginia_....._._....--...--.------------- 650 1,501 823 1,121 4,095 
Washington__._____.___.-.-----..--------.- 8, 022 — 742 340 _----.--- 9,104 
West Virginia___..___---_------------------ 19 , 233 3,826 .-------. --------- 23 , 059 

. Wisconsin _____.__----.....-----.--------- 3,530 4,552 44 218 8,344 
Alabama and Mississippi. _....-....---.---- 1,442 4,233 ._-------. . 415 6,090 
Arkansas and Oklahoma__________._..-_---- 4,718 2,685 . 80 ___--.--- 7,483 
Hawaii and Oregon________..---.---------- 1,545 4,444 ip. un Lue 5,989 
Iowa and Minnesota_________...--.-_------ 4,111 11,709 114 397 16,331 
Louisiana and Texas___..._.....----------. 202,828 33 , 369 926 464 237 , 587 
Montana and Idaho__________-_____-------- 1,844 Lo eee Lee eee Lee 1,344 
New Hampshire, Maine, Vermont, Delaware_- 7,681 10,341 47 144 18,213 
North and South Carolina___-__...--------- 3,501 3,070 __------. -----.--- 6,571 
Utah, Nevada, Arizona__._..__...--.------- 89 __-uuee eee LeeLee eee Lee 39 

Total_____-_----_-_._-___-_-.-----. 892,156 371,975 | 45,864 14,1838 1,824,128 
a 

1 Excludes 35,246 tons of lead that went directly from scrap to fabricated products and 1,178 tons of lead 
contained in leaded zinc oxide and other nonspecified pigments. 

Table 16.—Production and shipments of lead pigments 1 and oxides in the United States 
a 

1969 1970 

Shipments Shipments 
Product Produc- —————______-——_——-__ Produc- —————___-____-—__- 

tion Value 2 tion Value 2 
(short Short ————————————_- (Short Short ——————___—_—_—_ 
tons) tons Total Average _ tons) tons Total Average 

per ton per ton 
es 

White lead: 
Dry_...------- 8,551 7,858 $38,357,280 $427 6,497 7,287 $3,037,038 $417 
In oil 3.22. 1,944 2,501 1,776,903 710 2,878 1,351° 863 , 942 639 

Total__....._. 10,495 10,359 5,134,183 496 9,375 8,638 3,900,980 452 
Red lead___._....-. 238,588 22,177 8,067,711 364 20,316 19,444 7,585,560 390 
Litharge__.-........ 123,895 185,719 44,396,471 327 182,529 146,343 49,206,528 336 
Black oxide__._._.... 244,586 ______.  -.-------. ------ 247,862 --_---. ---------- ------- 
Oo 

1 Except for basic lead sulfate, figures withheld to avoid disclosing individual company confidential data. 
2 At plant, exclusive of container. 
3 Weight of white lead only, but value of paste.
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Table 17.—Lead content of lead and zinc pigments 1 and lead oxides 
produced by domestic manufacturers, by sources | 

(Short tons) 

1969 1970 

Lead in pigments produced Lead in pigments produced 
Product from— Total from— Total 

———_—-_————. lead in. ——________________ lead in 
Ore pigments Ore pigments 

——_—_————_———_ Pig lead ——_————---— Pig lead 
Domestic Foreign . Domestic Foreign 

veneer nen 
White lead_____--------- eee ee Le 8,396 8,396 _-----.  __- LLL 7,500 7,500 
Red lead__-------------- ------- ------- 21,3878 21,378 _..-.-. ____-.. 18,416 18,416 

| Litharge._---------------  ------.  ------~ 114,757 114,757 __..-.. ____--_ 128,252 128,252 
Black oxide_____---------  ------- ------- 283,812 233,312 ___-___ _______ 286,514 286,514 

_ Leaded zine oxide________ 367 204 __.__ 671 304 211) ____ ee 515 

Total___._________ 367 204 377,843 378,414 304 211 885,682 386,197 
eee 

a 1 Excludes lead in basic lead sulfate, figures withheld to avoid disclosing individual company confidential 
ata. , 

| Table 18.—Distribution of white lead (dry and in oil) shipments,1 by industries 
(Short tons) 

| Industry 1966 1967 1968 1969 1970 
See 

Paints, ___----.-.--..---------- 2 eee 8,260 6,968 6,681 5,969 4,460 
Ceramics___._._--.---------------------- +  _e 130 96 124 67 26 
Other._...----- 2-2 eee eee 6,486 5,064 4,829 4,323 4,152 

Total___----------- eee -_-_. =: 14, 876 12,128 11,634 10,359 8,638 
meee eS 

1 Excludes basic lead sulfate, figures withheld to avoid disclosing individual company confidential data. 

| Table 19.—Distribution of red lead shipments, by industries" | 
(Short tons) 

Eee 

Industry 1966 1967 1968 1969 1970 
eee 

Paints_____.-.-----.---------.-__------------. 14,480 18,318 . 11,347 9,191 7,848 
Storage batteries______________.._-_____________- W WwW ‘W 9,302 WwW 
Other__-..-.-.. ~~ 2-2 ----e___--- =: 16, 790 12 ,423 12,464 3,684 11,596 

Total._..---.-.------------------------ 81,270 25,741 -—«28,811.22,177-S=—«419, 444 

W Withheld to avoid disclosing individual company confidential data; included with “Other.” 

Table 20.—Distribution of litharge shipments, by industries 
. (Short tons) 
eee 

Industry _ 1966 1967 1968 1969 1970 
Eee 

Ceramics. ___._.._---.-------------------_-__---. 23,476 19,491 24,123 21,570 24,578 
Insecticides_.___2 2 ee 1,166 W W WwW WwW 
Oil refining. _._..--_-_- eee 1,991 1,835 1,849 1,603 2,016 
Rubber... __.------- eee 2,296 1,928 1,986 1,794 1,663 
Varnish__.-_-.----- eee 1,620 1,228 W WwW WwW 
Other... eee 79,754 75,500 108 , 220 110, 752 118 , 086 

Total. __--...--.-.---_-.--_________--_-.. 110,303 99 , 982 131,178 135,719 146 , 343 
eee SS 

W Withheld to avoid disclosing individual company confidential data; included with “Other.”’ 

Table 21.—U.S. imports for consumption of lead pigments and compounds 
eee 

. 1969 1970 
Kind ——— 

Short tons Value Short tons Value 
(thousands) (thousands) 

White lead______-_----__- eee 1,781 $661 1,105 $431 
Red lead____...-_.--.------ ~~~ eee 5,517 1,365 6,909 1,827 
Litharge._.____.__.._._.-_. 2-2 eee eee 28 ,982 5,542 13 , 703 3,278 
Other lead pigments_____._.__...-..----_----__ ee 342 107 219 54 
Other lead compounds___.___-__.--.-----2- ei. 901 309 655 255 

Total_._..--_---- eee 32 ,473 7,984 22,591 5,845 
ee ee ee eee nn ES Een STS SseSFsFsu se
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_ Table 22.—Stocks of lead at primary smelters and refineries in the United States, Dec. 31 

(Short tons) - 

Stocks 1966 1967 1968 1969 1970 

Refined pig lead______________.--------.-.___ -- 16,175 18,243 11,490 21,283 90,866 
Lead in antimonial lead_.__._...-.-.-.---._____- 6,396 5,119 3,852 4,448 6,988 
‘Lead in base bullion__________..22__-__ eee 15,606 16,622 11,471 12,726 11,710 
Lead in ore and matte________...-___--.-.._._... 77,296 85,495 63,614 63, 403 83,421 

Total.___-....-.....---------._--_-.---. 115,473 125,479 90,427 101,860 192 ,985 

Table 23.—Consumer stocks of lead in the United States, Dec. 31, by types of material 

| (Short tons, lead content) 

Refined Lead in Lead in Lead in 
Year soft lead antimonial alloys copper-base Total 

lead scrap 

1966_....--_------.---~-.~----------- 44,490 34, 704 10,071 1,041 90,306 
1967_...-----.----------------------- 59,837 35,879 8,919 1,151 105, 786 
1968___.-._---------~--------------- 43 , 933 725,009 9,184 174 r 78,900 
1969___-__.- ~~~ ---- 67,304 t 49,649 8,506 945 r 126,404 
1970___-.___--- +--+ 82 , 823 42 ,420 7,344 915 133 , 502 

r Revised. 

Table 24.—Average monthly and yearly. quoted prices of lead at St. Louis, 
New York, and London 1 

(Cents per pound) . 

1969 1970 
_ Month ee 

St. Louis New York London? St. Louis New York London 2 

January__...----------_-------- 13.24 13.44 11.46 16.30 16.50 14.72 
February.___.......----------- 13.80 14.00 11.67 16.30 16.50 15.18 
March. __._...-..-..---------- 13.80 14.00 11.80 16.30 16.50 15.24 
April. --------2-2-2-22-2-7 27777 14.22 14.42 12.13 16.30 16.50 14.59 

ay_..--------------- + ee 14.30 14.50 12.54 - 16.30 16.50 14.22 
June___.- 14.68 14.88 . 12.89 16.30 16.50 13.95 
July__ ee 15.25 15.45 14.04 15.48 15.68 13.56 
August__...-_- 2 2. ee 15.30 15.50 14.24 14.92 15.12 12.87 
September__._.._-..-_--______- 15.30 15.50 13.62 14.55 14.75 12.82 
October______-_--_----_ eee 15.30 ~ 15.50 13.26 14.55 14.75 12.85 
November._____.____-----_---- 15.42 15.62 14.28 14.55 14.75 12.64 
December. _____.--___-------_- 16.09 16.29 15.12 13.99 14.19 12.49 

_ Average__.. 2 2-2 eee 14.73 14.93 13.09 15.49 15.69 . 13.76 

1 St. Louis: Metal Statistics, 1971. New York: Metal Statistics, 1971. London: Metals Week: 
2 Based on monthly rates of exchange by Federal Reserve Board.
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Table 25.—U.S. exports of lead, by countries 1 2 

2 

. 

. 1969 1970 | 
Destination , eS 

Short . Value Short Value 
tons (thousands) tons (thousands) 

Unwrought lead and lead alloys: 
Belgium-Luxembourg.- _--_------------------------ 973 $835 © 2 $1 

Canada. _____.-.-------------------------------- 198 104 804 295 
Chile_____.___--------_----------_ eee 24 T weet ee Lee 
Dominiean Republic___.-------.--..---.----.----- 18 12 95 54 

. India___---------------------------«_----------- . 1 1 770 249 
Italy__..---..-------.------------.-------------- 290 102) _-2-ee eee LLL --- 
Japan.___...___..-..----------------------------- 241 182 “15 8 
Korea, Republic of. __-.-------------------------- 83 90 39 14 
Mexico._....________----_----- +e 115 54 81 43 

. Netherlands________.____-----_-___--__----------- 15 6 19 q 
Pakistan____-____-.___-----------_u--- ~~ eee 22 9 53 19 
Philippines. .__......-.------------.------------- 98 45 87 49 
Spain____-______-__._--.--------- ee --eeeeee eee eee --------- 1,791 519 
Sweden________....__..--.-------.---------+---- 69 47 176 136 
Taiwan_______________-_------- eee eee ee 55 26 141 68 
United Kingdom. ______...-.-.-.--.--.----------- 19 53 211 -64 
Venezuela. ______.________-____-2--- eee 33 29 375 134 

o Vietnam, South___._._._._-__--.--.-------------- 28 8 29 10 
Other_......_ eee eee ee 244 173 281 184 

; Total___..---._----_------._--.----------------- 2,586 1, 783 4,969 1,854 . 

- Wrought lead and lead alloys: 
Belgium-Luxembourg___..--.....----------------- 13 26 12 14 
Brazil__._. _» pee eee eee e+e 65 32 5 an) 
Canada____.___.____----_------ eee eee 212 198 316 344 
Chile______..0 eee eee 12 9 110 63 
Colombia______._______-_--.---------~----- e+e 79 | 33 38 25. 
Dominican Republic__.......--------------------- 71 37 45 36 

. Italy__..-_.-_-----.____-____--------------------- 30 32 58 54 
Japan_..______.-..--_-- e+e 80 132 58 149 
Korea, Republic of... -...------------------------ 46 41 62 28 
Mexico_____.._.___--__-__--_-_- eee eee 31 28 171 142 
Netherlands. ____.._._-_-_.---_---------------=--- 195 409 423 759 
Pakistan___._..--._.--_..----------- eee ee 82 53 94 64 
Philippines. ___._........------------------------- 43 26 27 30 
Spain___.-__-__.__...--..----------------------- 27 15 7 11 
Sweden__.________-_.-_-___---_---_- eee 121 96 112 101 
Taiwan__.____._.-_--_-~---- ee ee nee eee 25 21 AT 26 

' Turkey___-__._-___.-_----__------.--------------- 1 (2) 366 240 
United Kingdom______.---_------.--------------- 204 208 106 172 

Venezuela___________..-_____--_------ ++ e- 318 170 176 | 130 
Vietnam, South. _____.....-..-------------------- 165 61 33 15 
Other_.____..____..----------------- +--+ -- eee 562 497 512 495 

Total___..._____.____--_---__ ae 2,382 2,180 2,778 2,903 

Scrap: 
Belgium-Luxembourg.___._..--------------------- 189 29 702 127 
Canada. ________.___-____--_------ +--+ eee _ 492 68 781 180 

_ Germany, West________....---.------------------ 259 45 250 33 
Italy_._..-----__------_ eee eee wee eee ee ------- 983 216 
Japan________.__._.-__..------------------------- ---------  --------- 192 93 
Netherlands_________________-_------..---------- 252 62 314 63 
South Africa, Republic of.__._...-..-----.-.-------. ---------  --------- 110 22 
Spain_.._.__..---------------------------------- . 122 — 86 ~_o-- Le +e eee 
United Kingdom_-___..__..-__.------------------- 1,018 262 659 268 
Venezuela. _______._____--__--------- eee ee eee een eee oe eee eee 106 17 
Other._....___--_-_-------___- oe ee 8 3 117 37 

Total__..__-_-_.-__-___-__u_ ieee 2,340 505 4,214 1,056 
ee 

1 Owing to changes in classifications in 1970, exports and reexports for 1969 have been changed to agree 
with new classifications. 

2 In addition foreign lead was reexported as follows: unwrought lead and lead alloys 1969, 29 tons ($10,183); 
1970, 293 tons ($95,256). Wrought lead and lead alloys 1969, 1 ton ($2,127); 1970, 150 tons ($54,026).
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Table 26.—U.S. imports 1 of lead, by countries 

1968 1969 1970 . 

Country Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 

sands) sands) sands) 

. Ore, flue dust, and matte (lead content): 
Australia. _._. 2-2 ~~~ au --------. 20,592 $3,772 20,385 $4,556 29,360 $6,468 

a Bolivia__._.......----__-____-.---.------. 5,718 994 3,605 724 3,041 561 
Canada____......._--_-.--------------. 36,815 6,733 48,606 10,299 41,337 9,223 
Chile____.--..22 2 ---e---- 490 89 _----e Le uHe-e 10 3 

-  Colombia___....--.-..--..-------------- 1 (2) 345 22 464 62 
Honduras_______.__---_--...----------. 9,272 1,782 12,988 2,606 15,054 2,539 
Mexico____.._____-_--.----------------- 3038 40  °#301. 46 440 101 
Peru__..__---.....-.----.-------------- 18,976 2,610 22,582 4,933 21,337 5,117 
South Africa, Republic of...-...-..--__------ 608 97 365 35 --..--. ------- 
Other_..______--_-__.----------- eee 61 13 125 22 1,363 261 - 

Total. __.__._..-.-...-...----._-..... 87,836 16,180 109,252 28,2438 112,406 24,335 

Base bullion (lead content): 
Australia_....--.-.--_---- eee tee eee 1,979 6938 --.----) -uueeee 
Canada_______._...--- eee 8 4 1 2 -----. ------- 
Mexico_____....----- ee eee eee eee 13 4 170 40 
United Kingdom_-_____....------ 4 ue pee eee eee eee eee eee 126 93 

Total___-.------------+-------------- 8 4 1,993 699 296 133 

Pigs and bars (lead content): 
Australia_.........-.---..-..--..-----... 46,919 9,851 60,791 14,417 51,705 138,902 
Belgium-Luxembourg___.....-...-----.._ 18,649 4,343 1,315 465 680 396 
Burma________.--- eee eee eee eee eee 150 36 341 132 
Canada_______-__.-----_u--_____.__-... 60,161 14,687 44,457 11,409 63,753 19,107 
Denmark... -_-_-__ eee ee 46 41 114 136 140 64 

| France____._.....-.------2-----_--.-.---. 4,604 973 5,627 1,258 1,255 357 
Germany, West_____.__-......___----... 20,711 7,552 1,289 723 703 2,037 
Mexico_______-_----- eae ---.-. 56,516 12,062 57,451 18,973 38,368 10,156 
Peru______--____-_-_ eee =©75,105 = =18,896 57,249 15,687 52,473 16,292 
South Africa, Republic of_......_...--.---. 8,298 2,201 12,558 3,706 12,984 4,164 
Sweden________---- eee ee) 88, 868 BAT LLL eee. wee eee 
United Kingdom_______-_.__-.______.... 22,919 5,546 8,664 3,752 2,928 1,508 

- Yugoslavia___--.--.--.--_-.--_--_-..-.-. 19,775 4,155 27,862 6,272 18,765 4,930 
Other_..___....-.-.-.-- 1+. -L-_------ 549 368 853 259 528 352 

Total__..___.-..---_-__._____--__-._. 338,120 81,472 278,380 72,098 244,623 738,397 

Reclaimed scrap, etc. (lead content): 
Australia__..--------- eee e--. = 2, 280 986 36 15 3,638 1,098 
Canada. ____________..----..----------. 2,884 528 4,866 1,222 2,075 661 . 
Dominican Republic___.......----------- 292 - $l 236 29 __----. ------- 
Mexico_____.._________.. +--+ +e 670 111 =: 11,258 191 1,056 141 
Netherlands Antilles.___........-..-.---- 60 11 45 9 Lupe eee wuuenee 
New Zealand_____..-.-.---- ~~ 64 WI eee eee eee eee eee tere 
Panama_....- 22-2 eee 221 27 420 69 84 21 

_ Other___.---2 2 60 10 106 23 4 (2) 

Total___ eee 6, 481 1,715 6,962 1,558 6,857 1,921 

' Grand total_.-....--_-.____________... 482,445 99,321 396,587 97,593 364,182 99,786 

t Revised. . 
1 Data are “general imports’, that is, they include lead imported for immediate consumption plus material 

entering the country under bond. ; 
2 Less than }4 unit.
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Table 27.—U.S. imports for consumption 1 of lead, by countries 

1968 1969 1970 

Country Short Value Short Value — Short Value 
- tons (thou-. tons (thou- tons (thou- 

sands) sands) _ sands) . 

Ore, flue dust, and matte (lead content): . 
Australia__...--.---.-------------.----. 12,640 $2,274 24,003 $5,004 6,726 $1,539 
Bolivia.._.-....----------------.------- 6,708 1,308 4,308 770 1,914 358 
Canada___._----------.---------------. 36,912 7,583 44,764 8,967 23,436 4,474 
Chile_____.......--.---------.--------. 2,440 513 1,679 822 __-___-.) Lue eee 
Colombia__-..-.------------------------ 113 VW -.-----) ------- 301 19 
Honduras___.......------.-------..--- 17,730 1,582 13,992 2,871 1,087 - 192 
Mexico___...-----.--.------.---.------- 321 54 555 95 121 23 
Peru_____....-.-----.--.--------.-----. 28,999 5,545 21,794 4,023 8,228 1,595 
South Africa, Republic of__.._..._-..----- 836 133 413 43 Lunt uu ee 
Other........-..------------.-------.-- 164 31 3,778 602 798 160 

Total____-.---..-.-...---.---.-..-... 96,863 18,990 115,286 22,697 42,606 8,360 

Base bullion (lead content): fo 
Australia_...__........-.-------- eee eee eeee +--+ ee 1,979 693 876 238 
Canada__._.-...-.---------~-=-.+.----- ‘8 4 1 2 wnneee ane eee 
Mexico_____._____.--_.---------- eee eee eee eee 13 4 175 117 
United Kingdom___._..--...-2 2 eee eee Lee eee eee ee eee eee tee 126 93 

Total. _.....-..- eee 8 4 1,993 699 1.177 . 448 

Pigs and bars (lead content): 
Australia........-....------.---.--.---. 46,919 9,851 60,791 14,417 51,705 138,902 
Belgium-Luxembourg___......----------. 19,149 4,354 1,814 A476 680 396 
Burma. -___....-...---_-.----- eee eee e-- +--+ ee 150 36 341 132 
Canada______.-__.------.--------.----. 60,161 14,6387 44,457 11,409 638,753 19,107 
Denmark_____...............----------- 46 41 108 136 140 64 
France_._.___.-.._.........----.-..--.. 4,604 973 5,627 1,258 1,255 357 
Germany, West._...--..------------.--. 19,711 7,333 1,289 723 703 2,037 

. Mexico___.__.__--___----1_----_----.---- 56,516 12,062 57,451 138,973 38,368 10,156 
Peru_____-.-.________--..-------------. 75,105 18,896 57,249 15,687 52,473 16,292 
South Africa, Republic of........-...----. 8,298 2,201 12,558 3,706 12,984 4,164 

. United Kingdom____..........---.---.-. 22,919 5, 546 8,664 3,752 2,928 — 1,508 
Yugoslavia. .......--..---..-.-..----... 19,775 4,155 27,862 6,272 18,765 4,930 

. Other... eee 4,417 1,215 853 259 - 528 352 

Total___._.....____-___------___-.--_ 337,620 81,264 278,873 72,104 244,623 73,397 

Reclaimed scrap, etc. (lead content): 
Australia... 1-2-2 30 14 79 27 352 116 
Canada. __....-.--..-...-----------.-.. 2,834 528 4,515 1,147 1,394 495 
Dominican Republic_._._.....-....-------- 292 31 236 29 ____.-. ------- 
Mexico__...-.--.....2.--..-----.-------. . 670 111 1,253 191 1,056 141 
Netherlands Antilles............--------- | 60 11 45 9 19 4 
New Zealand____..---.-..-.--------- ee 64 Vl eee eee ee eee eee eee 
Panama___.. 22-22... 221 27 | 420 69 84 21 
Spain.___._.. nee Wee eee wee 7 1 37 11 
United Kingdom________- eee weet wee 28 18 23 7 
Other.........-.---- 2-2 78 15 99 22 16 3 

Total__..-- eee 4,249 748 6,682 1,513 2,981 798 

Sheets, pipe, and shot: 
Belgium-Luxembourg._...._-.--___.------ 344 90 121 34 45 17 
Canada____...-..-_.-.-..--.--_-------- 182 66 190 79 320 169 
Germany, West_____..--...-_-..----.--- 12 4 7 5 . 
Netherlands___......-.-.-2--- 2-2 - eee 243 64 49 15 87 33 
United Kingdom. __. 2 eee 112 32 30 10 35 13 
Yugoslavia... -...----..-...--.--------- -------  ----e- 121 33 26 9 

Total__..-_-_.._---------.--- e+ --- 893 256 518 174 513 241 

Grand total_.._.___.___L----.._______. 489,683 101,262 403,352 97,187 291,900 83,244 

1 Excludes imports for consumption in bond and export, classified as ‘imports for consumption” by the 
Bureau of the Census.
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Table 28.—U.S. imports for consumption of lead, by classes 1 | 

(Thousand short tons and thousand dollars) . 
SS 

Lead in ore, - - 
_ flue dust or Lead in base Pigs and bars Reclaimed Sheets, pipe, . Not 
fume, and matte, bullion (lead (lead content) scrap, etc. and shot other- Year “ns.p.f. | content) i (lead content) wise Total (lead content) . speci- value Eee —$$—$ __ ———-—__._..-_— —— fied: 

Quan- Value’ Quan- Value Quan- Value Quan- Value Quan- Value (value) 
tity tity . tity . tity tity . 

1968___ 97 $18,990 (2) $4 338 $81,264 4 $748 1 $256 $273 $101,535 1969... 115 22,697 2 699 279 72,104 7 1,518 (2) 174 369 97,556 
1970___ 43 8,360 1 448 245 73,397 3 798 1. 241 448 83 , 692 

1 Excludes imports for consumption in bond and export, classified as “imports for consumption” by the 
Bureau of the Census. 

. 2 Less than 14 unit. 

Table 29.—U.S. imports for consumption of | 
miscellaneous products containing lead | 

ae NT 

Babbitt metal, solder, white metal, and 
other combinations containing lead 

Year © 
Gross weight Lead content Value 
(short tons) (short tons) (thousands) . 

1968____ 1,204 ' 566 $2,244 
1969____ 2,134 667 3,822 © 
1970___- . 1,429 836 2,364 
eee
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Table 30.—Lead: World mine production, by countries 

- (Short tons) ' . 

ne 

Country ! 1968 1969 1970 > 
eR 

North America: 
Canada____-----.------------------------------+----------- 360,025 330,781 394,547 

Guatemala____.._.----------------------------------------- 520 314 1,198 

Honduras-_-__.---------------------------------------------- 14,523 15,255 17,598 

Mexico 2_____.-_------------ ~~ en nn eee 191 , 988 188 ,377 194,665 

United States 3___..-____-___--..----------------------------- 359 , 156 509,013 571, 767 

South America: 
Argentina__..._-------------------------------------------- r 29,400 42,651 e 42,000 

Bolivia____.__.----------_#------=----------------------------- r 23,902 27,230 27,995 

Brazil_...____.-_-------__-.-.------------------------------- 29 , 782 30,416 80,350 

Chile________-___.__--_-_---.-_------------- +--+ 1,091 917 885 

Colombia_____..._------------------------------------------ 816 451 645 

Peru !________--___---- ee = == 170 , 333 170,354 170,859 

Europe: 
Austria 3?__.______---__-_-_.-------- +--+ - + -  - - - - - - -e- 7,474 7,503 6,617 

Bulgaria________..------.----------------------------------- 103 , 500 100,500 e 130,000 

Czechoslovakia_________-_----------------------------------- 7,640 7,310 e 7,700 

. Finland___._____....--_.----------------------------------- 4,987 5,019 5,517 

France____._____.--_------- +e eee == r 29,101 33 ,290 e 32,500 

Germany, East e_____--...---------------------------------- r 11,000 r 11,000 | 10,800 

Germany, West___---------.---------------------+----------- 57,867 43 ,335 44,650 

Greece__________-_--._~-- ee ee ee nee en eee r 9,995 9,551 10,171 

Hungary ¢.___..-------------------------------------------- 1,100 1,100 1,100 

Treland____________--___--_-_--.---------------------------+- r 68,600 64,700 65, 400 

Italy__._..._-___--_---------.------------------------------- r 40,200 40 , 800 37,772 | 

Norway___..----------------------------------------------- 3,892 3,872 4,140 

Poland_________.--_.------------------------------------+--- 52,900 60,000 e 66,700 

Portugal___.___.------------------------+----------=------- r2,521 1,986 1,613 

Romania ¢______._--.------_---------+-- +--+ -- ee eee r 36,000 r 48,000 46 ,000 

. Spain____.____.-------------------------------------------- 81,621 79,090 71,580 . 

= Sweden______...-_---------- eee ee een en ne ne ene r 79,402 88,200 e 88,000 

U.S.S.R.e.. eee eee - 460,000 * 485,000 485 ,000 

United Kingdom_____.---..--------------------------------- 3,580 e 3,300 e 3,300 

Yugoslavia. ___....-.-------+------------------------------- 123,203 130,122 139,655 

Africa: 
Algeria_______.___..------.--------------------------+------ 5,700 8,700 8,700 

Congo (Brazzaville) ¢._..------------------------------------ r1,100 550 550 

Morocco__:_...--_------------- ee ne ene nen 79 , 787 77,832 80, 538 

South-West Africa 5____....--..__.-.-------------------------- r 69,382 72,588 76,843 

Tunisia___________----------------+------ e -- - ee r 17,600 25,800 22 , 400 

. Zambia ¢.________...-------~ ee ee eee 24,133 25,350 29,517 

Asia: 
Burma___________---_-_-_------------------- + -- = ee r 10,903 9 586 8,912 

China, mainland e.______-.--.------------------------------- 110,000 110,000 110,000 

India____________.___.._--_----_---- +--+ r2,811 2,239 2,053 

Indonesia______________.------ ee eee en nn eee NA NA e 220 

Tyan ¢ 7_____._..-------------------+-------------------- 2+ r 24,347 23,920 25,287 

Japan 8__________-_---------------------------------------- 69 ,306 69 , 953 70,996 

Korea, North ¢____.__..-.----------------------------------- 77,000 77,000 77,000 

Korea, Republic of__._.....-.------------------------------- r 17,301 18,163 17 ,655 

Philippines___....___.---.---------2------------------------ 93 4 15 

Thailand__________._._.__-_2_-____---- ee ee 2,998 2,094 1,488 

Turkey °________.--_-__--.--------------------------------- r 7,700 7,900 12,000 

Oceania: Australia__.___._____.._--__---------------------------- 428,712 497,416 ‘495 ,928 

Total. .......---- eee eee eee eee eee eee eee eee ----- 78,314,992 73,568, 602 3,750, 826 
eee eee re 

e Estimate. » Preliminary. * Revised. NA Not available. 
1 In addition to the countries listed, Pakistan, Uganda, and United Arab Republic may produce lead, but 

available information is inadequate to make reliable estimates of output levels. 

2 Recoverable metal; content of lead in concentrates for export plus lead content of domestic smelter products 

(refined lead, antimonial lead, mixed bars, and other, unspecified items). 

3 Recoverable metal. . 

4 Recoverable metal; content of lead in concentrates for export plus lead content of domestic smelter products 

(refined lead, antimonial lead, tellurium-lead bars, and bismuth-lead bars). 

5 Year ending June 30 of that stated. 
6 Smelter production. 
7 Year beginning March 21 of that stated. 
8 Content of concentrates.
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Table 31.-Lead: World smelter production, by countries 1 

(Short tons) 

- Country 1968 1969 1970 P 

North America: , 
Canada (refined)_______-2_----_ eee ee 202,100 187,142 204,630 —. 
Guatemala ?____.-_-__ eee 220 248 83 
Mexico (refined) ______.......-.-------.------_--------_------ \ 189,884 186 ,308 165,645 
United States (refined) 3__...._--_-_____.---_- ee 467,310 638 ,655 666 , 730 

South America: 
Argentina______. eee r 27,600 24,250 e 42,000 
Bolivia (refined, including solder)___.____...._.______....______- 225 24 9 
Brazil_.__-_..........--_------- eee eee 17,821 20,635 21,259 
Peru (refined) __.__.-.-.-.-------------.-------______-_------ r 95,221 tr 85,478 79 ,340 

. Europe: oo 
Austria 4. _ 2 eee 8,881 8,245 9,637 
Belgium.___.____-.--------------------------_---_~--------. ™105,100 107,100 103 , 000 
Bulgaria ?_____._..-_---+----------------_----__---_-----_---. "102,200 (104,800 108 , 000 
Czechoslovakia 2_____...-_---------_-----__--__--_- eee t 19,715 22,206 e 19,800 

. France_.___-.__-------+--------------- eee 110,154 118,972 e¢ 182,000 
Germany, East e.____.._--_--- ee r 27,000 r 27,000 ' 26,000 , 
Germany, West___....------.------__-.-_-_---_-..-.--------. "182,298 138 ,679 123 , 900 
Greece (refined)______.-2.--_---2 ee r 7,853 11,795 15, 722 

; Hungary ¢2_____-_ eee 1,100 1,100. 1,100 . 
Italy__-...-.-------------------- eee 63 , 442 68,701 59 , 842 
Netherlands. _____.---.....-------- eee 18,9438 16,308 19,415 
Poland (refined) ?_-_--__.---.---_-------.2 eee 46 ,300 55,900 60,100 
Portugal (refined)______2-.---- eee r 1,353 1,245 626 
Romania ¢______....---.._---------- eee r 43,000 43 ,000 44,000 | 
Spain. _...----.-- eee tr 70,686 89,458 75,709 
Sweden (refined)_....._.....-.--__-_-_---i eee ee r 46,200 46 ,400 44 ,800 
U.S.S.R___-_--.--.------- ee _---------------.- 460,000 + 485,000 485,000 
United Kingdom 5__-____2_ 22 eee eee eee r 35,153 43 ,052 48 ,246 
Yugoslavia (refined) 2?.___........_...-.--.-------_----------. =." 116, 825 117,899 107 ,364 

Africa: 
Morocco. ____.-------------------------- eee ee 26 , 638 29 , 582 27,449 

| South-West Africa 6____ 12.2 eee ee 67,454 67,085 85,213 
Tunisia 7... eee eee ee 15,459 17,782 25,134 | 
Zambia___.._..-.- 2. eee ee 26, 594 25,361 29,517 

Asia: 
Burma #___..-.--.-.---- eee eee r 10,588 10,985 10,697 
China, mainland ¢____.___--_-- eee 110,000 110,000 110,000 
India__._..-.-.------- eee 1,653 2,186 2,053 
Tran 8___2 eee r 202 er 200 e 200 
Japan (refined)____...._-_- eee 181,410 205,708 230,000 
Korea, North ¢____-._-_2---_-_- eee 60,000 60,000 60,000 ; 
Korea, Republic of... ....2.-..--_-___------_______ ee ee 3,438 3, 834 3,968 
Turkey ¢___..___-___ eee 550 660. 660 

Oceania: Australia (refined and bullion)_____...._.___..__._.-.-___... ° 326,330 378 ,215 388 , 624 

Total._...-..-.-----2---- eee ---- 5 3,246,900 ™3,561,198 3,637,472 

e Estimate. p Preliminary. * Revised. 
1 Primary except as noted, or source does not differentiate. ; 
2 Includes recovery from secondary materials. 
3 Refined from domestic and foreign ores; excludes lead refined from imported base bullion. 
4 Includes lead content of antimoniai lead. 
5 Lead bullion from imported ores and concentrates. 
6 Year ended June 30 of year stated. 
7 Lead in lead bars plus gross weight of antimonial lead; excludes léad in solder. 
8 Year beginning March 21 of year stated.
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By Avery H. Reed? | 

The total value of lime sold or used by ever was about the same as in 1969. 

_ producers set a new record of $287.6 mil- Refractory and agricultural uses of lime 

lion in 1970, 2 percent above the 1969 rec- continued to decline. | | | 

-ord. The quantity of lime produced how- | 

Table 1.—Salient lime statistics in the United States 1 | | | 

(Thousand short tons and thousand dollars) . 

. 1966 1967 1968 - 1969 1970 
. eS 

_ Number of plants. - ~~ --------------------------- 208 209 206 201. «194 

Sold or used by producers: . ; . 

Quicklime______..__.----------------------- 18,195 13 , 449 14,440 15,479 15 ,248 

Hydrated lime____.------------------------- 2,669 2,656 2,364 2 , 864 3,126 

Dead-burned dolomite__.-------------------- 2,193 1,880 1,833 1,866 1,373 

Total2_____._.____-.----_---------------- _ 18,057 17,985 18,637 20,209 19 , 747 

Value 3______.______--_------------------- $289,588 $240,216 $249,639 $280,736 $286,155 oO 

Average value per ton.____---------------- $13.27 $13.36 $13.39 $13 .89 $14.49 

Lime sold___.....--------------------------- 11,451 11,461 12,054 13,1138 12,718 

Lime used__...----------------------------- 6,606 6,524 6 ,583 . 7,096 7,029 

Exports 4____._--_-------------- eee ee ene eee 60 52 69 i 54 
Imports for consumption 4_____------------------- 152 81 73 -184 202 . 
na 

1 Excludes regenerated lime. Excludes Puerto Rico. - . 
2 Data may not add to totals shown because of independent rounding. 
3 Selling value, f.o.b. plant, excluding cost of containers. 

. 4 Bureau of the Census. 

| DOMESTIC PRODUCTION : 

_ Lime producers sold or used 19.8 million Missouri; Allied Chemical Corp., with . 

tons, compared with 20.2 million tons in plants in New York and Louisiana; Bethle- 

1969, a decrease of 2 percent. Sales of lime hem Steel Corp., with two plants in Penn- 

declined 3 percent, but lime used by prod- sylvania and one in New York; Standard 

ucers decreased only 1 percent. Figures in- Lime & Refractories Co., with plants in 

clude Puerto Rico. Ohio, Pennsylvania, Illinois, and West Vir- 

Production of quicklime was 1 percent  ginia; PPG Industries, Inc., with plants in 

below that of 1969, hydrated lime produc- Ohio and Texas; United States Gypsum 

tion increased 11 percent, and production Co., with two plants in Texas and one 

of refractory dolomite declined 26 percent. plant each in Ohio, Alabama, Louisiana, | 

The number of plants decreased from 201 and Massachusetts; Pfizer, Inc., with plants 

to 194. | in Ohio, Massachusetts, California, and 

_ Seven States, Ohio, Pennsylvania, Mis- Connecticut; The Dow Chemical Co., with 

souri, Texas, Michigan, Virginia, and Loui- _ plants in Michigan and Texas; and Olin 

siana each producing more than 1 million Corp., with plants in Louisiana and Vir- 

tons, accounted for 65 percent of the total ginia. These 10 companies, operating 33 

output. plants, accounted for 45 percent of the 

Leading producing companies were Mar- total lime production. 

blehead Lime Co., with four plants in Illi- 

nois and one each in Indiana, Michigan, LPhvsical scientist, Divisi Nor ii 

and Missouri; Mississippi Lime Co. in  yfinerals. scientist, Division of Nonmetallic 

667
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Table 2.—Lime sold or used by producers in the United States, by States and kinds 1 

. (Thousand short tons and thousand dollars) 

: , 1969 1970 
State ee 

; Total Value Hydrate Quicklime Total Value 

Alabama_-....-------------.--------<-. © TAT $9 , 870 126 623 749 $10,286 
Arizona. .-.-.---------------.--------- 283 5,074 WwW WwW 309 4,523 
Arkansas_...------------------------- 184 2,748 WwW WwW 186 2,680 
California... ..------------------------ 585 9,666 81 490 572 9,911 
Colorado_..-.------------------------ 127 2,449 __._.._- 119 119 1,613 
Florida.__...--.---------------------- 182 2,712 WwW Ww 167 2,810 
Hawaii_..---------.------------------ 9 287 8 1 9 338 

. Kansas___..--------2------ eee eee Ww W _-_- eee 6 6. WwW 
Louisiana...-.--------+---~-----+------ 822 10,750 WwW WwW 1,025 12,811 . 
Massachusetts.._....--.-----.------~-- 199 3,718 WwW WwW WwW WwW 
Michigan.....------------------------ 1,589 20 ,372 WwW W 1,538 21,355 
Montana_..-------------------------- 255 2,737 5 203 208 WwW 
Nebraska_....-.----.----------------- WwW W ieee 27 27 WwW 
New Mexico....----_------------------ WwW WwW 37 __------ 37 WwW 
New York.....----------------------- 1,055 10 ,224 WwW WwW WwW WwW 
Ohio___..--.------------------------- 4,159 60,975 234 3,717 3,951 61,197 
Oregon_...--+---.-------------------- 115 2,337 WwW WwW 96 1,777 

~ Pennsylvania_..-_.-----------------.- 2,008 28 ,952 322 1,564 1,887 29 ,279 
Puerto Rico....-.-.------------------ Al 1,505 40 1 Al WwW 
Texas....-----.---------------------- 1,683 22,107 782 892 1,673 24,427 
Utah.__.--.----------- +--+ 191 3,947 WwW Ww. 186 3,756 
Vermont..._-----------..------------- 2 250 ee eee- eee eee eee ---) o------ 
Virginia. -...--.-.--------------.----- 1,072 13 ,653 70 977 1,046 14,090 
West Virginia_..-_..-..--------------- 269 3,648 WwW W . 262 3,757 
Wisconsin... _...-.------.------------- 244 4,080 WwW WwW 247 4,503 
Wyoming-_._.------------------+------ WwW W .------ 22 22 WwW 
Other States 2._.....------------------ 4,479 60, 405 1,461 7,989 5,425 78,440 

. Total §.....----- 2 ----------. 20,250 282,241 3,166 16 , 622 19,788 287,553 

W Withheld to avoid disclosing individual company confidential data. — 

1 Excludes regenerated lime. Includes Puerto Rico. | 
2 Includes Connecticut, Idaho, Illinois, Indiana, Iowa, Maryland, Minnesota, Mississippi, Missouri, Nevada, 

New Jersey, North Dakota, Oklahoma, South Dakota, Tennessee, Washington, and States indicated by 
symbol W. . 

3 Data may not add to totals shown because of independent rounding. 

Table 3.—Lime sold or used by producers in the United States, by States and markets 1 : 

(Thousand short tons) 

1969 1970 
State a 

Plants Sold Used Plants Sold Used 

Arizona. -.-.------------------------- 6 WwW WwW 7 185 124 
California_.......-------------------- 15 225 360 15 230 342 
Colorado_.___.-..-------------------- 11 WwW WwW ll __e ee 119 
Hawaii__-.....----------------------- 1 WwW WwW 1 8 1 
Kansas__...-------------------------- ) WwW 6 
Montana...-.__--.------------------- A ue 255 4 2 --Le 208 
Nebraska...._..--.------------------- 4 ......- WwW 4 _._----- 27 
New Mexico..------------------------ ) WwW ) ne 37 
Ohio__..-..-------------------------- 23 2,548 1,611 20 2,315 1,686 
Puerto Rico_..-.---------------------- 1 41 ______-- 1 41 _____--- 
Texas.__--.-------------------------- 15 866 768 13 . 984 739 
Vermont..__------------------------- 1 en 
Wyoming_.__------------------------- 3 _-_----- WwW 3 .------- 22 
Other States ?__.---------------------- 116 9,472 4,102 114 9,046 3,768 

Total. ._.---------------------- 202 13 ,154 7,096 195 12,759 7,029 

W Withheld to avoid disclosing individual company confidential data. 

1 Excludes regenerated lime. Includes Puerto Rico. 
2 Includes Alabama, Arkansas, Connecticut, Florida, Idaho, Illinois, Indiana, Iowa, Louisiana, Maryland, 

Massachusetts, Michigan, Minnesota, Mississippi, Missouri, Nevada, New Jersey, New York, North Dakota, 
Oklahoma, Oregon, Pennsylvania, South Dakota, Tennessee, Utah, Virginia, Washington, West Virginia, 
Wisconsin, and States indicated by symbol W.
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Table 4.—Lime sold or used by producers in the United States, by size of plant 1 

1969 1970 oe 

Size of plant . Thousand Percent Thousand Percent 
Plants short of Plants short of 

tons total . tons total 

Less than 10,000____._._-------------- 42 209 , 1 46 209 1 
10,000 to less than 25,000______---.----- 40 645 3 35 564 3 
25,000 to less than 50,000____..-------- 34 1,215 6 28 1,060 5 
50,000 to less than 100,000_____---.---- 29 2,024 10 28 . 2,025 . 10 a 
100,000 to jess than 200,000_____.------ 22 3,371 17 24 3,770 19 
200,000 to less than 400,000_.._-.--_--- 27 7,812 40 
400,000 and ss than 400,000... ----------| 85 12,787 63 { 7 47348 22 | 

Total__...----.---------------- 202 220,250 100 195 19,788 100 

' 1 Excludes regenerated lime. Includes Puerto Rico. 
. 2 Data may not add to total shown because of independent rounding. 

20,000 — > a : 

10,000 | 
8,000 | : 

a . Chemical . . 

6,000 | | } : 

» 2000 | 
Cc . 

= 
- Refractory 7 

°o “A a“ ; 
= _— 

& 2,000 S/S J aN ? oa ue Oy, —_ . 

 e SO VV Vo —~ — oo \ oe 
3 SV | A | 

: 3 —_—_ — » Oe - a , 

£ 1000 Va | Construction oo 

uy 800 | 
Ss | s . . 

+ 600 Vi | | 

| ~400 Ee , 
. SQ. _ Agricultural 

" NN Oe : ; 
: ‘\ ; : 

: \ 7 | : 
! 200 ~~-- mo ~ weer “SUZ \ 

| \ 

100 , _ 
1945 I950 1955 I960 1965 i970 

a Figure 1.—Trends in major uses of lime. 

Round Rock Lime Co. announced plans includes two 350-ton-per-day (tpd) vertical 

for a new vertical limekiln, to be con- limekilns which use natural gas. The plant 

structed near Round Rock, Tex. When produces quicklime for use in the com-_ 

completed, the old plant at Round Rock  pany’s new $80 million basic-oxygen-furnace 

will be closed. (BOF) complex. | 

United States Steel Corp. completed its The Flintkote Co. completed a new hy- | 

new limekiln at Lorain, Ohio. Lime pro-  drating plant at City of Industry, Calif., 15 

| duction started in December. The plant miles from Los Angeles. The plant receives
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quicklime from its Apex, Nev., plant and The Flintkote Co., Apex, Nev.—a_ third 
either processes it for sale, or hydrates and rotary kiln to increase capacity an addi- 
processes the hydrate for sale. tional 300 tpd. 

| Plant expansions announced or started CF&I Steel Corp., Pueblo, Colo.—a new 
| during the year included: vertical kiln to increase capacity an addi- 

Huron Lime Co., Huron, Ohio—a third tron 00 ae d. Co.. Cleb T 

rotary kiln to raise capacity to 1,200 tpd. 350 tod ln a © ow 10 ex.—a hows 
| Cost is estimated at $2 million. ay “ n and two new 10-ton-per-hour 

| . ; ydrators. 
Pfizer, Inc., Gibsonburg, Ohio—a new ro- Warner Co., Cedar Hollow, Pa—a new ~ 

tary kiln to increase capacity an additional —309.tpd rotary kiln. Cost is estimated at $2 
130,000 tons per year (tpy) . million. | 

St. Clair Lime Co., Marble City, Okla— = The Flintkote Co., Richmond, Calif—a 

| a new rotary kiln to raise capacity from new hydrating plant to process quicklime 
200 to 550 tpd. from the company’s Apex, Nev., plant. 

| _ Table 5.—Lime sold or used by producers in the United States, by uses 1 

| (Thousand short tons and thousand dollars) 

1969 1970 
- Use —————  — 

‘Sold Used Total Sold Used Total Value 

Agriculture. _...- 2-2-2 ee 180 _____- 180 142 ilk, 142 $2,339 

Construction: CT 

Soil stabilization_...........-------_- 783 w $wW 888 __.--- 888 16,136 | 
Mason’s lime_____-_.--- eee 456 WwW ‘W 424 WwW “W 8,428 
Finishing lime____........-..---.----- 278 WwW W 196 LLL. 196 3,582 

| Other uses__.__..-------------------- 15 Ww WwW 2 -_--..- 2 43 

Total____-_------.---------------. 1,582 WwW We 1,510 Ww W 28,189 

Chemical and industrial: , . 
Steel, BOF___-_----------.---------- WwW WwW W 4,817 856 5,173 67,955 | 
Alkalies___.--_----.-----------.----- 75 2,926 3,002 WwW W 38,121 39,348 
Water purification___._------.-.-.----. 1,112 © W Ws 1,217 10 1,227 17,195 

/ Paper and pulp____-_--------2 2 ee 970 WwW W 918 85 1,003 14,734 
Sugar refining___._...-_._-._.-_._._-- 31 702 733 48 654 697 13,422 
Steel, open-hearth..__-_....--.---._-__ WwW W WwW 378 220 598 8,158 

-. Copper ore concentration__.....-..___- 193 316 509 228 850 578 7,612 
Caleium earbide_____-__-_--.-_--- ___ 491 274 765 WwW WwW 561 6,871 
Steel, electric. __.---...----- 2 -e WwW Ww WwW WwW WwW 508 7,087 

_ Aluminum and bauxite__......--._-__L_ 183 WwW W WwW WwW 381 5,099 
Glass.__---------------------------- 390 _.---- 390 327 ____-- 327 4,428 
Sewage__...------------------------- 401 83 484 293 22 315 4,886 
Other metallurgy_____.......------_ - WwW WwW Ww WwW WwW 124 1,738 
Petroleum refining____._._..._..-_-- - WwW WwW WwW 58 ___e 58 853 
Tanning.----.----------------------- WwW Ww WwW 36 __-__- 36 658 
Insecticides_._.-..------------------- W .--.--- WwW 84 _L__Le 34 549 
Food____------------------.--------- W ._.-- W 28 LLL. 28 460 
Magnesium___-.---------------------- W -..-.-.- WwW 130 Lee 13 WwW 
Sand-lime brick___.._..._.----_-____. 20 _--L-- 20 10) _____. 10 152 
Oil well drilling._____-..----_.______- W -_-..-- WwW 6 ______ 6 87 
Silica brick__------------------------- 4 __.... 4 4 __ LL. 4 68 
Paint. __----------------------------_ W ------ WwW 8 LLLLLe 3 46 
Wire drawing.-_--..-.-_--.---_-.- __ Ww WwW Ww WwW WwW 3 WwW 
Coke._.------------------------------ W =.g-.---- Ww 1 _.LL_e 1 15 
Other uses ?_____._-_.2.-- 22 --__-_ = 6, O15 WwW WwW 1,958 WwW W 29,864 

Total ?____-__--------------------. 9,885 Ww W 9,872 Ww W 231,285 
Refractory dolomite__._____-...---...__-_. 1,524 3438 1,866 1,235 188 1,373 25,740 

Grand total #4_.____.-.-.-----.---. 18,154 7,096 20,250 12,759 7,029 19,788 287,553 

W Withheld to avoid disclosing individual company confidential data. 

1 Excludes regenerated lime. Includes Puerto Rico. 
2 Includes other chemical uses, magnesium from sea water, petrochemicals, whiting, other ore concentration, 

other steel furnaces, magnesium metal, wire drawing, and rubber. 
3 Includes uses indicated by symbol W. 
4 Data may not add to totals shown because of independent rounding.
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Table 6.—Destination of shipments of lime sold or used by producers 
in the United States in 1970, by States 1 

(Thousand short tons) . , 

Hydrated 
State Quicklime lime Total 

Tra hn tr 

Alabama-..__-.--- 22 eee eee eee WwW WwW 379 
Arizgona__----.------------ ee eee eee W W 298 
Arkansas.--_.-_---_--------------------------- ee eee eee W W 174 . 
California___-__-._..._------------- ee ee eee 645 122 767 
Colorado. ____.-. 2 eee eee 136 9 145 
Delaware___.--__--__--------------.------.---------------- eee W W 16 
Florida__._.---.---------------------------------+------------- 278 42 320 
Georgia. __.__-_-------------------------------------- +--+ ee 107 19 126 
Illinois__-.--------------------------------------------------- 1,005 146 1,151 
Indiana__----_----_------~----------------------------------- 1,265 78 (1,343 
ITowa_._.------------------------------- ee eee eee 97 22 119 
Kansas___------------------------------2---- ee eee W W 102 
Kentucky - --------------------------------------------------- 503 15 518 
Louisiana___...--.----------------------------------------eee W ‘WwW 1,014 
Maine..__--_----------4---------------------- eee W W 55 
Maryland. -__--_-----_----------------- 4 eee 412 20 432 
Massachusetts__....._-.----------------------- +e eee WwW W 64 
Michigan__..-.------------------------------------ tee ee 1,687 82 1,769 
Minnesota___--------------------------------+------- +--+ eee 171 14 185 
Mississippi_--.-------------------------------------- +--+ 129 7 136 
Missouri. _.-_------------------------------------ ee 164 37 201 
Montana-___-_---------------------------------- eee 215 8 224 
Nebraska_____.--------------------------------- eee 35 9 43 
Nevada.__--_-------------------------------------- eee eee W W 51 
New Hampshire____.-_-_--------------------------------------- W Ww 4 
New Jersey__----------------~------- ee en eee 67 83 150 
New Mexico__._-----..--------------------------------------- W W 84 
New York____------------------------------+------------------ 1,034 116 1,149 
North Carolina___...-.....------------------- +--+ eee 89 29 119 
Ohio__.___-__-------------------------- eee eee 2,816 113 2,929 
Oregon_____------------------------------------- +--+ eee 112 20 132 
Pennsylvania. ._---------------------------------------------- 1,710 229 1,939 
Puerto Rico.____-.--------------------.----- eee eee 1 40 41 
Rhode Island________-___-__--_--__ ee eee eee 9 5 14 
South Carolina___.___-----..-_------.----------------- eee 30 9 39 
Tennessee ___.__--_-------------------------------------+-- 1 ee 103 4l 145 
Texas.____----------------------------- +--+ eee 957 7192 - 1,749 
Utah_____--_--------------------------- eee eee eee W WwW 175 

_ WVirginia_._-.--.------------------------ ee eee 293 31 325 
Washington__._.-_--------------------------------- eee 95 15 110 
West Virginia___._____-__----_--------.--------- + eee 352 33 385 
Wisconsin __-------------------------------------------------- 101 46 147 . 
Wyoming__--_------------------------------------------------ WwW WwW 25 
Exports: 

Canada_____-____ eee eee 22 10 32 
Other countries_______.____._____--._---- 22 - eee 31 12 44 

. Other States 2_.___......-__.--- ~~~ eee eee eee 1,951 912 419 

Total ?___.-_- eee eee 16 , 622 3,166 19,788 

W Withheld to avoid disclosing individual company confidential data. 
1 Excludes regenerated lime. Includes Puerto Rico. 
2Includes Alaska, Connecticut, District of Columbia, Hawaii, Idaho, North Dakota, Oklahoma, South 

Dakota, Vermont, and States indicated by symbol W. 
3 Data may not add to totals shown because of independent rounding. 

CONSUMPTION AND USES 

Lime was consumed in every State, for a lime were chemical, 77 percent; construc- 

wide variety of uses. Leading consumers tion, 12 percent; refractory, 10 percent; 

were the highly industrialized States Ohio, and agricultural, 1 percent. 
Pennsylvania, Michigan, Texas, Indiana, II- . 
ye! ws Lime consumed by producers accounted 

linois, New York, and Louisiana each of for 36 € the ; d with 

which consumed more than 1 million tons. ‘2? percent of the total, comp are wit 
Total consumption in these eight States ac- 3° percent in 1969. The new Lorain lime- 
counted for 66 percent of the total. kiln of United States Steel Corp. will 

The four principal uses for open market increase this captive percentage in 1971.
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The leading individual uses for total Lime used in agriculture continued to ; 

lime sold or used were: The BOF, alkalies, decline, decreasing 21 percent from the 

other chemical uses, refractories, water pu- 1969 level. Refractory dolomite use also | 

rification, and paper and pulp. Each of continued its downward trend, decreasing 

these uses required more than 1 million 26 percent. Total chemical and industrial 

tons of lime. uses were about the same. 

PRICES | 

. The average value of lime sold or used $15.10 for chemical lime to $17.27 for agri- — 

in 1970 was $14.53 per ton, an increase of cultural lime, and $18.20 for construction 

4 percent over the 1969 value of $13.94. lime. | - | 

Values for quicklime ranged $13.73 for All these values are f.o.b. plant of man- . 

chemical lime, to $14.77 for agricultural ufacture and do not include cost.of con- 

lime, to $16.77 for construction lime, and  tainers. Prices quoted in trade journals are 

to $18.84 for refractory dolomite. : generally much higher and include cost of 

Values for hydrated lime ranged from containers and delivery charges. : 

FOREIGN TRADE : 

Exports of lime increased 6 percent but stan, Dominican Republic, Iran, New Zea- 

were 22 percent below the 1968 record. Of land, Spain, Liberia, Colombia, and El Sal- 

| the total exported, Canada received 67 per- _-vador. 

cent, Mexico 12 percent, Surinam 7 per- Lime imports, mainly from Canada, 

cent, Guyana 5 percent, and British Baha- increased 10 percent above the 1969 record, 

mas 2 percent, the remaining 7 percent and exceeded 200,000 tons for the first 

went to 38 countries, listed in order of time. Small quantities also were imported | 

| quantities received: the Philippines, Pan- from France, the United Kingdom, West 

ama, Venezuela, Bermuda, Japan, West Germany, Japan, and Mexico. - 

Germany, British Honduras, Haiti, Nigeria, 

Honduras, Australia, Sweden, Greece, Table 7.—U.S. exports of lime 

Trust Territories of the Pacific Islands,_<©§£_—-—-—_ 

Angola, Italy, Trinidad, Jamaica, Brazil, Year Short Value 
. . : ons (thousands) 

Saudi Arabia, Belgium, Netherlands An- 

tilles, Peru, Argentina, Republic of South jo9gg 68,915 $1,437 

Africa, Nicaragua, Leeward and Windward  1969___-_------------- 51,006 1,153 

Islands, Costa Rica, France, Austria, Paki- 1970. ----------------- 53,876 1,391 

Table 8.—U.S. imports for consumption of lime 

Hydrated lime | Other lime Total 
Year Sess 

Short Value Short Value Short Value 
tons (thousands) tons (thousands) — tons (thousands) 

1966 *_____--------------- 203 $5 151,703 $1,772 151 , 906 $1,777 

1967 *___._--------------- 545 12 79 ,983 961 80 , 528 973 

1968 t__.__--..----------- 873 21 71,632 877 72,505 898 

1969 t___-__-._-_----------- 39,270 542 144,471 1,911 183 ,741 2,453 

1970___.-_.-------------- 34,158 A479 167 , 432 1,946 201 ,590 2,425 

t Revised. . 

WORLD REVIEW 

Canada.—Lime plants have been estab- and four in Alberta. Of the 90 kilns in op- 

lished near urban and industrial centers in eration, 19 were rotary, 68 were vertical, 

Canada, mainly in the Provinces of On- one was vibratory-grate, and two were 

tario and Quebec. During 1969, 23 plants rotary-grate. Production in 1969 was 

were active, one in Newfoundland, four in — 1,635,000. 

Quebec, 11 in Ontario, three in Manitoba, Companies active in Ontario included
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Allied Chemical Canada, Ltd., Bonnechere minion Lime, Ltd., Domtar Chemiceals, 
Lime, Ltd., Canadian Gypsum Co., Ltd. Ltd., Gulf Oil Canada, Ltd., and Quebec 
Chemical Lime, Ltd., Cyanamid of Canada, Sugar Refinery. 
Ltd., Domtar Chemicals, Ltd., and Reiss . 
Lime Co. of Canada, Ltd. Poland.—Construction began on a 250,000- 

Active companies in Quebec were Do-  tpy lime plant at Tarnow, Opolski, Poland. 

Table 9.—Quicklime and hydrated lime, including dead-burned dolomite: 
World production by countries 

(Thousand short tons) 

—_ eee 

| Country ! 1968 1969 1970 Pp 
eee 

North America: 
Canada_.._------2-.----- eee. 1,440 1,685 1,626 Costa Rica ¢___.----_----2- 22 e eet 9 9. 9 Guatemala. _____2------- eee, 19 19 24 . Puerto Rico__.-..-------2------- eee 39 41 41 United States (sold or used by producers)....__.__......______ 18 ,637 20,209 19,747 . South America: 
Brazil_-..----.------------------- 2+. eee 1,669 er1,800 e 1,800 Colombia_.....---._----------- eee ™1,009 1,100 1,100 Paraguay...-.-----2------------ eee 20 21 23 Uruguay °.-...--------------- eee eee 66 56 67 Europe: 2 
Austria___ 2-2 ------- eee. r 756 806 . 817 Belgium__-_....-----.--------------2-----------------eee 8,166 8,826 e3,164 
Bulgaria._..-..---------------- 2 eee 1,069 1,002 e 1,000 
Czechoslovakia._._..-.-----.-.------.2-------- 2-8 2,502 e 2,535 e 2,585 
Denmark._.....-.-------- 22. 185 e 210 e210 Finland. ____-_2-2-2222-222 2222212. -._-_----.---- et 231 235 254 

_ France___.._.---------------------- eee 4,411 4,615 e 4,650 
Germany: 

Bast___.------------ 22 e eee eee eee 2,848 2,770 2,755 
West_..-.----------- eee 11,722 11,758 11,818 - Hungary..----------------- + +2 oe eee. 808 762 719 

Ireland_____...---------------- eee eee 69 58 65 . Italy__...--------------------------.--_---_-----_-_ ee 5,401 6,388 ¢ 6,400 , Norway....---------------------------- 246 234 e240 | Poland......-.------------------ eee eee ' 2,528 2,456 8,875 
Romania__-..--..------------------e-eeeeeeeee r1,881 2,114 e 2,200 
Spain ¢._.-------- 2 eee eee gee; t 350 t 365 365 Sweden. -..--------.----------- eee eee eee 871 e 1,025 844 
Switzerland______.-------.---- 2 eee 162 165 160 
U.S.S.R__.--------- eee 22,835 23 ,524 28 , 700 
Yugoslavia.-.--...---------------- eee eee r1,440 1,539 1,662 

Africa: 
Ethiopia (including Eritrea)_.___.._.__._._-.-__._.___ _ 25 20 18 South Africa, Republic of (sales). ..__.......----._-______ 8. r1,174 1,034 1,189 
Tenzania__..-----.--------- eee 8 12 __-------- 
Tunisia__..-.-----.-..------ eee r 157 157 185 Uganda.._.-._--- eee ye 21 
Zambia. _-.-----.----.---- 22. 79 e777 105 

Asia: 
Cypfus....------ 22 e eee - 104 110 120 
India... ~~ 2 ee 313 336 e 350 
Tran ¢..__--~-2 2 eee e 1,100 1,100 1,100 Japan_...------_------ +e 8,996 4,657 10,110 
Kuwait. __--_---2 2-2 eee 1 el el 
Lebanon__.-_-_-.-------- eee 99 132 148 
Mongolia e¢__. eee 44 44 44 
Philippines_______-...-.----- eee 116 238 179 
Saudi Arabia_..._....-.--..-2 2-2 eee 12 17 24 
Taiwan. ___-_----_------- 2 1131 121 141 

Oceania: 
Australia ?_.-.-222 22222, 237 e 230 e 280 
Fiji Islands___-_..-..-22---.-- 22 eee eee. r3 4 e4 

Total. ._----- 22-2 r94,010 99 ,067 105,829 
eee 

e Estimate. P Preliminary. r Revised. 

1 Lime is produced in many other countries besides those listed. Congo (Kinshasa), Mexico, Nicaragua, Vene- 
zuela, and the United Kingdom are among the more important countries for which official data are unavailable. 

2 Year ended June 30 of year stated.
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| TECHNOLOGY 

| There was little or no improvement in The new Lorain plant of United States 

the technology of lime making during the Steel Corp., designed and built by Dravo 
year. The impact of the BOF on dramati- ; . . 

. . . . orp., includes the two biggest vertical 
cally increasing lime consumption leveled 
off. shaft kilns ever installed for a steel com- 

A multicolumn vertical limekiln was mar- pany in the United States. In the kilns, 

keted in the United States and Canada by yaw jimestone is calcined by natural gas 
Kennedy Van Saun Corp. Known as the - , 
“Schmid-Hofer” limekiln, it was developed fed through seven burner beams. Each kiln 

in Austria in 1957. . has a capacity of 350 tons per day.



| By E. Chin : 

Production and shipments of magnesium Legislation and Government Programs. 
metal increased in 1970, and deliveries of —The General Services Administration 
metal from the Government stockpile con- (GSA) under. authorization of Public Laws 
tinued throughout the year. The domestic 90-604 and 91-321, continued the disposal 
production capacity for magnesium in- of magnesium from the Government stock- 

creased substantially in 1970, and an over- pile. A total of 14,572 short tons 9 f 9G 646 
supply of metal may result within 1 or 2 SUM Was sold during 1970, leaving 99, 

short tons in the stockpile at yearend. On years. In the Great Salt Lake area of Utah, - 
. March 4, 1970, the Office of Emergency 

construction and other developmental ac- _ 
_ } | Preparedness removed magnesium from the 

tivities aimed at the use of the lake’s jist of strategic and critical materials, and 
brines as a source of magnesium contin- the stockpile objective for magnesium was 

- ued. - abolished. . - 

. Table 1.—Salient magnesium statistics | _ 
(Short tons) . 

1966 1967 1968 1969 1970 . eS 
United States: 

Production: . 
Primary magnesium.__-_..._-.-...-...... 179,794 97 ,406 98,3875 +*99,887 112,007 
Secondary magnesium__.._......-.---._._. 15,129 13 , 444 15,525 13 ,470 12 ,042 

Shipments: Primary.__-.---..------------------ 96,443 100,748 103,671 117,695 118,693 
Exports. __.-_-_.------------------------------- 15,448 13,173 19,457 27,372 35,720 
Imports for consumption_____..--_-____----_-__ Le 3,959 9,721 4,808 4,316 3,295 
Consumption._.___-_.--------------------------.. 82, 914 90 , 825 86,427 | 95,132 93 ,495 
Price per pound___________._____..__._____cents__ 35.25 35.25 35.25 35.25 35.25 
World: Primary production_.___._.--_..-..._._-.. 179,894 208,575 212,305 221,748 p 243,250 

- p Preliminary. * Revised. | 

DOMESTIC PRODUCTION 

U.S. production of primary magnesium tion ponds in the Stanbury Basin of the 
rose 12 percent in 1970, to 112,007 short Great Salt Lake produced over 600,000 tons 

tons. Secondary magnesium recovery was of brine concentrate. This concentrate, 
estimated to be 12,000 tons for the year. which has a magnesium content of about 

The entire quantity of primary magnesium 7.5 percent, will be further processed to 
metal produced came from The Dow Chem- produce anhydrous magnesium chloride for 
ical Company’s electrolytic plants in Free- electrolytic reduction to magnesium metal. | 
port and Velasco, Tex., and from American A _ reduction plant, being built on the 
Magnesium Co.’s_ electrolytic plant in southwestern shore of the lake, near Row- 
Snyder, Tex. ley and Grantsville, Tooele County, Utah, 

Oregon Metallurgical Corp. completed will have an annual capacity of 45,000 tons 
an expansion program at its Albany, Oreg., per year of magnesium metal. Plant start- 
plant. This plant uses modified Alcan cells up is scheduled to begin late in 1971. 
for electrolytic reduction of magnesium The plant will also produce chlorine, cal- 
chloride generated at the plant as a by- cium sulfate, potash salts, lithium, and 
product of titanium production. other compounds. 

National Lead Co.’s three solar evapora- =~ Ghemist, Division of Nonferrous Metals. 

675
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Table 2.—Magnesium recovered from scrap processed in the United States, 
| by kinds of scrap and forms of recovery 

(Short tons) 

1966 1967 1968 1969 1970 

. Kind of serap: . 
New scrap: 

Magnesium-base._.._.------------------------ 6,462 5,062 7,006 4,767 4,564 
Aluminum-base__.__....-.-.---------.---_---.- 4,127 4,266 5,050 5,712 4,698 

| - Potal.__---.-.---------------------------- 10,589 9,328 12,056 10,479 9,262 

Old scrap: | , 
Magnesium-base______._._-_._---------------- 3,321 2,973 2,113 1,700 1,518 . 
Aluminum-base__.____-...-.-.-------.-------- 1,219 1,148 1,356 1,291 1,262 © 

Total. ____....---------------------------- 4,540 4,116 3,469 2,991 2,780 

Grand Total________-___________-____----.-- 15,129 18,444 15,525 12,470 12,042 — 

Form of recovery: 7 
Magnesium alloy ingot !__.-...-_-.---------------- 5,202 3,760 2,502 3,231 2,006 
Magnesium alloy castings (gross weight)_._._..._---- r 27 39 15 11 13 
Magnesium alloy shapes___._______-----.-----_---- 70 1038 82 149 189 
Aluminum alloys.._____.2--_-.------------------- 16,3883 6,157 9,900 8,378 7,088 
Zine and other alloys_.___._.-_-------------------- 17 18 18 r13 24 
Chemical and other dissipative uses__.._.._.-.-__--- 281 25 64 r 65 80 

_ Cathodic protection_._.-..------------------------ 8,199 8,842 2,944. 71,623 2,642. 

Total___...__.--__-_.___--_-_---.------------- 15,129 18,444 15,525 18,470 12,042 

t Revised. . 
. 1 Figures include secondary magnesium content of both secondary and primary magnesium alloy ingot. 

Great Salt Lake Minerals and Chemicals plant. The completion of the $20 million 

Corp. began concentration of lake brine at Dallesport project, originally scheduled to 
its 14,000-acre evaporation pond on the come onstream in the second half of 1971 
east shore of the Great Salt Lake near with an initial capacity of 25,000 tons of 
Ogden, Utah. In cooperation with the Dow magnesium metal per year, is now sched- 
cremical on Great Salt Lake Minerals yjed for mid-1972. 

will process the bittern to produce anhy- The Aluminum Company of America 
drous magnesium chloride for a new mag- } . 

| os . . announced plans for constructing a plant 
nesium electrolytic plant to be built by . 

; at Addy, Wash., to produce magnesium 
Dow in. Dallesport, Wash. The solar evapo- ¢ dolomite by the silicoth . 

ration installation, largest of its kind in ‘TO™ S° omite by the st icot Ermic Process. 
the world, will have initial annual capaci- The target date for operation 1s 1974 and 
ties of 100,000 tons of anhydrous magne- the Bonneville Power Administration has 
sium chloride, 240,000 tons of potassium contracted to furnish power by that date. 

sulfate, and 150,000 tons of sodium sulfate. The plant is estimated to cost $25 to $50 
Late in 1970, Dow Chemical announced a_ million and will employ between 300 and 

slowdown in the construction of the metal 400 people when on stream. 

CONSUMPTION AND USES 

Consumption of magnesium decreased ucts, accounted for the remainder. As in 

1.7 percent in 1970 to 93,495 tons. Distrib- the previous year, the largest single use of 

utive or sacrificial applications, in which magnesium was for aluminum alloys which 

magnesium is used for its chemical proper- accounted for 39.0 percent of the total 

ties, accounted for 75.1 percent of the consumption in 1970. Magnesium used for 

magnesium consumption. Structural prod- die castings increased 20.3 percent to 9,002 

ucts, such as castings and wrought prod- __ tons.
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Table 3.—Consumption of primary magnesium in the United States, by uses 
| . (Short tons) 

| | 1966 1967 1968 1969 1970 

-For structural products: . 
Castings: — . . 

Sand___...--2-- eee -------- = 8, 961 3,848 3,740 2,562 1,735 
Die }___-____-------------------------------- 4,980 8,366 7,337 7,484 9,002 

. Permanent mold______-.__--..---.--.----_---- 632 555 607 404 260 
~ Wrought products: . 

Sheet and plate_.._._..-----.----------------- 6,075 (2) (?) (2) (2) 
Extrusions (structural shapes, tubing)’___._._.-- 7,100 10,517 11,280 18,110 12,250 . 

Total____-----------------------.--.------ 22,748 23,286 22,964 28,560 28,247 

For distributive or sacrificial purposes: _ 
Powder____-.--..-------------------------------- (4) (4) (4) (4) 5, 646 
Aluminum alloys_-.--.--------------------.------ 30,862 31,244 34,484 37,375 386,543 
Zine alloys__..-----------------.---.--------_---- 100 53 52 54 35 

_ Other alloys_____-.-------------------------- eee. = 1, 975 2,370 (4) (4) (4) . 
Scavenger and deoxidizer__-.--.----.-.-----_-.-_-- 195 (4) (4) (4) (4) 
Chemical ___-_--------------------------_---..-.-. 4,604 5,214 (4) (4) 8,385 . 
Cathodic protection (anodes).--._...._........_.... 4,670 4,855 5,714 6 , 087 5,778 - 

a Reducing agent for titanium, zirconium, hafnium, 
uranium, and beryllium____.--..2-2.2-2--2 2 eee = 8, 429 6,704 6,209 7 363 ‘6,300 

Nodular iron_____.---.------.---------- eee (4) (4) 2,480 2,374 4,720 
Other §____-_---------- +e ---- «679,831 717,099 14,524 +18,319 2,841 

Total___---._---_----------------------.------- * 60,166 167,539 638,463 * 71,572 © 70,248 

Grand total__---------------------------------- r 82,914 190,825 86,427 *95,182 938,495 

r Revised. . | 
1 Includes primary metal to produce small quantities of investment castings. | 
2 Included with ‘‘Extrusions.”’ . 
8’ Includes ‘‘Forgings.”’ 
4 Included with ‘‘Other.’’ Oe 
5 Includes primary metal for experimental purposes, debismuthizing lead, and miscellaneous uses. | 

: ‘ 

| PRICES . 

As it has been for more than a decade, ary 1, 1971. Magnesium alloy prices re- 
the quoted base price for primary magne- mained the same throughout the year. : 

sium pig and ingot in 10,000-pound lots, Depending upon the state of preserva- | 
99.8 percent magnesium, f.o.b. plant, re. ‘ion of the metal: available from the 

. national stockpile, GSA accepted bids for 
mained at 35.25 and 36.00 cents per pound --. . . -” 
throughout the vear. However. The Dow Primary magnesium ranging from 30.015 to , 

8 | year. , . 33.000 cents per pound, f.0.b. storage loca- 
Chemical Co, announced that the price of tions The average price of metal sold by 

pig and ingot will be increased to 36.25 GSA during the year was 31.894 cents per 
and 37.00 cents per pound effective Janu- pound. | 

STOCKS ‘ 

Producer and consumer stocks of pri- short tons. Stocks a year earlier were 9,126 
mary magnesium totaled 9,195 tons as of short tons of primary metal and 3,446 
December 31, 1970. Yearend stocks of pri- short tons of alloy ingot. 

' mary magnesium alloy ingot were 3,501 | 

Table 4.—Stocks and consumption of new and old magnesium | 
scrap in the United States in 1970 

(Short tons) 

Stocks Consumption Stocks 
Scrap item Jan. 1° Receipts =£————_————___—_-—________—_- Dee. 31 

New scrap Old scrap Total 

Cast scrap..----------_-- 188 2,357 802 1,854 2,156 389 
Solid wrought scrap )_____- 1,213 4,831 5,272 __.______- 5,272 772 

Total____-_-___.-- 1,401 7,188 5,574 1,854 7,428 1,161 

r Revised. 
1 Includes borings, turnings, drosses, etc.
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; 7 FOREIGN TRADE _ | 

U.S. exports of primary magnesium rose Imports for consumption of magnesium 

from -4,467 short tons in 1960 to 34,185 (metallic and scrap) continued the down- 

tons in 1970. Except for the 1966-67 pe- ward trend established in 1968. Imports in 

, riod, the.trend since 1960 has been up- 1970 dropped 16 percent from the previous 

ward. West Germany was the largest cus- year. Canada, by far the largest of U.S. 
tomer for U.S. magnesium, accounting for sources, contributed 69 percent of the total 
56 percent of the total exported in 1970. metal imported. West Germany, the Re- 

— Imports by Brazil, Japan, and. Mexico in- public of South Africa, Belgium-Luxem- 

creased over the previous year and collec- bourg, the Netherlands, Hong Kong, the 

: tively accounted for 22 percent of the total United Kingdom, and Italy accounted for 

primary metal exported. Exports to Can- 25 percent of the total U.S. imports; the 
ada decreased about 41 percent, from 2,345 remaining 6 percent was contributed by 10 

: short tons in 1969 to 1,389 tons in 1970. other nations. 

a Table 5.—U.S. exports of magnesium, by classes and countries a 

: | 1969 | 1970 

| | . Primary metals, Semifabricated Primary metals, Semifabricated . 
alloys, and forms, N.e.c., alloys, and forms, N.e.c., 

Destination scrap including powder scrap including powder — 

Short Value .Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 

. sands) sands) sands) sands) 

: Argentina___...----------------- (141 $79 3 $5 211 $127 16 $26 
Australia_._..------------------ 867 478 87 272 982 563 56 112 

sO Austria__._---_------------2---- eee eee eee eee 198 11 _.---_  _-_-_-- 
Belgium-Luxembourg - - --_-~---_-- 234 166 23 34 —= 771 441 9 17 
Brazil____.-.------------------- 2,663 1,498 -_.... -----. 5,495 3,113 (3) (4) 
Canada___.--------------------- 2,345 1,421 | 476 945 1,389 852 216 388 

| Colombia__.._-..--------------- 27 28 57 7 ~©=6() 1. 13 18 
» France__...-------------------- 130 93 14 35 383 405 14 28 

. Germany, West____--.-----.---- 15,954 8,982 3 21 19,144 10,774 13 33 
Ghana________----.------------ eee ee eee eee ee eee eee eee == -- 130 66 
India___--.---.2-------:-------- 106 71 (4) 1 124 89 80 60 
Indonesia_.........-.----------- . 10 65 3 2 (2) (1) 27 43 

- Israel___ -.--------------------- 21 17 103 169 32 S19 50 69 
Italy.__.-:-..-----------------+ 222 131 5 13 378 216 70 4T 
Japan____..---_--_------------- 227 160 105 263 «1,127 872 299 359 
Mexico. _--.-.------------------ | 305 190 - 195 195 1,164 907 189 207 

. Netherlands__...--__.------------ 1,267 876 152 625 316 178 169 725 . 
New Zealand___..---.----------- 68 40 3 5 60 34 1 2. 
Norway..__..-----------------_-- 84 48 3 8 757 456 1 4 
Philippines____.-____.----------- 2 2 42 24 ____-- --.--- 2 2 
South Africa, Republic of-__------ 46 26 (2) 3) 163 94 ___--- ------- 
Spain____-.-------------------- 441 251 2 4 481 270 58 37 
Surinam__.-.------------------- 54 338 _-----  ------ 25 15 _.--.- ------- 
Sweden_-_..--------------------- 44 23 4 20 _----- ------ 25 44 
Switzerland___._--__------------ 2 3 12 21 225 127 12 21 
United Kingdom_ -~._--..-------- 545 338 20 41 309 176 19 43 
Venezuela__._------------------ 190° 156 7 7 249 162 40 36 
Yugoslavia.___------------------ ------ ------ (2) 4 122 68 _..--- ------- 
Other__.----------------------- 37 22 21 40 80 50 38 35 

Total.__.____-----.------ 26,0382 15,137 1,340 2,824 34,185 20,120 1,547 2,422 
SSIES 

1 Less than 4 unit. 

Under the provisions of the “Kennedy per pound on magnesium content plus 6 
round” trade agreements, another series of | percent ad valorem to 11 cents per pound 
tariff reductions became effective on Janu- plus 5.5 percent ad valorem; and the duty 
ary 1, 1970. The import duty on nonal- on wrought magnesium was reduced from 
loyed unwrought magnesium dropped to 10.5 cents per pound on magnesium con- 

28 percent from the 32 percent ad valorem tent plus 5.5 percent ad valorem to 9.4 
rate of the previous year; the duty on un- cents per pound plus 4.5 percent ad valo- 
wrought alloys was lowered from 12.8 cents rem.
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Table 6.—U.S. exports and imports for consumption of magnesium 

Exports 

Metal and alloys in crude Semifabricated forms, 
Year form and scrap n.e.c. 

Value Value 
. Short tons (thousands) Short tons (thousands) 

, 1968___._-_.--_-_-_________- 18 ,364 $10,719 1,093 $2,330 
1969___.-_-----.--__.--- 26 , 0382 15,137 1,340. 2,824 — 
1970___.--------- Lee 34,185 20,120 1,547 2,422 

. Imports . 

Alloys Powder, sheets, tubing, 
Metallic and scrap (magnesium content) ribbons, wire, and other 

forms (magnesium content) 

Short Value Short Value Short Value 
tons (thousands) tons . (thousands) tons (thousands). 

1968___.__-_-----------. 4,077 © $2,208 656 $1 , 228 r 75 t $825 
1969_______-_----_----_-- 3,515 1,913 467 1,175 r 334 r 1,168 
1970______--_------- + ee 2,948 1,566 122 300 225 637 

r Revised to include manufactures of articles of magnesium. 

| WORLD REVIEW : 

World production of magnesium rose _ total, followed by the U.S.S.R., 23 percent, 

about 10 percent in 1970 and _ totaled and Norway, 16 percent. . . 
| . World producers of magnesium with ca- 

243,250 short tons. The United States pro- pacities, processes, and plant locations are 
duced 46 percent of the estimated world as follows: | 

Capacity 

Country Company (short tons) Process Plant location 

Canada____-... Dominion Magnesium Ltd_.._.._.------- 12,000 Silicothermic... Haley, Ontario. 
France__._.._.. Compagnie de Produits Chimiques et_ -__-_- 7,000 _...do__..__.. Marignac. 

Electrométallurgiques (Péchiney) - (35 per- . 
cent). Societé d’Electrochimie, d’Eiectro- , 
métallurgie et des Aciéries Electriques 
d’Ugine (35 percent), Société des Produits 
Azotés (SPA) - (30 percent). 

Italy__......._. Societa Italiana per il Magnesio e 7,000 _..-do__._.-.. Bolzano. 
Leghe di Magnesio. 

Japan_........ Furukawa Magnesium Co. Ltd__._--..-_- 6,600 __..do___..... Koyama. 
UBE Industries, Ltd__-_---------------- 6,000 ___.do__:..._.. Yamaguchi. 

Norway...-... Heroya Electrokemiske Fabrikker A/S._.. 40,000 I.G. Farben- Heroya. 
subsidiary of Norsk Hydro-Elektrisk A/S, industrie. 

U.S.S.R_-----. NA__- ~~ ee e--------------_-- 50,0090 Electrolytic_._.. NA. 
. United States.. American Magnesium Co.___------------ 30,000 --..do___._... Snyder, Tex. 

The Dow Chemical Co__..-__-_-_-----.-- 120,000 Dowcells_._._... Freeport, Tex. 
Titanium Metals Corporation of America_. !12,000 Electrolytic_._.. Henderson, Nev. 
Oregon Metallurgical Corp......--------- 12,500 -__.do.__.._._._ Albany, Oreg. 

NA Not available. 
1 Captive use. 

France.—Société Générale du Magnesium Greece.—The Greek Government has is- | 
is undertaking further expansion of its sued details of a $200 million investment 
plant at Marignac. Installation of a sixth agreement with Stavros Niarchos. In addi- 
electrothermic reduction furnace using the tion to a proposed steel plant, the agree- 
magnetherm process for the reduction of ment includes a magnesium metal plant 

| dolomite with ferrosilicon is scheduled for with an annual capacity of 30,000 tons. 

completion in April 1971. The new fur- India.—The Central Government and 
nace will raise plant capacity to 9,000 tons the Tamilnadu State authorities are dis- 
per year. Plans for a further increase in cussing the feasibility of a joint project for 
capacity to 16,000 tons per year are being a magnesium pilot plant. This proposed 
considered. plant will have an initial annual capacity
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of 250 to 300 metric tons and will use an expansion of 8,000 tons per year was also 
electrolytic process developed by the Cen- planned. : | 
tral Electrochemical Research Institute at West Germany.—Norsk Hydro  an- | 

| Karaikudi. Little progress has been made nounced that its joint venture with Salz- | 
on the plans by the Central Government  detfurth A.G. to build a 30,000-ton-per- 
to establish a 250-ton-per-year magnesium year magnesium plant in Germany has 
plant, which will use a process developed been indefinitely postponed. However, 
by the National Metallurgical Laboratory Norsk Hydro and Salzdetfurth are continu- 
of Jamshedpur. ing to study the feasibility of a magnesium 
Japan.—Mitsubishi Chemica] Industries plant in Germany. 

Co., Ltd., is planning to build a small Yugoslavia.—The location of Yugoslavia’s | 
electrolytic magnesium plant with an ini- = frct primary magnesium plant has’ been 

tial capacity of 5,000 tons per year. The changed from the original site at Kraljevo | 
Dow . Chemical Co., which will . be a part- _ to nearby Jajce. The 4,400-ton-per-year sili- 

~. ner in the venture, will provide magne- therm} duction facility. scheduled to 
sium chloride feed for the plant in addi- co-termic reeuci nae Se . 
tion to supplying process know-how under come on stream in 1973, is a joint project 
a licensing agreement. | of Magnohrom of Kraljero and Electro- 
Norway—Norsk Hydro Elektrisk A/S bosna of Jajce. The last-minute switch was 

continued expansion of its magnesium pro- ™ade on the basis of the proximity of far 
duction facilities at Heroya, which was ex- larger reserves of dolomite and ferrosilicon. . 

pected to raise its capacity to 47,000 tons There are also two large power stations in 
per year by the fall of 1972. An additional the mountainous Jajce location. 

| Table 7.—Primary magnesium: World production, by countries 
(Short tons) 

, | Country : 1968 1969 1970» | 

| Canada____.-------------- eee eee eee een e-e--- = 9, 928-10, 687 9, 588 
China, mainland e_____----.----_-------------------------------------- ™1,100 1,100 1,100 
France___.......------------------------- eee ee ee ee eee ee 4,938 4,866 ¢5,000 
Italy._.-.------------------------+----------------------------------- 7,273 7,385 7,165 
Japan_.___..-_-_----------------e--eeeeeeeeeeeeneee ee e------ = 6, 286) 10,340 = 11,895 
Norway .._----------------------------------------------------------- 184,487 34,333 ¢ 39,000 
U.S.S.R.¢__..---------------------------------------------------------) 7 46,000 50,000 55,000 
United Kingdom_-__...._.--...-.-------------------------------------- 3,968 P3,200 ¢3,000 
United States_____..---------..--------------------------------------- 98,875 99,887 112,007 

Total__.....--------------------------------------------------- 1 212,305 221,748 243,250 

. e Estimate. » Preliminary. ' Revised. | 

TECHNOLOGY 

A technique was developed by the Har- other equipment. The unique property of 
vill Aircraft Die Casting Corp. to check remaining in a paste-like state permits 
the soundness of aircraft diecastings. This placing a measured amount of molten 
process, called flotation inspection, depends alloy in the bottom half of a mold and 
on the preparation of a test solution of a_ closing the die at forging speed. After a 
desired specific gravity. If a casting re- few seconds, the die can be opened and 
mains submerged in the test solution, it the part ejected.3 
can be considered sound, but if it rises Tests conducted by Hamilton Die Cast, 

and floats on top of the solution, it is un- Inc., for The Dow Chemical Co. indicate 
acceptable due to porosity.? that the Acurad die-casting process should 
Magnesium Elektron, Ltd., developed be extremely effective on most types of 

magnesium alloys which display a paste- heavy-wall magnesium parts such as trans- 
like property over a comparatively wide 

temperature range, and which could lead 2 Harvill, H. L. Flotation Inspection of Alumi- 
to a new high-speed technique for produc- jyym and’ Magnesium Castings. Foundry, v. 98, 

| ing thick-sectioned, light-weight compo- No. ep epruary 1970, PP: 136-187. for Mae. 
nents for use in aircraft, automobiles, and  nesium, V. 82, No. 490, August 1970, p. 54.
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mission cases, oil filter bases, air-cooled en- sium and cerium in ductile iron and to 

. gine blocks, and chain saw pistons. The obtain information on the properties of | 

production of high-integrity military cast- the products as cast and annealed. Analysis 
ings, castings requiring good machined sur- _ of the properties induced by various com- 
face finishes, and pressure-tight castings binations of elements will permit produc- 
also are proposed candidates for the Acu- tion of specific compositions, optimization 
rad process.4 of desired properties, and will indicate 

An improved cathodic protection system which combinations of elements will result 
to prevent corrosion damage to steel gas in superior products.é 
service risers has been developed by Kaiser | 
Magnesium, Tulsa, Oklahoma. The system “= : | 

is a self-contained unit consisting of a *Nelson, C. W. Diecasting Magnesium with : 
. . . d 8 1 Acurad. Foundry, v. 98, No. 10, October 1970, 

high-purity magnesium anode permanently pp. 136-140. 
bonded to a steel riser pipe.5 5 American Metal Market. Kaiser Magnesium 
ITT R h Insti: Il d Develops Improved Cathodic Protection System. 

esearch Institute will conduct ay. 77, No. 226, Nov. 27, 1970, p. 7. 
research program to identify optimum 6 American Metal Market. Effect of Magnesium, . 

combinations of elements such as magne- Nob 09, rt BO 970. io be Probed. V. 77, |
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M ium C d 

| By E. Chin? 

The increase in world production of pansion program to double magnesia pro- , 
magnesia from sea water continued to duction at the sea water magnesia plant at 
exert competitive pressure on producers of Sant’ Antioco, Sardinia, was initiated. Also, : 

_ —Inagnesite. A new magnesia-from-sea-water a Mexican company, which utilizes brine 
plant become operational at Dungarvan, feed from a dry lake, announced that it 
County Waterford, Ireland. Sea water mag- plans to increase the capacity of its brine | 
nesia plants were under construction at magnesia plant at Laguna. del Rey, Coa- 
Syracuse, Sicily, and at Arad, Israel. An ex- _huila. | 

oe Table 1.—Salient magnesium compounds statistics 
. (Thousand short tons and thousand dollars) | SS ee 

1966 1967 1968 1969 1970 eee 
United States: 

Caustic-calcined and specified magnesias: 1 
Shipments: 

Quantity___..-..-.-.-.-. 2-2 eee 99 . 114 135 . 154 198 
Value____...---.-----------.------ $9,686 $11,250 $12,226 $14,698 $18 , 581 

Exports: 2 
Value______------ ~~~ 2 ------_-_ $1,627 $2 ,095 $2,301 $2 ,687 $3,200 — 

Imports for consumption: 2 
Value_____-.-.---..-------- ee $743 $585 $758 $983 $702 i 

Refractory magnesia: 
Sold and used by producers: 

Quantity__.-..-.---.-2- ~~ Lee 852 688 661 737 802 
Value__._...-...------------------ $52,290 $48,148 $44,535 $51,843 $60,333 

Exports: 
Value___..----.-_.----------.-.--. $6,208 $5,889 $4, 706 $4,973 $9,133 

Imports: 
Value____-_.-----.-2----------__-. $8,189 $5,171 $6,179 $5,913 $7 ,357 

Dead-burned dolomite: 
Sold and used by producers: 

Quantity. _...-.-.--------------... 2,193 1,880 1,833 1,866 1,373 
Value__.._-___._-----------------. $89,725 $84,083 $31,627 $83,580 $25,740 

World: Crude magnesite production: a 
Quantity. _----2--2 eet -_-_-- )=611,106 11,248 11,781 12,670 18 , 847 | , 

1 Excludes caustic-calcined magnesia used in production of refractory magnesia. 
2 Caustic-calcined magnesia only. 

DOMESTIC PRODUCTION 

In 1970, Basic, Inc., produced crude _ brines, sea water, and dolomite increased 

magnesite and brucite from its Gabbs, in 1970, and Michigan supplied more than 

Nev., property. Crude olivine was produced any of the other producing States, which 
in North Carolina and Washington. Pro- included California, Florida, M ississipp1, 

duction decreased about 3 percent in 1970. New Jersey, and Texas. The only produc- 
Most of the dead-burned dolomite pro- tion of refractory magnesia from magnesite 

duced came from Illinois, Louisiana, Penn- was in Nevada. 

sylvania, and Ohio. Smaller amounts were Producers sold 447,722 tons of refractory 
produced in Alabama, California, Colo- magnesia in 1970 and consumed 354,040 
rado, Mississippi, Missouri, Pennsylvania, tons in their own plants, for a total pro- | 
Utah, and West Virginia. . . 

Output of refractory magnesia from well 1 Chemist, Division of Nonferrous Metals. 
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duction of 801,762 tons valued at $60.3 Table 2.—Dead-burned dolomite sold 

million. compared with 737,238 tons valued or used by producers in the 

at $51.8 million in 1969. The value of re- United States 

‘frac tory magnesia consumption was derived (Thousand short tons and thousand dollars) 

by using the reported unit value of ship- 
ments. . Sales of 

Production of hydrous magnesium sul- yi: domestic product 
. . fear _—_——__—— 

fate decreased 2 percent in 1970, while Quantity Value 
production of magnesium trisilicate in- © ———W——— 
creased. Small quantities of magnesium ni- 1966__--_--------+--------- 2,193 $39,725 
t . . 1967____________._-.-_.---. 1,880 34,083 . rate, magnesium phosphate, magnesium ogg 7777777777777 777777777ss 4833) 31627 

acetate and stearate, and anhydrous mag- 1969----------------------- 1,866 33,580 
. 1970__.___--_-_._.-_.------- 1,378 25, 740 nesium sulfate also were produced. 

| CONSUMPTION AND USES | 

. Consumption of refractory magnesia, However, 87,051 tons was shipped to other 
both single-burned and double-burned, in- industries, including wood pulp mills. 

creased 9 percent to 801,762 tons in 1970. Consumption of hydrous magnesium sul- 
Consumption of caustic-calcined magnesia, fate decreased in 1970 by 2 percent, and 

- excluding that used in the production of that of magnesium trisilicate increased. | 
refractory magnesia, increased 28 percent Consumption of anhydrous magnesium , 
to 197,899 tons. . chloride, principally for the production of 

Most of the magnesium hydroxide was magnesium metal, increased 25 percent. | 
consumed in the production of other mag- Consumption of hydrous magnesium chlor- | 
nesium compounds and magnesium metal. ide decreased about 14 percent. 

| Table 3.—Magnesium compounds shipped and used in the United States _ 

a Shipped and used 
Year and product Plants ———_____—_—_- 

Short Value 
tons (thousands) 

a 
oe 1969 

Refractory magnesia }_____..._..--_-_------------------------------ 10 737 , 238 $51, 843 
Caustic-calcined 2 and specified (U.S.P. and technical) magnesias_ ----_- rg 154,303 14,698 
Magnesium hydroxide (100 percent Mg(OH)2) 2___.-------_----------- 76 r 88,628 3,540 
Magnesium chlorides 3___.__.--------1---------------------------- q r 409,670 t 28,307 
Precipitated magnesium carbonate (oo ----2- 22-2 nonce nn ne ene nc non 5 7,800 NA 

Refractory magnesia }___..__.-._---------------------------------- 10 801, 762 60,333 
Caustic-calcined 2 and specified (U.S.P. and technical) magnesias_ ------ 11 197,899 18,581 
Magnesium hydroxide (100 percent Mg(OH)2) 2. _______-_-__---------- 6 87,051 3,655 
Magnesium chlorides 3_______.------------------------------------ 8 513 , 029 36 , 002 
Precipitated magnesium carbonate ?2________-___----------.---------- 6 6,779 NA 
ee 

r Revised. NA Not available. 
1 Includes both single-burned and double-burned. . 
2 Excludes material produced as an intermediate step in the manufacture of other magnesium compounds. 
3 Production for 1969, 564,844; 1970, 841,370; includes magnesium chloride used in production of magnesium 

metal. “ 

Table 4.—Domestic consumption of caustic-calcined magnesia 
and specified magnesias, by uses 7 

(Percent) 
NE 

Use 1969 1970 
a 
Chemical processing____-_------------------------------------------------------------ 10 13 
Fertilizer_______.____-_--_--_--___------_-_-__----------- +--+ eee ------- oT 7 
85-percent MgO insulation_._____.----------------------------------------------------- 1 1 
Oxychloride and oxysulfate cements__-_-_-.-.------------------------------------------- 10 10 

) Pulp and paper____-.---------------------------------------------------------------- U 8 
Rayon___.-_--------_-------------------------- +--+ oe ----- 6 4 
Rubber__ _.____-------------------------------------+-------------------------------- 8 7 
Other: Electrical, medicinal, flux, ceramic, glass, sugar, animal feed, fuel additive, water treat- 

ment, and uranium processing__.-____------------------------------------------------ 47 50 
oe a ee
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PRICES 7 

Prices for magnesia, calcined, technical, hydroxide, NF, powder (drums, carlot, and ~ . 
heavy, 90 percent and 93 percent (bags, truckload, works) the price range was 
carlot, f.o.b. Luning, Nev.) showed no $0.21 to $0.295 per pound, compared with 

_ change from the 1969 rates of $53.00 and $0.21 to $0.265 in 1969. No price changes | 
$56.00 per short ton, respectively, according were noted for other magnesium com- 

_ to the Oil, Paint and Drug Reporter. Mag- pounds, which were quoted as follows: 
_ nesia, technical, synthetic rubber grade, Magnesium bromide, 80-pound drums, . 
neoprene grade, light, was quoted at $0.24 f.0.b. works, $1.60 per pound; magnesium 

_ per pound (bags, carlot, freight equal- chloride, anhydrous, 92 percent, flake or 
ized), compared with $0.23 to $0.24 in pebble, drums, carlot, works, $0.1275 per 

1969. pound; magnesium chloride, hydrous, 99 

Prices for magnesium carbonate, techni- percent, flake, bags, carlot, works, $60.00 a 
cal (bags, carlot, freight equalized) in- per ton; magnesium gluconate, 100-pound . 

: creased from $0.14 to $0.16 per pound, and drums, f.0.b. works, $1.42 per pound; and 
for truckload quantities from $0.14-$0.145 magnesium lauryl sulfate, tanks, freight al- 
to $0.18-$0.185 per pound. For magnesium _ lowed; $0.18 per pound. oe 

, FOREIGN TRADE | 

_ Exports of dead-burned magnesite and Imports for consumption of lump or | 
magnesia in 1970 totaled 88,848 short tons, ground caustic-calcined magnesia decreased | 
an increase of 58 percent over exports in 25 percent, to 11,476 tons in 1970. Imports 

1969. The gain was due largely to in- of dead-burned and grain magnesia and | 
creased exports to Canada, Italy, and Mex- __ periclase containing a maximum of 4 per- 
ico. The increase in exports in 1970 re- cent lime increased 9 percent, to 94,675 

| versed the decline in exports of tons. Imports for the same class of mate- 
dead-burned magnesite and magnesia, rial containing over 4 percent lime in- 
which had existed for the previous 5 years. creased from 10,780. tons in 1969 to 33,518 . 

Exports of magnesite, including crude, tons in 1970. Total imports increased 32 
caustic-calcined, lump or ground, increased percent over those of 1969 to 128,193 tons. 
16 percent to 10,089 tons in 1970. Deliver- Under the ‘Kennedy round”’ tariff agree- | 
ies to Canada, Costa Rica, Italy, and the ment, tariffs on a number of magnesium . 
United Kingdom accounted for over 50 compounds were further reduced as the 
percent of the exports in this class. following tabulation shows: | 

| Item | 1969 1970 

Magnesite: 
— Crude____--- eee --_-- $4.20 per ton $3..67 per ton 

Caustic calcined___._.........._..---...---.-.-. $8.40 per ton $7.35 per ton 
Magnesium carbonate: 

Precipitated. -___.__-_____--.--.-....---------. 0.25¢ per pound 0.24¢ per pound 
Not precipitated. ____....-..-_---..--.--.------ 6.5 percent ad valorem 5.5 percent ad valorem 

Magnesium chloride: 
Anhydrous_ ____.___---.--...-.-.---.---------- 0.8¢ per pound 0.7¢ per pound 
Other__-..----.--------------------------- 0.33¢ per pound 0.29¢ per pound 

Magnesium oxide: _ 
Calcined magnesia_____.-.--......-.-.------.--. 1.6¢ per pound 1.4¢ per pound . 

Magnesium sulfate: . 
Epsom salts_____.-.--_.--------..---..-------. 0.3¢ perpound 0.26¢ per pound



686 MINERALS YEARBOOK, 1970 

| Table 5.—U.S. exports of magnesium and magnesia, by countries 

Magnesite and magnesia, Magnesite, n.e.c., including crude, 
dead-burned caustic-calcined, lump or ground 

Destination 1969 1970 1969 1970 

Short Value Short Value Short Value’ Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 

sands) sands) sands) sands) 

Argentina____...---------------- 902 $36 553 $77 39 $15 78 $38 
Australia___.....-..------------- eee eee eee 25 7 890 212 521 295 
Belgium-Luxembourg.------------  ------  ------ ------ ----+-- 69 30 18 $1 
Brazil___.....-..---------------- 3 1 7 4 4 2 58 26 
Canada____._-___-_.-----.--..-- 28,458 2,528 38,217 4,108 3,259 248 1,524 303 
Chile___________--------.------- 1,147 95 1,602 146 1838s 835 92 21 
Colombia___.......-.------.-----. 220 18 16 9 . 84 21 33 20 
Costa Rica_.__....-------------- 817 168 -.----~ ~----- 275 23 T7172 72 
Denmark.._.....-.-------+------ 2 1 1 1 51 29 54 31 
El Salvador____.___-.---.-------- 399 82 8 2 eee nae 440 387 
Finland. ___.___ eee eee eee eee eee wee 27 14 86 42 
France__...-..-...-------.------ 2 Lo o---eee Lee 145 49 234 105 
Germany, West____--.__....___-- 114 62 140 59 =61, 028 614 797 446 . 
Honduras. _.___ + eee eee een ee eee eee ee 151 19 70 10 
Jsrael. ~--.---- ee 1 (4) peewee eee 36  1T 17 8 - 
Italy__-.----..-_------------ eee 21 38 5,175 538 278 118 2,027 355 
Japan____.----..--._-_-.-------- 9 1 V7 38 427 188 103 81 
Mexico_____...-__--__._-----.-.-. 11,298 845 30,777 2,921 237 86 1705 69 
Netherlands. ______._._---------- 439 27 30 4 80 34 167 85 
New Zealand_____-___-_..-----_-.  ------ ------ 25 16 87 55 94 60 
Peru______--_.._-...-----------. | 1,653 106 2,471 227 __.-_.  u----- 1 (1) 
Philippines____..._...------------ 3 1 45 7 56 9 30 15 
South Africa, Republic of___.._..-- 83 54 121 76 150 66 195 80 
Spain__._...__-.---------------- 4,704 310 5,879 495 105 44 152 68 
Sweden_______--____-.---------- 148 97 47 31 362 254 223 165 
Switzerland..___.__......---.----.  -----.  ------ 42 4 112 24 +. 60 19 
United Kingdom_-___.....-------- 141 74 74 38 992 481. 1,062 612 
Venezuela___.______.-.--.------- 5,435 443 3,468 322 34 § 2386 28 
Other___.__-_-_.____-.-.---------- 85 25 48 8 121 49 180 18 

Total.__.....-.-.-..__..... 56,084 4,973 88,848 9,133 8,732 2,687 10,089 3,200 

1 Less than )4 unit.
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Table 6.—U.S. imports for consumption of crude and processed magnesite, by countries 

1969 1970 
Country —_ 

Short Value Short Value 
tons (thousands) tons (thousands) 

. Crude magnesite: | 
Canada_____________---_- ee eee ee eee eee eee 17 (4) 
Japan.___....._ 2-2 ene eee eee e+e 4 7) 
Venezuela______.-_-_-_. 1-2 ee eee eee 18 (4) eee eee eee ee . 

Total_____._..--------------------=----+------ r18 (1) 21 @) 

Lump or ground caustic-calcined magnesia: | 
Australia______...--------.---------------------- 2,454 $244 1,399 $136 
Austria___._.....---------------.---------------- 562 21 551 20 
Belgium-Luxembourg-_-___.._..-.~----.----__.----- 10 1 437 33 
Canada_________--__------ ~~ eee eee 5 (4) wenn eee ee Le ee eee 
Greece_______._..-----------+-------------------. 3,472 242 2,673 189 
India_____________ eee eee eee ee 7,535 397 5,509 280 
Israel_._.-. eee ee eee 16 2 eee eee eee eee eee 
Italy_...___....-.-__---.-----_------------------ 545 | ab Loe eee eee 
Japan_._._.------------------------------------- +--+ ---- ) --------- 319 12 
Netherlands -_-_---_--..---------------------=--- 109 7 210 14 
Turkey__.___..--..--..-------._------+-- eee 362 21 166 ' 9 
Yugoslavia__-_...--.-----.---------------------- 168 7 212 | 9 

Total.__..----_---------------ee-ee---e------- 15, 288 983 11,476 702 

Dead-burned and grain magnesia and periclase: . 
Not containing lime or not over 4 percent lime: ; , 

Austria____._-_..-----2-_-L__e_u----------- 2,405 153 2,638 174 
Belgium-Luxembourg-___..._...-..-..--------+-- --+------  --------- 23 2 
Bulgaria_.........-_.--_--_---.-------------- --------- = +++ ---- 717 — OF 
Canada_______..--------------._------------ 2. 6 5 11 
Germiany, West______._---------------------- 3 (4) 25 2 
Greece. __________-_-_----__-__- Lee = 67,202 r 4,989 18,942 6,319 
Japan.____._______--_.------__-------------- 9:14, T22 647 6,638 380 
Turkey____.__--__._---_----- eee eee ee eee ----- +--+ +--+ -- 5,667 365 
United Kingdom______.__-.--.--_------------ (1) 4 20 OY 
Yugoslavia_______...-...-------------------- 2,221 W400 Leelee Lee 

Total_____________------------------------ 86,555 5,918 94,675 7,357 

Containing over 4 percent lime: | 
Austria__________--______-- eee eee pene eee eee eee 6,411 284 . 
Canada___________-____-- eee eee 4,141 239 3,309 183 
Greece__________________---- eee eee eee ee eee eee eee eee 1,086 39 
United Kingdom_____:__.---..--------------- --------- 0 ------«-- @) 2 
Yugoslavia___._____-_._-__-_---------.-.-----. 6, 639 329 22,712 1,167 

Total____-__________--- ee eee _----. =: 10, 780 568 33,518 1,675 

Grand total..__.....----------------------- "97,885 6,481 128,198 9,032 _ 

r Revised. 
1 Less than 1% unit. 

Table 7.—U.S. imports for consumption of magnesium compounds | 

Oxide or Magnesium Magnesium Magnesium Magnesium salts 
calcined carbonate chloride sulfate (epsom and compounds 

y magnesia — (precipitated) (anhydrous) salts and kieserite) n.s.p.f. 1 
ear ee 

Short Value Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- tons (thou- 

sands) sands) sands) sands) sands) 

1968___________- 535 $183 1,269 $222 480 $92 44,261 $644 2,799 $185 
1969___.____._- 103 47 836 157 368 70 43,685 605 3,727 372 
1970_________-- 521 200 808 192 ____.. -_-__. 34,939 617 3,608 327 

1 Not specifically provided for; includes magnesium silicofluoride or fluosilicate and calcined magnesia.
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. . WORLD REVIEW | 

Greece—In midyear, Sté. Financiére de product magnesium chloride from Dead 
Gréce S.A. (Skalisteris Group) started up Sea Works, Ltd., to produce magnesia. The 
its new magnesite ore beneficiation plant plant is scheduled to begin operation in | 
at Paraskevorema on the island of Euboea. 1972 and reportedly will produce 46,000 
The plant was designed to produce be- tons of magnesia and 82,000 tons of hy- 
tween 300 and 400 tons of dressed magne-  drochloric acid annually. 

site per day. Italy—Compagnia Generale del Magne- 
Ireland—The country’s first plant for ij sp is building a sea water magnesia 

the production of magnesia from sea water plant near Syracuse, Sicily. This plant will 
was dedicated at Dungarvan, County Wa- have a capacity of 50,000 tons of magnesia 
terford. Operated by the Quigley Magne- annually and will cost approximately $14 
site Division of Pfizer Inc., this facility will million. , 

produce magnesia from sea water at a rate . 
of 75,000 tons per year. The dolomite re- _Sardamag SpA was doubling the produc. 

| quired for the operation is quarried, ‘on capacity of its sea water magnesia 

: crushed, and sized at Bennettsbridge in plant at Sant’ Antioco, on the south coast 
| County. Kilkenny, 50 miles north of Dun- of Sardinia. The expansion program, — 

garvan, and transported to the site by rail, Which will increase capacity from 60,000 to 
It is then converted into dolomitic lime in 129,000 tons of magnesia per year, will be 
a 300-foot-long rotary kiln and combined completed during 1971 and will involve 
with sea water to precipitate magnesium the expenditure of an estimated $14.4 mil- 

hydroxide. The magnesium hydroxide is 0”. | 
calcined to produce refractory magnesia Mexico.—Quimica del Rey S.A., a wholly 
with a 93- to 95-percent purity. owned subsidiary of Industrias Pefioles 

| Israel.—_The Israeli Government ap-_ S.A., plans to increase the capacity of its 
proved the construction of a $13 million brine magnesia plant at Laguna del Rey, 
magnesium oxide plant in Arad, near the Coahuila, from 30,000 to 50,000 tons. The 

Dead Sea. The new plant will utilize by- plant processes brine feed from a nearby 

| Table 8.—Magnesite: World production, by countries 1 : | 
, (Short tons) - 

. Country 1968 1969 1970 P 

North America: United States_____.--.---.---:-.-------------- Ww WwW Ww 
South America: Brazil___....-.------------------------------- 151,920 ¢200,000 ¢ 260, 000 
Europe: 

Austria___...-.----------+-------------------------------- = 1, 704,923 = 1,772,979 =1,773,992 
Czechoslovakia__.....----------------._-----------------. "2,369,967 ¢©2,400,000 e3,300,000 
Greece_____------------------------------- ee 486,119 639 ,340 788,152 
Italy_.-._.----- eee eee 5,516 4,410 _._-__---- 
Poland ¢___________- eee eee eee eee 50,000 50,000 -60,000 
Spain ?___.__-.--_--------- +e eee eee 250,224 220 , 462 NA 
U.S.S.R. °_ eee ---------- 3,300,000 3,400,000 3,400,000 | 
Yugoslavia_____..-___------.---------------------------- 441,272 526 , 262 564,222 

- Africa: 
Kenya______-_-----_---------.----------- + 75 554 4 
South Africa, Republic of___._______.--____________________ 65,915 53,044 92,874 
Sudan.__.____-_---------------- eee eee 7,165 550 110 
Tanzania________-__-_.--.----___-_--. 2 ee eee eee 71,544 1,651 854 

Asia: ; 
China, mainland e___._.___.__--_-------_----------------- 1,000,000 1,100,000 1,100,000 
India______-__-------.- eee eee 278 ,965 325, 741 384, 664 
Tran ¢._____------ eee eee eee 7,200 7,200 7,200 
Korea, North ¢._._.-----------------.-------------------- 1,500,000 1,700,000 1,800,000 
Pakistan______--_---------------__-------~--------_----- 1,798 NA NA 
Turkey__.---_-----------------_----------- eee 131,111 241, 442 313 , 946 

Oceania: 
Australia... eee eee 25,923 25,953 NA 
New Zealand____--------------------_------------------- 887 882 534 

Total____.-_..--------------_----------------------_-- ™ 11,780,524 12,670,470 18,846,552 

e Estimate. P Preliminary. r Revised. NA Not available. W Withheld to avoid disclosing in- 
dividual compary confidential data. . 

1 Quantities in this table represent crude salable magnesite. Magnesite is also produced in Bulgaria, Canada, 
Colombia, and Southern Rhodesia, but data on production are not available. 

2 Hstimated from data reported as MgO.
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dry lake containing sodium and magne-_ will cost an estimated $9 million. 
sium salts. ‘The expansion of the Laguna Sea water magnesia plants of the world 
del Rey complex, which will also increase by country, company, and capacity are 
production of salt cake and sodium sulfate, listed as follows: 

Capacity 
Country Location Company (short tons — 

| MgO) 

Canada............ Aquathuna, Newfoundland__ Lundrigan’s, Ltd__._.._..--.-___-_._-___- 30,000 . 
Treland..........-. Dungarvan, Co. Waterford._ Pfizer, Inc___------------.------------- 75,000 
Italy__............ Sant’ Antioco, Sardinia__.... Sardamag SpA___.. ~~~ 2 ____ 2 eee 60,000 

Ube, Yamaguchi_____.__._.. Ube Chemical Industries Co_____.___..__. 300,000 
Onahama and Minamata_._. Shin-Nihon Chemical Ind. Co. (Shin-Nihon 

Japan.._..-...--.. ;Toyama____._._._......... Kinzoku Kagaku)____..___.___--.--... 170,000 
Hotsu__...../--...-------. Hokuriku Seien K.K___--...------------- 35,000 
Naoetsu____...._.._..--.-. Nihon Kasui Kako_____---.--_-_-------- 50,000 

Mexico....-...--.. Ciudad Madero, Tampico___ Quimica del Mar, S.A__.._...._-_2--.--._- 50,000 
Norway_..--.----- Herédya, OsloFjord___._._..... Norsk Hydro-Elektrisk Kvaelstofaktiesels- 

| kab A/S_______.__.------------------- 80,000 
United Kingdom... Hartlepool, Dur__.___..__... Steetley Magnesite Co., Ltd____.---.----. 250,000 
U.S.S.R_._-------- NA--. ----.-----.--.-... NA__----. ~~~ .----------------------- 100,000 

[pape May, N.J______...__. Harbison Walker Refractories_________-__-_ 90,000 
Port St. Joe, Fla_____._..._ Basic, Ine_.__-_-___-__-__--_.----_ i -__- 60,000 

United States_.____ Pascagoula, Miss_.__.._..... H.K. Porter Co., Inc_______..--____---__. 40,000 
Freeport, Tex__...._......._. The Dow Chemical Co_____.___._.___--._._. 250,000 

. (Moss Landing, Calif._....... Kaiser Aluminum and Chemical Corp_-__-. 180,000 

Total____._----------------------- +e ee o-oo ee =~ 1,770,000 

NA Not available. 

TECHNOLOGY Oo 

Ferrite-dielectric composites were pre- cent MgO. High-fired bricks made from 
pared by a hot-pressing technique using prereacted grain belong in the general 
substrates of MgO-MgAl,.O,4 mixtures with class of direct-bonded refractories and had 
thermal expansions closely matched tothese low apparent porosities and low silicon 
of the ferrites.2 Thermal conductivity and contents. 
dielectric data indicate that the mixtures Chemical Construction Co. (Chemico) 

: in this system have properties essentially _ and’ Basic Chemicals of Cleveland devel- 
equivalent to alumina. The advantage of oped a _ process to absorb SOg on | 

the present mixtures lies in the ability to magnesia.5 The magnesium sulfate pro- 
vary their thermal expansion coefficients duced will be treated, and the magnesia 
over a wide range to suit matching prob- recovered will be recycled. Chemico is 

' lems associated with composition fabrica- building a prototype unit for Boston Edi- 
tion. son’s Nystic Station No. 6. | 

A new, 60-percent magnesium oxide class, | 
basic brick for high-temperature refractory —Wradinon A iC. R. Snider. F 

icati - ? Paladino, A. E., an . R. Snider. Ferrite- 
app lications was developed by General Re Dielectric Composites Utilizing MgO-MgAkOs 
fractories Co.3 The brick is a polyphos- Mixtures to Achieve Thermal Expansion Matched 

phate bonded refractory that has a hot Substrate fm O80 oar Soc. Bull., v. 49, No. 3, 
strength twice that of high-fired, direct- 7 " | 

‘ck. Oth i £ th 8 American Metal Market. Magnesium Oxide 
bonded __ brick. ther properties o the Brick Has High Hot Strength. V. 77, No. 102, 
brick include high density, low porosity, May 1970, p. 11. 
and excellent hot load and thermal shock 4 Neely, J. E.. W. H. Boyer, and C. A. Martinek, 
resistance Jr. Sintered Magnesia-Chrome Grains for New 

° . Types of Refractories. Am. Ceramic Soc. Bull. v. 
A new type of refractory grain was de- 49, No. 8, August 1970, pp. 710-713. 

veloped by prereacting high-purity MgO 5 Chemical and Engineering News. Boston Elec- 
nd low-silica chrome ore concentrates.4 tric is the First to Install Chemical Construction 

a . . : Co.’s SO2 Recovery Process. V. 48, No. 28, July 
The .resulting dense grain contains 60 per- 1970, p. 19.
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_ Manganese 

By Gilbert L. DeHuff 1 | 

_ The Nation’s only mine producing man- Manganese, PMDS-ORES-85, was su- 
ganese ore, concentrate, or nodules, con- perseded by PMDS-ORES-129, offering for 
taining 35 percent or more manganese, sale by negotiation a “buying list” of 98 
closed down completely at the end of the metallurgical-grade manganese ore items 
year. Domestic shipments were less than totaling approximately 1,852,041 short dry 
those of the previous year. Ferromanganese tons. The items, mostly of domestic origin, 

| prices continued to rise and imports were were in the national, supplemental, or De- 
only slightly down from those of 1969. Fer- fense Production Act stockpiles at storage : 
fomanganese exports increased appreciably, depots in various parts of the” country. 
but were still small compared with im-  GSA’s disposal program, however, contin- 

| ports. Quoted prices for metallurgical ore ued to limit deliveries to 300,000 short 
rose in September as a result of increases tons per fiscal year, divided evenly among 
in ocean freight rates, but the actual price quarters. Sales of metallurgical ore in 1970 
of the ore itself appeared to-be unchanged. totaled 47,977 short tons. In addition, 1,001 

Legislation and Government Programs.— short tons of synthetic manganese dioxide | 
On August 14, the Director of the Office were sold by GSA during the year. 

_ of Emergency Preparedness made public Manganese stockpile inventory changes 
his report thereby concluding that office’s for the year were as follows: Metallurgical 

_ Investigation of ferroalloy imports, which ore, stockpile grade, decreased 343,540 
had been initiated in 1968 under the au- short tons to 8,419,673 tons; metallurgical 
thority of Section 232 of the Trade Expan- ore, nonstockpile grade, decreased 15,977 
sion Act of 1962. The report found that tons to 1,407,018 tons; synthetic dioxide _ 
manganese, chromium, and silicon ferroal- decreased 1,637 tons to 21,916 tons; me- 
loys and refined metals are not being im- dium carbon ferromanganese increased 

| ported into the United States in such 10,261 tons to 28,921 tons; and silicoman- 
quantities or under such circumstances as ganese increased 11,243 tons to 23,574 tons. 
to threaten to impair the national security. Part of the metallurgical ore released from 

On July 10, enactment of Public Laws stocks was used by conversion contractors 
91-322, 323, and 331 gave the Administra- on outstanding contracts to make the . 
tor of the General Services Administration medium carbon ferromanganese and _ the 
(GSA) authority to dispose of 111,900 silicomanganese represented by the increases 
short dry tons of type A chemical-grade in those stocks. Another part went for pay- 
ore, 65,800 tons of type B chemical-grade ments to the contractors on those contracts 
ore, and 173,800 tons of natural battery- and for freight involved. A further part of | 
grade ore held in the national or supple- the ore withdrawals represented deliveries 
mental stockpiles. GSA’s outstanding Solici- under both new and outstanding sales con- 
tation of Offers for Metallurgical-Grade tracts. 

DOMESTIC PRODUCTION : 

The Nancy-Tower mine of Goret and ued to be made from stocks till the end of 
Aguilar, Inc., produced metallurgical man- the year when all operations ceased. The 
ganese ore in the Luis Lopez district, So- Ore was concentrated to an average “48-per- 
corro County, N. Mex., until October when Cent manganese content at the firm’s mill 

mining came to an end. Shipments contin- "1 Physical scientist, Division of Ferrous Metals. 
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at Socorro before shipment. This was the any production of domestic natural battery- 

only remaining mine in the United States grade ore. | 

producing manganese ore containing 35 Ferruginous manganese ores or concen- 

percent or more manganese. The Anaconda trates containing 10 to 35 percent man- . 
- Co, shipped some metallurgical oxide nod- . . 

aoe . ganese were produced and shipped from 
ules that were made some years ago from he C R ’ Mi a fr 

. Montana carbonate ore, but no manganese the uyuna ange O innesota, and » om | 

| ore, concentrate, or nodules, of any type or New Mexico and Utah. Manganiferous zinc | 

| grade were produced in Montana in 1970. residuum was produced from New Jersey 

There were no shipments nor was there zinc ores. 

Table 1.—Salient manganese statistics in the United States _ : 

(Short tons) 

I 

. 1966 1967 1968 1969 ‘1970 
cc 

. Manganese ore (35 percent or 
more Mn): 

. 

Production (shipments): . aa 

. Metallurgical. __.------- WwW WwW 10,536 5,630 4,737 . 

Battery_.-..-.--------- W WwW 842 _______--.-) ----------- . 

a 

Total____....-------- 14,406 12,585 11,378 5,630 4,737 
en ecaeEAEAEAS Na 

Imports general......------- 2,553,704 2,058,691 1,827,626 1,959,661 1,735,055 

’ Consumption__.....-------- 2,370,516 2,382,984 2,228,412 2,181,333 2,363 , 937 

Manganiferous ore (5 to 35 per- Lo 

cent Mn): 
. Production (shipments) - ~ - --- $24 , 926 289,160 244,590 430 , 637 368 , 302 

Ferromanganese: 
Production... ....---------- 946 ,210 940 , 927 879 , 962 852,019 835,463 

_ Exports....-.-------------- 545 1,861 3,710 1,759 21,747 

Imports for consumption - - --- 251,972 216,279 203 , 212 307,891 290 ,946 

Consumption. .------------ 1,048 ,429 982 ,130 1,016,559 1,071,042 1,000,611 

W Withheld to avoid disclosing individual company confidential data. 

Table 2.-Manganese and manganiferous ore shipped 1 in the United States, by States 

(Short tons) 

a 

1969 1970 

Type and state Manganese Manganese 

Gross weight content Gross weight content 

NN nr 

Manganese ore (35 percent or more Mn, 
natural): 
Montana__.__...---.---------------- 775 404 512 272 

New Mexico___..._------------------ 4,855 2,331 4,225 2,040 
eee SSS NS ES SIO 

Total____.______-___-.-.---------- 5,630 2,735 4,737 2,312 

Manganiferous ore: 
Ferruginous manganese ore (10 to 35 

percent Mn, natural): 
Minnesota_____..___------------- 381,435 54,510 321,436 44,927 

New Mexico_....____------------ 49,146 5,465 46,166 4,856 

Utah__._________--__---- eee eee oe eee eee - =e ------ 700 ~ 196 

a an 

Total. __.....-_--------------- 430,581 59,975 368 , 302 49,979 

Manganiferous iron ore (5 to 10 percent 
Mn, natural): 

Minnesota____.._-..-------------- 56 4 Wee eee eee ee eee eee eee eee 
nl 

Total manganiferous ore__.__---- 430 , 637 59,979 368 , 302 49,979 

Value manganese and , 

manganiferous ore.__---._ $3,454,254 __..-------- $2,839,863 = ------------ 
NN 

1 Shipments are used as the measure of manganese production for compiling U.S. mineral production value. 

They are taken at the point at which the material is considered to be in marketable form for the consumer. 

Besides direct-shipping ore, they include, without duplication, concentrate and nodules made from domestic 

ores.
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: : CONSUMPTION, USES, AND STOCKS | 

In the production of raw steel (ingots, electrolytic manganese metal had pollution 
continuous or pressure cast blooms, billets, control and power shortage problems with 

slabs, etc., and including steel castings) which to contend, and the General Motors 
consumption of manganese as ferroalloys, strike lasting from September 14 to Octo- — 
metal, and direct-charged ore was 13.1 ber 1 adversely affected demand. Wood- | 
pounds per short ton of raw steel pro- ward Corp., a Division of the Mead Corp., 
duced. Of this total, 11.5 pounds was ferro- produced high-carbon and medium-carbon 

manganese; 1.3 pounds, silicomanganese; ferromanganese, and silicomanganese, at 
0.05 pounds, spiegeleisen; and 0.2 pounds, the Roane Electric Furnace plant, Rock- 
manganese metal, The comparable 1969 wood, Tenn., which had formerly _be- 
total, on the same basis, was 13.0 pounds longed to Tennessee Products & Chemical 

with ferromanganese at 11.4, silicoman- Corp. The plant has been leased and oper- 
ganese at 1.3, spiegeleisen at 0.05, and ated by Union Carbide Corp. since 1964 
metal at 0.25. | until acquired by Woodward in the latter 

Producers of manganese ferroalloys and part of 1969. 

| Table 3.—Consumption and stocks of manganese ore 1 in the United States | 

(Short tons) 

. Stocks 
Consumption Dec. 31, 1970 2 

—————_—__—_—___—__——- (including bonded 
1969 . 1970 warehouses) 

By use: . | 
Manganese alloys and metal_______________.---.-.-. 2,000,735 2,099 , 426 1,424,197 
‘Pig iron and steel___________.- _.-22_2--- 2 ee eee 50,157 107, 733 69,487 
Dry cells, chemicals and miscellaneous____.______.___ 130,441 156,778 274,398 

Total___.-.-------------------:---------------- 2,181,888 | 2,368,987 31,768,082 
By origin: 7 

Domestic_____.__...-.-_- ee ---____--___-. - 22,300 25,472 20,674 
Foreign ______..__-----.--------------------------- 2,159, 033 2,338 ,465 1,747,408 

Total__-_-..----------------------------------- 2,181,838 2,363,987 3.1, 768, 082 

1 Containing 35 percent or more manganese (natural). | 
2 Excluding Government stocks. 
3 Excludes small tonnage of dealers’ stocks. 

Table 4.—Consumption, by end uses, and stocks of manganese ferroalloys and 
| metal in the United States, in 1970 

(Short tons, gross weight) 

Ferromanganese 

End use Medium Silico- Spiegeleisen Manganese 
High and low manganese metal] ! 

carbon carbon 

Steel: 
Carbon__.._--._-.____-_________._-_--. 713,681 91,550 87, 845 11,169 4,837 
Stainless and heat resisting. __________-- 1,830 4,931 8,371 _ WwW 6,689 
Alloy (exclude stainless and tool)__._.--. 108,043 27,539 26 , 852 1,679 1,960 
Tool____.-. 2-222 839 122 WL eee WwW 

Cast irons. ______..___-____._ Lee. 8,471 2,343 7,154 7,309 11 
Superalloys. .__...-.-__-_-_____-___--___.-_-- 437 44 a 363 
Alloys (exclude alloy steels and superalloys) _ - 5,387 1,172 1,888 __-_____- 9,410 
Miscellaneous and unspecified____..._._.._._.._.. 32,423 1,799 6,440 111 1,212: 

Total... ------ eee _-. «6 871,111 129 , 500 138 , 500 20,268 24,482 
Stocks December 31 2_______.___.__.______. 244,412 33 ,474 40,269 10,355 9,172 

W Withheld to avoid disclosing individual company confidential data, included in “Miscellaneous and un- 
specified.”’ 

1 Virtually all electrolytic. 
2 Industry stocks held by producers, consumers, and bonded warehouses.
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| | Table 5.—Ferromanganese produced in the United States and metalliferous | 
materials 1 consumed in its manufacture 

a | 

Ferromanganese produced Materials consumed 

. Manganese ore (85 percent or Manganese ore 
Manganese content more Mn natural) 2 used per ton of 

Year Gross weight ———————_______. —___________-—— ferromanganese? — 
(short tons) . Foreign Domestic made 

Percent Short tons (short tons) (short tons) (short tons) 

ne 
1966_____-.----- 946,210 78.7 744,359 2,183,925 ~ 30,043 2.2 
1967_____-.----- 940 , 927 78.2 735,177 2,182,997 4,367 2.3 
1968___..-.----- 879 , 962 78.0 686 ,370 2,013 ,360 15,207 2.3 
1969___._-..---- 852,019 77.3 658,837 1,992,671 8,064 2.3 
1970___._-.----- 835, 463 78.5 655, 436 2,098,210 1,216 2.4 

eT 

1 Excluding scrap and other secondary materials. 
' 2 Includes ore used in producing silicomanganese and metal. 

3 Includes ore used in producing silicomanganese. 

Electrolytic Manganese and Manganese ores containing over 5 percent manganese 
oe Metal.—It can be assumed that virtualiy (natural) were. consumed. Domestic 

. all the manganese metal consumed, pro- sources supplied 594,000 tons, of which 
duced, and imported in the United States 255,000 tons were manganiferous iron ore 
was electrolytic metal. Producers were containing 5 to 10 percent manganese, and 

Kerr-McGee Chemical Corp. (until Octo- 339,000 tons were ferruginous manganese 
ber 1 operating under the name of Ameri- ore containing 10 to 35 percent manganese. — 
can Potash & Chemical Corp.), Hamilton Foreign sources supplied 150,000. tons, of 

(Aberdeen), Miss.; Foote Mineral Co., which 42,000 tons were manganiferous iron 

Knoxville and New Johnsonville, Tenn.; ore, and 108,000 tons contained more than 
‘and Union Carbide Corp., Marietta, Ohio. 35 percent manganese. 

Ferromanganese.—U.S. Steel Corp. and Battery and Miscellaneous Industries.— 

Bethlehem Steel Co. were the only produc- The ore reported in table 3 includes that 

ers using blast furnaces to make ferro- consumed in making synthetic manganese 

manganese. U.S. Steel converted the No. 1 dioxide, but does not include consumption 
blast furnace at its National works from of the synthetic dioxide. Although some 

pig iron to ferromanganese production synthetic dioxide is used for chemical pur- 
and added air and water pollution control poses, most of it is used in the manufac- 
equipment. The company continued to — ture of dry cell batteries. | 
produce the alloy at Clairton, Pa., also in . . 

the Pittsburgh district. Bethlehem’s produc- The domestic ore and much of the foreign 
tion continued at Johnstown, Pa. U.S. ore’ used for chemical and miscellaneous 

shipments of ferromanganese totaled purposes did not meet national stockpile 

807,000 short tons compared with 837,000 specifications P-81-R for chemical-grade 

tons in 1969. : ore. 
Silicomanganese.—Production of  silico- A new dry-cell battery plant was under 

manganese in the United States was 193,000 construction at Marysville, Mo., for Union 

short tons, compared with 223,000 tons in Carbide Corp., and one was planned by 

1969. Shipments from furnaces were Gould Inc. for completion early in 197] 

173,000 tons, compared with 218,000 tons at Woodruff, S. C. ESB Inc. placed a 

in 1969. The ratio of consumption of sili: new Ray-O-Vac manganese-alkaline battery 

comanganese to consumption of ferroman- plant in operation at Fennimore, Wis., and 

ganese was 14 percent, essentially the same was building another dry-cell plant at Ap- 

as in 1969. pleton, Wis., expected to go into produc- 

Spiegeleisen.—The New Jersey Zinc Co. tion in late 1971. Both of these plants are 

continued to produce spiegeleisen solely by highly automated and air conditioned. The 

electric furnaces at Palmerton, Pa. demand _ for manganese-alkaline batteries 

Pig Iron—In producing pig iron, continued to grow at a higher rate than 

. 744,000 short tons of manganese-bearing that for standard dry cells.
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_ | PRICES 

Manganese Ore.—All manganese ore July 1, and a further $5 increase October 1 
prices are negotiated, and are dependent brought the price to $184.50. This price 
in part on the characteristics and quantity held to the end of the year. Similar in- 
of ore offered, delivery terms, and fluctuat- creases were made at the same times for 

ing shipping rates. The American Metal standard ferromanganese having 78 per- | 

Market quotation for ore containing 46 to cent minimum manganese content so that 
48 percent manganese continued from the. the price for this grade was $5.50 higher | 
latter part of 1969 into September 1970 at throughout the year, ending the year at | 
49 to 53 cents, nominal, per long ton unit, $190 per long ton. Metals Week’s quota- 
c.i.f. eastern seaboard and Gulf ports. An  tjon for imported standard ferromanganese 

increase at that time to 56 to 59 cents, containing 74 to 76 percent manganese 
nominal, same basis, reflected increased held at $160 to $164 per long ton, deliv- 

freight rates. This quotation carried OR  Qred in Pittsburgh or Chicago, unti] July 
into 1971. The American Metal Market es | 

. . when it increased to $165 to $170, then to 
quotation for ore containing 48 to 50 per- 185 to $190 in late September. At th d 
cent manganese was 4 cents higher $ ° in fate Seprem der. © en 
throughout the year. of December it was dropped to $180. | 
Manganese Alloys.—The price of stand- Manganese Metal.—The price of stand- 

ard high-carbon ferromanganese contain- ard electrolytic manganese metal was 31.25 

ing 74 to 76 percent manganese increased cents per pound, f.o.b. producer plant, 
$5, effective January 2, to $169.50 per long throughout the year. In December an in- 

ton of alloy, f.o.b. producer plant. An in- crease of 2 cents per pound was an- . 
crease of $10 per long ton became effective nounced, effective January 2, 1971. - 

FOREIGN TRADE 

Ferromanganese exports were 21,747 Metal-import, 61,000 tons of ferroalloys, in- 
short tons valued at $4,355,525, compared cluding standard ferromanganese, medium- 

| with 1,759 tons valued at $482,684 in 1969. carbon ferromanganese, and silicomangan- 
West Germany took the largest quantity, ese. Deliveries of 7,000 tons were agreed 
7,862 tons; followed by Romania, 4,366 tons; for 1970; the remaining 54,000 tons of 

Venezuela, 2,790 tons; the United Kingdom, _ ferroalloys were to be delivered over the 

1,795 tons; Sweden, 1,105 tons; Mexico, 948 following 4 years at prices described as 

tons; Canada, 866 tons; Colombia, 711 tons; “highly competitive’. Although Airco has 

Finland, 550 tons; and lesser quantities in made spot sales to other East European 

decreasing order to Brazil, the: Dominican countries, these will be the company’s first 
Republic, Peru, Jamaica, the Philippines, sales to Romania. 
Ghana, the Republic of South Africa, Ar- The average grade of imported man- | 
gentina, South Vietnam, France, Singapore, ganese ore was 48.8 percent manganese in 

Bolivia, and Panama. Exports classified as 1970, compared with 50.6 percent in 1969 
“manganese and manganese alloys, wrought and 47.5 percent in 1968. More than half 
or unwrought, and waste and scrap” to- of the total continued to come from Brazil 

taled 2,971 tons valued at $2,042,469 in 1970 and Gabon. There were no imports of 
and 2,470 tons valued at $1,410,437 in manganiferous ores containing more than 

1969. Exports of ore and concentrate con- 10 but less than 35 percent manganese. 
taining more than 10 percent manganese - Silicomanganese imports for consumption 
totaled 20,294 tons at a value of $2,461,176, totaled 14,539 short tons containing 9,624 

compared with 19,796 tons at $1,589,424 in tons of Manganese. Sources and tonnage 
1969. These were believed to consist almost (gross weight) were as follows: Norway, 

_ . —_ 12,371; France, 659; the Republic of South 
entirely of imported - manganese dioxide Africa, 654; Canada, 577; and Mexico, 279. 

ore exported after grinding, blending, or fmports for consumption classified as un- 
otherwise classifying. wrought manganese metal, except alloys, 

Airco. Alloys and Carbide Division, Air and waste and scrap of such metal, totaled 
Reduction Co., contracted to sell the 1,276 short tons, compared with 1,371 tons 
Romanian state trading organization, in 1969. Of the quantity in 1970, the Re-
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Table 7.—U.S. imports for consumption of ferromanganese, by countries 

1969 1970 

Gross Mn Gross Mn 
Country weight content Value weight content Value 

(short (short (thou- (short (short (thou- 
tons) tons) sands) tons) _ tons) sands) 

Belgium-Luxembourg.-------.-. 4,464 3,365 $445 551 423 — $60 | 
Canada_-_____-_......-..------ 4,483 3,514 557 357 288 90 
Chile______.-_-_-----_-------- 3390 341 65 613 536 96 
France_____.-_-...-----------. 64,421 49,476 5,571 100 , 036 77,745 10,285 
Germany, West___.__.-......-. 39,802 r 30,409 r 4,539 8,342 6,499 1,022 
India. 22-2222 22lee--22--- 42,188 = 82,241 3,118 35,597 27,128 3,255 
Italy_.---.----2--------------- = 2,208 1,782 442 1,111 896 199 
Japan.__.____-- 2. ---- 6,436 | 5,063 1,153 5,556 4,373 913 
Mozambique______________--___ ----_---. --------_ --------- 12,340 9,648 1,485 
Netherlands. __._.___--_------- --------- woe eee) woe eee 2,065 1,611 194 
Norway..----.-..-.------------ 2,339 1,830 217 3,291 2,577 351 
South Africa, Republic of___..... * 121,381 194,811 712,589 119 , 292 93,759 13,161 
Sweden______--_..--....-.---- 14,841 12,031 2,916 1,795 1,496 452 
Western Africa, n.e.c.!1_....__._-. *5,488 r4,281 r669 eee ee Lee eee 

Total___-...------------ ™307,891 289,144 r 32,281 290 ,946 226 ,979 31,563 

r Revised. | 
1 Probably originated in Republic of South Africa. 

public of South Africa supplied 1,180 tons cents); West Germany, 1.5 tons ($1.83); 
and Japan supplied 96 tons. Small quanti- and Austria, 0.5 tons (32.7 cents). The im- 
ties of high unit value, measured in ports from Japan appear to have consisted 
pounds, came from the United Kingdom  |argely, if not entirely, of synthetic man- ( 

| and Italy. oo ganese dioxide. : ) 
. Imports for consumption classified as . . | 

« % Tariff.—Suspension of the duty on man- 
managanese compounds, other’ totaled f ti tended 

3,209 tons in 1970, compared with 2,160 8amese ore from most nations was extende 

tons in 1969. The sources, gross weights, fr another 3 years (through June 30, 
and values per pound in 1970 were as fol- 1973) by Public Law 91-306. Ore from the 
lows: Japan, 2,752 tons (14.7 cents); the U-.S.S.R., mainland China, and certain other 

United Kingdom, 429 tons (7.0 cents); specified Communist countries, continued | 
Belgium-Luxembourg, 21 tons (7.6 cents); to be subject to a tariff of 1 cent per 
the Republic of South Africa, 5 tons (5.0 pound of contained manganese. 

WORLD REVIEW 

Angola.—Manganese ore. produced in _ tons in 1969, compared with 60,000 tons in 
1970 had ,a manganese content ranging 1968. 
from 30 to 52 percent manganese. As in Australia.—Groote Eylandt Mining Co., 
1969, production was from several small a Broken Hill Proprietary Co. Ltd. subsid- | 
mines of Companhia do Manganés de An-_ iary, proceeded with the expansion pro- 
gola. Exports of 22,600 and 30,300 short gram announced in December 1968. The | 
tons in 1970 and 1969, respectively, were largest item involved is a new A$8 million 
reported to have gone primarily to Japan. concentrator, expected to be in operation 
No manganiferous ore was produced in ei- in the latter half of 1971. A new wharf, in- 
ther of the two years. creased stockpile capacity at the wharf, an 
Argentina.—Manganese ore produced in extension to the power plant, a 90-ton-ca- 

1969 averaged 35 percent manganese, pacity road train, and other new equip- 
whereas the manganiferous ore produced ment and _ facilities are included in the 
had an average manganese content of 22 program. Although Groote Eylandt now 
percent. Rhodochrosite exports in 1969 to- accounts for thé major part of Australian 
taled 24 short tons valued at $68,433. Of manganese ore production, ore exports of 

this quantity, 2 tons went to the United the two Western Australia producers—Bell 
States. Argentine imports of manganese Brothers and Longreach—had reached a 
ores and concentrates were 22,000 short value of A%$3.25 million per year. Trucks
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Table 8.—Manganese ore: World production by countries 1 
(Short tons) 

Country Percent Mn e 1968 1969 1970 P 

North America: 
Mexico ?_________._._---------eee 85+ 65,420 158 , 252 $01, 939 

_ United States_..........-----.----_- 35+ 11,378 5,630 4,737 
South America: 

Argentina. _.__... 2-22 ee 30-40 r 25,954 24,095 e 24,000 
Bolivia (exports)____...-.____-----___- 35+ pene eee eee ee ne eee eee 93 
Brazil__..--..-.-------.---------.-- 38-50 1,852,000 2,166,000 2,126,000 
Chile. _ 22 2222-22 eee 41-47 26,283 26,124 29,457 
Guyana________.---__ 36-42 144,188 Lionel Lee 
Peru__2- 2-2-2 ee 80+ 7,885 13,228 - 2,119 

‘Europe: : 
Bulgaria.__._.---_--. ~~ 2 80+ 45,000 43 ,000 e 44,000 
Greece... 2-2. 50 17,434 r 7,125 7,190 
Hungary. _____-_________ ee 80 — 172,000 172 ,000 186,028 
Italy___...2-.---22- eee 30 — 56,020 58 ,385 55,216 

_ Portugal___- 2. ~~~ eee ee 38-44 r10,654 7,637 6,083 
Spain. 9 -gei---7oreeen-n-- =n aoe 30+ 14,248 25 ,302 11,504 

w.S.R. 3. eee eee NA © 7,286,000 7,221,000 e 7,700,000 
Yugoslavia____- 2. ____-____.- 80+ r 15,582 13 , 593 16,298 

Africa: 
Angola.._.__..--.-....____.- _u- ee 380+ 10, 086 82,044 25,000 
Botswana. _________________-___-.=-- 30+ 711,021 24,769 45,020 
Congo (Kinshasa)______._.______--_- 42+ 354,735 343 ,291 382 , 446 
Gabon.______---_=_.______ ee 50-53 1,382,958 F1,502 ,000 1,601, 700 
Ghana ¢4_____2 02 eee 48 + 455,617 tT 366, 800 446,837 
Ivory Coast____.______-_----_-----_- 32-47 128 ,685 140 , 036 25,419 
Morocco. ______2_______.__-- eee ee 85-53 176,602 143 ,935 123 , 873 
South Africa, Republic of____..____--- 30+ 2,173,438 2,429,600 2,953 , 609 
Sudan___-_____-- 36-44 5,500 940 1,279 
United Arab Republie___.._-_.________ — 80- 4,361 4,400 NA 

Asi Zambia_____._-_.----_--__--_------- 35+ 727,999 t 28,284 e 33,000 
sia: | 

China, mainland e____.._...__-__.___- 30+ 990, 000 1,100,000 1,100,000 
India 5____ eee NA - 1,766,000 t 1,637,000 1,820,000 
Indonesia___._2--..2 2 -- eee 35-49 t2,400 7,100 2,200 
Tran 6___2 eee 35+ F 28,000 39,000 e 40,000 
Japan__...--_ 22 30-43 _ 344,247 t 331,587 298,701 
Korea, Republic of_____.___.-__.-__- 35+ 4,653 3,199 3,749 
Malaysia_...........-__.-.----_---- 30-40 ‘49,787 11,892 ____--___-- 
Philippines___..-.2--_-.-_-.---__-_.-- 30-52 72,800 22,048 5,645 
Thailand.___..._._._______________e 40+ 45,270 32,872 26,307 
Turkey______.._.-..-_--___-__---__- 30-50 1 27,842 r 15,090 10,465. 

Oceania: © 
Australia. __.... 22-2... 2-2-2 -- 2 eee 46 F 819,692 1,016,286 886 , 080 
Fiji__-.--. eee 30-50 9,750 22,917 27,054 
New Hebrides_____..__.____. 2 __ 31-43 546,824 Lee 16 , 926 

Total_._.22.2- eee r18,628,2138 +*19,195,961 20,389,974 

e Estimate. P Preliminary. t Revised. NA Not available. 
1 In addition to the countries listed, Cuba and South-West Africa also produce manganese ore but informa- 

tion is inadequate to make reliable estimates of output levels. Colombia has produced ore of unspecified grade 
as follows (short tons): 1968, 551; 1969, 606; 1970, 511. Low grade ore output, not included in the table, has 
been reported as follows (short tons): Argentina (about 22 percent Mn), 1968, 11,210; 1969, 16,151, 1970, 
e¢ 17,000; Czechoslovakia (about 17 percent Mn), 1968, 95,000; 1969, 93,000; 1970, «94,000; Romania (about 
22 percent Mn), about 140,000 tons in each year; Republic of South Africa (15 to 30 percent Mn), 1968, 
502,080; 1969, 484,041; 1970, 412,264; Sweden (about 12 percent Mn), 1968, 12,921; 1969, 9,700; 1970, NA. 

2 Estimated on the basis of reported contained manganese. . 
, M Grade unreported. Source: The National Economy of the U.S.S.R., Central Statistical Administration 

oscow). 

4 Dry weight. 
5 Indian output not reported by grade, but of total exports of 1,310,769 tons in 1968 and 1,331,349 tons 

in 1969, 61 percent and 57 percent respectively graded less than 35 percent manganese. 
6 Iranian calendar year beginning March 21; al! figures are mine run ore. 

and trailers of 100-ton capacity are used to approximately 48 percent manganese. Pro- 
transport the ore from the mines at duction at the Urucum mine in Mato 
Woody Woody, in the Pilbara district, to Grosso was 93,600 tons averaging 46.42 per- 

Port Hedland for shipment to Japan. cent manganese, and the Meridional mine 
Brazil.—Production of mine run man- in Minas Gerais produced 108,000 tons 

ganese ore in 1970 by Industria e Comér- with a manganese content, averaging 38.33 
cio de Minerios S.A. (ICOMI) totaled percent. 
2,205,000 short tons, averaging less than 40 Brazilian exports of manganese ore in 
percent manganese. The company’s washed 1968 totaled 1,239,000 short tons. Of this 
ore product was 1,577,000 tons, averaging quantity, 44 percent went to the United
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, States, 11 percent to the United Kingdom, Modification and expansion of existing 
9 percent to Norway, 7 percent to France, plant facilities was expected to be com- 
7 percent to Japan, 6 percent to the Neth- pleted before mid-1972 by the operating 
erlands, and the balance, in descending company, now known as Union Carbide 
order, to West Germany, Argentina, Bel- Iran S.A. 
gium, Spain, Canada, Uruguay (probably Italy.—Manganese ore produced in 1970 
point of transshipment to an ultimate des- averaged 27 percent manganese, compared 

| tination elsewhere) , and Mexico. with 28 percent in 1969. 
Cuba.—The Charco Redondo manganese Ivory Coast.—Closing of the country’s a 

mine, Oriente Province, was reportedly only operating manganese mine, the Mokta : 
producing metallurgical-grade manganese mine at Grand Lahou, was announced 
ore for local consumption at the rate of a March 11 in the semiofficial newspaper, 
few thousand tons per year.2 : Fraternite-Matin. The low quality of the . 
France.—United States Steel Corp. ac- ore together with poor market prices had 

: quired a 2i7-percent interest in France’s made the operation unprofitable. Exports - 
largest ferromanganese producer, Ste. des of 92,000 short tons in 1970 included an 
Aciéries de Paris et d’Outreau, which an- appreciable quantity from stocks. Exports 
nounced plans to build a new ferroman- were 78,000 tons in 1969 and 131,000 tons 

-ganese plant in the harbor area of Bou- in 1968. Spain, the United States, and logne. The French company’s two present West Germany have been the principal re- 
ferromanganese plants produce approxi-  cipients. Of the 1969 exports, 63,000 tons. 
mately 300,000 tons of blast furnace ferro- averaged 45 to 47 percent manganese. The : 
manganese per year. remaining 15,000 tons consisted of fines 

Gabon.—Facilities of Gabon’s only man- having a manganese content of 33 percent. 
| ganese ore producer, Cie. Miniére de On December. 4, Union Carbide Cote | 

l’Ogooutie (COMILOG), were being ex- dIvoire S.A. opened a $3 million plant for 
panded for the fourth time in 3 years. By the production of dry-cell batteries.~ 
1972, annual sales of 2.46 million short Japan.—A number of large electric fer- 
tons should be supported, representing an  roalloy furnaces, complete with pollu- 
increase of nearly 40 percent over the 1970 tion-control equipment, were under con- 
level. United States Steel Corp. continues struction or planned in the course of a 
to hold a 49-percent interest in COMILOG. general trend toward replacement of old, 
Production of battery-and chemical-grade smaller furnaces. Those for ferroman- 
ore was 26,000 short tons in 1970, com- ganese being built in 1970. included a 
pared with 16,500 tons in 1969. 40,000-KVA plant at Kawasaki Steel’s sub- | 
Ghana.—Parliament was informed March — sidiary, Mizushima Ferroalloy, and one of _ 

12 by the Minister of Finance and Eco- 20,000-KVA at Kobe Steel’s Kakogawa 
nomic Development that the Nsuta-Wassaw Works. A  44,000-KVA ferromanganese 
manganese mine of African Manganese Co., plant at the Niigata Works of Nippon 
wholly owned subsidiary of Union Carbide Kokan was scheduled for completion in 
Corp., is to be closed within 5 years upon April 1971, and a 40,000-KVA silicoman- 
exhaustion of its oxide ore reserve. Union ganese plant in August at Tokushima for 
Carbide Corp. started producing dry-cell Nippon Steel’s subsidiary, Nippon Denko. 
batteries at its new plant in 1969. The Kakogawa plant charges its hot prod- 
Indonesia——The new $2,700,000 dry-cell uct, direct to the plant’s basic oxygen steel 

battery plant of P.T. Union Carbide Indo- furnaces. Japanese production of dioxide nesia went into production. This replaced ©%€ OF concentrate in 1970 was 2,066 short 
an old facility which had been out of op- tons, averaging 68.3 percent manganese 
eration for some time. dioxide; metallurgical concentrate produced 

Iran.—ESB Inc. completed construction averaged 29.1 percent manganese. Produc- tion of ferromanganese was 490,000 tons; of a new Ray-O-Vac dry-cell battery plant 1 . . . electrolytic managanese metal, 10,410 tons; 
at Qazvin. Production was expected to be- and synthetic manganese dioxide, 45,540 
gin in 1971. The company’s existing plant tons. A: very large part of the synthetic at Teheran was expanded in 1969 to almost = —_____~ 
four times its original size. In 1970, Union Develon Wine adusteye en oe wad eee 
Carbide Corp. purchased a majority inter- 171, No. 5, May 1970, pp. 86-94. 
est in an Iranian dry-cell battery producer. 99, ine Ys Market. V. 78, No. 35, Feb.
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dioxide was produced for export. washed and agglomerated the ore, the 

, Korea, Republic of —The manganese ore plans of the present operators, Le Man- 

produced in 1970 and in 1969 was of an  ganese de Vaté, encompass only washing. 5 

average 40 percent manganese grade. The concentrate produced in 1970 aver- 

Mexico.—Cia. Minera Autlan began ship- aged 43 percent manganese. Exports to- 

ment of nodules containing 36 percent taled 29,000 short tons of concentrate, and 

| manganese to Bethlehem Steel Co. from its 2,100 tons of agglomerate that. apparently 

new loading facilities at Ciudad Madero had been left in stocks. | 

(Tampico). Ships can load at a rate of Nigeria.—Relatively small bodies of man- 

1,650 to 2,000 short tons per hour. | ganese oxides resulting from the supergene 

Morocco.—All manganese ore produced alteration of a spessartite-quartzite (gon- 

in 1970 was chemical-grade concentrate, av- dite) lens in a hitherto unmapped metased- 

eraging 84 percent manganese dioxide. Ex- imentary belt in northern Nigeria were 

ports of chemical grade totaled 118,000 described. This and other unexplored me- 

short tons, of which the United States took tasedimentary belts of this part of the 

35,000 tons, and France and the Nether- country are similar to those carrying man- 

lands the larger part of the remainder. In  ganese ores further west-in Ghana, Upper 

addition, 7,000 tons of metallurgical sinter Volta, and the Ivory Coast, except that . 

were exported, obviously from stocks. Most _ these are much younger in age. & : 

of this went to Czechoslovakia. Reserves of Norway.—Production of both ferroman- 

ore at the Imini mine, the country’s only ganese and silicomanganese was adversely 

remaining significant producer of man- affected by a continuing power shortage 

ganese ore, were reported to be. sufficient and by an explosion April 1 that severely 

| for 15— to 20-year operation at the current | damaged Elkem’s Porsgrunn plant. | 

rate. Reserves at the Tiouine mine, where a Pakistan.—Reserves' of manganese ore 

beneficiation plant was being built by the were estimated by the country’s Geological 

Hungarian organization NIKEX, were esti- Survey to total more than 565,000 short 

mated at 400,000 short tons of ore contain- tons of ore. Grade was not stated. West 

ing 30 to 48 percent manganese plus Pakistan produced 159 tons in 1969. 

100,000 tons of waste material considered Peru.—Manganese ore produced in 1970 

- worth processing. As encouragement to the averaged 33.0 percent manganese. : 

mining industry, the Government reduced Philippines.—There was no low-grade 

the ad valorem export tax on certain ores, manganese ore produced in 1970. The 

| including all manganese ores, from 5 per- manganese ore produced had an average 

cent to 0.5 percent. | grade of 52 percent manganese. No ferro- 

New Hebrides.—The manganese deposits manganese or silicomanganese was pro- 

at Forari on Efate (or Vaté) Island are duced. Union Carbide Corp. was complet- 

stratiform and lenticular concentrations of ing construction of its second dry-cell 

manganese oxide, with todorokite as the battery plant in the Philippines. Located 

principal discrete mineral. They occur gen- on the island of Cebu, the plant will be 

erally as one or two layers conformable owned and operated by .Union Carbide 

with the underlying tuffs and overlying Philippines, Inc. Union Carbide’s other 

red clays and soils at a depth of a few feet Philippine plant is in Manila where it has 

to 20 feet below surface. The upper layer operated for more than 15 years. 

is the richer of the two layers. It averages | Portugal.—Production of manganese ore 

9 inches in thickness, contains most of the in 1969 averaged 43.6 percent manganese. 

minable ore, and has a manganese content In addition, approximately 60,000 short 

of 39 to 45 percent. The poorer lower tons of manganiferous iron ore was Ppro- 

layer has a maximum manganese content duced analyzing 46.5 percent iron and 8 

of 30 to 35 percent with patchy develop- percent manganese. 

ment of manganese oxide. A similarity be- ~ awarden, A. Genesis of the Forari Man- 

tween these deposits and those of Oriente ganese Deposit, New Hebrides. Inst. Min. & Met. 

Province in Cuba was noted.4 The first a (London), No. 759, February 1970, pp. B 

outloading of ore since the reopening of 5 Pacific Islands Monthly (Sydney, Australia). 

the mine was placed on ship in July at M"6 Wright, . August 1970, pp. tee st Occur- 

Forari. Whereas the previous operators, rence of Manganese Ores in Northern Nigeria 

Cie. Francaise des Phosphate de 1’Oceanie, Econ ee” v. 65, No. 2, March-April 1979, pp.
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Romania.—Beginning in 1970, Metalim- satisfactory profit was realized for the fiscal 
port contracted to import manganese and year ending June 30, 1969. 
other ferroalloys from the United States Marble Lime & Associated Industries | 
(AIRCO) over a 5 year period. Ltd., another affiliate of General Mining 
South Africa, Republic of.—Production and Finance, completed a new manganese 

of metallurgical ore of the various grades dioxide grinding and drying plant at Zee- 
in 1970 was as follows, in short tons: 30 to rust. 

40 percent manganese, 1,837,000; 40 to 45 Thailand.—Production of battery-grade 
percent, 120,000; 45 to 48 percent, 125,000; manganese ore (75 percent manganese 
and over 48 percent, 732,000. Local sales dioxide) was 7,100 short tons in 1970, with 

were, respectively, 443,000, 24,000, 81,000, most or all of the ore apparently from the 

and 229,000 tons. Of the chemical ore pro- mining operations of Thai Rocks and Min- 
duced, 128,000 tons contained 35 to 65 per- _erals Ltd., Lamphun Province in northern 
cent manganese dioxide, 12,000 tons con- Thailand. The run-of-mine ore at that 

tained 65 to 75 percent manganese dioxide. property, consisting almost entirely of pyr- 
No chemical ore of 75—to-85 grade was pro- _olusite, ranges in grade from an average of 
duced. Local sales for the two lower grades 40 to 50 percent manganese dioxide to as 
were 88,000 and 2,700 tons, respectively. high as 80 percent manganese dioxide. The 
Production of ferruginous manganese ore, ore is broken out with paving breakers, 
containing 15 to 30 percent manganese and _ trucked to the sorting area, washed in con- 
20 to 35 percent iron, amounted to 412,000 crete mixers, and dried in the open air. It 
tons. Exports were 98,000 tons and local is then screened into four size fractions: 

sales 7,500 tons. Total exports of metallur- Coarse, which is hand sorted; jig feed; 

gical ore were 2,237,000 tons; for chemical shaking-table feed; and fines. The fines are | 
grade ore they were 8,800 tons. Effective washed and the various products are 
April 1, the government-owned South Afri- blended to obtain the shipping grade of 75 
can Railways reduced rail rates for man- percent manganese dioxide, which brings 
ganese ores from the mines in northern $75 per metric ton f.o.b. Bangkok. The oper- 
Cape Province to the ports of Durban and ation employs 500 people in two shifts and 

Port Elizabeth. An acute shortage of rail- a staff of 20. A shortage of rail cars in the 
way cars and lines became apparent in 1969 country poses a problem in moving the ore 

and continued into 1970. This was coupled to market.7 Metallurgical-grade ore pro- 

with, and probably was in part a contrib- duced in Thailand in 1970 amounted to 

uting factor to, deteriorating ship-loading 19,000 tons, containing 46 to 50 percent 
| rates at the ports in spite of increased mech- manganese; exports were 8,300 tons. Ex- 

anization. Capital expenditures of the Asso- ports of battery-grade ore were only 400 
cated Manganese Mines of South Africa Ltd. tons. Japan has been the principal destina- 
included funds for extension of the rail line tion for Thai metallurgical ore, but it ap- 
under construction from Hotazel to the pears that ‘the market is being lost to lower- 

company’s Black Rock Mine. The compa- cost Australian ore. 
ny’s subsidiary, Ferroalloys Ltd., in which U.S.S.R.—Gornyi Zhurnal, the Soviet | 
U.S. Steel Corp. has a 3l-percent interest, Mining Journal, reported on the status of 
operated its ferromanganese and ferro- both the Chiatura and Nikopol’ mining 

chromium plant at capacity in 1970. districts. Run-of-mine ore at Chiatura in 

Electrolytic Metal Corp. (Pty) Ltd. Georgia now exceeds 6 million tons per 

(EMCOR), owned 70 percent by Techni- year. Washing has produced a concentrate 

metals (Pty) Ltd. which is a wholly owned ranging from 48 to 52 percent manganese. 

subsidiary of General Mining and Finance This has accounted for most of the Soviet 
Corp. Ltd., was expanding production ca- CXports of ore. The first stage of a new 
pacity 30 percent at its Krugersdorp plant tation plant was completed in 1968, re- 
to 13,450 short tons per year. Continued ceiving slurries from the gravity sections of . 

. . other concentrators. When the plant is fin- 
success in lowering production costs and . . 
declaration of the first dividend were re- ally completed, output will be approxi- 

. . mately 600,000 short tons per year of con- 
ported. Production of electrolytic man-  contrate in the form of fines having a 

ganese metal was 9,900 tons in 1969. The 

increased output combined with higher ; 
prices halted a series of losses so that a Noo yuily 1070, op. 100-108. Min. Eng., v. 22,
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manganese content of 37 to 38 percent. United Kingdom.—Kodak Ltd. planned 
Exports of Georgian ore began in 1879 to begin production of manganese sulfate 

| and the deposits are expected to last an- at the Kirby (Liverpool) plant of its 
. other century. At Nikopol’ in the Dneper chemical division. The output will satisfy | 

basin of the Ukraine the run-of-mine ore domestic demand, roughly 550 short tons 
: averages 30 percent manganese. The de- per year, for use in the production of fer- 

posit is mined by two organizations, Niko-  tilizers; the larger part of expected annual 
polmarganetz and Ordzhonikidsemarganetz, production of approximately 1,650 tons 
from 31 underground mines and 17 open’ will be exported to Europe. Plans called 

| pits, feeding eight beneficiation plants. for doubling capacity later. The company’s 
The grade of the concentrates has been U.S. affiliate, Tennessee Eastman Co., and 

improving and is currently 40.58 percent mainland China have been the principal 
manganese for the first mentioned organi- sources of supply of manganese sulfate for 
zation and 42.95 percent for the other. the United Kingdom. There has been no 
The underground mines are being auto- domestic production since 1966-67 when S. 
mated, and the open pits are in course of G. Bailey, Stroud, Kent, ended its small 

modernization and mechanization. Most of operation upon being unable to compete 
the Nikopol’ ore is used domestically.& with Chinese pricing. | 

| TECHNOLOGY 

Study of major unit operations in a Bu- ide, sulfuric acid, hydrogen sulfide, and 
teau of Mines laboratory suggested that a ammonia. These siliceous nodules came 
reductive roast-ammoniacal leach process from the ocean floor off the Baja Califor- 

| would be impractical for recovering man- nia coast at a depth of approximately 12,000 
ganese from calcareous deep-sea nodules. feet. A dried sample analyzed, in percent 
However, 90 percent or more of the nickel, as follows: manganese, 25; iron, 10; silicon, 

cobalt, and copper contained in the nod- 7; calcium, 2; magnesium, 2; aluminum, 2; 

ules was extracted with an oxygenated nickel, 1; copper, 0.5; zinc, 0.2; and cobalt, 

ammonia-ammonium carbonate solution. 0.1. In the case of both the Atlantic and 
Indications were that subsequent process- the Pacific nodules, their constituents were 
ing to obtain marketable nickel, cobalt, of a cryptocrystalline nature, intimately as- 
and copper products would be costly. The sociated with one another. 9 

| tests were conducted on nodules from the In continuing research toward an _ eco- 
surface of the Blake Plateau off the Geor-  nomical process for extracting both man- 
gia coast at a depth of approximately ganese and iron. from Cuyuna_ Range 
3,000 feet. A representative portion of pul- (Minn.) manganiferous ores, the Bureau 
verized nodules gave the following analysis, of Mines investigated in the laboratory a 
in percent: manganese 17; calcium, 13; procedure whereby: (1) The nonmagnetic 
iron, 11; silicon, 1.7; nickel, 0.6; cobalt, iron minerals are converted to magnetite, 

0.3; and copper, 0.1. Because of high cal- and the manganic minerals are converted 
cite content, acid leaching processes would to manganous oxide, by low-temperature 
not be economical. In testing siliceous nod- gaseous reduction; (2) the manganese then 
ules from the Pacific Ocean, four differ- is extracted by leaching with sulfuric acid; 

ent sulfur-recycling acidic methods were and (3) the iron is recovered from the 
tried: (1) atmospheric-pressure leaching, leach residue by magnetic separation. The 
using sulfur dioxide dissolved in water, four tested ores came from the Hillcrest, 

(2) high-temperature leaching, using sul- South Alstead, Sultana, and Hopkins 
fur dioxide and dilute sulfuric acid, mines, and had the following respective 
(3) water leaching of the material after percentage analyses: manganese, 6.4, 9.4, 
baking with sulfuric acid, and (4) water = ———————— 
leaching of the material after roasting in an Industrial “Minerals (London). No. 29, Febru- 

sulfur dioxide and air. The latter proved Mining Magazine (London). V. 122, No. 3, 
to be the most promising of the four March 1970, p. 237. ket. V. 77, No. 97, Ma 
methods. Good extractions of manganese, 9) 1970, p. Metal arkete Me Ty Noe aes 
nickel, cobalt, and copper were obtained M. Brooks, P. Te and DS pvarun. Peat te 
with moderate consumption of sulfur diox- yy. #473. 1971, 19 pp. co "
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7.8, and 5.5; iron, 45.8, 39.9, 36.3, and 36.0; balance iron. It can be produced with con- 
and silica, 8.2, 12.8, 27.1, and 33.5. The re- ventional equipment, and will be lower in sults gave high manganese recoveries in so- price than type 304 stainless. It is being 
lution for all four of the ores tested. In used in the manufacture of sinks, bath- addition, the Hillcrest and South Alstead tubs, and kitchen utensils.12 
ores yielded iron concentrates of acceptable Lupgi Gesellschaften, a subsidiary of Me- 
blast furnace quality; the iron concentrate tallgesellschaft AG, Frankfurt, West Ger- from the Sultana ore was to be considered many, joined with Deepsea Ventures Inc., 
marginal. Although manganese recoveries Gloucester Point, Va., in the latter’s con- from the Hopkins ore averaged 88 percent, tinuing exploration and _ test mining of - : and iron recoveries of more than 90 per- deep sea floors. During 1970, Deepsea Ven- cent were obtained in some instances, the tures successfully completed testing of its iron concentrate obtained was of poor prototype ocean mining rig at depths of quality with silica content in the 15- to 3,000 feet on the Blake Plateau, and was 20—percent range. For all four ores, this scaling up its metallurgical testing from procedure obtained much better man- “mini-pilot plant” to pilot plant level. ganese recoveries than did previously re- Plans called for aeveloping a complete sys- ported research using the “metallizing tem for removing nodules from ocean floor 
roast,” or that using a roast-leach method depths of 15,000 to 18,000 feet with subse- 
wherein magnetic separation of the iron quent extraction of nickel, copper, man- preceded acid leaching of the manganese. ganese, and cobalt by means of a The latter method registered poorly in the sophisticated metallurgical process. If the comparisons, whereas the “metallizing results of the mining and metallurgical _ roast” did better for the iron by delivering tests continue to be favorable, the com- 
better iron recoveries than either of the pany envisages commercial production by other two and having an appreciably better an international consortium by 1976 or grade of iron concentrate.10 1977. Other organizations were active dur- 

Interest continued in the substitution of ing the year in investigating the possibili- manganese for nickel in stainless steels. ties for development of the deep-sea nod- 
Armco Steel Corp. developed a new aus- ules. Both Japan and the U-S.S.R. tenitic stainless steel, designated 18-2 _Mn, reported recovery of nodules from depths 
which contained 12 to 13 percent man- exceeding 10,000 feet. The Japanese opera- 
ganese, 18 percent chromium, and only 15 tion, 250 miles northwest of Tahiti, re- to 2 percent nickel. It was reported to covered 2 tons of nodules using a flexible _ 
have almost double the strength of costlier cable bucket line having approximately 
standard grades, as well as excellent cold 300 buckets of 65-pound capacity each. 
working characteristics. It has found use for Numerous patents were granted for meth- 
high-strength, corrosion-resistant fasteners, ods for recovering manganese nodules from ; the deep ocean floors. wire screens, cloth, and cables. 11 In Japan, 
Nisshin Steel Works Co., Ltd., Tokyo, de- =————__— . 
veloped a new stainless steel in which all , ™ Jacobs, H. D. Magnetic Roasting and Leach- . . ing for Upgrading Minnesota Manganiferous of the nickel is replaced by manganese and _Iron Ores. BuMines Rept. of Inv. 7411, 1970, 13 
copper. Designated NHS104, its composi- PF, Materials Engineering. V. 71, No. 2, Febru- tion is 15-14 percent chromium, 10 per- ary 1970, p. 20. 
cent manganese, 3 percent copper, and the 59, uon Age. V. 206, No. 25, Dec. 17, 1970, p.





By V. Anthony Cammarota, Jr.! | - 

Consumption, production, and imports terest on the part of domestic consumers 
ot of mercury in the United States during contributed to soft prices. — | 

1970 were lower than the previous year. In Of the major world mercury producers, 
the first quarter consumption continued at only Canada, which became the chief for- 
the 1969 rate, but at yearend declines were eign supplier to the United States, and 
noted for almost all uses. Much of the de- Mexico increased production significantly 
cline in usage was attributed to the slowed _ during 1970. 
pace of the U.S. economy and the problem Legislation and Government Programs. 
of mercury pollution. The use of mercury —Government financial assistance on a 
compounds in the pulp and paper industry __ participatory basis was available through 
declined significantly. Mine production in the Office of Minerals Exploration, U‘S. 
1970 was down about 8 percent to 27,303 Geological Survey, for mercury exploration 
flasks.2 Secondary production also was projects to the extent of 75 percent of the | 
lower, primarily because of lower sales of acceptable costs. Repayment was to be 
surplus mercury from the General Services made at the annual rate of 5 percent roy- 
Administration (GSA) stockpiles. Imports  alty on production from the property. No 
declined sharply to 21,972 flasks but ex- contracts were executed during 1970. 
ports increased substantially. In early 1970 Congress refused approval 

Pollution of the environment by mer- Of legislation which would have allowed 

cury became a major consideration in 1970, the sale of 73,605 flasks of mercury in ex- 
The US. Department of Agriculture  C&SS of the stockpile objective of 126,500 

(USDA) cancelled the registration of 48 flasks. As of December 31, 1970, total stock- 
; pile accumulations from all programs stood mercury compounds used as agricultural 

and commercial biocides. Because of the 7° 200,105 flasks. 
cf Ih rt d. USD . . se il Releases by the GSA of surplus mercury 

potential hazard, 1s reviewing ail stocks continued into 1970, but bidding 
biocidal uses of mercury. was cancelled in September because of un- 

The price of mercury (New York) 1 Physical scientist, Division of Nonferrous Met- 
dropped continuously during the year, to als. 

PP y & y . 2Flask as used throughout this chapter refers 
$350-$360 at yearend. Lack of buying in- to the 76-pound flask. 

| Table 1.—Salient mercury statistics | 

eee 
1966 1967 1968 1969 1970 eee OE 

United States: 
Producing mines____..__.._._-_---_-.- 130 122 87 109 79 
Production___..__............_-flasks._ 22,008 23, 784 28,874 29 ,640 27,303 

Value___...._--..-_.--thousands._ $9, 722 $11,639 $15, 464 $14,969 $11,134 
Exports_._....._____..___..___flasks_- 357 2,627 7,496 507 4,653 
Reexports_____-._-_...._-.-.._-.-do__.- 476 475 103 108 50 
Imports: 

For consumption__........_.do__.. 31,364 24,348 23,246 31,924 21,972 
General____-.----_-------..do_... 34,757 23 , 899 23 ,956 30 , 848 21,672 

Stocks Dec. 31___---_-.---..--.-do_... 20,076 18,277 22 , 907 22 ,692 16,376 
Consumption.__._....._..._....do._.. 71,509 69,517 75,422 TT 372 61,503 

Ww Frice: New York, average per flask__._.. $441.72 $489 .36 $535.56 $505.04 $407.77 
oria: 

Production___.__...-.-..-..-..-flasks.. 264,994 232,073 259,694 290 , 043 284 ,497 
Price: London, average per flask._.___... $447.68 $499 .36 $546.80 $536.41 $411.45 

ese 

705
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favorable market conditions. Total releases average price of $486.42; in June the aver- 

were 703 flasks, 701 of which were com- age selling price was $411.00. 

mercial sales. The stock remaining to be The depletion allowance for mercury re- 

sold at the end of 1970 was about 13,500 mained at 22 percent for domestic deposits 

flasks. In January mercury was sold for an and 14 percent for foreign deposits, 

DOMESTIC PRODUCTION 

Because of low prices and soft demand, B in Nevada. The number of mines re- 
the number of operating mines in 1970 de- _ porting outputs of 1,000 flasks or more in- 
creased to 79 from 110 in 1969. Many of creased by one over 1969. Properties pro- 
the mines that became inactive were small ducing 500 to 999 flasks increased from 

producers who found it uneconomical to three to five. The number reporting 100 to 

produce mercury at prevailing prices dur- 499 flasks decreased to 10 from 15 in 1969. 
ing the year. Some exploration and devel- Of the total production, 75 percent came 
opment work continued, however. Some of from producers of 1,000 flasks or more, 11 

the large producing mines that ceased op- percent from producers of 500 to 999 | 

erations during 1970 included the Juniper, flasks, and 10 percent from producers of 
El Capitan, and Gambonini in California, 100 to 499 flasks. Principal mines in 1970 
and the Quinn River, Goldbanks, and B & _ were as follows: 

a 
State . County Mine 

Properties Producing 1,000 Flasks or More 
SE 
Alaska__...----------- Aniak Distriet___-.-----------------------------. Red Devil. 
California__....----.-. Lake_._._--------------------------------------- Abbott. 

Do___.._._-.._---- San Luis Obispo___..__..------------------------- Buena Vista. 
Do.__...-------- Sonoma__..__-.-.------------------------------- Culver-Baer. 
Do___..--------- Santa Barbara_..._.----------------------------- Gibraltar. 

. Do___..-.------- Santa Clara_...._..-.-.-------------------------- Guadalupe. 
Do___.---------- Sonoma__......----.-----------------------~--+-- Mt. Jackson. 
Do__.....--._--- Santa Clara__..___..----__-_.--.-----------,----- New Almaden. 
Do__........---. San Benito______..-_.._-___--.-----------..------ New Idria. 

Idaho___.....-_------. Washington__._.__.----..------------------------ Idaho-Almaden. 
Nevada____......_.-_. Humboldt__.._.____-_.--------------.------------ Quinn River (Cordero). 

Do___.----------  -----d0_---------------------------------------- Ruja. 
eee ee eee eee ee meee nee een 

Properties Producing 500 to 999 Flasks 
een 
Alaska_____........... Kuskokwim River Region____.........._---------. Cinnabar Creek, 
California_______-_.--. Trimity__....__..-----------.-------------------- Altoona. 

Do___.---------- Marin___..-....---.-.--------------------------- Gambonini. 
- Do___..--_-----. Napa____..-_--.-------------------------------- Manhattan-One Shot. 

Nevada____.----.----- Esmeralda___------------------------------------ B&B. 
nT 

Properties Producing 100 to 499 Flasks . 
nS 
Alaska____...-._-.----. Kuskokwim River Region____..-_._-.--..--------. White Mountain. 
California__._..-.--... Napa_____------------------.------------------- Aetna. 

Do.__.---------- Marin___.___-----_- -------_-------------------- Chileno Valley. 
Do___.-_-------. Napa___..-____.----------------------------+--- Corona. 
Do___.-.-.-.----- San Luis Obispo____...-.____.----------.---------- Kau. 
Do___....------- Santa Clara___.._...._.__-.--.------------------- Old Guadalupe. 

Nevada____._--------- Lander__________._____--.----------------------- Basie McCoy. 
Do.__..---.-.--- Pershing____._._.__-.-----.--------------------- Goldbank. 

Oregon___.-...-------. Douglas_..._._.--.------------------------------ Elkhead. 
Texas__.____-__.___-_._-- Brewster___.________.___.-.--------------------- Study Butte. 
ee PP A SS SSS SP TOT LE ee 

California continued to be the major eration of new furnace at the New Al- 
producing State, contributing 68 percent of | maden mine site increased mercury capac- 
the prime virgin mercury compared with 62 ity by approximately 200 flasks per month. 
percent in 1969. Although 21 fewer mines Nevada produced 18 percent of the total 
were operating in the State in 1970, total mercury with 11 fewer mines than in 
output was maintained by increased pro- 1969. The shutdown of the famous Quinn 
duction from the Abbott, Aetna, Altoona, River (Cordero) mine was permanent with 

Culver-Baer, Manhattan-One Shot, New regard to underground mining, but the 
Almaden, and Old Guadalupe mines. Op- company is weighing the possibility of



MERCURY 707 . 

strip mining. The Ruja mine, which ad- The St. Joe Minerals Corp. recovered by- 
joins the Quinn River mine, is now the product mercury from zinc concentrates at 
State’s largest producer. its smelter in Monaca, Pa. Most of the zinc . 

The Idaho-Almaden mine in Idaho con- concentrate comes from the company’s 
tinued production at the 1969 level. Four mines in New York. Mercury recovery in 

_- ‘mines were active in Alaska. The Red 1969 was 280 flasks, 
Devil mine, reopened by Alaska Mines and Secondary production of mercury de- . 
Minerals, Inc., has contracted to sell to creased by 41 percent. While much of this 
Japan all concentrates from its 100-ton- decline was due to a lower rate of release | - 
per-day flotation mill during the first year from Government stockpiles, slack demand 

of operation. The Elkhead mine accounted during the year generated less scrap. Den- 
for the bulk of the increased output from tal amalgams, scrap batteries, various types 

Oregon. No production was reported from of sludges, and discarded mercury-contain- 
Arizona and only minor quantities from ing instruments were sources of secondary 
Arkansas and Washington. mereury. | 

Table 2.—Mercury produced in the United States, by States 

Producing Value ! 
Year and State ' mines Flasks (thousands) 

| | 1969 a 
California. __._.....-----.----------------------------- 72 18,480 $9 , 333 
Idaho______-_----------------------------------- +--+ +e 1 1,012 oll 

_ Nevada______--------------------+----------2--------- 24 8,165 . 4,124 
Oregon___..-_.-___-_2_--- eee 4 43 22 
Alaska, Arizona, New York, Texas__________-___________. 8 r1,940 r 979 

Total___--------------------------e-----eeeee--- 109 29,640. 714,969 
1970 ON 

California___._.....----------------------------------- 51 18,593 7,582 
Idaho____._._._._._.-_._-__-----_--------------------- 1 1,088 423 
Nevada______------___- eee eee 13 4,916 2,005 
Oregon___-__._.-___-_-----_- ee eee 5 274 — 112 
Alaska, Arkansas, New York, Texas, Washington_____ ------ 9, 2,482 1,012 

| Total_._._..------------eee-------------------- (isT9—”~<“‘i«=‘é‘éSTCBOBCSC*‘C(CS#C«‘*;«CUB 

r Revised. 
1 Value calculated at average New York price. . 

Table 3.—Mercury ore treated and Table 4.—Production of secondary 

mercury produced in the United States 1 mercury in the United States 

Mercury produced. Veep” SW#RYasks 

Ore treated Pounds FOC Re Z 

Year (short tons) Flasks per ton 1966 _ _ __--------------------~------- 16,400 of ore 1967__------- 2-2-2222 2-a----------- 225150 
eee 1968_______------------.--.--------- 357380 

1966____--..-- 321,080 21,998 5.2 1969 ___----------.--------------- 18,650 
1967_____.---. 489,753  23:767 4.1 1970... .---------------------------- 8,051 

1969. 22202.«4821501 B82 BD ' Includes GSA releases. 
1970____------ 424,595 26, 802 4.8 

1 Excludes mercury produced from old surface ores, 
dumps, placers, and as a byproduct. 

CONSUMPTION AND USES 

Consumption decreased to 61,503 flasks, total, followed by electrolytic preparation 
the lowest level since 1961. All categories of chlorine and caustic soda with 24 per- 
except amalgamation and mildew proofing cent. 
for paint showed decreases. The largest use In 1970 an estimated 9.7 million tons of 
of mercury was for electrical apparatus, chlorine was produced, with 27.6 percent 
which accounted for 26 percent of the coming from mercury cells. Although chlo-
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rine production increased by about 3 per- are planned in the United States, and 

cent over 1969, mercury consumption as three have closed or announced plans to 

| processing loss in the mercury cells de- do so. 

creased about 27 percent. Consumption of Several industries have curtailed or elim- 

mercury per ton of chlorine produced was inated the use of mercury in their proc- 

0.43 pound in 1970, compared with the esses. The American Paper Institute stated 

usual level of 0.5 to 0.6 pound during the that the paper industry no longer uses 

previous 8 years. menses cited for the de- mercury compounds for in-process slime 

crease were Improved plant operating prO- control. Methyl mercury compounds can 

cedures which resulted in lower mercury . , | 
. no longer be used for seed treating. Com- 

losses. The Department of the Interior d biect to USDA -etrati 

had set-a limit of 8 ounces of mercury per poun ‘i . ° 1 registra he sl 

day in water effluent from each plant. counted for a out 21 percent of the tota 

- This action resulted in 50 major mercury "™CTCUty used in 1970. Homestake Mining 

users, primarily chlorine and caustic soda Co., Lead, S$. Dak., discontinued the mer- 

plants, reducing their mercury discharge CUTY amalgamation process for gold recov- 

by 85 percent. No new mercury-cell plants ery at yearend. 

| Table 5.—Mercury consumed in the United States, by uses 

(Flasks) 

nn 
= - . 

Use — 1966! 1967 2 1968! 1969 1970 

Agriculture__.._---------------------------
---- 2,374 3,732 3,430 2,689 1,811 

_ Amalgamation. ------.-------------------------
 248 219 267 195 219 

Catalysts..__.-----------------------------
---- 1,932 2,489 1,914 2,958 2,238 

Dental preparations_--------------------------- 2,133 2,386 3,079 r 2,880 2,286 

Electrical apparatus _--------------------:---+:-- 17,638 16 ,223 19,630 *18,490 15,952 

Electrolytic preparation of chlorine and caustic soda. 11,541 14,306 17,453 20,720 15,011 

General laboratory use..------------------------ 2,217 1,940 1,989 r 1,936 1,806 

Industrial and control instruments__--_-_------------ 7,294 7,459 7,978 r6,655 4,832 

Paint: 
Antifouling___..--------------------------- 140 152 392 244 198 

Mildew proofing____------------------------ 8,789 7,026 10,174 9,486 10,149 

Paper and pulp manufacture-_-_------------------ 612 446 — A417 558 226 

Pharmaceuticals____.-----------------------
---- 232 283 424 r 712 690 

Other 2__...__--------------------------------- 16,359 12,856 8,275 r9,134 5,858 
een eee ee see a 

Total known useS___-___------------------- 71,509 69,517 15,422 76,657 61,276 

Total uses unknown__-_-_.-----------------  ------ aonne- waa eee r 715 227 

———————————— eee eee eo
 

___ Grand total_.----------------------------
_71,509_ 69,517 75,422 NTT B7R GU DUN 

r Revised. | 
1 Uses include proportion of mercury previously reported under “redistilled.”’ 

2 Includes mercury used for installation and expansion of chlorine and caustic soda plants. 

Table 6.—Mercury consumed in the United States in 1970 

(Flasks) 

eT
 

Primary Redistilled Secondary Total 

a 

Agriculture !___..-------------------------------------
--- 1,811 ------ ------ 1,811 

Amalgamation_._---------------------------
------------- 206 3 10 219 

Catalysts._.__-.---------------------------
-----00rrrrrr- 1,916 225 97 2,238 

Dental preparations. ___-~-------------------------------
-- 166 1,372 748 2,286 

Electrical apparatus____.-----------------------
---------- 11, 432 3,469 1,051 15,952 

Electrolytic preparation of chlorine and caustic soda__._------ 14,749 ------ 262 15,011 

General laboratory use___--------------------------------- 689 A95 622 1,806 

Industrial and control instruments_--__---------------------- 2,124 2,353 355 4,832 

Paint: 
Antifouling__._-.--------------------------

---------- 193 5 _oueee 198 

Mildew proofing_-_---------------------------------
--- 10,149 ~aa-ee ~--eee 10,149 

Paper and pulp manufacture___---------------------------- 223 a 3 226 

Pharmaceuticals.__.__----------------------
-------------- 280 362 48 690 

Other___.______------------------------ oon eee 5,668 12 178 5, 858 
ea Gm &‘u. 

Total known useS___-_------------------------------ 49,606 8,296 8,374 61,276 

Total uses unknown... _---------------------------- 15 69 143 227 
EO 

Grand total___.._.-_------------------------------
- 49,621 8,365 8,517 61,503 

1 Includes fungicides and bactericides for industrial purposes.
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Figure 1.—Trends in production, consumption, and price of mercury.
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. Table 7.—Stocks of mercury, December 31 | | 
(Flasks) 

Consumer | 
Year Producer and Total 

dealer 

1966_.._.----.___.. 1,976 18,100 20,076 
1967. __- 2 ie T57 17,520 18,277 

1968.....-..___._. 1,059 21,848 22,907 

1969 *______.._._. 2,920 19,772 22 ,692 
1970____--------- 3,861. 12,515 16,376 

r Revised. . 

| PRICES | | 

Mercury prices declined during 1970, av- cury on man and the environment and the 

eraging $407.77 per flask on the New York cancellation of registration of 48 mercury 
| - market. With the exception of several biocides. The monthly average on the Lon- 

price rallies during the year, monthly aver- don market kept pace with New York 
ages slid from $482.50 in January to prices and showed an annual average of 
$354.50 in December. Bearish factors were $411.45 per flask. | | 

| the Senate hearings on the effects of mer- _ 

Table 8.—Average monthly prices of mercury at New York and London 

| (Per flask) 

: | ee , 1969 1970 a 
Month —_ 

, New York ! London 2 New York! London 2 

January__.-.-..--------------__---.-___. $528.18 $532 .29 $482 .50 $494.25 
February__..---------------------------- 537.26 533 .28 462 .47 460.13 
March__.--.---.--- eee 520.48 533 .34 459.76 463 .97 
April_ 2-2 ee 500.95 533 .67 467.23 464.03 

May__...-.--2---- eee 516.24 532.19 442 .00 439.27 
June_____-- ee 495.00 532.87 411.14. 414.33 

duly__ oe eee 499 .32 533.05 409 .09 413.09 
August_... =. 22 a eee 485.24 531.92 358.48 370.34 
September___...-.-_-__--- 2-2 ee 491.10 524.47 351.05 355.65 

October_ 2-22 2.22--- eee 483.91 526.32 341.59 346.17 

November____.__._-.--. 1 se eee 506.89 560.13 353 .42 359.38 
December____..-.-_----- eee 495.95 563 .36 354.50 358.46 

Average_..-22 2 eee 505.04 536.41 407.77 411.45 

1 Metals Week, New York. 
2 Metal Bulletin prices in terms of pounds sterling were converted to U.S. dollars by using average rates of 

exchange recorded by Federal Reserve Board. 

FOREIGN TRADE 

Mercury exports jumped sharply to 4,653 minor quantities. No mercury ore was in- 

flasks from 507 flasks in 1969. Over half ported, and trade in mercury compounds 

the exports went to Japan, and much of was insignificant. 

this originated from the Red Devil mine Mercury waste and scrap from Canada 

in Alaska. Other large buyers included were included in the import figures. Based 

Australia, Canada, and Pakistan. Reexports on dollar values, the scrap contained about 

remained small at 50 flasks. 150 flasks. 

Imports for consumption decreased by 31 The U.S. rate of duty on mercury im- 

percent, to 21,972 flasks. Canada supplied ports dropped from $12.92 per flask during 
81 percent and Spain 9 percent. Italy and the year to $11.40 per flask as of January 
Mexico supplied much less than in 1969, 1, 1971, in accordance with provisions of 
while no imports were reported from Yu- the General Agreement on Tariffs and 
goslavia. Sweden and Switzerland supplied Trade.
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Table 9.—U.S. exports and reexports 
of mercury 

a ee 

Exports Reexports 

Year Value _ Value : 
Flasks (thou- Flasks (thou- 

sands) sands) 

1968___.._---. 7,496 © $8,951 103 $54 
: 1969________- 507 294 108 57 

1970_._._.... 4,653 2,183 50 19 
erate . / _ 

a Table 10.—U.S. imports for consumption 1 of mercury, by countries 

| 1968 1969 1970 

Country Value Value Value | 
Flasks (thou- Flasks (thou- Flasks (thou- _ sands) sands) sands) — 

Argentina_________-____-_ 2 Le 142 $69 a a weouuee weenee Bolivia__-.....222-2- ee 20 10 11 $6 eo--H- eee eee Canada_______--.-------- oe. «5, 626 2,829 15, 546 7,455 17,872 $7,140 Chile______--__---- ee 40 19 ------ ------ ------ enone Germany, West___-2 eee Le ee ee teee eee (2) (2) Ghana__-__...---22 eee woo ae 107 4 woe wo---e Italy___.------- eee 252 119 5,041 2,520 1,101 560 Mexico_____--___--------------------. =: 1, 928 877 7,398 3,409 920 419 Peru_._..------------ eee.) «1,161 463 ------ ------ 14 6 Spain. ._--...--------- ee. «12,900 6,218 2,602 1,216 2,002 945 Sweden_____.--- 22s 6 2 ------ ------ 12 4 Switzerland____.__._____________.__..  .____. weet ee wonnee wa enee 1 1 United Kingdom_______--_..____-__..  __ wenn ee 388 186 50 26 Yugoslavia____------.-.-----2-----.-)=«1,171 558 831 411 wen nee ------ 

Total. _.---------- ee. 28,246 11,164 31,924 15,207 21,972 9,101 . 

1 In 1968, general imports were 23 , 956 flasks ($11,505, 001); Italy supplied 551 flasks ($260,846) and Mexico 2,339 flasks ($1,076,267). In 1969, general imports were 30 , 848 flasks ($14,699,376), Spain supplied 2,902 . flasks ($1,355,396) and Italy 3,665 flasks ($1 , 872 , 834). In 1970, general imports were 21 ,672 flasks ($8 , 962, 335), Spain supplied 1,702 flasks ($805,504). 
2 Less than 14 unit. 

WORLD REVIEW 

Canada.—Output from the Pinchi Lake Czechoslovakia.—The crude zinc ore from 
_ mercury deposit operated by Cominco Ltd. _ the Rudnany enterprise near Spisska Nova 

increased about 15 percent over 1969. Sev- Ves was treated by flotation to remove the 
enty-four percent of the production was copper and mercury sulfides. The concen- 
exported to the United States. The ore trate contained 1.8 to 2 percent mercury, 
grade increased from 4.3 pounds of mer- which was recovered in the flue gas conden- 
cury per ton of ore in 1969 to 4.8 pounds sate, redistilled, and bottled at the rate of 
per ton in 1970. Empire Mercury Corp., 20 flasks per day. 
Ltd., continued drilling in the Bralorne Finland.—The large Finnish base metal 
District, Lilloet area, British Columbia. producer, Outokumpu Oy, started to re- 
Reserves of some 700,000 tons grading 1.1 cover byproduct mercury from zinc roaster 
pounds per ton have been outlined, and gases at its new Kokkola electrolytic zinc 
recent drilling indicates 3.2 pounds per ton __ refinery. Production capacity is almost 600 
in another area. flasks per year, which is approximately 

China, mainland.—No production statis- Finland’s annual consumption. The process 
tics are available, but some export figures has the advantage of being applicable to 
for 1968 and 1969 can be derived from re- the treatment of a large variety of mercu- 
ports of the recipient countries, The larg- _ry-con taining gases, thereby making it at- 
est buyers of Chinese mercury in 1968 in- tractive in regard to environmental pollu- 
cluded the United Kingdom, France, _ tion. 
Poland, West Germany, and Japan. Ex- Indonesia.—A Japanese survey team 
ports to these countries decreased sharply failed to discover any promising mercury 
in 1969, and Italy became an importer. deposits in the Tegoro district, southeast
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: Table 11.—Mercury: World production, by countries 

(Flasks) 

a
 

a 

. Bolivia (exports) _ - ----- --- = - 
134 68 12 

Canada____-.---------- nn nnn nnn rn r 5,700 21,200 24,400 

Chile. _____---------- --------- ne 513 286 e 380 

China, mainland ¢- - ---------------------------------0rr crt 20,000 20,000 20,000 

Colombia___------------------------- ore 362 344 e 350 

Czechoslovakia_._. ------------------------------ cern rrr 116 435 e 2,000 

Treland_____--------------------
- oon rg gt 420 21,604 

Italy__.._------------------------- one nrrrrr ¥ 53,317 48,733 44 ,382 

Japan___------------------------ rrr 5,084 6, 543 5,907 

Mexico 3_____------------ ---- - nnn nr 17,202 22,539 30,269 

Peru________------------- ee nn nnn rrr r3,132 3,365 e 3,400 

_ Philippines. _-_---------------------------------
--r ccc rrr 3,544 3,478 4,648 

Spain___--------------------------- 2-9 o-oo rrr r 56,943 64, 862 47,689 

Tunisia____------------------------ et 
309 244 100 

Turkey__.-.------------------------- 2-22 r 4,670 6,556 8,592 

U.S.S.R. ¢__ ----------- ---- -- ene errr 45,000 47,000 48 ,000 

United States._____._-.----------------------------
--- errr e 28 , 874 29 ,640 27,303 

Yugoslavia__.---------------------------------------0 rrr 14,794 14,330 15,461 
| eee 

Total 4... ence cee ee cence eee ece cece eee eneee weno =~ + 259,694 290,043 284,497 

e Estimate. P Preliminary. r Revised. 
1 Romania recorded production of mercury through 1967 at which time production was terminated; esti- 

mates for 1968 and 1969 which appeared in previous editions of the Minerals Yearbook therefore are in error. 

2 Sales only. 

3 Official figures as reported by Statistical Office, Secretary of Industry and Commerce, Mexico; overall pro- 

duction of mercury believed to be much higher. 
4 Total is of listed figures only. 

of Kuching, Sarawak (Malaysia) and the Japan.—Japan consumes between 35,000 

Japan Mining Association said it will sus- and 44,000 flasks of mercury annually, of 

pend exploration in the area. which more than 80 percent is imported, 

Ireland.—Gortdrum Mines Ltd. in mostly from Mexico, Italy, Spain, and Yu- 

oe County Tipperary planned to recover 1,440 goslavia. Two Japanese companies report- 

flasks of mercury during 1970 as a byprod- edly purchased 2,450 flasks of Philippine 

uct at its copper and silver mine. In the mercury offered for sale by Palawan 

first 7 months, 6,000 tons of concentrate Quicksilver Mines, Inc. The Nomura Min- 

. yielded 742 flasks. The mercury content is ing Co. produces about 3,500 flasks an- 

| so low in the ore that it has not been as- nually from Alaskan concentrate and hopes 

sayed, but estimates for mercury recovery to produce about 500 flasks annually from 

during the life of the mine range from domestic ore. 

9,000 to 12,000 flasks. Mexico.—A greater proportion of mer- 

Italy—Production fell for the second cury is entering legal channels in response 

consecutive year to 44,382 flasks, and ex- to action by the Government of Mexico to 

ports were off by 55 percent in 1970 to reduce smuggling. At the beginning of 

15,487 flasks. Societa Minerarid Monte 1968, production and export taxes were 

Amiata held metal off the market to firm halved, and in August 1968, new control 

up falling world prices, with the result regulations were promulgated. Neverthe- 

that sizable inventories of as much as less, trade sources estimate that as much as 

40,000 flasks may have been built up. half of the total production is not re- 

Monte Amiata reported labor strikes at its ported. One reason for illegal production 

mercury mines and refineries near Siena, and smuggling is the Mexican income tax, 

but production was not affected. Italy’s which puts many medium-sized producers 

other producer, Stabilimento Minerario: del in a tax bracket above 40 percent. It is es- 

Siele, maintained normal operations. The timated that at least a thousand localities ~ 

average grade of Italian ore was 10 pounds are worked, regularly or sporadically, for 

of mercury per ton. Italy’s biggest cus- mercury; many are in wild, inaccessible 

tomer in 1970 was again East Germany, areas where law enforcement is difficult. 

followed by the United Kingdom, Japan, Philippines——Output in 1970 increased 

and the Netherlands. Exports to West Ger- 34 percent over 1969 with improvements in 

many and the United States decreased the furnaces and grinding units of Pala- 

sharply from 1969 levels. wan Quicksilver Mines, Inc. Reserves were



MERCURY - 713 

$ § 

S a 
1rtt11oo too ot tle tl ttt ctlhctl te 1eHom 11 3 

o towemw ib tft tot tb t bb ob tf £QO1BAID 1101016 Yen) °} i 
X~ tte tQte 1G ft tt tet bt bot t tote itd | © o 

Oo rege. t taoptatt pes lone ~ be o 
= iret ’ teopette tbe t goa inet © ®o 

3 : teua t raettopeatuete t a n 
om ~~ . 

ss j e 4 pent ~~ 

2 t t rertettt 19@Q9OR 10Onk& [10 e =F 
5b 3 \ ' \ \ 1S 1% $s to totoyo tua \aaoo 1 = bt ® $ : 
3 |< tert iy id tt trperereterit’ @weoeao nae t~ oO a 

oO totoepdt4t bw bt bo to bo bt t to tot ~ Liao « q o 
ptt a 1etra ted oto oyotot ep be a om 110N) <= 3 
g teeny ' 1eotprppttous t re a § 

Fy rem ii it imp t 10 £1 1900OR 10H0C0O ([N = 
00 rrprig t i btm 8 bt im® ot ' 1OmS IeyeoM [ n ~~. on 
© ttrsaye t@ont rsrrmerrn_nqne 6o = om he 
aD teuda I tn~wed tu tae ~ toe. ~ n Oo 
= 1opobts t iA as boot oes om moan <= ao = 

a en ' ' sot no nr | ' re | 
we) 3 

§ 6 
> $ 
° . 

og 
o let 10010 OAM Ihe DOK MOrE 106 1HO [oO 3 63 
o ID (OPO DO Iwai tHEeORAAKO 1D 100 | SO an ¢ 

g Ke] 1 1S HO MOS INNOMNDO IN IO | & = «8 
= & iat OO ried 1 wd 1 ot 1 1a OO TN sc 2 
Ss ' 1 es ' ' er) a) 5 fe 

N 

5 g = 3 = 4 S Sb o my MOND MO 1H 10 1DOOMARMWOADORNIOS | © 5 as 
AISEEODH ES 1H 1H 1O¥MNMDOHDONFASHWO | x Ss S 

> CI ANAAGCAR G0 1D 1 mow Arc | > 3° 
2 Bis re or Ot bt tte Oo Ha 4 a 2% — x 2 ra 1 i] i <—_ o2 

a) 
= Fy > 89 
° 3 2f 
O. ASSCOMM AS tia tt tA INSONS iO 1M | 10 2 £o 
bd OlromMenoNn CO 16 19 19 IF OOWUN iIN®O ie |] eh a Oo 
o & a tN OT o> Nn 10 trast tO 160 of IN o 5 ae 

A ne ~ ~ ~ = x 
Yen) rm fa “4 TO va is: |g S OC 

mM 2 » 

Q 3 Om 
= s «a 
Y nn ~~ he , 

= ww = 2 8S 
~ | ddd poddae 1adaedqqaqeaads|( >| 8 8k 19 mia OD | co . 

ee S|22222Z24 aAAZan -ZAZAZZZ2ZZnoZo0 |x 2 fe 
> = @ <f N ie Com wi | 10 cS gn 
6 3 ' ~ re 2 Be ’ 

— 

"am fe ‘s 8 
oOo! | = 30 
ep 3 COLD tte MANNA 10M 111m IAM in| eo 5 6g | 

me | AP loOmt IN HSOMHAS MHD 6b ' IN 1 et 110 | 16 o Of 
pa oO 1 Nate is tH N00 0 tet be ' ! 100 4 rie o o gf 

res § 2 rte wx QyudHot oe brat nog ft = » 2D 
° to t tet 1 i oO 5 3S 

a |e | 2 OS : 
g | g 42 | . Soxh (OHO ~wOWPODOOAHMH SMM 1-90 tt | ® Mg, 

00 Ee ino HAE ONDE OCH 1OOOM™ 1916 als =“ 8 
S. © Sam Ins CAABOAOAA iri mit 1a == x Ge 

nN et | 1 od DCD OO ete (Ha 10 B Us 
- ' jo; 8 8s 

= 8 36 3 1trpdee retoetet & t te et eet t bt pas 1 ° Qo 

S Prretr rite erigrpr repr erry ff & gB 
Lar trtune tetra tf ttopetveepuees ' > ~s& 

| pereae reteppnttereoetepetwpeoeaqawe 1 & eo & 

a Prreet trier rprrrregy irr er tl g ge 
fa toettuwo aot #@eeot Ut tetotoe to to to to tot at t E oo : 

tet at#at © t t t © § t bt to yet ft r on wa 

8) 1ttudeet ott@aegtt treue t tt beounee i 3 : 
=] ee ee ee t(roteanrtt @eoeee 8 ttt penn t » ag 
a) ee ee tetapet teoeee t eee et ates t o o2 

3c 1obrpus oeetepopot t bet bot 8 tb bt t t bo tt f) ~ 33 
rtteus trteropet! @ 9 6 ¢ # tb t t a paue t wv SS 

fa reutaeg rerapaé@ @epeetpet tte taprae ' o.6US6 
i} t t ‘ i] ' i] 1 ' t { t i] toe t ! 1 1 1 4 t ( t i 4 w 

rn ee rath popet be) pee te tet tena 1 cq » 
ret rae tort topep # #8 oo ft @ boar t pou gee ' ° a 
' t i) ‘ 1 t t t i] i] ‘ { i) io 4 1 t ' ‘ ' ' 1 i] ( i] 3S Ss 

( t i 1 i i) i) t ! ' ' t ' 1 oF i] 1 1 1 1 ! 1) t t 1 t 3 c 

(ttetyes teoetepor es te eee bbb bob a a ' 2 mS 
fo tterauds (torrent broaut @ be to tees ' = ® 
3 tiepret peters bt t tev bh to tt ton aes ' b Js 

om i ee | aoeretopoyeoa bt # t toy t to bt bo t ob egy ' » eo 
~~ otoedtoae (16 tepeet bere © tet tee rg ' m2] 3S 
e mrrerue rtoborouee te bao tee tb bob tr to te 1 ag “Ss 
¢ (teres teotetoert @ eee et t tet terug t on 

“Ss pororotuouc oer to @eoa € bet toe to tot to tot 4, ' a nm 2 
$ potatos pa borer ec bo bee toe poe ob tot toes ' emt hs 
a re peobeerot a bob to eee bbb trong 1 > PH 
Q tetera reobee be ttt t ty Fb bh bn ay ’ S aca 

robouens prt err bt tte rig tr ten ig ' © o3 
ooeutdtees tretheeet ft © ae) s mrteruet t Q j£°9 

tpeuta retarer tern rg tty 1 ris ' gor 6S 
tao ce! ve reroheronree ft tet ree ti 1 aa t . D a ns 
th to tea rere ee t te t tet mobs 1] gme” gO . 
i ee cree ete t baa agoae ri id ' aa eed 
1@ eta pitrrretttprirger1Dd , erg 1} QEQgS 
tQoperia ctrtresttprrrgt | Os 118 1 SORES 
‘gn yt 2 1d toi tt] Tae”: 
' ' 1,8 t ropet etd t @f at ’ 1m 2 . 1 t SO D&S 
pOo1 ie toetot t bt tet yg toe t wt Pym pom 1] > Poo wo 
1% 4 4 \ Pmerorre)ewysmt-p tt ete «eH a] ae o Cs ~~ » wa a ae ee ee 2 - 3 Dery 
tel | roe tee fp het HOgt , eH aes Bg » Peres 

Sieg is (APR IDA IA Sia Bs SANG 15 C1 S908 
SES gBiae@ore ss! ms Sa ms Ee Zeg PESROSS SSR os Cg TSMR OSTIT 2aR9 

/BESEe 85 SeSaPSaSengssssIs (| sa2ee 
SOSanNnR OD OES POOS ORB EER EAS “ae 8 
4NMOOKO ODESMZnaeannnbppnoe & Ss



714 MINERALS YEARBOOK, 1970 

estimated at 40,000 flasks, with additional put by 50 percent in the next 2 years, but 
resources of 500,000 tons of ore containing the mercury market situation may alter 

about 2.8 pounds per ton. these plans. Prospecting continues for new 
: Spain.—Production decreased to 47,689 mercury deposits in Leon and Asturias. 

flasks from 64,862 flasks in 1969. Cutbacks Turkey.—Production increased substan- 
were dictated by market considerations tially, reflecting the startup of the Konya 
rather than any technical problems or ore Sizma mine. The increase will probably 
shortage. One of the four Herreschoff continue with the expected activation of 
eight-hearth furnaces at Almadén was shut the new Turk Civa A.S. mine. Etibank’s 
down for alteration. New condenser lines Halikoys mine supplied about one-third of 

were built to improve recovery, and auto- the output. Average grade of ore mined | 
natal sence temperature controls were contained 4.8 pounds of mercury per ton. 

- installed. Ore reserves are not given other Yugoslavia.—Prospecting at the Idria 
than that they are adequate for 90 to 100 . . 

: . mine has been successful, enabling a fur- 
years at the present rate of extraction. Ore . . 

. ther increase from the present production 
grade averages 60 pounds per ton but is £ 15.461 flasks obtained in th : 
said to be as high as 1,400 pounds per ton Of hoe asks optamed in the new rotary 
in places. Some old waste dumps were re- furnaces from ore grading 3.6 pounds per 
processed during the year, accounting for 0. The new Ljubevce mine will provide 
the average ore grade of 40 pounds per sufficient ore reserves for increased produc- 

ton during 1970. Minas de Almadén has tion and operation of a fourth rotary 
-announced plans to increase mercury out- smelting furnace. 

| - WORLD RESERVES 

Updating 1962 reserve data, provided by Table 13.—Assessment of world mercury 
the U.S. Geological Survey,3 with estimated reserves recoverable at the 1970 
reserve figures available in 1970, resulted average price | 
in the assessment of world mercury re- Estimate 

| serves minable at $410 per flask that are Country or area (thousand flasks) 
shown in table 13. Data for the U.SS.R. North America: 

- and China are inadequate and reserves in United States____-_---------- 380 
. os . . Canada____.---------------- 320 

Spain may be significantly higher than in- Mexico..____....._......_.- 370 
dicated. About 54 percent of the mercury South America... ~~ ------------ 40 

8 . u : 
reserve is in Spain and Italy. Italy. eee eee 240 

Spain______.-...._-.------_- 2,600 
U.S.S.R___----------------- ' 300 
Yugoslavia______..---------- 460 
Other____.----------------- 10 

Africa__.._..----------------- 30 
Asia: 

China, mainland____...._.__- 400 
Japan_______---.----------- 20 
Philippines___.._.....------- 40 
Turkey___.-...-.--.-------- 100 

Total_..._-------------- 5,310 

TECHNOLOGY 

Research continued on techniques for mercury detector. The method offers good 
determining trace mercury often associated sensitivity down to 10 parts per billion 
with base-metal deposits. Samples of rock, (ppb) .4 
soil, or plants are digested with sulfuric The need for monitoring liquid and gas- 
acid and then treated with potassium per- Ss 

manganate solution to oxidize and release 3 Bailey, E. H., and R. M. Smith. Mercury—Its 
the mercury in elemental form. After Occurrence and Economic Trends. Geol. Survey 

amalgamation on copper foil, it is heated T Barks. f. meer C. Tarnocai. A Mercury 
in a flow of carbon dioxide, and the Determination Method and Its Use for Explora- 

. . tion in Britis olumbia. Can. Min. Met. Bull., amount of mercury is determined from a_ , 63 No. 696, April 1970. pp. 501-505.
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eous plant discharges has spurred the de- A report was issued by the Bureau of 
velopment of analytical techniques capable Mines Reno (Nev.) Metallurgy Research 
of detecting mercury in the low ppb Center describing the process for recover- 
range. One instrument was described that ing mercury from ores by electrolytic 
can analyze air or water samples continu- oxidation.13 Continuation of the work on 
ously, and almost instantaneously measure a pilot plant scale indicates that extraction 
and record mercury in the 0 to 10 ppb of mercury ranges from 82 to 95 percent. 
range. A Swedish firm claims it can deter. The process has the added advantage of 
mine in 2 minutes mercury content in avoiding the formation of hazardous va- 
gases and liquids in the low ppb range  pors associated with conventional retorting - 
and even distinguish between metallic and of ores. 
ionic mercury. A relatively inexpensive At the College Park (Md.) Metallurgy 

| system for determination of mercury in or- Research Center, applications of amalgam 
ganic or inorganic solids and solutions, or techniques were studied for refining alumi- 
air, facilitates routine checks for mercury num-base scrap. Electrolytic recovery of the a 
contamination.6 A patent has been filed least noble component of amalgams con- 
for an iodide electrode method, making taining lead, tin, zinc, and copper has 
possible direct measurement of as little as been readily accomplished. Also, an analyt- 
2 ppb mercuric ion in water.? ical program is underway to determine 

, Procedures to recover mercury from mercury content based on the combination 
waste streams for pollution abatement re- of chemically loaded papers and X-ray 
ceived much attention. One method in-  spectrography-neutron activation. An inter- 
volves conversion of organic mercury into esting possibility from this work is the sep- 
the inorganic form, then reduction with aration of methyl mercury and inorganic 
sodium borohydride to precipitate metallic mercury by pH adjustment prior to pas- 
mercury. Another system, licensed from sage of the solution through the resin. 
Osaka Soda Co. of Japan that used the pro- 
cess at five chlor-alkali plants, removes mey- ~— 

cury from waste waters, slurries, and gases.9 20. Metal Bulletin. No. 5532, Sept. 15, 1970, p. 

The system can cut mercury in waste 6 Chemical and Engineering News. V. 48, No. 
water to below 5 ppb and recover a substan- 44, Oct. 19, 1970, P. Br. 4 
tial amount for reuse. Other processes for 3 Chemical ely Vv. 107, No. 25, Dec. 16, 
recovering mercury from hydrogen streams 3970, p. 59. 
of chlor-alkali plants,10 and from waste ef- * Work cited in footnote 8. : | 
fluent in a manner similar to a fixed-bed 19700 ese and Industry. No. 52, Dec. 26, 

filter/ion exchanger 11 have been described. 11 Chemical Engineering. V. 77, No. 21, Oct. 5, 
A novel Japanese approach for removing 1970, p. 47. 
organic mercury compounds from wastewa- 1970 and Water News. V. 4, No. 37, Sept. 14, 
ter utilizes bacteria which convert the mer- 8 Scheiner, B. J., R. E. Lindstrom, D. E. 

cury compounds to a volatile gas that is Sheps, and’ J. Henrie, Elecrolmic Oxidaon 
trapped in an activated carbon filter.12 Tech. Prog. Rept. No. 26, June 1970, 11 pp. :





Mi 

By Benjamin Petkof ? 

There was no reported sheet mica pro- and flake, also declined in quantity and 
duction in the United States during 1970. value. Exports of all classes of mica in- 
Scrap and flake production declined in creased. Imports of muscovite scrap and 
both quantity and value from the previous flake and phlogopite increased significantly. 
year. Ground mica, produced from scrap 

| Table 1.—Salient mica statistics 

a 
1966 1967 1968 1969 1970 

United States: | 
Sold or used by producers: . 

Sheet mica_..-_-_.----_----thousand pounds... 4 20 15 ) 
Value_____-_..-.------------thousands__ $1 WwW WwW $3 _._---- 

Scrap and flake mica. _ thousand short tons-_- 113 | 119 125 133 119 
. Value___..-_----------------thousands_. $3,732 $2,876 $3,014 $2,893 $2,527 

Ground mica___._....----thousand short tons_. — 103 97 111 125 115 
Value__...._.--.------------thousands_._ $6,247 $5,756 $7,072 $8,058 $7,350 

Consumption, block and film___.-thousand pounds__ 2,813 1,972 1,628 1,498 1,299 
Value____.__.-.-----------------thousands__ $3,642 $2,757 $2,591 $2,595 $2,058 

Consumption, splittings. .___....thousand pounds_ 7,100 6,188 4,785 5,077 5,214 
Value______.-.------------------thousands._ $3,221 $2,759 $2,010 $2,196 $2,254 

Exports.._._......----..----thousand short tons__ 6 7 14 6 9 . 
Imports for consumption... _....-_----------do___- 7 4 5 5 6 

. World: Production...........-------thousand pounds__ 323,411 317,381 346,513 351,655 347,426 

W Withheld to avoid disclosing individual company confidential data. 

DOMESTIC PRODUCTION 

Sheet Mica.—No domestic sheet mica scrap and flake, accounting for more than 
production was reported during the year. half of the total domestic supply. Ten 
This marks the termination of an old do- States accounted for the remaining produc- 
mestic minerals industry that began with tion. 

_ the production of sheet for use as win- Ground Mica.—Sales of ground mica de- 

dows, lamp chimneys, and lampshades at clined 8 percent in quantity and 9 percent 
the beginning of the nineteenth century. It in yalue from 1969. Dry-ground mica ac- 

is unlikely that there will be any future counted for 91 percent of total sales. 
production of sheet mica because of the Reports were received from 20 companies 
high labor cost involved in production, operating 22 plants; 18 were dry grinding 

Scrap and Flake Mica——The output of pjants and four wet-grinding plants. 
scrap and flake mica declined 11 percent 
in quantity and 13 percent in value. North = ————_—— ; 
nq . y . P : 1 Physical scientist, Division of Nonmetallic 
Carolina was again the major producer of = xginerals. 

717
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Table 2.—Mica sold or used by producers in the United States 
eee 

Sheet mica . 

Uncut punch and Uncut mica larger 
Year and State circle mica than punch and Total sheet mica Scrap and flake 

circle mica ! 

Pounds Value Pounds Value Pounds Value _ Short Value 
. tons 

SEE 

1966__-....---------------- 4,500 $905 __.___  ----.. 4,500 $905 118,188 $3,732,242 
. 1967___-.-.----------------  ------ -.---. 20,500 W 20,500 W 118,503 2,876,149 

1968___..-.----------------  -----. -----. 15,000 W = 15,000 W 125,323 8,018,855 
1969__ -------- eee W 38,244 _.--. Looe W 3,244 183,058 2,893,183 

eee ll 

1970: 
North Carolina__..------ 0 --2eee eee eee nee ee weet tee. = 64, 186 1,456, 763 
Pennsylvania___...------0 ------ 0 Leen eee e ee eee eee eee eeee-- «1,200 60 ,000 
0 aS? 1,010,687 Eee eS 
Total. ----.----------  ------ ween eee ween wenn -ee-e- 118,848 2,527,450 eee Sn, eee ET ES 

W Withheld to avoid disclosing individual company confidential data. 
1 Includes finely divided mica recovered from mica and sericite schist, and mica that is a byproduct of feldspar 

and kaolin beneficiation. . 
2 Alabama, Arizona, Colorado, Connecticut, Georgia, New Hampshire, New Mexico, South Carolina, and 

South Dakota. . 

Table 3.—Ground mica sold by producers in the United States 
by methods of grinding 1 

Dry-ground . Wet-ground Total 

Year Short Value Short Value Short Value 2 
. tons (thousands) tons (thousands) tons (thousands) | . ——_ $$. 

1966. .--_-2.-- ee 87,361 $4,110 16,089 $2,137 103 , 450 $6 ,247 
1967__- 2-2 ee 82 , 849 3 , 842 14,204 1,915 97 ,053 5,756 . 1968_._-_-.-- eee. 96,410 4,862 . 14,979 2,210 111,389 7,072 
1969__ 2 eee 109,152 5,486 15,704 2,572 124, 856 8,058 
1970__ 22 2e- eee. = «:104, 748 5, 666 10,350 1,683 115,093 7,350 

ee 
1 Domestic and some imported scrap. 
2 Data may not add to totals shown because of independent rounding. 

CONSUMPTION AND USES 

Sheet Mica.—Consumption of sheet mica, New Jersey and New York, with three 
consisting of block, film, and splittings, de- each, consumed 60 percent of the domesti- 
clined only slightly from 6.6 million cally fabricated block and film mica. The 
pounds in 1969 to 6.5 million pounds in consumption of phlogopite block declined 
1970. 24 percent to 60,780 pounds. 

About 1.2 million pounds of block mica Total consumption of mica splittings in- 
was consumed for the production of vac- creased almost 3 percent over that of 1969. 
uum tus ae and det once India and the Malagasy Republic supplied 
electrical an nonerectrica’ products. Vac- the bulk of the splittings consumed. Split- uum tubes required 51 percent; capacitors . ; . . . tings were fabricated into various built-up accounted for 16 percent of total consump- roducts by 13 ‘es in nine 
tion. Lower than stained quality was in “4 P Se cs OY hentia , York 
greatest demand, accounting for 62 percent States. 1X companies, two in ew ork, 
of total consumption; stained, 35 percent; ‘0 in Pennsylvania, and one each in Mas- 

and good stained or better, the remainder. sachusetts and New Hampshire, consumed 
Muscovite block and film was consumed about 4.1 million pounds of splittings or 

by 17 companies in eight States. North almost 79 percent of the total consump- 
Carolina, with four consuming plants, and tion.
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Table 4.—Fabrication of muscovite ruby and nonruby block and film mica and 
phlogopite block mica, by qualities and end-product uses in the United States in 1970 

(Pounds) 
eee 

Electronic uses Nonelectronic uses 

Variety, form, and Gage 
quality Capaci- -Tubes Other Total glass Other Total Grand 

tors and dia- total 
phragms 

eee 
Muscovite: 

Block: 
Good Stained 

or better___ 1,004 3,499 2,638 7,141 4,400 _______ 4,400 11,541 
Stained______ 43,875 359,120 29,603 432 , 598 2,031 94 2,125 434 , 723 
Lower than . 

Stained1___ 146,082 264,835 140,234 550,651 18,618 207,904 221,522 772,178 eee Oe ESS 
Total_._.._ 190,961 626,954 172,475 990,390 20,049 207,998 228,047 1,218,437 

eee 

Film: 
First quality — 8,693 wee LLL LLL 5 A rr 3,693 
Second 

quality.... 12,575 _ oll le 12,575 _______ 350 350 12,925 
Other quality_ 83,575 _-n-nee Lle 8,575 _2o-le LeeLee 3,575 SS 

Total_____ 19,843 __--eee LLL 19,843 ______L 350 350 20,193 
eSM00M00M090M00Dn0.EE an re nn 

Block and film: , 
Good Stained 

or better 2_ 17,272 3,499 2,638 23,409 4,400 350 4,750 28,159 
Stained 3_____ 47,450 359,120 29,603 436,173 2,031 94 2,125 438,298 
Lower than . 

Stained_... 146,082 264,335 140,234 550,651 13,618 207,904 221,522 772,178 

Total__.._ 210,804 626,954 172,475 1,010,233 20,049 208,348 228,397 1,238,630 
Phlogopite: Block . 

(all qualities)...---2 _--22 2. LLL LLL 4,350 -.------. Lee) = 56,480 ____ Lie 60, 780 
CT CT A CC 

1 Includes punch mica. 
2 Includes first- and second-quality film. 
8 Includes other-quality film. 

Table 5.—Fabrication of muscovite ruby and nonruby block and film mica in the , 
United States in 1970, by qualities and grades 

(Pounds) 
Se 

Grade | 

Form, variety, and quality No. 4 
and No.5 No.5 #£=xNo.6 Other 1 Total 

larger 
a pr 

Block: 
Ruby: 

Good Stained, or better_____.._._... 4,355 826 473 964 ______- 6,618 
Stained_____.__--_-.------------- 8,977 56,316 50,444 282,886 12,769 410, 842 
Lower than stained. _____._........ 24,488 106,964 71,888 259,963 216,904 680,107 

Tota]__.__-..-------._-__--.-.-. 37,770 164,106 122,755 543,268 229,678 1,097,567 

Nonruby: 
Good Stained or better____.....__._. 2,063 510 2,150 200 ____ LL 4,923 
Stained____..._.__--__-________.-.. 2,946 7,922 3,900 9,813 ______L 24,081 
Lower than stained___.__._....._.. 26,016 18,340 1,750 1,750 49,010 91,866 

Total_. 22. eee. «831,025 21,772 7,800 11,263 49,010 120,870 
————Eee——eEeEaEe=aEaeEaEamaa=EeamE—e—————————— 

Film: 
Ruby: 

irst quality - ~-----+------------~- 718 425 300 400 ______- 1,843 
Second quality___.......__._...... 6,097 2,378 3,100 450 ______. 12,025 
Other quality. ..-.-.---2 eee eee LeeLee, 8,575 3,575 

Total_._..-- 2 eee e_-. = 6, 815 2,803 3,400 850 3,575 17,443 

Nonruby: 
First quality _~-------------------- weneee Laue uee 1,000 850 ____ 1,850 
Second quality__.....-_-._-----_-. _Llee LL. 900 ___-_u LeeLee 900 
Other quality_____-..--------eee ee eee eee eee 

Total___ 22 Le 1,900 850 ______e 2,750 
ee a nn 

1 Figures for block mica include all smaller than No. 6 grade and “punch” mica.
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Table 6.—Consumption of stocks of mica splittings in the United States, by sources 
(Thousand pounds and thousand dollars) 

nea 
India Malagasy Total 1 

Quantity Value Quantity Value Quantity Value 
ee eee hs SSS See 

Consumption: 
1966.__-.----------------------- 6,749 $3 ,005 351 $216 7,100 $3,221 

1967_..------------------------- 5,857 2,566 331 193 6,188 2,759 

1968___.-.---------------------- 4,579 1,874 206 136 4,785 2,010 

1969___.-..--------------------- 4,799 2,005 278 191 5,077 2,196 

1970_._---.--------------------- 5,013 2,109 202 144 5,214 2,254 

Stocks Dec. 31: | 
1966__..-------.---------------- 3,669 NA 206 NA 3,875 NA 
1967._.._----------------------- 2,737 NA 159 NA 2,896 NA 
1968_._.------------------------ 2,469 NA 149 NA 2,618 NA 
1969___._..--------------------- 2,415 NA 145 NA 2,560 NA 
1970__...----------------=------- WwW NA W NA 2,013 NA 

se eee eS SS tS SS 

NA Not available. W Withheld to avoid disclosing individual company confidential data. 
1 Data may not add to totals shown because of independent rounding. 

Built-Up Mica—This category of mica- from good-quality, delaminated scrap mica 
based alternate material was produced in by the General Electric Co. at Schenectady, 
various forms primarily for use as an elec- N.Y.; the Samica Corp. at Schenectady, 

trical insulating material. During the pe- N.Y.; and Acim Paper Corp. at New Hyde 

riod 1965-68 the output of this material Park, N.Y. Mica paper was made from the 

had been declining, but began to increase delaminated mica using paper-making 

in 1969. Output in 1970 was up 8 percent techniques. According to the National elec- 

in quantity and 10 percent in value over trical Manufacturers Association, net domes- 

the previous year. The form in greatest de- tic sales of mica-paper products declined . 

mand was segment plate (30 percent), fol- from $5.0 million in 1969 to $4.7 million 

lowed by tape (22 percent), and molding in 1970. 
plate (21 percent) . 
Reconstituted Mica.— This form of mica- Table 8.—Ground mica sold by producers 

based alternate material was fabricated in the United States, by uses | 

Table 7.—Built-up mica 1 sold or used 1969 1970 
in the United States, by products Use Short. Value Short Value 

(Thousand pounds and thousand dollars) tons (thou- tons (thou- 
—_ sands) sands) 

Prod 1969 1970 2.0000 

roduct rT _~CFséRoofing._-.-- 41,095 $1,198 28,409 $947 
Quan- Value Quan- Value = Wallpaper-_. 600 79 506 84 

vy __ty___ameroos KM aGis ab Ge a.de ng i t_--.---- ’ , ’ ’ 

Molding plate__-- 947 $2,706 1,005 $3,024 Plasties oo _ 684 133 570 109 
Segment plate__.._ 1,376 2,453 1,389 2,863 Welding rods_ WwW WwW Ww WwW 

RA REESE --- ? 407 128 eae 1 34 Joint cement. 30,081 2,106 34,834 2,183 
we ’ 1 . 

Tee eo -- 1 508 4,889 1,051 31796 Other uses!.. 16,017 888 18,719 
Other.----------  @) 1,034 589 1,898 Total2_ 124,856 8,058 115,093 7,350 

Total 3__... 4,341 11,701 4,682 12,862 
rcv .O0 OOO —ooror W Withheld to avoid disclosing individual com- 

1 Consists of alternate layers of binder and irregu- pany confidential data, included with ‘Other uses.” 

larly arranged and partly overlapped splittings. 1 Includes mica used for molded electric insulation, 

2 “Other” combined with Heater Plate for 1969 to house insulation, Christmas tree snow, annealing, 

avoid disclosing individual company confidential well drilling, other purposes, and uses indicated by 

data. symbol W. 
3 Data may not add to totals shown because of 2 Data may not add to totals shown because of 

independent rounding. independent rounding. 

STOCKS 

At yearend there were about 3.2 million tors of sheet mica. Similar information is 

pounds of sheet mica in fabrications’ stocks. not available for scrap and flake mica, but 

Of this quantity, nearly four-fifths was it is thought that producers maintain stock 

splittings and one-fifth was block. Only a inventories equal to 5 to 10 percent of do- 

minor quantity was film. This information mestic production. 
was obtained by direct canvass of fabrica-
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| | PRICES 

At the beginning of 1970, the Engineer- Table 9.—Price of dry- or wet-ground 

ing and Mining Journal published prices mica in the United States in 19701 
for domestic sheet mica that were un- © OOOO 

. Cents 
changed from those of the previous year. per 
However, these published prices are no | pound 
longer meaningful because of the termina- Dry-ground: 

. : ° : Joint cement____....--..--.------.... 8% tion of domestic sheet mica production. Plastic, 100 mesh 2722727777777 3 84 

The price of first quality mica from the Roofing, 20 to 80 mesh_______-__-__-_- 2-3 
: Wet-ground:2 Malagasy Republic ranged from $0.50 per Biotite....__....-.....---.--.....-.. 1% 

pound for material under 1 square inch to Biotite, less than carlots Sarva 84 
: aint or lacquer, 325 mesh...___....... 8% $3.25 per pound for that averaging 10 to 14 Paint or lacquer, 325 mesh, less than 

square inches. picarlots 8__o eee 2% | 
° : : : ubber___._----- eee 8% Yearend prices quoted in the Oil, Paint Rubber, less than carlots?..22_222222. S944 

and Drug Reporter were unchanged from Wallpaper___.----------------------. 9% 

those of the previous year and are shown 1 In bags at works, carlots, unless otherwise noted. 
in table 9. 2 Freight allowed east of the Mississippi River, 

1% cent higher west of the Mississippi River, 1 cent 
higher west of the Rockies. 

3 Ex-warehouse or freight allowed east of the 
Mississippi River. 

Source: Oil, Paint and Drug Reporter. V. 198, 
No. 26, Dec. 28, 1970. 

FOREIGN TRADE | 

All classes of mica exports increased All forms of sheet mica imports declined | 

slightly more than 50 percent in both during the year indicating possible dimin- 

quantity and value over that of the pre- ishing demand for sheet mica by domestic 
vious year. More than half of the total ex- . 
ports were shipped to Canada, Jamaica, consumers. However, imports of muscovite . 

and Japan. Reported data do not provide scrap material almost doubled, and im- 
information on the grade or type of mica ports of phlogopite almost tripled. Imports 

exported, but it is assumed that more than 6¢ the remaining classes of mica also de- 
half of the material exported is ground 
mica : clined. |
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Table 10.—U.S. exports of mica and manufactures of mica, by countries 

nN 

Mica, including block, 
film and splittings, waste Manufactured 

Destination and scrap and ground mica 

Pounds Value Pounds Value 
(thousands) (thousands) 

Arabia, ne.c_..------------------ +--+ -- + +--+ 97,000 $8 245 (4) 
Algeria_____.----------------------------------- 90,000 5B ue------- +e ----- 
Argentina___.....-----------------~----------.--- 87,057 10 12,089 $26 
Australia. ..-.-...----------------------------- 40,110 5 22,266 46 
Bahamas___...--------------------------------- 20,000 20 5,423 7 
Belgium-Luxembourg_- -_------------------------- 30,200 3 934 3 
Brazil__...__..-..--.---------------------------- . 201,250 50 53, 729 142 
Canada_______-__.---..-----.---- ~~ 5,354,311 346 235,041 814 
Chile___...._..-...--...------------------------ 25,000 2 863 6 
Colombia__...-...----.-.----------------------- 95 ,234 16 9,476 25 
Ecuador__..__----------------------------- +--+ 81,000 8 Llu e eee eee LLL eee 
Egypt___..------------------------------------- 75,850 6 eee ----- LeeLee 
Finland____.____---- eee eee eee ee 7,896 38 
France___.....--...--------.-------------------- 594,000 34 3,216 20 
Germany, West_____...-_-_-_---.--~- 309 , 393 58 17,108 30 
Hong Kong___.____--- eee ee eee ee eee eee ee ee eee 17 , 730 53 
Indonesia___.......--.-.------.-------_----- ee 91,900 ee 
Tran___ 2. eee ee 36 , 450 5 48 1 
Italy__......-....------------------------------ 347,407 21 26,472 101 
Jamaica_____--__-- eee) = 22,107, 985 264 4,967 21 
Japan___._....-..-----------------------------. 2,676,701 82 66, 796 81 
Mexico__._-_.___...------.--------------------- 106 , 240 13 572,111 1,517 
Netherlands_._......-...--_---------.----------- 367 , 886 — AQ 10,173 40 
Peru___....----_-..-------.---------_---------- 161,100 10 3,588 6 
Philippines__.........-.-------.-----------------> 64,900 7 172 1 
Singapore__.......-.---------.------------------ 40,000 4 Lleee eee Le eee 
South Africa, Republic of__......-..----.--------- 168 ,000 8 8,448 19 
Spain___...--.-.-------- +--+ 151,950 10 9,820 32 
Sweden____..-_---- ee ee ee eee eee eee eee eee 47,896 70 
Switzerland. ._...-..-..--------------~----------- 52, 580 50 Lu ------- ) ------.---- 
Taiwan_.....__-_.--..-------------- +e 98,474 3 2,138 14 
Trinidad and Tobago________-_---.--~~--------.- 30,000 4 380 2 
United Kingdom____________--...-.--.-------.-. 2,730,426 254 97 , 462 141 
Venezuela______.-.--.--- eee 884,807 45 4,394 10 
Other countries._._.._-__--._--_-- i eee 242 , 446 22 19,904 44 

Total... ~~ ~~~ eee e-- ~~) =:17, 459, 607 1,422 1,260,780 3,310 

1 Less than 4% unit. 

Table 11.—U.S. exports and imports of mica 
(Thousand pounds and thousand dollars) 

Exports Imports for consumption 

Year All classes Uncut sheet Scrap Manufactured 
and punch 

Quantity Value Quantity Value Quantity Value Quantity Value 

1968____._-..... 27,489 $2, 766 1,491 $1,539 3,157 $77 5,293 $3 ,373 
1969___......... 12,449 3,108 1,601 1,695 3,078 74, 5,520 3,060 
1970___.-_...... 18,721 4,732 875 966 6,048 126 4,530 2,549
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Table 12.—U.S. imports for consumption of mica, by kinds and countries 

Unmanufactured 1 . 

Waste and scrap Other 
———_— Block mica ———————— um — 

Year and country Phlogopite Other . Muscovite Other, n.e.c. 

Value. Value Value Value Value 
~ Pounds (thou- Pounds (thou- Pounds (thou- Pounds (thou- Pounds (thou- 

sands) sands) sands) sands) sands) 

1968____...._.... 93,069 $5 3,064,096 $72 1,128,661 $1,041 186,426 $298 175,526 $200 
1969__.....____.. 185,207 10 2,942,643 64 1,253,092 1,204 183,274 285 215,141 206 

1970: 
Argentina_.... _.--- 2 Lele eee eee eee eee eee Lente Leute = Leeee)~—6,, 068 3 
Brazil_._._..._ 275,575 8 341, 713 9 551,401 566 34,514 57 87,2138 85 
Ceylon_.-..-. 2... _---. 247,640 4 ea------) wee ee eee eee 2, 240) 8) 
Germany, 

West_-.-.-2 Leet, Lee tt eeeee =6LL--- ~=—s«d18,, 228 144 Li... Ltt. )©=622,950 11 
Haiti_...----2- Lee eee eee eee eee eee eee 0 eeeee)~=—1,, 917 3 
Hong Kong...  ----..0 2-2-2, penne eee eee eee eee tee 256 21 
“India__-----.. ..-.-.) Le. 4,545,815 95 99,850 87 2,700 12 1,586 30 
Malagasy 

Republic___ 105,044 5 212,160 9 12,037 16 _ti-i )=6_---- «641,890 41 
Mexico_..---. ------ Lene eee eee Lee 520 (2) ween ee fee Lee Lee 
Nepal._..-.-.  -2----) Lene eee eee eee eeeeee-- «6 -----)~=—_:« 1 , 400 7 220 19 
South Africa, . 

Republic of. ....-. --.-. 820,000 6 2,000 2 4,914 ne 
Tanzania____. --e eee Lene Leelee 690 2 4,877 16 222 4 
United 

Kingdom_.2  ----- Lee Leelee Lee 1,408 3 576 11 43 4 

Total____.. 380,619 138 5,667,328 123 681,184 690 48,981 105 144,550 171 

Manufactured 

Not cut or stamped Cut or stamped 
Splittings not over 0.006 inch 2 

in thickness Not over 0.006 inch Over 0.006 inch 
' in thickness in thickness 

Value Value Value Value 
Pounds (thou- Pounds (thou- Pounds (thou- Pounds (thou- 

sands) sands) sands) sands) 

1968_____.____._. 4,808,447 $1,839 97,997 $233 98,594 $1,444 120,339 $191 
1969___.__._____. 5,093,992 1,139 84,939 136 90,984 1,372 109 , 743 165 

1970: . 
. Belgium- 

Luxembourg, -_------ -------- 0 -------- 0 -------- wee eee wee ee 13,077 33 
Brazil____.._- 21,164 19 11,291 15 1,737 22 2,636 9 
Haiti--------. LeeLee LLL LULL 220 2 a 
Hong Kong__- 1,000 2 wenn nen eee eee ee ee eee eee eee ee eee 
India_...__.__ 4,042,078 1,171 15,955 33 60,551 124 42,867 64 
Israel... eee eee eee eee eee tee 119 1 wee eee Cee eee 
Japan.__---- eee ee eee Lee 215 1 eee ee eee eee ee 
Kenya... 22. Lee eee Lee eee eee eee Lee 53 (2) eeeee ee ee eee 
Korea, 

Republic of. ---_--_-__ ------- LeeLee LeeLee 170 2 2 (2) 
Leeward and 

Windward 
Islands._--. 9 _--u_-___) -_e eee 72 (2) 100 (2) eee ee eee noe eee 

Malagasy 
Republic_ _ 178 , 839 114 meee eee wee eee 4,287 18 eee e eee eee ene 

Mexico___---.  ------ee LLL Lee 2,500 (2) 2,242 72 645 4 
Nepal__-----2  ~--eeee Leelee 1,900 13 1,447 80 pene eee eee eee 
South Africa, 

Republic of. ------e LL eee eee eee Lente 26,142 30 
United 

Kingdom_ __ 1,751 4 meee eee nee eee 1,146 18 288 3 

Total__._._ 4,244,832 1,310 31,938 63 72,067 888 85,657 143 

See footnotes at end of table.
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Table 12.—U.S. imports for consumption of mica, by kinds and countries—Continued 

Manufactured 

Mica plates and built-up Ground or pulverized Articles not especially 
Year and country mica provided for of mica 

Pounds Value Pounds Value Pounds Value 
(thousands) (thousands) _ (thousands) 

1968____-.------- 45,860 $77 113 , 616 $13 ~ 8,039 $76 
1969___._-------- 71,457 97 55,115 5 13 , 898 146 

1970: 
Belgium- 
Luxembourg - 57, 772 47 wenneeeneee -- eee eee 6,042 15 

Canada-_--_-- 4,652 17 4,480 1 ween eeeeeee Wenn -e 
Germany, 

_ West___---- 9,539 16 ween nee nene Lane -n--- 16 1 
India.___..--- 600 2 ween ene nne Hae nee e--- 1,034 3 
Japan__.__.-- 3,696 A weer ee nen teen nnn 510 1 
Korea, 

Republic of, _-_-e--e eee eee eee eee eee eee 6 eee -- 2 it 
Netherlands... _-.-..------  -----------  -----------  ----------- 91 5 
Taiwan__--...0 ------- eee Le eee ene een ee eee eee 59 1 

United . 

Kingdom... 2,999 4 meee eee eee eee eee eee 4,710 27 

Total____-- 79,258 90 — 4,480 1 12,464 54 

1 In addition to classes shown for 1970, of untrimmed phlogopite, from which no piece over 2 by 1 inch may 
be cut, was 33,069 pounds ($705) from Brazil. 

2 Less than 14 unit. 

| WORLD REVIEW 

World mica production declined only According to the Bihar Mica Exporters 
. slightly from that of the previous year. Association, the 40-percent ad valorem ex- 

India and the Malagasy Republic were the port duty imposed by the Indian Govern- 
major producers of muscovite and phlogo- ment on many grades of mica, has led 
pite mica, respectively. The United States some foreign buyers to substitute alternate 
was the largest producer of scrap and flake materials for natural mica and has caused 
‘mica. a decline in mica production. During 1969, 

India.—Crude mica production increased exports of some grades of splittings in- 
only slightly from 29,527 tons (revised) in creased by 50 percent when the Indian 
1968 to 29,834 tons in 1969. Value in- Government reduced the export duty on 
creased 3 percent from $21.9 million in these grades from 40 to 20 percent ad 
1968 to $22.6 million in 1969. Forty-one valorem.3 
percent consisted of block, film and split- 

tings; an additional 43 percent, scrap; and 2 Bureau of Mines. Mineral Trade Notes. V. 67, 
the remainder processed mica primarily in No. ] 0. October 197 0, PP one 3. ). No. 29, Feb 

* ndustria Inerals ondon). O. » rebdru- the form of ground mica.2 ary 1970, pp. 43-44.
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Table 13.—Mica: World production, by countries 
(Thousand pounds) 

Country ! 1968 1969 1970 p 

Argentina: 
Sheet_____.-..---------------- ee eee eee eee eee r 45 262 © 300 
Waste, scrap, ete._.__--------------------------------------------- ™ 1,768 1,263 1,300 

Bolivia.........--..------------------------ +--+ eee eee eee eee eee eee ee nee 13 
Brazil 2_.-.....-.....--.--------------------------+-- +--+ +e -- 3,677 8,922 e¢ 4,000 
Colombia_.____...._..------------------------+---------+--------------- 57 37 57 
France. __._.-____ eee ee ee ee ee ee eee eee 3,360 ¢3,000 ¢3,000 
India :? 

Block. _....--.------------------+-+-------------- +--+ ee 3,816 3,944 3, 732 
| Splittings 3_______..---.--.---_.----------------------------------- 1™18,834 14,976 10,840 

. Scrap and other___..----------------------------------------------- 31,275 27,500 58,5389 
Malagasy Republic (phlogopite): 

Block_.____..---------------------------------- eee eee ee 172 137 86 
Splittings.___._..----------.-----------------------------+---------- 1,598 2,218 1,935 
Serap.__-.------------------------------ +--+ +--+ 227 251 42 

Mexico_____.----------------------------- +--+ +--+ eee eee 1,625 1,310 1,235 
Mozambique (including scrap)_.__--.------------.--------------.~------- 642 772 e 770 . 
Norway (including scrap) ?---._...-------.--.--------.-.----------------. 10,6138 8,393 9,493 
Portugal..._-.--.--.-------------------------------------------------- 4,665 2,573 © 2,600 
South Africa, Republic of: . 

Sheet. ._.-.----------------+------------ eee eee ee 20 220 23 
Scrap___------------------------~---------------------------- = s«d17, 456 = =918,997 16,647 

Tanzania: 
Sheet__._..----------~--------------- ee ee ee eee 2159 213 99 
Scrap... ...-----------------+----------- + - - eee eee 2 527 253 28 - 

United States: 
Sheet_____------------------+- +--+ eee eee ee eee 15 WwW eeeeee- 
Scrap and flake_......_.....----.--------.-.----------------------- 250,646 266,115 237,686 

Yugoslavia___......--.---------+----------------------- +--+ + -- r 316 299 501 

Total__...--_---.------------------- +--+ +--+ ---- 1 346,518 351,655 347,426 

e Estimate. » Preliminary. '* Revised. 
1 In addition to the countries listed, China (mainland), Romania, Southern Rhodesia, South-West Africa, 

Sweden, and the U.S.S.R. are known to produce mica, but available information is inadequate to make reliable 
estimates of output levels. 

2 Exports. 
3 Includes condenser film as follows: 1968, 189,000 pounds; 1969, 237,000 pounds; 1970, 231,000 pounds. 

TECHNOLOGY , 

A recent report summarized the activities Research studies of the elastic behavior 
of the Bureau of Mines in developing a of muscovite showed that some specimens 
process to produce commercial-grade mica were elastically isotropic in the basal plane 
concentrates with a high recovery of con- while others were anisotropic. These aniso- 
tained mica. Laboratory work and continu- tropic crystals, when examined by X-ray 
ous process development work was con- topographic techniques, were found to 
ducted on the weathered mica pegmatite have a corrugated structure of the basal 
areas of Alabama, Georgia, and North Car- plane. When measurments were made on 

olina to establish the feasibility of flotation corrugation-free samples, no noticeable ani- 
methods to recover commerical-grade mica sotropy of the elastic behavior in the basal 
concentrates. An acid-cationic method for plane was observable.5 
recovery of coarse mica and a alkaline-an- 
ionic-cationic method for recovery of fine 4 Browning, J. S. Mica Process Development. 

mica were developed. Research indicated Trans., SME. AIME, v. 247, September 1970, pp. 
hat both method be effectively used 79 G73. ; that both methods may be eltectively use 5 Caslavsky, J. L., and K. Vedom. Muscovites 
separately or together for flotation of mica With Jsotropic and | Anistropic, Elasticity | Qn the 

° asa ane. mer. iner., V. ’ oO. » vep- 

from weathered pegmatite areas.4 tember-October 1970, pp. 1633-1638.





By Andrew Kuklis 1 

Free world molybdenum production ca- free world economy. Consumption of mo- 
pacity rose significantly in 1970, but de- lybdenum declined proportionally because 
mand for molybdenum weakened; hence by of lower production of molybdenum-bear- | 
yearend a condition of oversupply and ris- ng alloys and stainless steel. This condi- 
ing inventories developed in the industry. tion coincided with increased output of ' . molybdenum in the United States, Canada, Demand for molybdenum was exception- sad Chile } . 
ally strong for the first p art of the ‘year Despite an apparent oversupply, record when the steel mills of industrialized coun- —_ expenditures were obligated for new mines 
tries were operating at near-capacity levels.  anq expansion of present operations. These As the year progressed, steel production were in various stages of construction at 
declined in response to weakness in the yearend, 

Table 1.—Salient molybdenum statistics 
(Thousand pounds of contained molybdenum and thousand dollars) 

_ 1966 1967 1968 1969 1970 
United States: | 

Concentrate: . 
Production. ___.----_..----_-.-... 90,582 90,097 93 , 447 99 , 807 111,352 ; Shipments___._..-----.---..--..-. 91,670 81,596 93 ,245 103 , 009 110,381 Value.--_----- 2 ___ $144,327 $183,604 $151,000 $173,819 $190,077 Consumption. ___._-_...._........ 75,476 58 , 967 75,647 73,275 76,101 Imports for consumption___________ 5 1,179 1 4 25 , Stocks, Dec. 31: Mine and plant____ 3 , 433 9,919 12,208 8,398 9,715 Primary products: 
Production. ._--_-_-..-..-.-_--_.. 74,392 54,922 69,675 68 , 526 75,480 Shipments__.-_____-.._.___ __ 78,811 57,231 63 , 761 77,726 76,095 consumption. — — ——-——.------2.---- 52,324 49 , 506 49,271 51,622 45,337 Stocks, Dec. 81: Producers_.__.____ 5,945 7,156 18,170 17,844 25,904 Free world: Production_____._..___...._.___- 124,988 126,273 128,071 142 , 639 163 , 648 

1 Less than 14 unit. 

Legislation and Government Programs.— pounds of stored molybdenum in concen- In July, a bill was enacted by Congress trate was classified as sold but unshipped. (Public Law 91-333) authorizing the Gen- ae eral Services Administration (GSA) to dis- Co Table 2.— Molybdenum material in 
pose of approximately 3.5 million pounds Vernment inven 1970. on Mecember 31, of molybdenum held in the national stock- . . . . (Thousand pounds molybdenum) pile. Specific rules and regulations were a i¢ i i i iti - National . provided in the bill for disposition of ma ‘Type material Stockpile (stratepic) 
terial. objective stockpile During the year, GSA sold 4.8 million §£———-——__ ounds of molybdenum to the molybde-  Concentrate_....._...._._.. 17,115 28,499 P . y 0 y Ferromolybdenum__________ 7,500 7,501 num industry. Table 2 shows molybdenum Molybdic oxide....---7-7"-_ 10/600 11128 material in Government inventories on De- “Oe OIRD ap doa : T ------- ee eee 12 47,123 cember 31, 1970, totaling 47.1 pounds of __*otal.---------------_ 85,215 47,128 | 
molybdenum. Approximately 5.8 million * Mining engineer, Division of Ferrous Metals. 
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DOMESTIC PRODUCTION 

Domestic output of molybdenum estab- with 15.9 million pounds in 1969. In- 

lished new record highs in production and . creased output was principally due to a 

shipments in 1970. Mine production of higher production rate of copper ore. 

molybdenum in concentrate exceeded the Pima Mining Co. initiated an expansion 

100-million-pound mark for the first time of its mining and milling facilities from 
in history. Higher production from both 40,000 tons to 53,000 tons per day at an es- 

primary and coproduct sources accounted timated capital cost of $16.5 million. The 

| for the record output. In the past 20 years, project was scheduled for completion in 

annual production of molybdenum has  jate 1971. Molybdenum production is ex- 

nearly tripled, increasing from 38.9 million pected to reach 2 million pounds annually. 
pounds in 1951 to over 111 million pounds Molybdenum Corporation of America 

in 1970. . . 
. . : _ (Molycorp) stated in their annual report , 

. During 1970, the domestic molybdenum that the Questa mine produced 10.1 million 
industry enjoyed continuous operations, as pounds of molybdenum in 1970, slightly 

no serious labor problems interrup ted pro- lower than reported for 1969. The decline _ 

: duction schedules. Large investments Were in output was due to lower-than-anticipated 

| obligated tor tne eaciliti and expansion of oy. grade. At yearend, ore reserves totaled 

present operating taciinics. 150 million tons with an average grade of 
Of the total molybdenum output, over 4 143 percent molybdenite 

68 percent was produced from primary a a | saa 

molybdenum sources and the balance was on yav0 me eae 6108 a8 on 

recovered as a coproduct of copper, tung- , : 

. sten, and ceanium, PP 5. has been obligated for development of the 

Output of molybdenum from primary Fenderson. Pree the nent AMA mol” 

| sources increased over 8 percent compared. Heade » nol nd a , sit to date 

| with the 1969 figure. However, primary encerson moly” enum ceposl 

molybdenum production’s share of total do- des oon tonderson No o aes 

a 069 to. 68 decreased in ie ent which reached the planned depth of 2 410 
in to percent in . This tren , . , 

is expected to continue until the mid-1970’s feet Ne ok fend canes or the began in 

when the Henderson mine of American $09 No. 2 shaft and concentrator began } 

Metal Climax, Inc. (AMAX) is placed in Corp ameported making ood progress in 
operation. , ae Be . 

Output of molybdenum at coproduct sinking the 28-foot-diameter shaft. : 

plants rose over 19 percent compared with The estimated cost of developing the 

the 1969 figure, owing principally to the Henderson deposit is approximately $250 

entry of two new producers during the million. With the output of this mine, 

year; namely, Duval Sierrita Corp. and The AMAX’s capacity is expected to exceed 100 

Anaconda Co. Of the 15 traditional co- million pounds of molybdenum per year. 

product producing plants, 10 reported an A $165 million copper-molybdenum 

increase in output; the remainder had mine was placed in operation near Tucson, 

lower production. Most coproduct produc- Ariz., by Duval Sierrita Corp. The. invest- 

ers shipped molybdenum concentrate rather ment was jointly financed by the Federal 

than converting it to oxide before ship- Government and the Duval Corp. in the 

ment. The molybdenite content of cop- interest of national security and under au- 

per Ores trearee ranged from about 0.02 thorization of the Office of Emergency Pre- 

eed fron a ow’ of 40" vent at cone paredness. The open pit mine and concen- 

ue Pe trator have a designed capacity of 80,000 
mills to as much as 80 percent at others. tons of ore per day, and the mill is ex 

ee OPP Er, “orp. Wa ne eae pected to produce "8 million pounds of 
roducer of coproduct molybdenum fol- 

v ewed by Duval ‘Corp. and Magma Copper molybdenum annually. Ore reserves devel- 

Co. According to the annual report of oped were reported at 414 million tons 

Kennecott Copper Corp., the company’s with an average copper content of 0.35 

four domestic mines produced nearly 17 percent and an average molybdenite con- 

million pounds of molybdenum, compared tent of 0.036 percent.
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The Anaconda Co, Twin Buttes open pit molybdenum ore annually, from which 1 | 
copper mine, placed in operation in late million pounds of molybdenum will be re- 
1969, began producing molybdenum concen- covered. Ore reserves are reported at 292 
trates at midyear. The plant was designed million tons, averaging 0.60 percent copper 
to process over a. million tons of copper- and 0.03 percent molybdenite. 

Table 3.—Production, shipments, and stocks of molybdenum products | 
in the United States | 

(Thousand pounds of contained molybdenum) 

1969 1970 1969 1970 1969 1970 

Molybdiec oxide! Metal powder Ammonium molybdate 

Received from other producers._........ 6,021 7,148 250 612 570 496 
Gross production during year__.....--. 68,655 84,099 3,243 3,042 2,393 3,329 
Used to make other products listed here_. 17,140 26,430 929 1,301 1,273 1,584 
Net production_____.....-----.------. 51,515 57, 766 2,314 1,741 1,120 1,745 
Shipments_____....-.---...---------. 58,042 57,158 2,642 2,244 1,674 1,865 
Producer stocks, Dec. 31_.--.--------- 12,547 20,217 427 545 227 610 

Sodium molybdate Other 2 Total 3 

Received from other producers__.._._-- 85 114 221 356 7,146 °° °#8,726 
Gross production during year_.------.- 617 TTT 13,161 13,516 88,068 104,763 
Used to make other products listed here__ 14 34 188 31 19,543 29,380 
Net production_.......-.---.---.----- 603 743 12,973 13 , 486 68,525 75,480 
Shipments_-___-__..-.-------------+- 837 886 14,531 13 ,942 77,726 76,095 
Producer stocks, Dec. 31__.-.-..------ 162 132 4,481 4,400 17,844 25,904 

1 Includes molybdic oxide, briquets, molybdic acid, and molybdenum trioxide. 
2 Includes ferromolybdenum, calcium molybdate, phosphomolybdic acid, molybdenum disulfide, pellets, 

molybdenum pentachloride, and molybdenum hexacarbony]. 
3 Data may not add to totals shown because of independent rounding. 

CONSUMPTION AND. USES | 

Domestic consumption of molybdenum molybdic oxides was in alloy additives for 
in concentrate increased 4 percent com-_ steel (54 percent). Other large consuming 
pared with that of 1969. Small quantities uses of molybdic oxides were stainless steel 
were used in producing purified molybde- (13 percent), carbon steel (9 percent), 
num disulfide for lubricants, but most con- tool steel (6 percent), and pigments and - 
centrates were converted to molybdic oxide _ catalysts (6 percent) . 
for use as such or for conversion to other The principal end-uses of ferromolyb- 
primary molybdenum products. denum were in steel and cast iron; the 

Domestic end-use consumption of mo- former consumed about 54 percent and the 
lybdenum totaled 45.3 million pounds, a latter, 28 percent. | 
decrease of 12 percent compared with that |= A molybdenum disilicide resistance heat- 
of 1969. Molybdenum consumption is ing element was introduced for electric gas 
closely associated with the level of activity melting operations by Thatcher Glass 
in the iron and steel industry, particularly Manufacturing Co., Elmira, N.Y. The ele- 

in the production of alloy and stainless ment provided contamination-free and pre- 
steel. Steel manufactures take advantage of cise temperature control in an experimen- 
the unique properties that molybdenum tal project. Current electric glass melting 
conveys to various types of steel, such as furnaces utilize other mineral-base ele- 
hardenability, corrosion resistance, strength- ments, but operations have been unsatis- 
ening, and toughness. Molybdenum was factory. 
used either as the alloy material or in An important use for molybdenum aris- 
combination with other alloy materials, ing from rapid growth and technological 
such as chromium, manganese, nickel, and progress in the design of pressure vessels 
tungsten. for all types of power generation systems, 
Molybdenum consumed in its various chemical, gas, petrochemical, and other in- 

end-uses was in the form. of molybdic dustries was evaluated.2 
oxide (65 percent), ferromolybdenum (21 

percent), ammonium and sodium molyb- = 2punn, R. G., G. F. Whiteley, and W. Fair- 
date (3 percent), and others (11 percent) . hurst. Molybdenum 8 Fae ee CreNaw Yor 
By far the largest end-use consumption of 1979, 961 pp.
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_ Coated molybdenum heating coils which manufactured by Sylvania Electric Prod- 

produce cost savings up to 40 percent over ucts, Inc. 

platinum and platinum-rhodium coils were 

| Table 4.—Consumption of molybdenum materials by end uses in 1970 7 
(Thousand pounds of contained molybdenum) . 
nO 

Ferro- Ammonium Other 
End uses Molybdic molyb- and sodium molybdenum Total? 

oxides _ denum 1! molybdate materials 2 
a 
Steel: 

Carbon__..---------------------- 2,590 405 ------ WwW 2,995 
Stainless and heat resisting -_~------ 3,927 1,765 ------ 52 5, T44 
Alloy (excludes stainless and heat 

resisting) ......--.-.----------- 16,010 2,137 w~----- 29 18,176 
Tool__..----.------------------- 1,631 878 ------ WwW 2,509 

Cast irons.__--------------------+---- 1,093 2,743 ------ 80 3,916 
Superalloys... ---------------------- 532 355 anenee 1,621 2,508 
Alloys (exclude alloy steels and super- 

alloys): 
Cutting and wear resistant mate- 

rials._.._...-..-.--.------------ WwW 238 w-w--- 3 241 
Welding and alloy hardfacing rods 

and materials__.__...._....----- ------ 334 oe e- WwW 334 
Magnetic alloys___.-.-.---------- WwW WwW wenn ee | W W 
Other alloys 4__-..-.-.----------- W 93 ------ 123 216 

Mill products made from metal powder- WwW WwW WwW 1,716 1,716 
Chemical and ceramic uses: 

Pigments_.....-..-----.--------- 694 woe eee 864 WwW 1,058 
Catalysts._.....-.--------------- 1,139 eee 674 wea-ee 1,813 
 Other_...----------.--.--------- 66 WwW WwW 786 852 

Miscellaneous and unspecified__._-.---- 1,743 681 73 761 3,258 
A 

Total 3_______._-_--..-.-.----- 29,426 9,628 1,112 5,171 45,337 
Consumer stocks Dec. 31__-.-.-------- 3,036 1,353 364 953 5,706 
et 

Sf SS Oe 

W. avithheld to avoid disclosing individual company confidential data, included in ‘‘Miscellaneous and un- 
specified.”’ 

1 Includes calcium molybdate. 
2 Includes purified molybdenum disulfide, molybdenite concentrate added directly to steel, molybdenum 

metal powder, molybdenum metal pellets, and other molybdenum materials. 
3 Data may not add to totals shown because of independent rounding. 
4 Includes nonferrous alloys. 

STOCKS 

The industrial inventory of molybdenum nearly 16 percen t, stocks of primary prod- | 

in concentrate and compounds totaled ucts at producer plants increased 44 per- 

nearly 41.1 million pounds, 30 percent cent, and those at consumer plants in- 

higher than at yearend 1969. Stocks of con- creased 4 percent. 
centrate at mines and plants increased 

PRICES 

The price per pound of contained quoted molybdenum powder, hydrogen re- 

molybdenum f.o.b. point of shipment, as duced, at $4.00 per pound; ferromolyb- 

quoted in Metals Week, was unchanged Genum, per pound of contained molybde- 
during the year, as follows: concentrate, 95 num. 5.000 d fob. New 

percent molybdenum sulfide (MoSp) , $1.72; uns 9 pounds or more, 10.0: 
molybdic trioxide (MoOg) in bags $1.91, York, powdered, packed, was quoted at 
and in cans $1.92. The same publication $2.27. 

FOREIGN TRADE 

Exports—The United States con tinued concentrates) totaled 55.7 million pounds 

to be a major supplier of molybdenum for and accounted for about 50 percent of do- 

the free world. In 1970, exports of molyb- mestic output. The Netherlands and Japan 

denum in concentrate (including roasted received over 68 percent of the molybde-
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num exported, about 6 percent more than duties negotiated under the 1967 “Kennedy 
in 1969. Most of the concentrate exported round” of Tariff Negotiation effective on 
to the Netherlands was converted into January 1, 1971, are shown in table 8. 
technical-grade molybdic oxides for reship- According to the Department of Com- 
ment to other European countries. merce, wrought molybdenum products con- 

| _ In 1970, molybdenum concentrate ex- taining 28,835 pounds. of molybdenum 
ports were 3 percent lower than in 1969,a were imported during 1970, an increase of 
record year. The decline in exports was more than 22 percent over 1969. Austria 
due to lower shipments to the United supplied about 68 percent of the total; the 
Kingdom and West Germany, two large remainder came from seven other coun- — steel-producing countries. Exports to these tries. The importation of 4,175 pounds of | countries declined from about 11 ‘million molybdenum contained in unwrought 
pounds in 1969 to about 7 million pounds molybdenum products, all from West Ger- 
in 1970. : many, was considerably higher than in 1969. 
Imports.—Although the nation is self- Molybdenum concentrate, _ containing 

sufficient in molybdenum material, a small 25,348 pounds of molybdenum and valued 
quantity of concentrate, manufactured mo- at nearly $50,000 was imported from Chile 
lybdenum products, and waste and scrap) and the Philippines. The molybdenum 
enters the United States from numerous content of waste and scrap imported from 
countries throughout the free world. High five countries totaled 17 5,576 pounds, val- 
tariff rates preclude the importation of ued at nearly $369,000. Netherlands and 
such material in large quantities. Import West Germany were the principal sup- 

| pliers. 7 : | | producers as chipenens for export, : Molybdenum chemicals and related ma- 
from the United States terials entering the United Sta tes included 

. _ molybdenum compounds, inorganic com- (Thousand pounds of contained molybdenum) 
pounds, and molybdenum orange. Imports 

- Product ] 1969 1970 of molybdenum compounds totaling 2,023 
SO ds containe eight, valued at nearl Molybdenite concentrate___._ 29 528 82,998 pounds ¢ a dw . 8 alued at y Molybdic oxide..__...._.-.. 18'295 15'801 $9,000 were reported in 1970. Japan was the 
All other primary products... 1,484 1,929 principal supplier (45 percent) ; the remain- 

Table 6.—U.S. exports of molybdenum ore and concentrates (including roasted 
concentrates), by countries 

. (Thousand pounds and thousand dollars) . . 7 eee 
1969 1970 

Destination a eae . Molybdenum Value Molybdenum Value . (content) (content) ee 
Australia__..2- 222-2 t 887 $677 890 $1,408 Austria_____- 22 - ee 794 1,345 203 386 Belgium-Luxembourg___.__._.._...._.____. 1,379 2,465 786 1,465 Brazil_._.-.-_--_---- 2 64 112 199 260 Canada_____----_-2 464 768 517 846 Czechoslovakia___...__..___.._....._.___. 630 1,033 642 915 France_--_..----2------2- 2 _- 2,170 8,687 3,022 5,155 Germany: 

Bast__------ ele 628 1,235 868 638 West_..-- eee 7,346 11,962 5,569 8,810 India____.-.------2 eee 38 43 326 ATT Italy____-- 2-2 1,487 2,508 805 1,457 Japan... ___--- ee 11,446 20,002 18, 738 23 , 386 Mexico____----_---2- 2 207 370 335 473 Netherlands. ___..._.___..____...._. 24,634 43 ,087 24,411 42,861 New Zealand. ____.-_-_-_-222--_ eee 5 10 14 24 Philippines____.____.--..--. 1-2 22 86 58 114 South Africa, Republic of_._..._._...______ 86 141 105 168 Spain. ___--- 2222-22 w----- ae 11 19 Sweden. ___.----_------- ee 1,950 8,079 1,980 3,322 United Kingdom___________.__..._...____. 3,654 6,157 1,583 2,728 Venezuela___----.-.-.-2- 2-2 - 157 290 186 259 Other. .__--- 222 -e 27 48 39 15 ee 
Total. ._--------- eee 57,575 99,055 55, 737 95,246 —_—_ eee“ 

T Revised.
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- Table 7.-U.S. exports of molybdenum products 

(Thousand pounds, gross weight, and thousand dollars) 

1969 1970 

Product and country ————— 
Quantity Value Quantity Value 

Ferromolybdenum: ! 
Argentina_..-------------------

-------------------77 32 $43 52 $71 

Australia_-_.__-----------------
---------------------- 144 204 167 228 

Bolivia__.-----------------
------------------ oer rrr or w~----- 33 20 

Brazil._.-----------------------
-- een oerne 55 78 18 24 

Canada_____--------------------
------------- 2-20-77 483 1,036 - 65 144 

Finland_._.__------------------
--------------------- 51 71 112 172 

Germany, West__.------------------------
-----------0 7770777 wouene 33 51 

Hungary. _----------------------
-------------- 22 e0 5 rrr 57 ------ 99 154 

India.___..-_---------+--------
-------------- ee 51 67 504 902 

Japan___-----------------------
-------------------7- 44 66 336 426 

. Mexico______-------------------
---------- 9-2 46 62 119 176 

Mozambique-____.---------------
--------------------- 0 7-7-2277 w-----. 12 16 

Romania. _.___--------------------------
------------ 110 1385 3 3=_----- peeeeee 

South Africa, Republic of__._--------------------------
 57 76. 63 87 

Spain. ___.------------------------
------------------ “ggg ~a---- 22 33 

Sweden__..____----------------
-------- ee ener 239 332 364 561 

Taiwan_______------------------
---------- 22 -- oe 36 49 4 4 

Yugoslavia_____----------------
--------------------- ~ 100 151 ~----- w-on-- 

Other__.______-----------------
--------------------- q 11 11 16 

Total....-----
-----e-2-22e ene eeee eee cee 528812 OLA 8088 

Metal and alloys in crude form and scrap: . 

Canada_______-_-_
----------- oe ee nee nnn rng ~oeeee 9 12 

France..______-----------------
------ ene 3 12 3 11 

Germany, West_-_---.--------------------
------------ 11 42 25 96 

India____-----------------------
-----------------2--- errr ~-n-n-- 68 84 

Italy_..__._----------------
------------------- 0-200 rrr ne ------ 11... 17 

Japan_._.-.---------------------
---------------0-77-- 1 1 50 80 

Mexico_._____---- eee ene en ene ee nee nee een eee 3 11 (2) 3 

Netherlands_____--__-----------
--------------------- 00 --9-73 aoeeee 318 374 

United Kingdom__-__-.-----------------
-------------- 2 2 186 119 

Other_.____-_-------------------
-- eee nner a | 2 1 6 

Total. _.--------------------------
---------------- 21 70 671 802 

Wire: 
Australia__..__-------------=--------

---------------- 1 6 5 38. 

Brazil______-----------«--------
 + - eo ne ene 10 127 8 116 

Canada_______-_----------------
---------------- 2 - 15 343 20 194 

France.______._--_---------------
------- 2-2 - ene (2) 44 14 91 

Germany, West__.------------------------
----------- 1 7 9 56 

India. .__.___---------------------
------------------ 4 43 4 44 

Japan__._._---------------------
-------+------"+----- 9 74 32 244 

Mexico._____-__----------------
------------ 2-2-2 ---"- 3 72 4 115 

Netherlands. ______------------------
----------------- 11 202 5 120 

United Kingdom__-...------------------
-------------- 1 44 1 111 

Other____.__----------_---------
--------------------- 6 121 5 123 

Total... ------------eeeeeee eee ee ee ee eee O88 NOT DP 
Powder: 

Canada____--__---_------------
--------------------- r11 r 28 41 36 

Germany, West___------------------------
----------- 2 7. 6 20 

Japan___-----------------------
--------------------- 6 44 83 128 

Mexico__._____-----------------
--------------------- (2) 1 qT 11 

South Africa, Republic of___..-------------------------
  ----3- _oeeee 10 14 

Sweden_.____------------------
-------------------"- r 20 %3 18 T1 

United Kingdom____-------------------
-------------- (2) 3 11 43 

Venezuela______-----------------
--------------------0 ---7-2 weoeee 146 173 

Other_.._.___------------------
-------------2------- 5 12 7 32 

Total. ..-.----
-------eeee

n ee ee ee ee eee eee eee 
1688

9 

Semifabricated forms, n.e.c: 
Australia._.....--_------------------

----------------- 11 14 (2) (2) 

Canada______----_--------------
--------------------- 26 92 3 27 

France__.____--_---------------
--------------------- ~ 3 29 18 138 

Germany, West___._----------------------
----------- 3 21 1 19 

India____----------------------
--------------------- 3 23 4 24 

Italy__...----------------------
--------------------- 1 17 7 16 

Japan___-----------------------
--------------------- 123 235 74 215 

Mexico______-------------------
--------------------- 7 43 1 8 

Netherlands. __----------------------
---------------- 33 108 16 99 

South Africa, Republic of.__--.------------------------
 q 39 (2) 2 

United Kingdom_-__.------------------------
--------- 2 28 5 56 

Other______--------------------
--------------------- 10 33 4 39 

Total.._.__--------------------
--------- o-oo 229 682 133 643 

t Revised. 
1 Ferromolybdenum contains about 60 to 65 percent molybdenum. 

2 Lessthan % unit.



MOLYBDENUM 733 

Table 8.—U.S. import duties 

Item Articles Rate of duty, Jan. 1, 1971! 

601.33 Molybdenum ore_.__..-.---.-.------------- 14 cents per pound on molybdenum content. 
603.40 Material in chief value molybdenum_...._._... 12 cents per pound on molybednum content plus | 

3.5 percent ad valorem. 
607.40 Ferromolybdenum__-._-....-.--------------- Do. | 

Molybdenum: ; 
628.70 Waste and scrap_____------------------ 12.5 percent ad valorem. 
628.72 Unwrought____.-.....-.--------------- 12 cents per pound on molybdenum content plus 

3.5 percent ad valorem. 
628.74 Wrought___..-.---.._.--.--------.---- 15 percent ad valorem. 

Molybdenum chemicals: . 
417.28 Ammonium molybdate_____......--.-.--.- 12 cents per pound on molybdenum content plus 

Lo 3.5 percent ad valorem. 
418.26 Calcium molybdate__...__.__----------- Do. 
419.60 Molybdenum compounds.___.--_-..----.- Do. . 
420 .22 Potassium molybdate_____.__-__-..._--- Do. : 
421.10 Sodium molybdate__________.-..--._..-- Do. 
423 .88 Mixtures of inorganic compounds, chief 

value molybdenum____.___...-.--_--- Do. . 
. 473.18 Molybdenum orange____.-_------------- 6 percent ad valorem. 

1 Not applicable to Communist countries. . 

der came from five other countries. Three ange came from four countries in 1970 and 
- countries exported a mixture of inorganic totaled 190,965 pounds, gross weight, val- 
compounds to the United States in 1970. ued at $76,968. Japan supplied 57 percent 
The molybdenum content of the material of the total value; the remainder came 
totaled 17,035 pounds, or 60 percent over from Canada, Belgium-Luxembourg, and 
that reported for 1969. Molybdenum or- West Germany. | 

WORLD REVIEW | | 

Australia.—Aquila Investment Corp. ac- expected to produce 133,000 tons of copper 
quired a 50-percent equity from Transouth concentrate, 39,000 tons of pyrite concen- 

Mining Partners, Ltd., in a molybdenum trate, and about 450,000 pounds of molyb- 
deposit situated near Moliagul, Victoria. genum annually. : 

Ex k ontin . : 
ploratory work was ¢ ont ued ont he Canada.—Production of molybdenum in 

property. At the completion of a drilling . 
. . . 1970 was the highest on record. The re- 

program, an engineering evaluation will be ted output of 38.4 milli ds of 
made to determine its economic potential. ported output © “& maiion pound s 0 
Bulgaria.—Medet, a copper-molybdenum molybdenum was over 19 percent higher 

mine and mill complex, continued a major than in 1969. Canada ranked second to the 

expansion program which will increase United States among world producers of 
throughput capacity from about 6 million molybdenum and supplied approximately 
to 8 million metric tons of ore annually. 21 percent of the estimated 1970 free 
At completion of the project, the mine is world production, the same as in 1969. 

Table 9.—Molybdenum: Free World production of ore and concentrates, by countries 
(Thousand pounds of contained molybdenum) 

Country ! 1968 1969 1970 p 

Canada (shipments)-_____..___..-.------------------------------. 22,463 29 ,652 35,353 
Chile____---------------------------------------- +--+ --- +--+ +e 8,521 10,675 13 , 448 
Japan___..-----.---.-----.--------------- +--+ ee r 630 593 974 
Korea, Republic of (South)____.----.----.-.---.------------------- 423 287 254 
Mexico___.---------------------.------------------------------+- 176 445 311 
Norway---.---------------------------------------------------- 487 635 553 
Peru____----_-_--_------- eee eee eee) 71,785 494 1,167 
Philippines___...._-----.--------------------------------------- r 139 51 71 
United States_._......-..-.-----.------------------------------- 98,447 99,807 111 , 352 

Total___.__..-.------------------------------------------ 128,071 142,639: 168, 648 

> Preliminary. r Revised. 
1In addition to the countries listed, Argentina, Australia, North Korea, Nigeria, Romania, South-West 

Africa, and Spain also produce molybdenum, but available information is inadequate to make reliable estimates 
of production levels.
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In the short range, a substantial increase Japan as part of a financing arrangement 
in molybdenum output was expected be- in developing the property. : 
cause of intensive exploration and develop- Placer Development Ltd. was proceeding 

_ ment activity in the Western Provinces of with design and ‘construction of an open 

Canada. Early in the year, Brenda Mines, pit mine and concentrator located in cen- 
Ltd., under management of Noranda Mines tral British Columbia, approximately 380 

Ltd., started production at a mine situated miles northeast of Vancouver near the 

24 miles west of Kelowna, British Colum- community of William Lake. The project 
bia. The open pit mine and mill facility, a is a $74 million investment. The copper- 

| $63 million investment, is designed to molybdenum. deposit has an_ estimated 
process 24,000 tons of copper-molybdenum minable ore reserve of. nearly 200 million 
ore per day. The ore deposit is estimated tons, with an average grade of 0.39 percent 
at 165 million tons averaging 0.182 percent copper and 0.016 percent molybdenite. Ap- 
copper and 0.049 percent molybdenite. proximately 1 million tons of ore will be 

Lornex Mining Corp. Ltd., managed by: ™ined annually. A sales agreement, ap- | 
Algom Mines Ltd., announced: that con- proved by the Government of British Co- | 
struction of an open pit mine and mill umbia, has been made with the Nippon — 
complex was substantially on schedule, but | Mining Co. Ltd. of Japan consigning all of 
expenditures are projected to reach about the copper concentrate production to year- 
$133 million, or 6 to 8 percent over those end 1976. OO 
previously estimated for the project. The At midyear, King Resources Co. an- 

large copper-molybdenum deposit, contain- nounced the startup of its Mt. Copeland 

ing 0.427 percent copper and 0.014 percent mine, situated 18 miles north of Revel- 

molybdenite, is located 33 miles south of stoke, British Columbia. The mine and 
Ashcroft in the Highland Valley of British mill facility was designed to process 200 _ 
Columbia. At yearend, 47 million tons of tons of molybdenum ore per day. The 

overburden was’ removed from the ore- company planned to produce and market 
| body; excavation for the crusher, concen-  lubricant-grade molybdenum disulfide. 

trator, and service building was completed; Kerr Addison Mines, Ltd., completed a 

and good progress was being made in $2.5 million feasibility study on the Ruby 
building a company town, Logan Lake. Creek molybdenum deposit owned by 
The throughput of the mine and mill fa- Adanac Mining and Exploration Ltd. The 
cility is estimated at 1.4 million tons of _ work included drilling 16,000 feet of explo- 
ore annually from which 162,000 tons of ratory holes, and driving 2,733 feet of de- 
copper concentrate and 2.5 million pounds velopment drifts and crosscuts and 921 feet 
of molybdenum will be produced. Initial of development raises. A 100-ton pilot mill 

production was scheduled for the second was built to conduct metallurgical testing. 
quarter of 1972. The Provincial govern- Underground bulk sampling and surface 
ment has approved a 12-year sales contract drilling indicated a molybdenum ore re- 
consigning the entire output to Japan’s in- serve tonnage in excess of 70 million tons 
dustrial complexes. grading 0.141 percent molybdenite. The 

Design and construction work continued ¢posit is located near Surprise Lake, 
on a copper-molybdenum mine and mill about 25 miles northeast of Atlin, British 

near Port Hardy in the northern part of Columbia. 

Vancouver Island by Utah Construction & Among other copper-molybdenum and 
Mining Co. Completion of the $73.5 mil- molybdenum deposits in various stages of 
lion project w heduled for vearend exploration and development in the west- 

projec as schedu year. 
1971. Ore reserves are reported at 280 mil- ern Provinces of Canada are Brameda Re- * P sources Ltd., located 190 miles northwest 
lion tons, averaging 0.52 percent Copper = of White Horse; Sileurian Chieftain Mining 
and 0.029 percent molybdenite. Annual Company Ltd., located in the Alice Arm 
production is expected to be about 230,000 area; Bethlehem Copper Corp., Ltd., lo- 

tons of copper concentrate and 1.9 million cated in the Cache Creek area; and High- 

pounds of molybdenum. Most of the mine mont Mining Corp., Ltd., located in the 

output of copper concentrate has been Highland Valley area. 
consigned to Mitsui Mining & Smelting Co. Chile—Output of molybdenum, a by- 

Ltd. and Mitsubishi Shoji Kaisha Ltd. of product of copper, was reported as nearly
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13.5 million pounds, the highest on record. copper-molybdenum deposit in the Naco- 
Chile ranked third among free world pro- zari district of Sonora. The tonnage of com- 
ducers of molybdenum. Production came  mercial-grade ore was substantially in- 
from three producing mines, namely El creased during the year and mining by 
Teniente, Chuquicamata, and El Salvador. open pit methods was contemplated by 

Atlas Exploration of Canada, Ltd., an- Government officials. 
nounced discovery of a copper-molybde- Panama.—The Government of Panama 
num deposit in the Sierre Gorda area of 2Wwarded a mining concession for develop- 
northern Chile. The orebody was estimated ment of the Petaquilla copper-molybde- 
to contain 50 million tons of ore, averag- "um deposit to a consortium comprised of — - ing 1 percent copper and 0.182 percent Duval Corp., United States, Mitsui Mining & 

molybdenite. Smelting Co. Ltd., Japan, and Metallge- 

India——Molybdenum deposits have been selischaft AG, West Germany. The ore 
discovered in the Mudurai district of body was found last year by a United Na- 
Tamil Nadu, according to the Director of “OS Survey team, and the discovery oe 
the Geological Survey of India. Explora- ated considerable interest Beane eof ane 
tory drilling was conducted on the deposit, ona’ mining concerns. Because oF its 
and about 20 holes were completed during remote location and the unusual climactic the year. condition prevailing in the region, devel- 

, . opment of the mineral deposit will require | 
Japan.—Japan’s consumption of molyb- considerable expenditures and a lead time denum during the past decade has re- ranging from 5 to 10 years. | 

corded an average annual growth rate of Peru.—Output of molybdenum was over 

nearly 15 percent, increasing from 4.1 mil-  ) mitlion pounds, significantly higher than lion to 16.4 million pounds. The growth reported in 1969. Most of the increased pro- 
rate 1s expected to continue through the  gyuction came from the Toquepala mine of | 1970’s. In a joint venture with 10 Japanese = southern Peru Copper Corp. (SPCC). The 
companies, American Metal Climax, Inc. increase in output was due to SPCC utiliz- 
(AMAX) announced construction of a 15- ing a recovery process more suitable to the 

million-pound-per-year molybdenum con- mineralogical characteristics of the ore and 
version plant in Japan. AMAX will have a jess downtime due to labor problems. De- 
34-percent equity in the new Japanese cor- velopment of the Cuajone mine by SPCC poration, Nihon Moribuden K.K. (Nihon) - continued during the year, a new access 
The plant was scheduled for completion In yoad was completed to the property, work 
middle to late 1971. Tariff schedules began on driving a railroad tunnel, and permit duty-free importation of molybde- stripping of overburden from the ore de- 
num concentrate, while duty is charged for posit was started. The project ultimately 
oxides and ferromolybdenum. will cost approximately $400 million to 
Mexico.—Compafiia Minera de Nacozari bring into production. The company was 

S.A., jointly owned by The Anaconda Co. negotiating with international financing in- 
and Mexican interests, continued diamond _ stitutions to arrange funding for the proj- 
drilling and underground development of a ect. | 

TECHNOLOGY 

Molybdenite roasting and rhenium vola- The experimental methods and _calcula- 
tilization in a multiple-hearth furnace tions also can be applied to roasting of 
were investigated.3 Results of the study in- other sulfide minerals. 
dicated that rhenium volatilization was Beneficiation studies were conducted on 
more rapid as the MoS, oxidation ap- molybdenite-chalcopyrite ore, and results 
proached completion. Molybdenite roasting of the investigation were published.4 
rate depends on oxygen diffusion when the 8 Coudurier, Lucien, Igor Wilkomirsky, and 
sulfur content is high, but toward the end, George Moizot. Molybdenite Roasting and Rhen- 

. ium Volatilization in a Multiple-Hearth Furnace. a surface reaction phenomenon controls Inst. Min. Met. Trans. sec. 6, v. 79, March 1970, 
the process. Some engineering criteria have PRR tags M. C., P. Dayal, and A. K. Biswas. 
been developed for the optimum operating On Molybdenite-Chalcopyrite Separation. J. 
conditions on industrial roasting plants. her a pee and Fuels, v. 18, February 1970,
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While rough xanthate flotation yielded A study was made of the dynamic strain 

concentrate with high recovery of copper aging processes in carbide strengthened 

and molybdenum, attempts toward subse- molybdenum alloys, and the results were | 

quent separation of molybdenite from chal- _ published.® Strengthening due to dynamic 

copyrite met with limited success. Best re- strain aging was observed in the tempera- 

sults were obtained by removal of the ture range from 1,500° to 2,400° F. The 

collector film by steaming in presence of strengthening was believed to arise from 

, oxidants or depressors, followed by flota- the pinning of mobile dislocations by met- 

tion. Some hydrometallurgical beneficiation al-carbon pairs or clusters and/or carbide 
step was required. precipitates. This immobilization of the 

A definitive publication on economics of dislocations led to a high work-hardening 
molybdenum and rhenium recovery from rate and to the observed strengthening. 

porphyry copper was released.5 The author. A “fi weoP rational ten en for nap id 
evaluated the current and future produc- identi canon he hod li oys was 

tion potential of byproduct sources of published. Tt © ncins uemizes Nine a 
these minerals. Most of the world’s .active ture-comp ° kno fee ndurd ‘An he, a 
mining and milling facilities were visited, number of known standards. nin erent 
and their operation was described. Atten- feature of. the technique was that a set of 
tion was directed to the high value of two numbers s generated for each ele- 
rhenium content in molybdenum concen- ment, which is characteristic of a specific 
trate and to the economic and _ technical alloy. By using more than one characteris 
value of its recovery. tic element as a basis for identification, ad- 

- | . ditional sets of numbers are generated, 
h he Bureau of Mines released a compre- which taken together, become positively in- 
cand, pubbration on ne Supply and de- — dicative of a specific alloy. 

mand of molybdenum.é e author ana- Patents were d f liminating hy- : ; granted for eliminating hy 
lyzed the supply of molybdenum in  qyogen sulfide or other noxious gaseous ef- 
relation t ini illi i d i e on to mining, milling practices, and flyuents formed during desulfurizing of 
ore reserves at mines producing molybde- molybdenum,11 for chemical precipitation | 

num as a primary product and those pro- of molybdenum, vanadium, and/or ura- 
ducing it as a byproduct and/or coproduct yium,i2 and on a process for separating 
of copper, tungsten, and uranium. Also ex- molybdenite from copper sulfide concen- 
amined were the effects on molybdenum trate.13 . 
supply of such factors as Government Fsuuuloy” Alexander, Molybd a Bh 

ss : utulov, exander. olybdenum an en- 
stockpiling, ; world trade, prices, and the ium Recovery From Porphyry Copper. University 
use of substitute materials. of Concepcién, Concepcion, Chile, 1970. 259 PP. 

Lae to. ieniewski, Carl L. Demand an upply o 
The oxidizing characteristics of potas- Molybdenum in The United States. BuMines Inf. 

sium permanganate as compared to those of irc. 8446, 1970, 61 pp. 
> : Escalera, Saul J., and Roshan B. Bhappu. 

the conventional oxidants H2O2 and _ Selective Flotation of Molybdenite From Chalco- 

NaCl0 in the selective flotation of molyb- Bytite Concentrates By Fotassium Petmanganate. 
denite from flotation-plant bulk copper 106, 1970, 15 pp. 
concentrate were investigated.?7 The effec- _° Brooks, P. ‘T., G. M. Potter, and D. A. Mar- 
tiveness of th . ; tin. Processing of Superalloy Scrap. J. Metals, v. 

ese reagents in the depression 22, November 1970, pe. 25-29. C 
of copper sulfide miner _° Raffo, Peter L. Dynamic Strain Aging In Car- 

PP . erals was affected by bide-Strengthened Molybdenum Alloy. Met. 
reagent concentration, pH, temperature, Trans., v. 1, April 1970, pp. 835-841. 
and conditioning time. 10 Sellers, Bach, and Joris Brinkerhoff. Signature 

Comparison Technique For Rapid Alloy Sorting 

Bureau of Mines researchers demon- with a padioisotope Excited X-Ray Analyzer. 
strated the economic recovery of oxides ber 1970, Research ane Standards, v. 10, Novem- 
from superalloy grinding wastes which con- C ” Griffith, Ww. A. (assigned to Phelps Dodge 
tain substantial quantities of nickel, cobalt, 5 oi DRS, Stay 26. yo. Molybdenum. U.S. Pat. 
molybdenum, and chromium.’ The recov- wp athugh, Fe and dD. C. Seidel (assigned 

. . . to Kepublic Stee Orp.). ecove Oo Oo e- 

ery process includes scrap preparation, dis- yum, Vanadium, miter Uranium From Acidic 
solution of metallics in chlorinated acid os 0 Te tO by Precipitation. U.S. Pat. 

: : : »910,273. May 5, 1970. solutions, carbon adsorption, successive sol- 13 ast, A. W., and G. L. Fraser (assigned to 
vent extraction separation, and_ selective Kennecott Copper FOrP.) Separating Molybdenite 

: os . rom opper Sulfide Concentrates. U.S. Pat. 
chemical precipitation. 3,539,002, Nov. 10, 1970.



Natural Gas 

By William B. Harper * and Leonard L. Fanelli ? | 

Consumption of natural gas aggregated sion lines and another 17,700 miles of distri- 
about 22 trillion cubic feet in 1970, which bution lines were added to the 570,000 
was 5.4 percent higher than in 1969. Like- miles in service. Capital expenditures for 
wise, production rose to a new high of new plants and equipment amounted to 
21.9 trillion cubic feet, a 5.9-percent gain. $2.5 billion in 1970, and again most of the 
Imports, primarily from Canada, helped to expansion was related to the transportation 
fill the supply gap. Unlike the reductions and distribution of gas. During 1970, there 
in 1968 and in 1969, proved reserves of was considerable activity in expansion of 
natural gas increased in 1970. However, liquefaction plants and liquefied natural 
this increase came about entirely from a gas (LNG) storage facilities, and even 
change in reporting by the Reserves Com-_ greater expansions were anticipated for 
mittee of the American Gas Association 1971 and subsequent years. : 
(AGA). Estimates of proved reserves for Data on natural gas _ production, oe 
the Prudhoe Bay area of Alaska, for exam- consumption, and value are collected by 

ple, were included for the first time in the annual surveys of oil and gas producers, : 
1970 totals. This increase more than offset natural gas processing operators, gas pipe- 
declines in other States. Prices for natural line companies, and gas utility companies, | 
gas at the wellhead moved upward to with separate reports obtained for each 
17.10 cents per thousand cubic feet (Mcf), State in which they operate. 
and prices paid by consumers and other These reports reflect approximately 80 
users were higher. percent of gross natural gas production. 

| In 1970, another one-half million resi- The large number of respondents and the 
dential gas users were added to the 38 mil- difficulty of canvassing each small producer 
lion already using gas. Also, there were have made direct acquisition of total pro- 
31,000 commercial users added to the 3.2 duction impractical. Most of the output of 
million accounts already consuming gas. T Minezal soecialist. Divisi ¢ Fossil Fuel 

About 2,600 miles of natural gas transmis- _} Mineral specialist, Division of Fossil, Fuels. 

Table 1.—Salient statistics of natural gas in the United States 
(Million cubic feet unless otherwise specified) 

1966 1967 1968 1969 1970 

Supply: 
Marketed production !____..._.._-_ 17,206,628 18,171,825 19,322,400 20,698,240 21,920,642 
Withdrawn from storage.._.__.._--.. 1,141,614 1,132,534 1,329,586 1,379,488 1,458,607 
Imports... _._.....---------------- 479, 780 564 , 226 651,885 726,951 820,780 

Total___-__..-.---------------- 18,828,022 19,868,085 21,303,821 22,804,679 24,200,029 

Disposition: 
Consumption___..__..-.-.-------- 17,191,711 18,172,894 19,459,939 20,922,800 22,045,799 
Exports____.._.-.---------------- 24,639 81,614 93 , 745 51,304 69,813 
Stored. ____._.-_----.-_---------- 1,210,469 1,317,363 1,425,075 1,498,988 1,856,767 
Lost in transmission, etc. ._________ 401,203 296,214 825,062 331,587 227,650 

Total__..._..-----.--_---------- 18,828,022 19,868,085 21,303,821 22,804,679 24,200,029 

Value at wellhead: 
Total_-__._._._..___thousand dollars_. 2,702,759 2,898,741 3,168,688 3,455,615 3,745,680 
Average_____......-cents per Mcf_ 15.7 16.0 16.4 16.7 17.1 

1 Marketed production of natural gas represents gross withdrawals less gas used for repressuring and quan- 
tities vented and flared. . 
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nonreporting producers has been shown in tween nonassociated and other types of gas | 
_ purchase listings of reporting companies. for pricing purposes: 

Marketed production for each State equals (2) Fixed escalations of 0.5 cents on Oc- 

consumption in the State, plus losses in tober 1, 1973 in the case of contracts prior 
transmission, gas placed in storage, and to October 1, 1968 and 1.0 cents on Octo- 

withavawa's from storage and receipts from ber 1, 1974, in the case of contracts after 

other states. October 1, 1968; 

Gas volumes in this chapter are reported (3) Contingent successive escalations of 
or converted to a pressure base of 14.73 0.5 cents, in the case of contracts prior to 
pounds per square inch absolute at 60°F. October 1, 1968 only, upon the commit- 

Legislation and Government Programs. ment of 7.5 trillion cubic feet, 11.25 tril- 
—On December 24, 1970, the Federal ion cubic feet and 15.0 trillion cubic feet, 
Power Commission, (FPC), granted a mo-  yespectively, of new gas reserves in the 
tion by 30 producers to reopen the origi- south Louisiana area to jurisdictional sales 
nal South Louisiana (61-2 et al) and to prior to October 1, 1977; 

ate Promeding (ARS) 1 Pencung area (4) Refund of revenues collected in ex- 

consider rate levels and vefunds established cess OF | 20.025 cen's onshore : and 19.625 by Opinions $46 and 546-A in light of ad cents offshore for deliveries prior to Janu- 
y “pions and 9 in light of ad- ary 1, 1965, revenues collected in excess of 

ditional evidence on the current shortage 91/95 cents onshore and 20.25 cents offshore 
of gas and other relevant factors. The FPC for deliveries from January 1, 1965 to Oc- : 

continued a stay of rate reductions, re- tober 1, 1968, and 30.5 percent of revenues 
unds, and other obligations as required by collected in excess of Opinion 546 and 

| Opinion 546.8 Also, the Commission incor- 546-A rates for deliveries during the pe- 

porated ated the consolicated proceeding riod October 1, 1968 to January 1, 1971. 
UDC Se td 1S ? u eal Rick has (The 30.5 percent refund factor is subject 

( ) tlement froposal, which Aas to increase, up to 33 percent, to the extent 
been filed earlier in AR69-1. | that total refund obligations calculated for 

: Initial briefs including the UDC Settle- the three periods to January 1, 1971, fail 

mous were filed by the following t come to within 1 percent of $150 mil- 
° lion.) After January 1, 1971, all amounts 

(1) Major Producer Group (35 compa- collected in arees of the proposed settle- 
. me) Mobil Oil Ce ment rates would be subject to refund. 

, obil Oil Corp. The FPC issued Opinion 598 accepting, 
| (3) Amoco Production Co. virtually without change, the UDC Settle. 

(4) United Distribution Companies ment Proposal. 
(UDC Settlement Proposal) . In addition, the FPC has _ established 

(5) Associated Gas Distributors. higher ceiling rates in the Rocky Moun- 

(6) Pipeline Purchaser Group. tain area, ranging from 22.5 cents to 24 
(7) Federal Power Commission (FPC) cents for sales under contracts dated after 

Staff. June 17, 1970. Hearings on the Area Rate 

(8) New York Public Service Commis- Proceeding, Permian Basin Area (AR70-1) , 
sion. | were to carry over into 1971. 

(9) Municipal Distributor Group. Pipeline Safety—The Natural Gas Pipe- 
Five of the nine groups numbered (1, 4, line Safety Act of 1968 (Public Law 

5, 6, and 7) endorsed adoption of the 90-481) provides, among other things, that 
UDC Settlement Proposal, which provided the ‘Secretary of Transportation establish 
for the following: minimum Federal safety standards applica- 

(1) Ceiling rates of 22.375 cents per Mcf ble to pipeline facilities used in the trans- 

onshore (including the disputed zone) and Portation of natural gas. 
21.375 cents offshore for future deliveries The annual report for the calendar year 

under contracts dated prior to October 1, 1970, issued by the Department of Trans- 
1968, and 26.0 cents both onshore and = -——W 

offshore for future deliveries under con- Coie’ PCs Opinions a Established Price 

tracts dated on or after October I, 1968, Onshore and Offshore; “also Federal Domain Off 
on acreage committed to contracts prior to shore. to Jan Ceilings Applied to Contracts, Dated 

October 1, 1968, with no differentiation be- and sept: 30, 1968; Dated Oct. 19968 and” later.
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portation (DOT), cites the need for a as DOT agents in connection with inter- 

single agency in each State with safety ju- state transmission systems. Leak data, 

risdiction over all intrastate natural gas fa- which is required to be reported under the 

cilities and elimination of overlapping ju- act, was summarized in the report as fol- 

risdiction between natural gas and _ lows: | | 

liquefied petroleum gas systems in a num-—_ 
ber of States. An appendix to the report piste rans” 

shows that 48 States and the District of }§©£<———___——___.. 38 
Columbia have submitted certifications Number of leaks rep orted-------— 676 343 

under séction 5a of the act and that five Corrosion_.---------------- 102 a : 
~a . Outside force_.____-.-.----- 462 181 

States entered imto section 5b agreements Material defect or failure... __ 53 88 

with respect to intrastate facilities over | | athe? - -------2-----7 77777 39 23 
| which they lacked safety jurisdiction under [pjuries____-_-_________--_------ 202 16 

State law. Twenty-two States agreed to act Property damage—million dollars. 0.2 2.8 

DOMESTIC PRODUCTION 

The marketed production of natural gas Oklahoma, Illinois, Kansas, Ohio, Michi- | 

in 1970 rose to 21,920,642 million cubic gan, North Dakota, West Virginia, and 
feet (Mmcf) or 5.9 percent above the 1969 Wyoming. Volumes declined in Arizona 
level as shown in table 1. Texas leads all and California in 1970. In the Rocky 
States in production with 38.1 percent of. Mountain area, output in Utah and Colo- 
the Nation’s total (table 3). Between the rado was down. Likewise, marketed pro- 

end of 1969 and 1970 the volume produced duction declined in Nebraska and Indiana. | 
in Texas increased about 504 billion cubic The reason for lower production was evi- 
feet. During 1970 Louisiana had 35.5 per- dent in the decline in well drilling. In 
cent of the total volume of marketed natu- 1970 there were 28,120 wells drilled (ex- 

ral gas, a production increase of 560 bil- cluding stratigraphic core tests and service 
lion cubic feet. During 1970, production of wells). This was 4,067, or 12.6 percent 
natural gas in Alaska more than doubled fewer wells drilled than in 1969. Patterns 
to 111,576 Mmcf. Most of the new produc- of decline in natural gas production in 
tion (39.7 percent) was exported to Japan many States related closely to declines in 
in the form of LNG. the number of oil and gas well comple- 

In addition to gains to Louisiana, Texas, tions in 1970. This pattern did not apply, 
and Alaska; marketed production of natu- however, to offshore Louisiana, and to 

ral gas in 1970 increased in Arkansas, Texas and Oklahoma.
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CONSUMPTION AND USES 

Consumer uses of natural gas, which in- California is the second largest user with 
cludes residential, commercial, industrial, 16.3 percent of the total volume. Electric 
electric utilities, and deliveries to munici- utilities in six States including Louisiana, 
palities and public authorities (table 4) Oklahoma, Florida, and Kansas, consume 
accounted for 86.3 percent of the natural 67 percent of all the natural gas used in 
gas consumed. The use of natural gas as_ the electric utility segment (table 4). 
fuel in the oil and gasfields consumed Proximity to markets provides natural gas 
about 6.3 percent and pipelines used an- a competitive cost advantage in the South- 
other 3.3 percent for fuel. In addition, the west. Coal has never been readily available 

extraction of ethane and liquefied petro- in California or in Florida, and Kansas has 

leum gases such as butane and propane ac-_ extensive gasfields. In 1970 consumption 
counted for another 4.1 percent of natural by utilities increased 408 billion cubic feet, 
gas consumption. or 12 percent compared with that of 1969. 

Natural gas consumption during 1970 Also in the industrial consumption cate- 
rose to 22 trillion cubic feet, an increase of gory as shown in figure 2, are the natural 
1.1 trillion cubic feet, or 5.4 percent over gas extraction losses. Natural gas processing 
the 1969 usage. Since 1967, consumption plants processed 18.5 trillion cubic feet, or 
has exceeded production, but imports, 84.4 percent of gross production of natural | 
largely from Canada, have helped to close gas in. 1970. From this gas, 606 million 
the gap. barrels of natural gas liquids and ethane 
Two of the largest consumers of natural were recovered. To obtain these liquids 

gas for all uses, including industrial and 906.4 Mmcf of natural gas were consumed 
electrical utilities, are Texas and Louisi- in the extractive process, a volume 4.6 per- : 
ana. These States are also leaders in natu- cent greater than in 1969. About 13.4 tril- 
ral gas production. Texas produced 8,358 lion cubic feet of this processed natural 
billion cubic feet of natural gas in 1970 gas was shipped to transmission pipelines 
and consumed 4,559 billion cubic feet, or and an additional 2.1 trillion cubic feet 

a volume equal to 54.6 percent of produc- was delivered directly to consumers. Com- 
tion. In Louisiana, consumption of natural parisons with 1969 figures in terms of nat- | 
gas in 1970 was equal to 26 percent of ural gas processed, extraction losses, and 
production. Oklahoma consumed 656 bil- shipments to transmission companies, are 

| lion cubic feet and produced 1,595 billion shown in table 7. | 
cubic feet. In New Mexico, the fourth Residential consumption constitutes the 

| largest gas-producing State, consumption second largest category in the uses of natu- 
was equal to 28 percent of the 1,139 bil- ral gas. Between 1961 and 1970, the num- 
lion cubic feet produced. ber of residential gas customers has risen 

Industrial consumption of natural gas from 32,052,000 to 38,604,000, or 20 per- 

for fuel and for carbon black production is cent. At the same time, however, natural : 
by far the largest outlet for natural gas. In gas consumption climbed from 3.2 to 4.8 
1970 industrial use of nearly 7.9 trillion trillion cubic feet, or 50 percent. In 1970 
cubic feet exceeded the combined residen- gas customers increased by 508,000, or 1.3 

tial and commercial use of natural gas by percent. The rise in gas use over the dec- 
nearly 1 trillion cubic feet. Residential and ade reflects in part new family formation 
commercial use combined has also in- and new home construction, but even 

creased from 4.1 to 6.9 trillion cubic feet, more significant is the increased use of 
or 68 percent. natural gas for heating purposes. At the 

The growth trend in the use of natural end of 1961, according to AGA, there were 
gas by electrical utilities, the third largest 22,459,000 househeating customers. By year- 
consumer, has been even more spectacular. end 1970 that number had expanded to 

Between 1960 and 1970, use more than 31,659,000, or 41 percent. However, the in- 
doubled, from 1.7 trillion cubic feet to al- crease in 1970 was only 3 percent. 

most 3.9 trillion cubic feet. Growth in househeating customers is 
About 27 percent of all the natural gas shown by Census regions for the 1961-70 

used by utilities is concentrated in Texas. period, as follows:
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Thousand customers Percent change 

Region Dec. 31, 1961 Dec. 31, 1969 
1961 1969 1970 to to 

Dec. 31, 1969 Dec. 31, 1970 

New England____-_.-------------. 449 714 742 65.3 3.9 
Middle Atlantic.__...-----...---- 2,678 3,719 3,819 42.6 2.7 
East North Central_.....-.-.-.-.- 4,932 7,378 ' 7,594 54.0 2.9 . 
West North Central_...----....-- 2,161 2,889 2,956 36.8 2.3 
South Atlantic. ___..----------.-- 1,693 2,581 2,699 59.4 4.6 
East South Central_.-..------.--- 1,283 1,697 1,777 38.5 4.7 
West South Central_.--.....---.-- 3,584 4,271 4,337 21.0 1.5 
Mountain.___....--------------- 1,189 1,623 1,686 41.8 3.9 
Pacific. __.-....-.--------------- 4,490 5,855 6,049 34.7 8.8 

. US. total. ..------------- 22,459 30,727 31,659 41.0 3.0 

Supplying natural gas to all types of gathering, transmission lines, and distribu- 
consumers has made it necessary to expand __ tion lines. The following table shows the 
pipeline networks appreciably. At the end trend over the decade in pipeline expan- 

| of 1970, there were 907,000 miles of natu- sion, in miles: 

ral gas pipelines made up of field and 

. . 1960 1965 1969 1970 © 

Field and gathering__.__.___.-..-.--.-_------- 55,850 61,760 64,914 66 , 555 
Transmission -___--.....---------------------- 181,770 210,660 247,559 252,606 
Distribution __-.-.-..-.--.------------------- 370 ,860 484,260 569 , 999 587 , 753 

Total____.---------------------------- 607,980 756 , 680 882,472 906,914 

Although mileage provides some indica- an estimated $2.5 billion for new plants 
tions of growth, it should be recognized and equipment. About $1 billion, or 40 
that much of the new mileage laid in re- percent, involved transmission facilities 
cent years has been in larger diameter line such as pipelines, compressor stations, etc., 
pipe, which offers greater transporting ca- and another 900 million, or 36 percent, in- 
pacity. | volved distribution-related facilities, such 

During 1970 the gas industry expended as miles of main. 

RESERVES 

The Committee of Natural Gas Reserves Other significant gains were made in Colo- 
of the AGA estimated that the total rado, Kentucky, Michigan, Ohio, and 

proved recoverable reserves of natural gas Pennsylvania. Texas reserves decreased 6 
in the United States as of December 31, trillion cubic feet to 106 trillion cubic feet. 
1970 was 290.7 trillion cubic feet, an in- Other sizable declines occurred in Califor- 

crease of 15.6 trillion cubic feet from 1969. nia, Kansas, north Louisiana, New Mexico, 

This estimate of proved natural gas re- and Oklahoma. 
serves included an estimate for the Per- “Dedicated” reserves, as defined in Form 

mo-Triassic Reservoir in the Prudhoe Bay, 15 of the FPC, are the volume of remain- 
Alaska area, which was discovered in 1968, ing recoverable salable gas reserves com- 
but not previously included in AGA’s' mitted to, controlled by, or possessed by 
estimate of proved reserves. Conversely, the the pipeline company. They are used for 
AGA committee has made downward revi- acts and services for which both the seller 
sions in its estimates of reserves in five of and the company have received certificate 
the 12 Railroad Commission of Texas dis- authorization from the FPC. Reserves in- 
tricts. Only 12 out of the 25 States listed clude both company-owned reserves and 
in table 8 realized some improvement in reserves under contract from independent 
natural gas reserves. As a result of includ- producers. Based on preliminary figures, 66 
ing Prudhoe Bay, Alaska’s reserves in- companies own or control “dedicated” re- 
creased by nearly 26 trillion cubic feet. serves of 173.5 trillion cubic feet.
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Intrastate gas contracts are exempt from ural Gas Pipeline Companies, 1969,” which 

the jurisdiction of the FPC, and prices in was released in March 1971. The following 

contracts for new intrastate gas are higher is a list of 24 companies that have over | 

than those allowed for interstate natural 900 billion cubic feet of domestic natural 

gas under FPC jurisdiction. Also, intra- gas reserves: 
state gas has the added attraction of shorter Arkansas Louisiana Gas Co. | 

reserve life requirements than interstate Cities Service Gas Co. 
gas; hence, the shift to intrastate sales. Colorado Iiterstate Gas Co. 

This is the principal reason why “dedi--- | Consolidated Gas Supply Corp. — 

cated” natural gas reserves have been de- El] Paso Natural Gas Co. 

clining. The shift to intrastate market can Florida Gas Transmission Co. , 

be seen in the following 5-year comparison Kansas-Nebraska Natural Gas Co., Inc. 
(all: figures except those for “number of | Michigan Wisconsin Pipe Line Co. 

companies” are in trillion cubic feet at Montana-Dakota Utilities Co. 
14.73 pounds per square inch absolute at Mountain Fuel Supply Co. 

60°F) . Natural Gas Pipeline Co. of America 

Twenty-four of the companies reported Northern Natural Gas Co. 

more than 900 billion cubic feet of natural Panhandle Eastern Pipe Line Co. — 
gas reserves in 1969. These companies con- South Texas Natural Gas Gathering Co. 

trol 97.8 percent of the reported gas re- Southern Natura] Gas Co. 
serves and 97.2 percent of the gas produc- Tennessee Gas Pipeline Co. (Tenneco, 
tion and purchases reported on FPC Form Inc.) | : 

15 for 1969. Revisions and additions to the Texas Eastern Transmission Corp. 

gas reserves of the 24 major companies Texas Gas Transmission Corp. 

during 1969 declined from 9.3 to 6.3 tril- - Transco Gas Pipe Line Corp. 

lion cubic feet. Annual volumes produced Transwestern Pipeline Co. 

and purchased increased from 12.4 to 13.3 Trunkline Gas Co. 

trillion cubic feet. A complete list of 65 United Fuel Gas Co. 

‘companies is available in the FPC staff re- United Gas Pipe Line Co. | 

port, “The Gas Supplies of Interstate Nat- West Texas Gathering Co. | 

1966 1967 1968 1969 1970 P 

Number of companies_-_____..--------.---------- 67 68 64 65 66 

Gas reserves at yearend: Te 
Company-owned_____..-------------------- 22.2 22.2 21.7 18.6 17.1 
Independent producer contracts___.-_-------- 176.2 179.9 177.0 172.9 156.4 

Total__-._----_------------------------- 198.4 202.1 198.7 191.5 173.5 

Annual production and purchases: 
Company-owned____.____..---------------- | 1.0 1.0 1.1 1.1 1.0 
Independent producer contracts_-_-----.------ 10.3 11.0 11.7 12.7 13.1 

Total___...-.--------------------------- 11.3 12.0 12.8 13.8 14.1 

P Preliminary. |
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Figure 2.—Trends in annual gross additions to natural gas reserves. 

PRODUCTIVE CAPACITY 

The Natural Gas Reserves Committee of can be produced from natural reservoirs 
AGA has also prepared an estimate of under specified conditions on March 31 of 
daily productive capacity. As of December any given year. The determination of pro- 
31, 1970, it estimates a productive capacity ductive capacity on March 31 of any given 

in nonassociated gas as 79,528 Mmcf per year is based on proved reserves of nonas- 
day and in associated dissolved gas as sociated gas reservoirs as of the preceeding 
19,738 Mmcf. Total capacity was 99,266 p cember 31 
Mmcf per day at yearend 1970 (table 9). The pro ducti ‘tv of ‘ated 
This capacity is slightly lower than the dissol P . ve capacity 0 associate 
100,794 Mmcf per day as of December 31, ISSO ved gas is based on the productive 

1969. capacity of crude oil and the estimated 

The productive capacity of natural gas producing gas-oil ratios that would result | 

from nonassociated reservoirs is defined as from such capacity operation during the 
the maximum daily rate at which such gas __ first 90 days of a given year.
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The productive capacity of associated gas lated oil wells at capacity rates during the 
from gas wells is usually based on the vol- first 90 days of a given year. 
umetric withdrawal of crude oil from re- 

STORAGE | 

The development of underground gas The continued growth and expansion of 
storage facilities expanded in 1970 at a_ the natural gas industry has created a 
‘slower pace than in 1969. About 251.2 bil- need for large-volume storage near metro- = 
lion cubic feet of capacity was added, politan areas to meet the winter peak , 
which boosted the total to 5.178 trillion loads. Requirements for natural gas on a 
cubic feet by yearend 1970. peak winter day is ‘currently about seven 

The ability to store gas in these under- times that required on a summer day be- 
ground facilities close to markets during cause of growth in use of natural gas for 
off-season periods has been a major factor home heating. This places a heavy burden , 
in the industry’s growth. There were 325 on a local gas utility to supply the gas 
pools in 26 States, and 83 companies were when needed, particularly if there is a 
participating in such facilities at the end prolonged cold spell; hence, the growth in 
of 1970. LNG facilities. The primary purpose of li- 

In addition to underground storage, quefaction is storage. By lowering the tem- 
there is the growth in aboveground storage perature at atmospheric pressure to minus 
for LNG. At present, most of this storage 258°F (minus 161° C) it occupies only 
is associated with peak-shaving facilities of 1/620th of the space necessary for conven- 
gas-distributing utilities and storage facili- tional vapor storage. Relatively small 
ties for natural gas transmission pipelines. amounts of gas are liquefied over a long 
In the United States there were 31 of these period and stored for use during peak | 
installations either operating or under con- winter loads. The regasification rate, how- 
struction at the end of 1970. In addition, —__ : 
three companies were planning new facili- * American Petroleum Institute. Definitions for 
ties at yearend 1970. eye 196s en a Tech. Prog. Rept. 1, Ist. ed., 

1,500 . 

1,400 a 

Y 
1,300 7 Y UY 

EZ witharawn from storage | YY YY / 
1,200 FEES Aer gos stored Vy Y j 

1,100 ) ]/ 7 ]// 

2 800 . 

700 p ( 

Z 600 Y Ly ] 7] V/ 

1955 1960 1965 1967 1968 1969 1970 

Figure 3.—Trends in net gas stored underground in U.S. storage fields.
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ever, is high; in some instances, high base-load purposes on a commodity basis, 

enough to empty storage in 4 days. Con- and not a peak-shaving basis, such as the 

_ ventional peak-shaving facilities are con- two cargoes of LNG shipped from Algeria 

nected directly with long-distance natural to Boston Gas and the over-the-road deliv- 

gas-transmission lines, and there is an ex- eries from Canada to gas distributors in 

panding interest in the import of LNG for New England. 

- VALUE AND PRICE 

The average value of natural gas at the to residential consumers was $1.985 per | 

wellhead increased 0.4 cent to 17.1 cents Mcf, compared with 92 cents per Mcf in 

per Mcf. Prices at the wellhead, however, Texas. In West Virginia, which is a pro- 

varied widely with the highest price in ducer of natural gas and which has an av- 

States near large consumer markets. In _ erage wellhead price of 25.4 cents per Mcf, 

New York, for example, the wellhead price the price of gas to residential consumers is 

of natural gas per Mcf was 30.3 cents; in 89 cents per’ Mcf, or nearly the same paid 

California, 32.1. Wellhead prices near the by a residential user in Texas. | | 

large eastern markets were 25.4 cents for Cost to commercial consumers follow the 

West Virginia and 27.9 cents for Pennsyl- same pattern as indicated with residential 
vania. 7 uses; that is, the highest prices are in New 

According to the FPC, the average England and the lowest are in the West 

wholesale prices charged by pipelines to South-Central States of Arkansas, Louisi- 
, distributing utility companies in 14 cities, ana, Oklahoma, and Texas. The average 

as of July 1, 1970, were markedly higher price of natural gas to commercial users in 

than 1 year earlier. Increases ranged from the Jatter region was 54 cents per Mcf in 

6.13 cents in Los Angeles to 0.13 cents in 1970. In New England a commercial user 

Philadelphia. Boston was the only one of paid $1.53 cents per Mcf. Industrial ac- 

14 cities in which wholesale prices de- counts excluding the electric utilities aver- 

, clined nominally. Most of the increases aged 101.0 cents per Mcf. In the West 

were subject to refund, contingent on the South Central Region the average was 

outcome of pending rate proceedings. about 22.5 cents per Mcf. In this area, 

| The specific charges in the 14 cities are however, the low average price reflects 

as follows: sales of natural gas on an interruptible 

Average cents per Mcf (14.73 psia) charged basis to industrial users. Gas purchased in | 

by pipelines to distributors an interruptible contract may be sold at 

Metropolitan area 7/1/69 7/1/70 substantial discounts compared with prices 

eo ———__ —_—__ paid on firm contracts. In the East North- 
Baltimore.__--------------- 41.58 144.37 : 
Boston........... we. 269.21 = 68.39 Central Region, however, even though vol- 

Chicago 8____._-....------- 29.12 133.31 ; i 
| Chicago teg- 7777777777777 240148148 184 umes used for industrial purposes are the 

Detroit 3_...___..-_-------. 289.32 1389.72 second largest in the Nation, there is less 

Los Angeles 3_____.-..------ 730.85 136.98 i : . 
Minneapolis-St. Paul... 36.72 3629 gas available for sale on an interruptible 

Newark 3__.....-.---------- 2748.79 144.56 basis. Hence with this factor plus more 

New York 3___._.---------- 241.63 142.22 i : 

Philadelphia’_.___--.--_---. 243.56 143.69 distant sources of supply, the price per 

Pittsburet Aoi oniyy 7 238.64 140.24 Mcf is more than double that for the West 
St. Louis (Mo. portion only)__ 33.80 37.17 . : 

San Francisco—Oakland #..._ 229.71 183.28 South-Central Region. 
Washington, D.C.8__-------- 746.71 149.78 The total value of marketed production 

1 Reflects rates in effect subject to refund. “V1; : 

2 Reflects rates in effect subject to refund in pend- of natural 84s was $3,745.7 million in 1970. 

ing rate cases. eurnished b , This value was 8.4 percent higher than the 
3 olesale service furnishe y more than one sa7° 

pipeline company in 1969. Average prices are com- wellhead value of $3,455.6 million for 1969 

puted from the weighted average charges of all aS shown in table 2. 

su 1ers. PP The total value of the 22,045,799 Mmcf 

The average cost of natural gas, of of natural gas was used in 1970 is estimated 

course, varies widely because of transporta- to be $11,825 million as indicated in table 

tion costs. In Maine, New Hampshire, and 6. This value was $1,056 million (or 9.8 

Vermont, for example, in 1970 the price percent) greater than in 1969.
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| FOREIGN TRADE 

Exports of natural gas were to Japan, cent, of Canadian imports enter the 
Mexico, and Canada. Japan provides the United States in the West; 22 percent at 
largest export market. The large-scale ex- Sumas, Wash. and 45 percent at Eastport, 
port of LNG began with one LNG tanker Idaho. Another 172 billion entered the 
late in 1969 and reached full scale with United States at Noyes, Minn. In addition, 
two LNG tankers transporting gas to 78.7 billion cubic feet imported from 
Japan after January 1970. During 1970, Canada entered the United States at Mas- - 

; - 44.3 billion cubic feet of natural gas was  sena and Niagara Falls, and Highgate 
exported to Japan. Canada received 10.9 Falls; also at Whitlash and Babb, Mont. 
billion cubic feet; most of this gas left the This gas was imported to augment the 
United States at Detroit River, Mich. Ex- . supply of gas utility systems in upper New : 
ports to Mexico amounted to nearly 14.7. York State, Vermont, and in Montana. 
billion cubic feet in 1970, which was 9.7 The plan of El Paso Natural Gas to im- 
percent greater than in 1969. Most of this port into the United States from Algeria I 
gas leaves the United States at Laredo and billion cubic feet per day of LNG for 25 
El Paso, Tex. and at Naco, Ariz. | years is the most extensive program for | 

At present, most of the foreign trade re- LNG imports to date. The FPC is consid- 
lating to natural gas is in the form of im- ering this request. . 
ports from Canada and Mexico and ex- The FPC has granted approval to the 
ports to Japan. Imports from Canada have proposal by Distrigas Corporation to im- 
increased from 10.9 billion cubic feet in port the equivalent of 15.4 billion cubic 
1955 to 778.7 billion cubic feet in 1970, feet of LNG per year from Algeria over a 
and the trend is still upward. In 1970, im- 20-year period which was to begin in 1971. 
ports from Canada increased 98.6 billion In addition, the Columbia LNG Corpo- 
cubic feet, or 14.5 percent compared with ration filed with the FPC an application 
those of 1969. to import 425 Mmcf per day from Vehe- 
About 527.7 billion cubic feet, or 68 per- _zuela. 

| 7 WORLD REVIEW 

The United States, the Soviet Union, lion cubic feet over a 20-year period, be- 
Canada, and the Netherlands lead the ginning with 1974. - 
world in the production of natural gas. In the United Kingdom, development of 
These four countries accounted for 32.4  gasfields in the North Sea has caused 
trillion cubic feet, or 85.4 percent of the marketed natural gas production in 1970 
total world figure. Natural gas production to more than double that of 1969; from 
in the Netherlands is increasing signifi- 178.7 billion cubic feet to 392 billion cubic 
cantly. The main reason is that the gas re- feet. This gas has been rapidly absorbed 
serves in the Groningen field are consid- into distribution channels. During 1970 the 
ered to be among the largest in the world. Gas Council of the United Kingdom has 
During 1970, production in the added about 493 miles of pipeline to the 
Netherlands totaled 1.1 trillion cubic feet, national distribution system, bringing that 
an increase of 345 billion cubic feet, or 45 total to 1,565 miles. The United Kingdom’s 
percent. As a result of this increase in pro- needs also are being supplied in part, at 
duction, the Netherlands became the least, by LNG imported from Arzew, Alge- 
world’s fourth largest producer of natural ria, to Canvey Island in the Thames Es- 
gas and Romania dropped into fifth posi-  tuary. 
tion. Natural gas use is rapidly becoming an 
Concerning outlets, some of the Nether- important factor in the energy patterns of 

lands’ gas is being exported to Belgium- many other nations since large gasfields 
Luxembourg, to West Germany, and to the have been found in the Soviet Union, Al- 
United Kingdom. Also, Italy signed an geria, the United Arab Republic, Austria, 
agreement with the Netherlands in which Iran, Bolivia, Afghanistan, Pakistan, Can- 
Italy’s State-owned company Ente Nazion- ada, and France. 
ale Idrocarburi (ENI) will buy 4,237.7 bil- Next to Western Europe, gas usage in
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the Soviet Union is growing faster than in lion cubic feet of Iranian gas to 353.3 bil- : 

any other part of the world. In 1970, the lion cubic feet by 1975; the increase grad- 

Soviet Union produced 7 trillion cubic feet ually reaching 535 billion cubic feet by 

of natural gas, which is five times the 1959 1980 and hold at that level until 1984. De- 

production. Soviet gas now flows into East- liveries from Afghanistan began in 1967. 

ern Europe and Austria. Austria is negoti- Cumulative delivery during the 25 year pe- 

ating for increases in its purchases from riod is to reach 58 billion cubic meters, 

the Soviet Union. or 2,030 billion cubic feet, by 1992. Ex- 

ENI signed an agreement with the So- ports of the Soviet Union were estimated 

viet Union in December 1969 for 110 bil- to have been about 68 billion cubic feet in 

lion cubic meters in 1970, or a total of 1970. : | 

3,884.6 billion cubic feet over a 20-year pe- In Africa, the movement of LNG from 

riod. The Soviet Union plans to sell natu- Libya to Italy and Spain is another signifi- 

ral gas to ENI, and in exchange will re- cant development. The Esso Standard 

ceive $200 million in Italian industrial Libya, Inc. project involves the sale of 245 

products, primarily as large diameter steel million standard cubic feet per day of 

pipe and related equipment. Beginning in 1,350-Btu gas, which is the equivalent of 

1973, ENI will receive 42.4 billion cubic 465 million standard cubic feet of 1,000 

feet of natural gas; by 1978 the Soviet Btu gas per day. The gas is liquefied at 

Union is expected to export to Italy an Marsa el Brega, Libya, and then trans- | 

average 211.8 billion cubic feet. Volumes ported in LNG tankers to La Spezia, Italy, 

are expected to build up gradually to pos- and Barcelona, Spain. Nearly all of the gas 

sibly 353 billion cubic feet by 1980. liquefied is gas associated with oil from 

In February 1970 an agreement was the Zelton and Reguba fields in the Lib- 

signed with a West German company to yan Desert. 

import 1,836 billion cubic feet of natural Table 14 offers both gross production 

_ gas from the Soviet Union. This gas would and marketed production of natural gas by 

be imported over a 20-year period begin- countries. Gross’ production includes natu- 

ning in 1973. ral gas which is vented and/or flared. AS 

Meanwhile, the Soviet Union has been shown, the volumes of natural gas flared is 

importing natural gas from Afghanistan large. The widening demand for natural 

since 1967, and late in 1970, Iranian gas gas world-wide, however, suggest that 

began to move into the U.S.S.R. growth in the amount of gas flared will be 

The Soviet Union plans to increase its arrested significantly in the foreseeable fu- 

initial 1971 importation goal of 211.8 bil- ture.
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Table 2.—Quantity and value of marketed production of natural gas in the United States 

1969 1970 

Average Average 
Quantity Value wellhead Quantity Value wellhead 

State (million (thousands) value, (million (thousands) value, 
cubic feet) 1 cents. cubic feet) 1 cents 

per Mcf per Mcf 

Alabama_.-..-..-._____- 180 $24 13.4 627 $87 13.9 
Alaska_-._.---.-..- .__- 50, 864 12,665 24.9 111,576 27,448 24.6 
Arizona... ..---..----_--- 1,186 199 17.5 1,101 188 17.1 - 
Arkansas. _..--...--...-- 169 ,257 26,743 15.8 181,351 29,560 16.3 
California.___.____-.---- 677,689 207,440 30.6 649,117 208 , 367 32.1 
Colorado_~.---...------- 118 , 754 17,219 14.5 105, 804 15, 553 14.7 
Florida___._..-....... -- 50 8 15.7 ----ee eee eee eee Lee 
Tilinois___.....--__-.. _- 3,800 536 14.1 4,850 761 15.7 
Indiana_.--.-..-.-_-.--- 171 40 23.6 153 36 23.7 
Kansas__-____-.....-.-.- 883 , 156 122,759 13.9 899,955 125,994 14.0 
Kentucky. ___...____---- 81,304 20,407 25.1 77 , 892 19,161 24.6 
Louisiana__.__.....___..... 7,227,826 1,887,743 19.2 7,788,276 1,503,137 19.3 
Maryland____.-..__-_-_- 978 248 25.4 813 202 24.9 
Michigan__._....-.-..--- 36,163 9,294 25.7 38,851 10,373 26.7 
Mississippi__._-....----- 131,234 23,097 17.6 126,031 23,190 18.4 : 
Missouri. ____.....--.--- 126 17 13.8 87 21 24.5 
Montana_______-_-..---. | 41,229 4,205 10.2 42,705 4,399 10.3 
Nebraska___._......-.--- 6,989 1,209 17.3 5,991 1,024 17.1 
New Mexico___.._..-.-.. 1,138,183 155,924 13.7 1,138,980 162,874 14.3 
New York______-_--_-_---- 4,861 1,458 80.0 3,358 1,017 30.3 
North Dakota______-____ 33 , 587 5,441 16.2 34,889 5, 722 16.4 
Ohio_____.-_..---------- 49,793 12,837 25.8 52,113 14,123 27.1 
Oklahoma__._._.------.. 1,523,715 233,128 15.8 1,594,943 248,811 15.6 
Pennsylvania____.----._- 79,184 21,841 27.6 76,841 21,489 27.9 
Tennessee_________-__.__ 57 11 19.6 64 13 19.9 
Texas____________.__...__ 7,853,199 1,075,888 13.7 8,357,716 1,208,511 14.4 . 
Utah___--.--------_--__- 46 , 733 7,197 15.4 42,781 6,460 15.1 
Virginia_____.._._______- 2,846 845 29.7 2,805 864 30.8 
West Virginia____________ 231,759 62,575 27.0 242 , 452 61, 583 25.4 
Wyoming________.______- 303 ,517 44,617 14.7 _ 838,520 49 , 762 14.7 

Total___......_._. 20,698,240 3,455,615 16.7 21,920,642 . 3,745,680 17.1 

1 Marketed production of natural gas represents gross withdrawals less gas used for repressuring and quanti- 
ties vented and flared.



a 

S 

t 

E 

2 

5 

RA
L 

© 

SB
se
 

Ss ’Y 

m 

es
 

~ 

& 

an) 

RB
O 

=i 

~~ 

- 
ao 

YE 

K 

5 

38/3
 

Bs 
|S 

» 197 

¢ 

nN 
3 

~~ 
Ss 

mn 

0 

° 

No
n 

nN 

Ae
 

sf 

Sr
 

= 
FO
SS
 

3 

3 

é 
& 

ow 
nN 

~ 

Boe
 

a 
010 

NO> 00
 a 

@ 

28 

a= 

- 
Be
ng
 

>; 
© 

nN 

wa 

aa
a 

23
3 

me 

eee
bst

 

go
a 

, 

Bo 
3s 

SaSo
 

11 00S 68
 3 

EATS
 

29
 

et 
to 

re 

Pn) 

Ww 

4 

S 
82 

— 
i 

st 

~ 
o 

> 169 
CO 

S5
3 

3 

ac 
ge 

a 
Slf

= 

4 
o 

ox 
3B 

Ro 

2] 
5 s 

z| 228 

S gidea
ns 

2 

‘a 

q 

on 
Ra
s 

bt 

SI
SN
ES
 

~ 
me
e 

. 

oO 
~ 

oo 

= 

N 
oo 

wt 

qs
as
 

= 

a 
o 

ao
Sa
 

o 
wooo

 A
Ne
as
 

v 

Ag
 

= 

Sa
o 

~ 
So
a 

° 
oe 

=H 

oD 
& 

| 

wo 
3 

ror) 

a 

Nol 
10 6 

obo 
& 

11S
 

10 
1 

th oD
 

: 

HA
BL
R 

aR 
So 

11S
 

1 

eo
 

« 
ea
d 

et 
a 

| 

855
 

ris
 

112
 

| 
ni
? 

SRO
 RE

 

nie 

_ 
0 

’ 

an
 

3 
i 

' 
OQ 

| 

« 
3S
 

oO 

. 

oO 
mn 

' 

a 

| 
ao
 

Se
 

So 

wn 

' 

| % 

~ 

on 
Ps 

Ss 

5 

1 

63 
OO 

a” 
2 =O 

5 

a 
, 

Gao
 

00 

ray 
| 

& 

of 

: 
rt 

1B | 
© 

“0 
: 

m4 
© 

Boe 

= 

4 
' 

§ 

© 0
0 

© 

B
e
h
 

| 

Ke 

Br
ic
 

wt 

CS 

“-~ 

' 
' 

' 

oO 
wo 

BI
A 

= 

CO 
ae
3 

5 

+ 
T 

rod
 

oO 
HS
S 

on 

BR
ES
ES
S 

2 

>a, 
wv 

1010
 

Oo
t 

2 
99 

{ 
oD 

ru 
© 

S 

28 
mn 

rot
 S 

aa”
 |< 

02 0 

wed 
o> 

< 

AS
E 

BE
S 

o> 

ria
 

$38 
ron Oa 

Sel 

o 
ke 

oo
 

© 

i19
 

~ 
imi 

’ 

| 

—] 
4 

® 
2 

~ 
- 

Ro
w 

' 

\ 
it 

a 

a 
tH 

= 

iN 
bY 

Ne
s 

- 

’ 

ii 
| 

t! 
oo 

§ 
{8 

$43 
|3 

tt 

ae S 
ait

 

~~ 

> 
n 

2 e
 

mM 
S3
3 

1 

‘ ' 
nm 

} 
! Ico 

' 11S
 

Su 

2 

® 

Pos)
 

rel 
a
S
 

~ 

i 

\ 
' 

' 
{ 

St 
1 

oD 

& 
% 

ra 

00 rt rt
 1S 

2 

rt 

ri
 

t tone
 

® 

YA
S 

i 
BS
OR
 

oe 
at
 

tt 

m4 
1 tet 

2 

5 

Sa
 
SR
 

B
O
R
 

« 

rs 

co 

t 

' 

! 
t 

i 

; 

* 
Za
 

oO 

- 
RH
 

19 
ne
 

2 

tt 
1 

~~ 
3 

= 

ved 

216
 

12 

' 

i 
Qn 

, 

» 

— 

@ 

th
e 

HOO
 

fo 

. 
oO
 

uw 

” 
1B
 1B 

09 

' 

! 
1 

a 2 
z 

Qa 

Eg
e 

~ 
BO 

o 
SSs

eee
e 

bi
t 

wy 

o 

ok
 

~ 

a
3
 

w. 

AD
 
Ot
 

6 
4 

oO 

rot
 

1 
' 

qs 
4 

x 
Gist 

ai 
2 

) 

gag
" ® S| 

288 
i 

3 
iQ 

: 

ey
 

> 

8 

N 
Pal 

09 
RA
GE
S 

5 
3 

we 
© 

& 
BRO

 

© 
iB5

SSa
 

oo 
e 

oo 
oO 

Bo
is
 

mi 

1IOhy 

SO
US
 

Re 

oe
 

ot
 

mS
 

ue 

- 

odo
 

TS 
So 

q 

CO 
rt 

rt 

<t 
- 

co 
qQ) 

re 

SO 
= 

N 

oS 
3 

a 

6 
1 00 

- 
SH
 

> 

xt 

oO 
6 18

 sae
 

on 

ont 

ZS
 

o 

nN 
SY
SH
R 

oO 
25
 

BE
 8

SB
 

~ 

| 
= 

. 
o 

Se
e 

. 

~ 

Ara
 

~ 

SS
 

18 
€ 6

9 

‘ 

oS 
i 

o 

“ 
& 

0 

in 

. 

= 
« 

a> 

AQ 

H
O
B
S
R
 

oo
o 

rs 

= 

3 

2g
 

. 

o 

mt 
«~ 

o 

~ 
OR
S 

as 

lo 

BA
SS
 

eo It 
B19 

4 
~ 

ono
 SB

 R
8 

| 

S 

=H 
° 

2 
S 

it 
ga
re
 

oi 
So 

1 

& 

OES
 

oO 
AAe

S 

red 
© 

~ 183 60 108 

3 

et 

oO 
ar 

o 
N 

ae 
on
 

24 

®.2
 

0 

- 
a 

oO 
OS
 

nN 

~~ 

1 
AR
ES
 

a 

38 

a 

ssri
sigl

 
a 

© 
Se
ed
s 

ge 

ya 

oO 
SI
AN
 

2 
jr 

oo 

IM 
ORR

 
- 

wa 

“3 

ra 
' 

SAN
S 

- 
SOs

 

} S
ER
ES
 

aC
 

' 
to 

t 
' 

a 
- 

35 
0 

S
S
B
 

te 

NO
R 

‘ 

ov 

3S 

‘ 
tos 

' 
' 

rl 
> 

10 

~ 
Mi
oe
S 

' 

coo
 

- 

Sh 

ray
 

ito 

100 

an 
of 

10 
6 

‘B
zS
8 

' 

> 

eS 

Q, 

to 
' 

' 
I 

IB 

. 
BE
ER
 

> 00 
1 

o 

' 

re 

= 

4 
i 

! 

' 

pss
 

Qo 

Cc 

S
A
N
S
 

- 

—! 

; 

a 

rat
 

' 
' 

pon
 

rr) 

ei 
SS
eS
 

© 
COD

 

o 

rit
 ryt

 
Ie tO 

g 

a 
gS 

* 
- 

aA
 

2 

rit
 tf 

109 
| S 

$2 rs 

ri 

3s 
T18

13 

rt 
t 

$ 
’ 

' 
bX 

°o 

BB
E 

at 

S 

co 
Gt 5

B 0
8 &

 

Ss 

1 
' 

' 

$ 

co 

a 
Om
 

' 

N 

18 
~ 

OH
 s

t 

' 

' 
1 

' 

<H 

mt
 

Ke 

~ 

wo
ol
 

- 
= 

t 

“ 

on 
i 

el 
S 

- 
sae

gen
e 

& 

rt 
4 

oi 
~ 

nor
 

SE
NS
Ns
 

2 

' 
' 

1 
‘ 

‘ 

t 
10 

1G 
1h
 

4 

S
a
c
 

= 

14 
i 

1 

et 

’ 
QD 

t 
100 

> 8 

~ 
Pal

 

Oo 

to 

t 
’ 

I 

tos 

t 

t 

1o>
 

i 
3 

3 

ae
 

- 

3 

rs 
it 

ri 
' 

io 
ot 

>» 00 
tla

 

mi 

' 
| 

1 

a 
| 

t 

t 

t 

100
 

' 
10 

~ 
iJ 

3 

yt 
' 

1 

tot
 

\ 

1 

' 

t 
' 

= 
1) 

oe 

tt 

' 
' 

! 

aoe
 

! 

1 

1 
toot 

i 

i 

' 

of 
' 

oO 

4 
1 

i 

5 i 

' 

ar
 

i 

rt 
t 

' 
t 

ter 
ied 

24 

a 

ae 
rtd

 

rt 
bid

 

rd 

ilo
 

ror 
100 

1 ne 

ty 
‘ 

' 

tod 

' 

rt 
rat

 
' 

i 
1 

i 
a 

ra 

' non
 

1 
t 

t 
t 

rot 
i 

' 

i 
I 

4 
' 

1 

1 

' 

1! 
8 

i 
13
3 

. 

Ss 

rit
 

Pht 
aoon

 
Hot

 

rat 
100 = 

ew 

s 

I'S 
14 

! 

fon
t 

' 

rt 
4 } 

1 

iid
 

' 

td 
' IN

N 

- 

< 

'o 
to 

' 

1 
! 

‘ 

' 
tos 

4 
' 

t 

ro 
' 
1 

' 

ot 
' 

' 
‘ 

NAN 

Y 

bo 

i 
' 

t 

ta
e 

t 

a
o
n
 

i 

mi
bi
dd
 

ri
d 

14 
= 

wl 

@ 

1 
' 

\ 
! 

v4 
' 

1 

' 
ot 

' 
' 

‘ 

toa 
' 

io 
' 

' 

ot 
I 

t 
' 

N 

Su 

a 

te 
' 

' 
' 

‘ 
' 

' 
t 

’ 
' 

' 
1 

' 
! 

' 
; 

' 
' 

1 
\ 

' 

toa 
' 

‘ 
' 

a 

> 

i 
1 

I 
\ 

i 
' 

' 
' 

' 
i 

t 
' 

i 
\ 

1 
t 

' 
i 

‘ 
' 

1 
' 

' 
' 

1 
' 

= 

rQ 

' 
14 

1 

' 
' 

' 
' 

i 
1 

' 
1 

! 
' 

' 
' 

' 
! 

\ 
' 

‘ 
i 

‘ 
' 

' 
toa 

© 

reg
 

1 
i 

' 

toe
 

t 

t 

t 
14
 

i 
t 

1 

tot
 

1 
1 

t 
! 

t 

! 

t 
toe 

| 

» 

'S 
to 

' 

tot 
' 

1 

' rot 
it 

' 

Dat
 

tod
 

' 
' 

tt 
a 

' ' 

. 

3 

' 
14 

' 

rat
 

{ 

rt 
an ' 

I 

rt 
tid

 
' 

' 

tat
 

i 
1 sot 

6S 

Ss 

! 
1 

’ 
i 

14 
' 

\ 

1 
11 

t 
! 

' 

' 
1 

lot 
t 

' 
' 

’ 
oe 

to 
t 

tor 

RM 

ig
! 

' 
| 

ou 
' 

1 

i 
13 

1 
! 

t 

J 
\ 

' 
tou 

1 
' 

' 

! 
1ot 

tet 
i 

14 

oY 

is, 
t 

1 
1 

ot 
\ 

' 

1 
ios 

1 
1 

1 

ot 
I 

14 
1 

! 
1 

' 
re 

tot 
It 

io 

= 

jer 
1 

' 
t 

tf 
t 

I 

\ 
1 

1 
’ 

1 

tot 
i 

to 
' 

t 
’ 

t 
too 

1 
t 

'1 

we} 

re 
tt 

' 

rat
 

1 

rig
 

ta 
I 

' 
ra 

to 

' 

ot
 

tad
 

io 

mY
 

' 
‘ 

aq 
1 

4 
i 4 

' 

rit
 

' 
tt 

' 

iit
 

' 
rid

 

& 

e
t
 

! 

' 

rot
 

| 

1 

' 
' 

' 
' 

! 

‘ 

' 
\ 

J 
t 

' 
t 

' 

t 

' 
' ot 

! 
| 

1 
' 

ot 

= 

1g 
' 

t 
' 

tof 
' 

t 

' 
os 

‘ 
; 

‘ 

4 
' 

po 
' 

\ 
t 

' 
tt 

tou 
' 

tot 

Lon
 

itt 

men
ts 

; 
pe
] 

HE
EL
 

to 

' 

it 

\ 

rot 
' 

4 
‘ 

tt 
tt 

' rt 
\ 

rt 
to 

! rt 

» 

~~ 
t 

! 

' 
of 

i 

( 

' 
to 

i 
' 

t 

5 
ot 

{ 
'o4

 
! 

! 

' 

' 
\ 

' 
1 

0 
t 

tof
 

° 
J
s
B
e
 

i 

toe
 

! 

1 

t 
toa

 
' 

J 

' 

rf
 

t 
tot

 
4 

' 

' 

an 
| 

J 
tot

 
' 

ot 

82
88
8 

' 

rd
 

' 

ry
 

i 
' 

Did
 

rtd
 

' 
' 

Ped
 
rt
 

to 

52
7 
2m
 

\ 

rd
 

' 

ri 
rt 

! 

oe 
rt
 

' 
! 

' 
tat

 
yi 

Q 
aa
 

ie
 

ro 
' 

' 

rig
 

a 
! 

tid
 

ti 
: 

' 

4 1S}
 

ttt
 

& 
® 

~ 
A} 

\ 
3b.

 
3 

tw
 

rad
 

' 

Dat
 

tat
 

' 
' 

ti 
oot

 
a4 

aoo
s 

Bee
s 

att
e 

Pn
 

gi
n 

HH
S 

3 
se
xs
 

' 
at 

rt 
ro 

' 

tnt
 

ti
re
 

' 

bit
 

a 
' 

Re
es
e 

§ 
BES

S 
a)
 

rit
 

1 
rr 

rit
 

rt 
ot
 

rat
 

oO 
oc 

o 
gb 

Se
 

ott 
1 

; 
tort

 
rnd

 
1 

tri
e 

rt 
rt 

> 
si
st
 

8
2
%
 

l 
cq 

1 
to 

! 
‘ 

I 

tot
 

t 
17
 

1 
1 

1 

ts
 

iC 
i 

t 
too. 

® 

me 
E 

< 

> 
= 

o 
rat

 
1 

io 

tot 
rn 

' 
' 

tid
 

it 
rot 

a BE : 
on 

oe! 
I 

rtf
 

bo te 
ri 

4 

® 
3 & 

» 

ig 
i 

' 
s 

tt 
ri 

' 
' 

4 

re
 

0,
92
8 

Si 
' 1& 

; 
i 

¥ 
4 tid

 
t 

1 

ro 
rot

 
rt 

aa
 

© 
ea
se
 

5 

4 tae
 

to 

a 
ty 

14 
rt 

S 
7,
 

& 
5-
2-
3 

a 

\ 
f—} 

1 
to4 

t 
1 

ot 
' 

i 
'© 

; 
11 

1 

ovat 

Ay 

° 
ac
 

1g 

1 
o 

to 
rot 

\ 

' 

ft 
isn 

1 
rot 

i 

a
s
s
 

1 

mt 

oO 
‘ 

' 

' 

' 

‘ 

i 
1 

1 

1 

= 

SE
eS
23
 

3 

Gi
te
s 

t 

to 
1 

rr 

ZEz
SEE

 
3 5 

fua
aa 

a 
nae

 

% 

Se
 

H 
S 
ig
pe
es
 

i 

a
L
 

Ee
e 

ad
 

1 

it 
is
 

1 

a 

Egt
egs

 
QA fog

att
 

dd 
i 

SE
EE
E 

= 
oa 

' (a
ne
 

ry 

pm
 

ge
s 

3s 
3 

2 
4 

sa 
leg 

mn 

sa
s5
3 

~~ 

fi
 
in
gs
 

® 

2.
8 

8 
o 

gs
 

‘ 
‘S
d 

is 

S 

Zon 
EH 

BES
 

god
 

"So 

wn” 

Se
ER
E 

O a
it 

UI
E 

n 

Z 
Za



AS NATURAL G 

° 
. 

So 8 C2 |] S © . 
SROVRESB a AOA | SO | oH st 

; 

SSLL |B HLisgse Va | E BOwR | 19 || 16 Su 

QAI 
x estes é ers et ecarecereg & 1d HN + LS sf o 

- Naess mS 
SeCSargar R a =} 25 = 

S|, Hoos cl BOR | aa as ~ a SS gu 5 

|| Ox rie 5 | BOwID © 

fo y 

rd ANON | i | an tle 

fe & 

: ™ 

a 

rt 

Oo 
Y 

Hl S58si(Fi8| os z 
Qroewens is 83 OO ROL ee ge 8 

Comm | a Se SasceseRg al - eo oS it “92 ° 

, 

rc200 | © eSSs~ oS Sent Sete | oS 
1s eg s 

9 | S00 SR 3 Br 001 Ke NOM 1M m ™ 
23 

ban BOAT | > mt th 
| 

s 

OD 
oes Q Sac 

o 

Og 

te || epricorm | ay a sy 

3S 

N | 

: 

3S Car, . 
O cen $2 12 12.0 | Oo 

& ad 

16 
to © 

o Sent 

Or | aD InN is ate C6 2, 

iN im tpoa |S re] Yt Ho 29 

O Owcoxwt |} CO IN oe 1 pat ved ed S. 1. no oO eS a CQ RY 

wo 1lNn 
Onn a meat ole 1a ' o oO ae Be 

9 Stn | rs) MUAH | A 1s 1S | oon 
at 5s 

~~ 
Ir 

1B OA | or B 
er 

t 4 
nS 8e 

« 
om! ~ 

or 

t ' 

1 t 

NO om 

1 fmm 

t 
t 

t 
ot ote 

% —m 

| toro 
to 

Ss =3 

N 
' 

t ' t 

1 

re @® £5 

! 

' 
' 

| 

- “s ae 

! 

! 

Oo; 
ror) 

t © 00 
<j Co 

a 
a 

1 

r={ <i 

QoQ 

! 
Eeeeases (S| Sane | 28 g8 33 

| 
MAWS | & Gp Od OO OI HD ~. Ook ole bod wi 

nN on 
SWalacano |e HO ~ s 

on way 
ne ole . 

a0 | SSosik 
aU 

00 wASSES = RHABDOS nw SeUAecns 3 jo ~ 
os og 

Sf RAEN |S soz |S] Sh"e%s THT tS 7 a& mS 

S| S888/3 BSSs 7 | 
By gs 

| 

Seas is ~| o> 

| 
G oy 

a NaN 
1 ° = 

Se we 

~ 

Oo » 
phar 

a | 
| | 

| =i Bigslsis BE Eo 

| 

ON ee ri uo 1OON | oD ~ Pp o'5 

by © r+ '0O Of co N tow a 
OQ 

@ 
fag 

o | Ne48 is RSay Ba | S Yise|sig 29 38 

ran) 
At 1D anos tin So 

1d 
x tS 

00 | RON iS OM INE | 1S SOME ISDH © ST ISa 1k 3 oe 8s 

iS 02010 00 | MO OO HO @ S8a% 1258 - | 
se 355 AS 

SH} oeasl|sS Cate |S || or tel ~ ! "| Be 25 

© ~ - ; 

t 

© 2 

o SS = rome loll ow 
| y 

go DE 

a | soocoen | eo nN 
“| 

! 

bt Orn on 

60 09 SO 
re 

= t ~~ 
om SQ go 

° 

| 
1a | on | iinet | oD mo 6a 

| 
| 

ree Raw a Pet it= | - ‘a9 = wi 

| 858/28] seseassg |S see i/eiS| Fo oy 

ie) 
© 

rt rd ~ on - eo 

° 

|| SEaS |S] seas =| saisgens st pei | & le Si Eg 

oO 
Ve ~ ne ; sol 19 DO 

Siw Om = 

N | 6D b= ef © - 
a oOoOen Oal ad Ios AQ 

~ NAN a 

rt 
wes 

LOC = vt 
= " 

- im 
wo Ne te 

- - 
to 

LO 6D 

* 

-s| ssselz| caggl| ¢ “| i |S/8| 32s 
a Saas | 

cose co m 

' 

8 a5 

- mont ell aaa 

| 

otk. $8 

- oD 6) CO <I m- 

11 oA an ‘ah 

~ 
| 

| ee laos ay 3h 

| 
S'S (S28 /F) EX Sis Se & 

| 
Tl omnes &© S&S |SR z | nei! Sls a ag 

| 

| mans ~ OBNSe lS wis lee logeces R moi {ele ~ ge 

£9 
- 100 SS 

o ) 

1 nN Do Le 

o 
“ 

ved 00 N eo ~ 
' 

@ 

S$) £8 |S) £835 e oie || 7 32 33 

x “Sa Teo |e tot 
| 1 | Zo QS 

s 
oes ro | ; i i} eo Bg 

i 

' ' i 
4 i on 

rrr rrr 
pro ry 3 23 

i] 
t aa \ 

t 
1 ' 

1 
a Q 

a 
! tori barred \ tot ot ! ' SO eo 

' 1 pret { Prtartat ' tt 
' ea oS 

! tt ' t | roreoriet i to torordorie ' ' 1. ' ' 0.2 @ nes 

1 
of 1 1 

tees 
1 

tet 
tate 

1 
' 14 ' t =58 BS 

tora 
t 

tad 
robo rr er ' tol \ U i mele O55 

Pred iron 
pir r aa 

bra ot | @oagee 

' 

4 

t 

-_ 

pode br Soccer Pret bo! Paeey 
| 

' ' 1 ' ' ' ' \ t ' ' ' ' \ ' i oe \ to ' } ' ' S.8 Bop 

' 
1 ' ' ' 

t 
' t 1 ! 

i 
It 1 ' ' ! 1 1 ! 

\ 
t i } I! 

t 
! 

OF ate 

tora 
' 

rat 
rot tet eo 

1 
' 

t ' l 
St mh ed 

i 
iad@gto ' 

i rast 1 
toed ar er 

' 
ote 1 1 1 Os a Sty 

' tte ' ' ray \ rate ited ' toto ' ! \ Ves) Se 

' porous ' tert ; pa 
' ror 

' oS § 

{ 

1 

! rire 4 Prd rer ret ppb pa SSeS a 

rh rrr Pret bra ot! ogas 

i Vt ' : roe ' rtrtatde ' biodad ' i Sarg z 

booth 4 peg propre ree Be ae 
i) 

' 
ot ' \ t 

' \ fn | ' 
| ; \ ' 10 ' ' 

' \ ' ' ‘ 1 
egos 

' 
rt rot ! 

moeors 1 
po 'ororors t ‘ 

' nn a | ' | 
Sgn 5 

1 to tot ' yororos ’ ' ' porte i ' ' toto i ' OS gs 

! rt ' ' toroard 1 t forad 1 
io 

t 
ort & 

t ‘ot ' ' ' torre i rot ' tera ' ' ‘ ' io ' a 
Book 

I Prt ' prone ' trot \ 1 Prod ; @ -£ > fw 

' 
tot 14 I 

rtee 
1 

rot trae ' \ 
tat 

a= aos O.S @ 

io 
1 

a0 
tt tate 

\ ! tot 1 
Sr 

® 

t 
ited 

1 
1 rao 

t 
b tot tetoee 

' 
ot 1 1 ~~ bot Sg 2 

yet ' ! t tout ' pool toarerea ' to ' 1 1 WR — 0 4 0.8 

1 t ' 
t 

1! ' i) 
! ' { \ iol t t 1 

' ' ’ t 
So a fet woe 

\ ito. 
i 1 rig 1 trot taped \ roars \ 1 sw 5 aes 09 

rtba ot mrtg Parra rere £8 SSRE2s 

bo 
Piatt prt rant Poort tg S32 s 

; rot \ \ toss \ tots ' to ' : 16 ' ' I 
4 \& ' © SESE US 

> oe tag ' @ ytd ' rag rtoud ' te ¢ : SB gah we 

t 

-_ 

1 
~~ 

= 

Vitit 3 Bite! Sig {Bie Ege S 3 Eyes 

; > 
Digs , 

ag gas 8 ESS= 3° S B50 a8 

| baBes | GEeE! = gseoeer ck & fae eB Se Spex 

1 O 
emt 

a me mM ot oD and S os > sb 
QE 

er 
© 

_ ESa2 
2 2's co oOo Sh=aORSS 

SaOO 
= Qo Se 

a + 
. es 

= 

ma NS 
So 

S$ gaea8 ¢ geese & Bisessese < 
EES 

@ gees © Zeees a< g 
ok U; Na Se 2 

8 
A. 

2 
= 

3 
e <3) 

‘



752 MINERALS YEARBOOK, 1970 

Table 4.—Quantity and value of natural gas delivered to 
nN 

. Residential Commercial 

State and region Number of Quantity Value Number of Quantity Value 
consumers (million (thousands) consumers (million (thousands) 
(thousands) cubic feet) @ (thousands) cubic feet) # 

ie gn A tS 

New England: 
Connecticut__..----- 369 31,187 $59,630 28 10,918 $17,338 
Maine, New Hamp- 

shire, and Vermont_ 75 5,247 10,420 5 2,747 4,259 
Massachusetts. __-.-- 990 82,646 158 , 598 63 30,040 45,330 

; Rhode Island_--.-.-- 152 11,940 21,874 7 3,890 5,936 

Total___._....-.-- 1,586 131,020 250, 522 103 47,595 72,863 

Middle Atlantic: | 
New Jersey__.-.--.-- 1,583 140,219 264,733 172 54,105 17,695 
New York_.__.---.-- 3,862 346 , 533 484 ,453 271 114,081 148 ,514 
Pennsylvania__.----. 2,214 297 ,022 867,416 141 90,162 88,719 

. Total___..__-_----- 7,659 783,774 1,116,602 584 258 , 348 809 , 928 

' East North Central: 
Illinois_......---..-- 2,739 439 , 152 459 , 353 205 187,037 142 ,335 
Indiana___._..------ 996 158,699 160, 286 103 74,659 62,340 
Michigan.__._.__-..- 1,901 340,033 345,133 160 130,589 109 , 956 
Ohio______.__-_--.-- 2,444 459,972 413,975 188 162,710 125,612 
Wisconsin _______-_-- 759 105,208 131,194 62 42,069 41,059. 

Total___._.-_.---- 8,889 1,503,064 1,509,941 718 597 , 064 481, 302 

West North Central: 7 
Towa_----_.--------- 568 96,219 92 ,948 70 56,352 39 , 052 
Kansas__....-..----- 596 97,317 66 , 662 57 45,777 21,973 
Minnesota_.____-.--- 603 101, 764 111, 533 53 50,688 40,449 
Missouri____-..--.-- 981 156,571 150 , 934 87 72,597 50,019 
Nebraska_..__-..-.-- 318 58,295 49,609 49 35,571 21,520 
North Dakota. _____- 50 8,186 8,382 q 7,745 5,437 
South Dakota__...__- 74 13 , 784 14,335 10 9,148 6,248 

Total___.__-_--_.- 3,190 582,136 494,403 333 277,878 184,698 

South Atlantic: 
Delaware__.__-_--._- 73 7,843 12,431 5 2,804 3,491 
Florida_.....---_.-__ 845 14,702 36,961 28 21,302 23 ,240 
Georgia_____.-.----_ 730 87,359 91,552 54 35,622 26,396 
Maryland and Dis- 

, . trict of Columbia. __ 816 86,811 126,310. 64 33,051 87,711 
North Carolina_______ 279 27,353 35,559 38 15,143 16,627 
South Carolina... -.._ 211 18,930 25,612 26 12,577 11,759 
Virginia_._...-.--.-- 451 49,554 73,835 46 24,641 25,577 
West Virginia_.._._._ 350 57,973 51,654 29 18,382 13, 087 

Total____.-------- 3,260 350,525 453 ,914 290 168 , 522 157, 888 

East South Central: 
Alabama__-_--_.---- 537 55,779 63 , 030 89 35,368 21,398 
Kentucky____-_-_---- 523 86,473 71,600 50 33,970 23 , 269 
Mississippi___.------ 328 36,642 32,392 39 19,295 11,886 
Tennessee____-___.._ 391 46,571 42,4738 51 39,392 28,874 

Total__....-_-.-_-__- 1,779 225,465 209 ,495 179 128 ,025 85,427 

West South Central: 
Arkansas.._...------ 376 59 , 792 45,083 51 37,149 19,949 
Louisiana___..__-.-- 834 86,148 66,679 74 34,733 17,783 
Oklahoma.___...---- 632 77,460 65,144 68 38,661 20,568 
Texas.__._-__-_----- 2,612 232,189 213, 846 242 94,471 52,998 

Total_.__-____.-.- 4,454 455,589 390, 752 435 205,014 111,298 

Mountain: i 
Arizona_._..-_------ 417 29,679 35,585 38 17,267 11,776 
Colorado____.-.---~-- 542 82,595 59 , 386 69 57,635 33,140 
Idaho___._-.-------- 68 7,711 10,726 11 5,851 5,933 
Montana_____------- 136 24,794 22,513 18 15,520 10,228 
Nevada___._.------- 69 7,262 10,944 4 5,224 4,853 
New Mexico__-._-._-_ 229 30,771 28,551 24 16,642 10,501 
Utah______...------- 236 44,637 37,941 16 10,164 6,007 
Wyoming_.__.__----- 75 17,984 12,265 ll 12,123 5,698 

Total___._-_._-__- 1,772 245,433. 217,911 191 140, 426. 88,136 

Pacific: 
Alaska__....----.--- 15 6,211 9,435 4 6,374 6,323 
California. __-..----- 5,608 552, 544 544,256 356 203,699 150,104 
Oregon ._...--------- 180 19, 742 29,830 25 10,394 13,970 
Washington__-.--.--- 262 31,929 44,796 35 18,236 20,315 

Total__.._.._----- 6,065 610,426 628 ,317 420 238 , 703 190,712 

Total United States. __ 38,604 4,837,432 5,271,857 3,253 2,056,575 1,682,252 
a cn eee antennae samara cian iat SSSA aaa aaa aaa saaaaaaaaaacacaaaamamaaaasaaaaamaaaaasasasaaaaaaaascscaamaacaasamaacaaaasasassacaaaal 

1 Includes refinery fuel use of 1,028,794 million cubic feet. 
2 Includes deliveries to municipalities and public authorities for institutional heating, street lighting, etc. 
3 Quantities at 14.73 psia. ; 
4 Includes 85,884 million cubic feet used for carbon black production. 
8 Source: Federal Power Commission.



NATURAL GAS 7 53 oe 

consumers, by type of consumer and by State in 1970 

Industrial ! Electric utilities Other consumers ? Total 

Quantity Value Quantity Value Quantity Value Quantity Value 
(million (thousands) (million (thousands) (million (thousands) (million (thousands) 

cubic feet) 3 4 cubic feet) 35 cubic feet) 3 cubic feet) 3 
NY 

14,690 $15,336 147 «$51 3,582 $4,008 60,524 $96 , 363 

2,224 1,896 __-L-..--. ) ---.------ 473 364 10,691 16,939 
22,513 23,414 5,711 1,930 5,316 4,779 146 ,226 234,051 

5, 743 4,973 2,319 922 1,174 1,527. 25,066 35,232 ee Oe ee 

45,170 45,619 8,177 2,903 10,545 10,678 242,507 382,585 

80,178 55, 804 45,560 18 ,270 1,848 1,639 321,910 418,141 
115,047 79 , 958 106,141 40 , 864 25,417 22,469 707,219 771,258 
337,773 197,935 9,337 3,996 9,177 7,140 743,471 665,206 

532,998 333 , 697 161, 038 63,180 36, 442 81,248 1,772,600 1,854,605 

380,464 190,993 182,329 47,638 6,397 2,527 1,145,879 842 , 846 
268 , 394 127,219 29,571 10,320 2,891 2,194 534,214 362 ,359 
290,413 155,371 32,163 13 , 605 2,119 1,437 795,317 625, 502 
372 , 968 216,321 21,449 8,622 20,702 14,409 1,037,801 778,939 — 
141,250 77,970 30, 242 12 ,944 12,486 4,433 331,255 267,600 

1,453,489 767 , 874 245, 754 93,129 44,595 25,000 3,843,966 2,877,246 

99,152 36,389 77, 726 21,452 914 344 330,363 190,185 . 
163 , 395 44,607 168,139 49,601 6,855 1,940 481,483 184, 783. 
97,906 40,925 58,617 15,182 25,897 12,793 834,872 220, 882 

109, 464 44,114 63,104 16,659 15,047 4,920 416, 783 266 , 646 
54,8388 17,548 47,593 12,755 11,253 3,218 207, 550 104,650 
1,782 700 362 132 570 327 18,645 14,978 
6, 800 2,217 4,364 1,458 2,213 976 36 , 309 25,234 

583 , 337 186 , 500 419,905 117,239 62, 749 24,518 1,826,005 1,007,358 | 

12,030 7,050 3,744 1,419 LLL Leee Lee eee 26 ,421 24,391 
92,334 36,010 198 ,273 72,870 5,612 1,706 332 ,223 170,287 

_ 140,891 58,188 58,674 17,250 3,104 2,244 325,650 195,630 

44,008 30,101 11,436 3, 762 4,478 4,039 179 , 784 201,923 
75,065 38 , 433 21,126 8,049 6,389 4,083 145,076 102,751 
78,698 36,437 45,081 17,086 1,273 549 156,559 91,443 
44,572 22,598 4,276 . 1,274 5,449 3,367 128 , 492 126,651 
90,474 41,437 705 231 3,296 2,215 170 , 830 108 ,624 

578 , 072 270,254 343 ,315 121,441 29,601 18,203 1,465,035 1,021,700 

170 , 937 57,264 15,444 4,216 886 A413 278,414 146,321 
72,524 35,174 8, 533 2,492 8,491 5,061 209 ,991 137,596 

135,379 40,614 97,287 26,657 4,551 1,984 293 ,154 113,533 
121,880 47,583 17,253 4,399 3,328 1,571 228,424 124,850 
en eC: ::L EE ee 

500, 720 180, 585 188,517 37, 764 17,256 9,029 1,009,983 522,300 

152 , 580 43,485 107, 797 27,488 2,020 640 359 , 338 136,645 
995,158 239 , 833 330, 648 72,081 35, 588 8,861 1,482,275 405,237 
119 , 844 30,321 234,749 46,480 5,260 2,372 475,974 164,885 

1,789, 533 375,802 1,059,816 266 ,014 51,619 13,318 3,227,628 921,978 

3,057,115 689,441 1,733,010 412,063 94,487 25,191 5,545,215 1,628,745 

57, 732 25,229 58 , 878 21,667 — 5,438 2,572 168,994 — 96,829 
84,788 23,571 51,275 11,998 1,446 536 277,739 128 ,631 
28,805 12,847 _______-- Leet eee Lee eee eee wee +e 42,367 29 , 506 
36,105 12,240 2,529 703 3,044 1,248 81,992 - 46,932 
10 ,327 5,804 25,336 10,464 4,409 2,429 52,558 34,494 
73,078 19 ,489 54,934 17, 744 16,393 5,229 191,818 81,464 
62 , 484 18,495 3,513 1,012 16 1 120,814 63 , 466 
50,079 12,470 2,373 543 1,903 A424 84 , 462 31,400 

er SP Se s 

403 ,398 130,095 198 , 838 64,131 32,649 12,449 1,020,744 512,722 

14,744 6,310 8,198 3,074 6,145 2,249 41,672 27,391 
618 , 647 250, 552 636 , 257 220,145 6,246 2,804 2,017,393 1,167,861 
57,664 27,909 1,010 388 966 550 89,776 72,647 
93,147 $7,352 ._..-_-.-.  -.---.---- 254 118 143 , 566 102,581 
Un 

784,202 322,123 645 , 465 223 ,607 13,611 5,721 2,292,407 1,370,480 
——————————————————— OO — ———— 

7,888,501 2,926,188 3,894,019 1,135,407 341,935 162,037 19,018,462 11,177,741 
A



MINERALS 

>, 
\ 

> 1970 

« 
et 

e 
ong 

ho 1 

F cor ats Pe EAS
 

(co 
» 1 

1 0 

6 Por dh 
| PIV pre 

i i 1 i 
i ' 

1 
112 

19 mt > 
— 

sf ot 1 1 
' ri im tt oo: 

7S ' 1 109 

® 
' 

po 
1 rrooe 

rt 
MO 1 10 ta ist tN 

~ 
' i 1 ' 

i 
to \ to 

‘ reg i 1 1M tet 
t i 

s rob td a tos 
Prod day gf 

rik | 
tte 

a Poiat| 
Pei f  t 

rob dt : 

R 
1 me 

I> preter 
; cid 

rt 
Hobo 

Sle 
ol is gg] 3 | iad Gi/sil af | ! 

gle | 
igs (gi 1B le ile: goiit 

o} 
i 

fot 

1 at 
igi 

a! 
Sele

 
' 1 

2 qi 
t ' . ot t 

in 

4 is Ay tor 
a 

AS 
1; 2 t,o 

' 
' 

Has} g 
' 100} 

I Iris
 | 

r11Oeu 
6! ie [9 et 

.t 

® 

rs 
IX Ge Sot 

| Sig 
iS iB | go! 

31 
iy is eas 

Ot it 
ne 1s 1B iS 

~ 
! t ' 

I Air t ! 7 te 
mada 

iD o 11,2 t 

' 
' 

mos 
o 1 oO! 

toed 
Oo 1 

tq | © ' 

° 

! t ’ 
at 

oO 1D now 
~ 

mo 

! 

o 
» @ 

1 

i 

' died 
na: 

} oir 
. ted eo 

1 

es 
» 

a 
t 

1 

‘ 
t 

+e 
l ' oO 

i 
me 

no 
° toe 

Oo ' bt 

~~ 

d 8 
1 

' . t 
' 

1 

‘ 
t 

«oe 
oo! 

oO on ! S t= 
' . 3 

. : 

; 

a 

> RN 
' 

itd 
| 

t 
' 8 

to 
' 

oO |! Ql into 
' © 1 

- S 
Poy 

Sud | og | . 
' PRT 

Ta 

ci] 
i 

e 

A 
: 1 IB al st LEeGcE 

borg til g | 
en 

1 

o° 

° 

: 

. 

i 

g 
B |» 

ISSZE /S 
1 ai. Plies 

g dog 

S f] S isl ite | Bide 
iile! ¢ ie izisil! 

. 

* 

° 

>» | 

3 
{jg {| ° tga | 1 ee rtovetee | oir 

Bt Eg GEA is | | 

a 
o: 

il ws Be ~ A 1 OD 

io te ue f By 

| | AV] i] BR BW 8 a ee we] 
a BIB 

z 

' 

rt 
OQ IpgOo

e 
' : 

.- 1 
Pwo 

© 

1 

: 
o 19 m4 OO oii 

AL OE O
O 

= 
s 

! 

| 
io © ‘mA | me 

rKoOoHI
D > CD CD rt <H 

: =e | |é ‘eal 

me SP BESES Bro a 

jen) 
2D 

by 
St of 

t 

” mo 
4 °° 

& 

: 1a@& 
1 be 

6 
' 

a 
> eat 

ee 

ve 
é& '6 ; a ..2 dy 

; @ | 
ao 

mt 

— 

Ox 
' 

Oa 
ed 

s 
; oO 

' 
' 

- t 

s 
> 

ll ZOEzS 
sey gt Sd ted || 

ms 

~~ 
t 

wao 
A 

oO 3g 
pe 

' 

Si 

p 
‘ 

12 
' CO 

aed 
& TS Si 

1g 
e ' 

be 3 
. 

. 

1 

= 2 q ora 
* 1D 1g, 

iO0e te dj oS of -abed 

72) 
3 

' : t 
tan! 

pire 

Ay 5 i Oe 
Gees

 
‘ 

ae 
& 

boro 
1D 1s | a Oo. ets 

exe ae boos 
.t 

Bh A 

' \ ' 
i 1! 

we: 
wibiei

s pil 

saa 
= 

-_ = 

' 
‘ rig 1 | 

ae | S11
 | a 

<1 

me 

eC 
| 

’ 

' ( t |. 
t = ' INQ! 

') & | 
* ot I<fey 

10 

g 
8 

’ t t 

‘ 
| 

7 oo 
py ago 4 

\ ' 
| 1 1 

= 7 
eS 

1 18 1 

it 
,iTe 

| 
tt 

im ted 4s a 

=~ 
~ 

‘ my 
is | 's ! 

| 
‘ 

’ i 
' 

t 
1 jet 

. ! 

a 
7) 

1o im 
rer 

i ! 
ro 

iad Oo 

3 
. | 

t ! 5 o 
t 

t 
' 

' 
1 \ ijmo 

» 
~~ 

| bo! 
&D 

is t ! 
' 

ot 

pt 
t ' i! 

| eS | ma 
' it |= 

18 to: 
' 

to4 
. '} 

' ' ! 
' 

B38 j2lz 
JS] ig Sigil) 

at aii} ill 2 
Pott 

5 2 at PB 
0 

| OD iO 3 ay 
stage 

tt 
Miia 

® 
d 

o—_ 

uf 00 

I Oo 

‘ 1.22 
' 3 

pr 
iad 

1 
\ 

an ” ola 
2 MS 

' MM) i 2rd Bt A 1g se tet 
1)! 

2 |o| & N nowla 
owt | 

tibet]
 6 ill iiSaig

ig ils! 

2 Oi 
nN O10 | OY aN too 

rile 
11 Sidgik

e CS 

2 5/6 
' Siesfe:l 

= 
| Of Og ts is tl a | 

s a |€ o 

9st 
of SAS 

IE om 
136 1S te! 3! 

Fe lé 

= 11S 3 i 1SSe 16 2 || Om te 
1y}o! 

> © “| ® 

' 
' wo 

S 1 | ‘| 2A COE ID 

LS 
wie 

3 

’ 
i 

oa Oo ie Or? 
ro 

ime 
\ Or 

ii re 

a 
>| 

- SC 
& 

‘ 
~ 1 Oo 1 SS 1 

iales 
74 

1c 

g im 
21s 

R 
ew So 

' \ 

wit 
~ 4 N nor 10 —tl@e

 

a o n 
3 8g 

8 
. ! i 

\ 

rt 
169.00 

rod 
aa 

Y 3 S aus |é mot tlt 
J tg! 

mod 
:|* 

A 

O 
~¢ 'U ! 

tele 
6 

t 
ot 

\ 

| 
Pp 

Fey ie} 
co! 

! 
ig 

‘ 
! 

oD 
2 

a 

io tet 
zt odo 

' 
1 ' 

r¥ 
2 bt oe oo | © 

6 idas is 63 
ot 

om 

ore | 
a N 

ima 
$6 1S ist 33 

3 
oO 

tX 
. 

re 

° 

$ 

a q | = Re $| NZ jon pee| a teas gg (Ee (SSE: eal 

y 
od 

Sil Bin 
ve SNLSSES 

‘ok ISO 1| BS 

-_ 

100 
aD 

10 b 
THOS 

| AE 

giide
 

a 

' 
e 

OD eee 
° 

OD 10 

~ 

QO DOD 
2 | DO 

tO INS 

BA 

& 

GRO
SS 

Sx 
a so Ie 

e 11 wet LO 

ot 

. 

a 
~ rd 

aS 
SN 

tare 
Loe 

e e t LO 

Yv 

3 

“.e 
& 

re 
se 

ik 
O19

 { 
° 

g 
° mw Bod ty 

| 
m - sR 15 11a 

” 
. @ 8 > 

. 18 
+ 8 

N 
nea! 

Rio 
“YY LA 

5 

7, S35 
rm IDs 

as || 

NI 
lon 

ilo 

. 

ZO 
, 

2 3 ! > 
> 3 | 

ind 
' 

~ 

. e7 
4) &2 peled| S835 

: yo 

, 

~ 

' 

6a 
Os 

e 

+ 

es 

D wt +l a sesle 
BS| sEezé2se 

2 gg fea ieee} 

vi 
OW my Pr 

© See 
Kw 

o™ 
io | 

OMAR
 ws 

os iaad 
age 

' e 

a 7 AS § Sx |S Sete 
A ty 

Oe lag see | is 

fon 
8 8 

mot}! 
wee 

ee 

i | OR 

m OY 

\ Pp oo ! © 1 1 IO ot 
Qi 

ro 

| 
t 

~ 1 
N ! oc 

|! 
ims 

* 8 NOOO 
16 

t rie 
° 2 E op op id | ro ne 

ON 1 

1 
' 

ral 

od 
oO 

CO °O 
ho bb toe 

ee 
Noi 

boob 
| Hort 

ue eet SS 185 [S45 | oo! 

odd 
| 

4 
1 

t 
‘ oo 

| loot IN ote 

i rod 
' 

4 t ' 
\ 

‘ 
j 

' 1 
time 

’ it t ' 
1 

t 
; 

1 
t 

' 
' 

t ~ | 

! a4 
! ‘ot ' 1 

' port 
‘| 

! ' 
ppt 

git 
1 \ 

4 ! | 
ret 

t ' 
\ ' 

' ' 

5 
1a ft \ ’ ro i ; 

vorot 
! ' 

tt 
' 

i ‘ 

i Meritt 
phob 4 porr tt Prod baa 

© 
' tid 

1 tot 
t ' 

' tee 
i 

t it 
«at 

\ 

he 
Qui 

' 1 
tot ' 

} m4 
1 ' 

ot 
' to 

i 

‘go 
ro 1 rt 

' 
i 

' tad 
’ ' 

ros 
rt tat 

1 

z 

ee rt 4 ' i Prt 4 
io 4 rr 

S 
Hee! bid 

' i ' 
1 

' tr 
’ } 

rt 
toa 

| 
1 

3 

1 
12 

{ 
{ 

'oo 
\ 

' 
1 

4 it 
! 

! 
to 

et 
' tos 

' 

o 
YB i>d 

' ro 1 ' 
I pores 

' ' 
to a rit 

' 

g | 85388 
oli got et pibod odo gd Prot d 

a $32 52m | See eB | ai otitis 
btn 

Ph 

a9 ~Eo 
™ Box 

a 
' » ! ' to 

\ t as tt 
ioe 

to ’ 
I 

Soe 
eo 

— az 

\ 
a! 

rot 
1 $ 

eo '! 
it 

t } 
‘ 

Seah 
ao 8 aoe 

2 ~ 
Oo: 

rat 
; [ Bi! 

tt rit 
' 

aaa 
> 2o 

oO she 
~> 

= 
oO ! rat 

‘ ' ye] ro 
to 

i a 
! 

fz} 2 
os 

& 
<< 

n 
3 

! 
1& 

! < 
t 

@ pos 
tt 

iw 
' 

os s 
ee 

2 32 aa: @ = O1t 
rt #29 

e me ooo § & S32 82: § s ri 8 1 

® 
BAZ ty 

3.8 ged § 5 ain gs gas 

Z 
S 

we See $5 588 38 209 = 

ht 
Nau 

° 
s CS 

s 

» 
bot 

< 

= 
% 

oF 
aw Se Bes 

2 

~w ed 

° 

ic) 

3 
ae ZS Gr



L GAS NATURA 

i({tKo !: 
1 Noda 

oe 
QO pit | Pease thew 

Ito Na TITANS 
ares ico ' ie OS Pin ; 

CO te tet 
wo) rk 

bag 
; 

. 

' ow 
! 

eo toe « esto 
oO 

' iN 
tot 

1 
: 

' 2mm; 
se ' Ooms int rir 

1 ' 4 t ' 

retto. 
' 7 1 6 ' tt ae i 

Oo 100 1 | co 
1 ' 1 

4 

1 no 1 ithe 
' © 16% \ 11an ' iNet ' t 

' i i 

Me Tiitig th) a gigas mee 
| : 

, 

rie rrr ria itt wry 
bo 

bt ot gat i] 9: 

tt 
it 

' 
! ‘ 

° 
«! 

t! eo! hed 

tt rind 
tft 

1p! 8 Siete 
ig ad | 2B 

' 
tes 

' 
' 

t 
ao ' a 

= ’ ‘hs 
ites O 

t 

ro 
; ret 

! teGims il] we 
iS 188 1 SES BS | 

repre tt a 
fis in |S 2 iS iba i is 

rt birt ad iar 
Sieo ia i (ss , | 

(fro: 

fa >Ptn 
.t 1 Si iat SE! 

Sd ae 

pO 1OO 1 WO | “si 

mt, prrrrtg 
' fs is te 

ldo Ne 
ee ' 1g—glot 1 Ss ' 

1 ted eee 

Mil & Mone 
Bind ioe! noth iis ri 

ls 
10 © 19 10S ae ; oo 160 gs 3a eS 

7 ' 1am 4 ‘ 

PO 1 tee a Il ig ite Bis | 2 1S4 ANISH 
ros to . 

to 

1 
wo 

tos . 

! 

toe 
i<—Hid <H 

= 

= 

= 
N 

' 

: 

Pigg ttt 3 Sree fa in 
Por gry ‘hag! 

14 rt 
mo 

' ° 
tet A tt 129 ' ao 

yo gg 

1 

oe 5 
e 

toe 

. 
t 

pr 
Ho Ho elds Sib igs | ges 1/28 | | 

ray 

. 
1-3 

 !a2 
46 °@ 

ao 
! 

oO ot 

Hg fii. fel aiig | | Sees eS] 2 ie | on 

Mig Hilo lg fib ies |éq || 3 iags4 
122 | [AAT | Corrs 

' ' 1 eS ® ! H 

© O10 So 1 nehwonlow 

118 i pes ys Sie! 
NABONA | Or Ovid ie | nore Se 

4 1 treet 

0 | HOS 
nN te ‘hd 

ao 
~- © 104) 

ae ee | ~ 

' Sli aesece lose) o sas SEY SR eh | eS 

OO 
; 

7 « Sh ee 
oS 

cA 
10 60 

_ 
”~ 

i 
YL my 

. 

iN © TROON 

wet 10 60 oD | & 
00 10 

- 
m™ 

Sas 1S Ie aGg rim | a9 SSB ES | VS Hava 
a le 

a 
“ag 

NS CI Sox ~ i we wo ls 

: S 1 i Sanlu Sa 

io ™! 
+ nm 

| 
SS a) (Sei! sas mAs 

i ' 

: 
, : KS 129 18a SO |B ° 

iS - of 1 | ge ao8 ins 51 1D} Owo 

, 

. 

mM 
Ss <— 

om 

a | 

‘ 
or 2 RoE 

Cap iF 

— 
sBS ds le SASUh04 | Sz 

beng thous 
7 

to. 
t Oo . ent 

e 
$3Seau 

OBS 

t 1@ tC yf ' t ' toe t Kis 
t 

: 'S so tos 2S > S vsaOns 

t so! pores tos rrgat 
a 

Six & ifzsegié 

ee ee ViBime is a 

> 1 Aa | 

tes LO ' i I sre 
i! 

i ' 1 16 ' rfo 5 ' t i 

Qo 
port 

1c . ! t 4 ao! 
' io ! ! 1 

tot 
' 

boro 
t ' 

t 

. 

t tow | . Pres WAN 
' 1 ~~ 

rot ;{ i 1 i \ pores 

Proromt 
time tlo 

rt ' now ' i i mo A \ tt ro 

14 

t I ' tH i ! om 
i ce 

t 1 1 1 
t t 4 

! ! ! 
| 

! i ! is ' 
! ; 

- 
t ' 1 

‘ot ' 
1 oO 

nn 

borg 

: 

rot 
' wd tort 

tex t e tof 

petra 
™ hr 

| rroorfors 
it tae Tt ie | Si 

a) tag 
' 

ry | i 1 I 1 ' 12 ;aQ ft 1 1A rfatong 

| 
a4 

Doty ! 
tot ' . ‘ys i te 1 ' ' tte 1 8 e tta IW ' © | 

res 
' 

Pia ' ; | I Sia! 
™ ! :; ! re ihe Bo} Pret 

to 
. 

i 
1 

tory 
i 

' ot ' "Ta lone 
io 1 ' i 

1 tp 

Pit gitte ff. Piiidg litt) Big bie] | 
me 1 fon | 

Pit Rite ite Pihigé] iiay S 
| SiSSBe toes se 

| . Os 1 
| 

00 ’ s toes 
16010 ws 11a 

PEt BES ils 
PS] Spee ey yy SENG ATES Lee 

Pt 
ey Giz eye tty SE Be | i! ! 3 ! 

1 
. 

° 

4 

Pe CC 
11h 08 an Byes ft : : ao 

fey tig iN 10 
' IGN ~ 14 

! 

' |] t 
. 

PS Se 1B ree mip 
: |, ! ! ad ! 

1 i ras 
' 

! 

' ie 
to 

' ..e 
nn) “661 

SI ' 

bob ad 
oy to og tS ft 3 1SSSS tance | as! 

brag ig | th og igB Ra] ot 5 IBZSE S286 | 

° 1 
a | 

e 
t 

© Fag 
! 

1 

' ! ro1ig 
i 

11 te, mt i a ae 
tot 

— 

1 4 it i> © rye 
ISS a tt BE ietsd id 

inwweqnenie 
1| Ho 

igi gi tie | s 1B id< 
oo | oo | Slegagreros 

ilse | 

‘Si Sips ily 
Ft Sever priea | oo | @ iSBBIAase 

1/8 

iO 1 Pa 

100 1Q 00 a toe 
: _< 

I= rd ar 
oa 1S Cc 

00 
i 

1 

Kert | ~ 1 N oor 
& Nira nos 

' ~ 

' 

CID LOMAMIE Tt | 0 BB its | i So wo IN iy] ow 

noe DOO C165 60 Si oS 16 11500 | 10 rt a! 

; ; 

Dea 
Nore 

me ror tort N 

¢ ' gal 
{ an 

See © S&S mil] 8 ted ig 
' gslgill B: oes sa | 3a! 

; = 

roy 
i 8] 84 S id gg Ny S'a | o,.4 , 

re 

' 
' 

tse | oem \ 
= 

he On Y | 
1 

a! eee Ble. 2 626624065 || ex 

eo tos 
5 

: 

' 

S 
BIg! 4 eit asses ie |S | 

room or prs 

ore 
e 6 ; _ 

oe 
oe 8 6 [ . 

ig ako abasla| 2 ib ied|a) eifsi) size easy [ai 

faa SAudzus 
|= 

Si tP Siw is sys | QL iS BASS | or 

Ay << 

© IN 10009 - 1 
IRD no ! o ! woe 

a) 
re 

1} x eo tie tle > Nise itm:/Si 
i t i i 

om & IOI AIO J . SH 100 iss oO iit N OD 1 I - 
' i t 

\ tot 

ee 
coo 11 a5 o> 100 INGl | oO 

no! ia ils i ' 
' 

' 
| 

Ke F 16 Oe ila 
N tet tN 

1 | 
noe ' 1] = 

' ! 1 

ao oS Sindee 
oF. rt 

tt] it ct by 
i) 

tt ' 

NOS 
rd et 

; “i 
' ' 

' ' 
1 { 

' to ’ 4 1 

t 
1 

1 ' 
{ | 

' 
' I to ' poi 

1 
. 

i 
t ! ; 

' ri ' 
' 1 i oro 

1 a) 

! : Prodi 
Pre boob 

rpoditi of og 

\ irens 
\ 1 ' tt ' 

! ' ' 1 ' 
t ' ' \ ' ' ' ' ' 

» 

iawn 
toed 

' 
toa 

! t ' 
! 

tot 
! 

Sent 

perp bate 4 robots 
Hort of Horr re obra 

S 

rtd i thd 
' ' ; to ' 

' tt I ' ! ' to rau 
' 3 

Peis Po Pitt ob ot oe Pb boob ot Piodtit of & 

rt1red 
Pia 

\ ' ' 4 ' 
' tt ' ' 1 ' tt rea 

' 

rtm, 
' rr) 

' \ I 14 ' 
t t ; \ ' 

' ' 14 ' | aan 
1 3 

rio i ret 
; ' ' rt ' 

\ 4 t 1 1 ' an rt oft ’ 

4 et tat 
1 ' 1 ' . ' I ' ' ' ' 19 \ 

2 

I ; i 1 \ ! 1 1 
t ay ro 

' \ t ' ! ! 
i ® 

ot -_ 1 toe it 
' 

t t to 
1 

3 
| t \ 

! 
' ! ' 1.2 tt 

! 
-_ 

toa et yao 
; 8 ! to ! 

| 1! ! 1 ! 1 an 1bé 1 bg _ Oo 

1o4 Ta) 1 tata 
tame i t toi t » | 1 ' ' ' 

\ ! i's 12 1g a 
a 

Pt gg tt 1 Brororr 
gi tow’ 

1 § 18 sais 38 2 

rt ' gseiitae 
ee 1 Oo 6 

sc 4s & '§ S ° 

trig 
| - 

ag 
O23 § 

ss z8 € of J Go eB & 

iiss B58 >i Boe CR sag 8 gs sé sbs5 8 

. 

-~ 

ome 

om 

om 
— 

seisge Oder 2 Sa 2 Hf f gee g 2 as $ 82 2256 g 

pe 
, 8 og 

om 
~~ » Ss » gd 

H 
° 

a4 ® 
a< 

GS gk ss So 8,, S Bek & BE 
a se A 

3 

SES bss ESRB 4 BR {3s 
24 AS 

5 

455 $80 ZeSB 2 
é 

= 

AROS 

a 
e 

5 

je 
° 
Rn



MINERALS YEAR BOO . - K, 1970 

t E Pidtf arp 4 
| 2 rho ' at dd 

! ' t © 

E rire} aia hn 5 id! | tare 

I 

'eit t t hans t i 

ad . | g ria} id | g eed] ys bras 
z Peary ey miu 

. hire} ris By 

2| 2 AL a 
ES tie |! | 

| g\s Pins) ii Mi 
3 212 ra ! ae 

| 3|e 1 Hf He 
: iy trad 
: | tet ot 

s |3\8 gel ii 
q : (3 ‘las poor bts 

| = 1 1,88 itd 

: ig | trod 
: rps | _.. to 

5 2 > ©o oO 

e | + isslg ‘| SS 

s e | #188" 1: 23 
. ° | " 

S : 
we ‘ . ! 

a B ar 3 7 
any it q mind 

z 
kN 

1a 8 ' oon 
Bigg 5. ty tt. 

~~ 
Ole) 3 ' mrt 

2 ° 8 ' rbot 

| : 7 toto foe | 

E B ror te | 
= 1 ot bye ‘ 7 

° I qo? oe 

a a 3 rtd mi ! Hy 

33 ge me TG Hy 
Nn ' : 

i ' trae 

23 _ trid 

2 © & iit Pgiy | 
2 . : | 

Bp ma Fs rity | & an i 

—_— © a rs § Wn 

sank ‘Ela r} bits 

o | 

Bele | issele iH S212 | i885 efi] iu a: : 
! Sx I tits 

' 2 2 nN - oS md 

“i 8 g |? me! A 

‘ ; toot | 

ta | | 

: ; : troy 

== 5 gt : 
Ss o| 8 I se |: A 

fa |3|? aelgil ii) 
o = Bos Sit a7 

! o& a ' trig Spip bias | 

: s 16 SO Of co oe Z 

3 celal tl a 

Y 
§ oes ie 

sai fe 3 

g a | SERIAL: eg in [3 
: a Sty mE 

a. |i 
om 2 3 

- to e | | 

© na ict-a a i ELLE 

—_ 

ee SS NS 
can 

: 

g aes | al Pen : 
| F Po ritils 

z e | CO wi tb 8G : 

g a <| #825 wfe| aif 

pn 7S 8 YO EE Be 
ast SVE VE] Lit! 3 

. $e ™ - nls 
; 7 pit ilg tog S 

. ri iils 
. t 

: hr ot os fl ' ' 

- Pert ot PE : ; T 1 ; i 3 

hark oa fs ila 
< 

tore 
' 

mtd 
s 

& iii Hues rt tof | 2 1 3 : 

° itt | 8 itileg 

: rrr 4 @ men 4: 

3 pr ; 3 it oF 

® (ite 
2 mtd 3s 

3 tig i oom read cs 

g aig 8 ER 
: ig _ 1ouosdst s 

ange ‘3 - = 

PETE ~ rl \ to. Ss 

mt a+ S S822 : = bo 5 63 38 ¢ Ee 
a8 88 2 oO 8 

ba85E 
Be & .2R a5 ES 

et00F gags | 45 
oO 3 < 

; BOS Sa 38 : BO Bi s.2 g Aa 
& a N



oe 

oe 
5 

o 

2s 

23 

$3 

CBOs 

ea 

5 

wo 
Ba 

Ql 

NA 

§ 
a 

Oo = 
a 

T 

eS 
~ 

29 o0 
- 

10 09 

AL 

| 

“ 
6a 

03 04 
oo 

Ye) 

GAS 

Bs 

“° 
oot 

1S 

& 

Eee 

x 

ase 

on 
313 

aE 

. 

= 

r= 

gees 

Sa5s 

Slo 

eaES 

eee 

BOD 

oo 

at 
Oa 

= 

BEe“ 

wees 

1 

- 
eta) 

nN 

one 

O 
e910 

GIO 

> 
mis 

N 

. 

3 00 
fp 

KN 

> 

oO 

eo 

ns 
2 

N 

siSes 

a 
oD 

oO 
sacs 

10 

® 
28 

co 

gan 

Sx 

aN 

mo 

10 

r= 
a3 

mie 

EE 
& 

oSeen 

NSSae 

°. 
ot 

90 

757 

o 
8 

10 
t 

0 
CRIES 

S 

y 
BYE 

SS 

R= 

1 

ye} 

- 

OO 
tra 

~ 

ql 

= 

~ 
Son 

a 
2 

1 
oo 

ox 

a 
gunae 

| 
g 

ar 

S 
esheets 

A 

' 

mata 

4 
wos 

~ 
SoN 

- 
BON 

RIS 

a 

t 

~ 

* 

ce 

ae 

8s 

AS 

> 
it 

<i 

Ay 
2s 

' 

QS 

a 
oO 

SBS838 

Sosa 

oO 

£8 
e- 

° 

~| 2 
> 

09 wg 
BOM 

SARs 

o 

S58 

eS! 

colt 
 §Ss 

oo 

BIg 

> ICD 

on 

wo 

a 

rr 

=e 

wi 

X~ 

& 
33 

© 
QA 

- 
co 

= 
Sd 

' 
ad 

AA) 

a 

oD 

Keo 

= 

o 

aed 

ion 

00 

1o 
OSS 

IN 
co 

03 
~ 

39 

So 

5 
gee" 

Z8 | 
8 

nae 
2 z 

gio 
a483 

= 
[s 

Ra 

rij 

LOR 

3 
0 

03 C158 
8 

c |e| 
22 

mie 
$23 

| 3 

8 
SSees 

oi 
pce 

S 

eee 

! 

3/2 

a2ge3"" 

gisnoss 

: 

S 
> 

38 

wae 
ns 

oo 
= 

or 
> S 

6915 
Ba 

> | 
© 

: 
S |g ag 

1 

o1s 
235 

ejricied 

e 

XB 03 S 

DH 
3 

33 

tie 

o 

LBSRS 

N 

© 

2 
o 

p |e 
g 

aon 

° 
anaes 

9 

+0 

m | % 

a 
a 

3 

oon 

1 

RHSris 

| 

oN 

1B 
os 18 

~ 

a 
2 

oon 

' 
IO 

ono 

So 
ao 

Qi it 
\ 

O13 

_ 

oS 

t ! to 

ri 

ines 

- 
Res 

100 
B28 

8 

D> 

, 

t 
t 

' 

t 
oO 

oe 

N 

DBS 

§ 
re 

E13 
3 

q 

t 

{ 

Nn 

a 

of 

Te) 

oD 

® 
2s 

' 
tt 

! 

PD 

To) 

. 

_ 
BS 

oa 

' 

st 
0 

Pc 

8 
wn 

6 

- 

tot 

' 

I 

| 
A 

© 

ARI 

oO 

t 

a 

oO 

% 
5.28 

1 

qt 

cot 
ot 63 

=| 

~ | os 

vo 
® 

t 

! 

t 

- 

= 

nN 

N 

~ 

~ 

gas 

ot 
' 

' 

vd 

re 
its 

Ne 

- 

co 

. 

aes 

' 
it 

1 

1 

1 

rt 

oO 

1 

4 

BRe* 

' ' 
' ' 

t 

to 
a 

! 
© 

om 

1B 
x 

za 

| 
itt 

; 

1|% 

; 

oa 
BoSee 

~ 

4 vt 
' 

itera 

ei 

wt 

m4 

ist 
SSeS 

wa 

a 

4 tt 

' 

Ie 
Oe 

© 

t 

1 

elt 

100 

Ol 
1G 

60 
Ye) 

& 
12 

oa 

rt 

en 
8|| 

§ 

S| 
(8S 

| 

Sete 

© 

ut 
= 

a8 

to 

i 

nN 

- 

a 
1oo 

to 

at 

~~ 

ee 

i 

ore 

Vit 

! 
“ 

eS 

neat 

oS 

bat 
3 

° 

i 

' 

tr 

‘ 
1 

' 

10 

oO 

=} 

ona 

a 

tt 

‘| 
{ 

' 

bos 

' 
© 

tot 

' 

_ 

iS 

' 

5 
2 

~ 

itd 

' 

iesed 
| 

S 

i 

' 
© 

1 
1g 

C 
S 

~ 

itd 

' 

' 

' 

' 
san 

im 

' 

‘ 
ted 

' 

¢ 

\ 
I 

' 
t 

' 
bo 

\ 
o 

if 
' 

t 

t 
t 

’ 
i) 

& 
» 

> 

t 
' 

' 
' 

1 

! 
iN 

tH 

t 

t 
ad 

100 
' 
1 

‘ 
1 

' 
10 

ag 
le2 

rid 

ti 
|S 

! 

ig 
1 BS 

press 

} 
= 

BE2- 

ryt 

rt 

2 

1 

1S 
Bs 

| 
~ 

! 

rt 

% 

g 
faas 

rit 
Wo 

S18 
| 

iia 
| 

3 
Port 

6 

see 

rit 
' 

t 

9 10 
tt 

\ 
rym 

1 Mo 

if 

it 

om 

Bees 

| rt 

' 

\ 

N 
' 

it 
00 

14 

' 
~ 

io 
' 

' 

pe) 

‘ 
’ 

‘ 
' 

' 
t 

t 
} 

' 

© 

1al 

a 

OQ. 

t 
toe 

t 

’ 

\ 
1 

= 

i 

t 
cA 

1 

is 

' 

. 

£ 

1 
' 

i 
! 

' 

i 

‘ 

16 

' 

1co 

1m 

= 
® 

~~ 

it 
't 

! 

1 1@ 

I 
to 

oO 

im 

! 

\ 
' 

1 tara 

g 

3B 

rt 
i 

! 

, ao 
a 

' 
po 

ted 

10 

' 
' 

+ 1309 

5 

4 

1 

+t 

Nae 

' 

! 
i ioe 

' 
' 

f ten 

© 

5 
od 

tt 
' 

tt 

6 

it 

to 
! 1o> 

te 
1 

‘ 
' 

tt 

> 

n 
5 

! 
t 

an 

‘ 

1 

t co 

' 

\ 

> | 

alas 

2 

on 

2 1S 

ot 

11g 

a 

° 
° 

a 

£3 
63 19 

83 

14 

m 
lot 

i 
ie 

i 
st 

' 

4 

oO 

OU 

Oo 

> 

2s 

1 
1 

« 
10% 

1 
t 

t 

re 

. 
109 

\ 
1 

° 
a 

. 
BASE 

00 

~ 
rT) 

o 

Hod 

bt 
1 

rt 

Lbs 
< 

ZESS 
Bi 

32 

ae ei 
ig 

bo 

eit 

® 

3 6? 
I 

WBS 

' 
rt 

Tol 

‘Ss 
t 

' 

t 
tty 

t to 

vy 
5 

Pa 

3 

tN 

S 

' 
rt 

ei 

10 
' nes 

‘ 

iis 

for) 

. 

o 
> 

25 
2° 

«i 

00 
4 

© 
COOd 

os 

1S 

| 

} 
Pettis 

oe 

2 
B22o 

~ 

ses 
|g 

CAN 

oii 

1] 2 

preg 
ee 

3 

eS 

3 
a8 

nN 
co 

Ls 

=H 

Be 

oO 

' 
t 

1 
_ 

0 

t 

\ 
t 

fon 
2 

a4 
2 

ARN 

SiS 

BS3S 

' 
it 

wo 
0 

rts 

o 

A 
gE 

5a 

© 
© 

- 
Dae 

' 

\ 
44 

1G 

tg 

a 

oO 

NO 

a 

0 

orgy 

~ 
© 

wo 

' 
t 

t 
oo 

ta 

' 

1 

esc. 

~ 

oO 

- 

Igge 

=~ 

io 

i 
=H 

100 

' 
' 

oon 

uo 

oO 

wd 

sa 

~ 
nN 

10 

\ 

‘ 
i i! 

~~ 

“ 

Ser 

SES 

~ 

eS 

iret 

t 
4 

a] 

a% 

an 

aa 

eA 

- 

08 66 
50 

Ss 

' 

t 
tt 

tt 
1 

a 
eer 

S 

© 
AEESESS 

HES 

m4 

ne 

© 
o ~ 

2 
syoeeee 

' 

tits 

R 

tt 

Nex 

- 
exc 

a 
SELES 

a 
99 

Ene 

4 

t 

1 
t 

. 

kX 
tt 

WN 

SanS8 

Sex8 

Lo 

t 
t 

t 
tr 

Ql 

' 
it 

' 
r 

kX 

~ 
x38 

SSA 

oo} 

wt 

t 
tt 

r= 

14 

4 
1: 

bX 

vn} 

9 00 

to 

| 
Ql 

nw 

Zoo 

io 

ig 

1 
1 

1 

| 

” 

Sao 

- 

&o 

ROBN 

1o 
’ 

‘ 
t 

t 
t 

re 

SS85e 

a 

oe 

S 

- 
63 

NID 
SH 

. 

isi 

1 
rit 

et 
8 SB 

- 
BOR 

eqeneses 

iat 

' 
rt 

' 

on 
R 

SELB 

a 

Sint 

es 

gi 

1 
tt 

' 
ttt 

\ 

a 
oO 

- 
Sess 

Sasa 

RO SO 
S 

o 

ie 
tt 

! 

ya 

! 

te 

on 

e825 

SSS 

- 
o 

"SD 

t 
' 

‘ 

toot 

' 

to 
t 

wo 

Boo 

= 
So 

Ve) 

Sage 

a 

it 

Dat 

Pitty 

eaesees 

S 

NS 
1 

an 

(S 
! 1 

! 

tat 

1 

rt 
rit 

SSELB 

© 

— 

et 
a 

1 

i 

' 

1st 

t 

| 
1 

io 

t 

' 

gue 

« 

NSS 

oO 

3 
an 

PoE 
! 

nd 
mo 

ge | 83 
Augse 

3 

1nd 
1 

' 

rt 

' 

1 
‘ i 

' 

1 ' ' 

co 

oo 
Besse 

“ 

"a 
io 

' 

prot 

’ 

it 
' rt 

' 

wt 
tt 

\ 

~ 
oaNie 

ESS 

S 

12 
, 

' 

tht 

\ 

oo 
t 

i 
' 

! 
14 

! 
re 

od 
ro) 

i) 
CO 

19 

3 

' 4, 
1 

\ 
t 

' 
roe 

' 

14 
1 

tot 

t 

1 
14 

i 
4 

t 

Bees 

> st 
00 

Ps 

8 

‘ 

' 

Por 

' 

rag 

an 

' 

thd 

rat 

' 

oa 
SHi8 

> 
o 

2 

8 
ro 

i 
rt 

' 
1 

rt 

\ 
rr 

rt 
' 

' 

Eee 

is 
a 

\ 

tt 
! 

' 

an 

tt 

i 

ti 

aH 
rt 

' 

6Ae 

16. 

tid 

' 
{ 

{ 

1 
t 

' 

] 

' 
tot 

t 
' 

ry 

1 
to. 

I 
1 

' 
' 

i 

11 

met 

as 

tint 

1 
' 

rt 
‘ 

' 

pr 

it 

1 

rt 

i 

' 
' 

' 
’ 

\ 

' 

4 

4 
rt 

tt 

it 

t 

! ' 
' 

= 

~~ 
pe 

t 

' 
t 

' 

i 
t 

i 
t 

io 
\ 

t 
' 

t 
i 

‘ 
ri 

Bae 

t 

t 
\ 

t 
\ 

' 
1 

t 
\ 

‘ 
\ 

to 
t 

' 
| 

' 
' 

' 

' 
' 
raf 

‘ 

ret 

soe 
83 

1 

eiddd 

HE 

EEE 

petae 

| 
ih 

Pig 
! 

aucnEE 

! 
EEE 

E 
. 

XD 

a 
a 

‘ 
° 

pt 

t 

' 
t 

! 

' 

1 
t 

I 
' 

' 
t 

1 
1 

, 
tt 

t 
t 

1 

233 

| Bere 
! 

EEE 

! 
HG 

! 
airtate 

! 

Beats 

3 
Sou5 

eiitl 

EE 

fg 1 

' 

seas 
8 Bese 

! aii! 

! 
SaaEe 

! 
HEE 

! 

E 

= 

& 
ce 

1 
aq! 

‘ 
ot 

' 
t 

toe 
! 

(ot 
' 

\ 
' 

' 
' 

5 mee 
' 

t 
tt 

t 

2 

pa 

< 

> 
« 

o 

t 
tot 

' 
' 

to 
' 

to 
‘? 

‘ 

' 
' 

18 
' 

' 
' 

' 
' 

Zz 

see 

3 
oO 

rt 
1 

' 
1 

= 
rt 

toot 

it 

\ 

1 
1 

10 
pro 

1 
A 

22 

S 
+ 

1 
1! 

t 

t 
' 

pot 
' 

1 

1 
i 

1 
t 

' 
' 

oe} 

o 
& 

o 
Ae] 

t 
iA 

' 
! 

§ 
! 

t 
' 

' 
1 

t 
leet 

‘ 
t 

ees 
© cide 

! gi 

! 
ite 

! 

S 
Ay 

$282 

va 
i 

a1 
tt 

rat 
14 

tt 

vt 
ra 

' 

‘st 

5 
o.85 

| 
_! 

® 
ioe 

’ 
' 

' 
t 

t 
’ 

' P| 
i> 

i 
1 

rot 

' 

wee 

10 

oO 
tot 

' 
' 

3 
t 

' 

' 
le 

t 
t 

13 

\ 

~— 

O22 

3s 

t 

a 
t 
(Ss 

t 
ot 

1 ee 

1 
t 

ZB 

SSE 

> 

x} 

t 
14 

t 
‘So 

t 

1 

iz 

toe 

t 
t 

1 

o 

a 
se 

om 
° 

‘ 
10 

' 
igs 

' 

' 
10 

a 
' a 

1 
3 

3 

oF 

Ex 
S 

aastee 

' 

Ey 

' 
2 

a 

ie 

! 
it 

aon 
| 3 

ga 
eg 

ey 

ee 
i 

mo 
rat 

i 

om 

om 
Bo 

| 
= 

= 
’ 

' 
Bae 

i! 

' 
Oo 

m 
mists 

Pe 

8 
3° 

' 
ioe 

1d 

t 

® 

3.2.5 
5 

2 
i 

SEe 

ry 

e 

‘ZZ 

Es 
id 

ies! 

8 

” 
degee SES 

© 

( 

1 
ad 

tin 

a 
s 

3 
BoEesee 

q 
8 

° 

5388 

3S 
2 

n 

Bee 

es 
§ 

SB 

° 
“ 

w 

“on



MINERALS YEARBOOK, 1970 
, 

~~ 

oe) AADOS | & Senge is AKO 

3 co 00 St] 
Soot ls AE Bes eVS 

|S AOan te 

35 Sosoeolsi aeior SH |] COG Sd Sed DH | 10 SEex % || x 

a 2988 |#| GHSs |S] Sgsesses $s] sgee “12 

_| 2 |* B88 |S] S8sSE85 |Z) SgFS | als 
3 2S 

; . 
ed - 

, 1 N ra = 00 

+ 

N 

~ | 

e 
x fale 

> NAA | 

- 

pe AIA 10 <q | Com. 69 | oD © 

: 
00 

HO oD 

Beer | Neen 2235 ic QQORDSOR IA SEIN) Sls 

gas 8 eek) i 10 SHO OD - 
OO od Soo aos 3 z 

5>® 1d | & 0 oO | AIOCONNON | & 2 OO CNS? | SO || E 

Be =“ Naen | Sess |e QESSESRQaN ik 18a | 10 {|19 

: ee | ran BASIs 1D G3 Ht | 

rt aN - 
—N vod rt 

o> 

| & 
“4 - +S. 

a st #00 0> | 10 

nN NIN 

10) 00 Ht OI SHO 

N 

® 
ca | N 19 18 

oO ok 

3 a auea la 6SSS |x ewre ioe |t || won| lie 

— a 
omens 

- IOS | 
Oo 6D Oo 1OMo 

POON 
IA 

oD 
eH uw 7 00 WN ~H dco = - low st Mond | Oo 1] AN 

3) 9 
m4 nN STS TS 68 one ; am ef eff oe 

=} 3 > Oo 

' 

10 
. 

. 

. : 
° 

oz) Ie 6D 

| g |e|eser| BSRS| S| SESS 15 S882 i588 /S] Sess |s 2 

a s=2¢| auas|al| scas|si| 87" RSS |S] sass | Ais 

Sq Bees 
C0100) ~ mt AIO 2 gO txt Io w10lh mewn - . 

_ 4 
co 

S 
~ 

' 
X~ 

vn 
— | AdOo | aw il. 

eo Sloe | BSRS/S race | © bebe ted 

bs fle Staal ewes |S oi ert (at OR Tee 

; 
ni ~ 3 

et nN LIER | S. oO 1 1cOrd be | & s3 111 ote 

airs. 
“848 |S OBOE LEY OS EHS 

=| 8 ao 
oS S ' \ AQ | & ciilelle 

° a) © . 
NX ro 

qQ1 1} aie 
| 

2 Z | 
tot 

rt n rt 

So gS 12a 
~SOes 13 OU 

: 
° Oso : 

S 

S |e l/Bse5| NSSs S| Sias | 8 QS int 10910 1 Bll QA: 

Pattces] 
werd ed NSIS iS] Pk iS sss is 

eA Tiles 
| 

> |3)/88283 at~alall akon|<+ 
1S [aeoey et Sarr Sie 

2 me Bees 
mt 00H o no 1 alol wal llsileo 

oe 
' we | 

! 90 

S 

> 4 
Bit BHD 

| 2 ep Hf ys 
Hoa 1 | a ~ 

1s rs 

co NOD 

vy 
os 

Hiss tt co 18 
~~ it 1 

a 2s ANN 1 | a3 Roo S nd t<H near > 190 «1 1 | oO ll 

a \ = 
' ~ aN N 1 If 

oo rr] 

° a4 
= tl wd wri ~ 1 ' ONAN | & ot © 

_ >o 
' 188 to 1 I hoa -~ ~ at t co 0 

& |8§| 3 
aeiSpor rie SN |e 

aitler|s 

* 2) © 
tog 

mrryeig 

2 18 
hort 7 

| 

= 9) ar: HO 11H 16 

' 

jx 
Arh - 

Owowo | © 

P ie = 
Oo 

1g 

— |eiSS25) “SS '/ BSSS ie] i iB S83\F) Sei: 10 || os 

S [#igees| °°! “|| SAS EL es ese |S Ssriieiis 

3 

a po ng ort pm Sr ais 

& = 
Hott Pipe ys 

1 
' 

nll ‘a a 
wep oO 

‘et 

. 

6 Gl oc Nooo |S 19 b= 1.00 | 16 
a 

o ; 
Od wt 

| q 5 38 6919 19 00 | 63 SABS |e Snorussxos iN s550/S]5 

“a Ot 7 a ott 60 6B 1D. SHH SH | E G2 SS <H 00 = 

6 wn 
ef = WN © 10 <H 4 - ~a nnn 

0 6010 
oc 

S g/PS SSnN|3 Booed | a CSHnovran | 
a O18 | HL 

2 a ~ 10 essa is  QIAI a 6D 00 Kean loll | 

Ou oS} + 
© s eo | ro sexsgle 

& » 

= 

~ . | OD re 

BS  ojaol bh <treiste 

a aia 

B pa MIODIOA o COLO HCO | 10 

4 

S 2 5.0.97 iO ei a 2 OMEN | 4 VAENBOwIA 
<i a 

& o = 5a ~~ ae > GAMO (AN OMIM 
| ~t amcowo le || N 

; > come 
ee O B= 69 63 19.00 

= HX Ye) 

UO 
aad@2 

coacn 0 | & o 
~ oo 

cO~ | 
ke oO 

i | Seo2 rOAN |S BMH | 19 || Oranges + 
o aE | || 

© 

bn | rt 
- 

a Oo wd oa 

| oO] 

No 

Y 

rods! 
t 

| 

re 
Py 

« « 

vam 
' 14s 1 ' \ ' ' ' tieataue 

| 
N | S 

e 
rat 

prooue 
Prrrreitd 

1 pro \ ' 

S 
ieeest ' en t tredtr’rwsd 

t en i \ 

= 
raat 

\ a ’ ' \ ps aef' ft tod 1 ' ea t i 

reed i proud I it ee ee ! ' toa 1 ! 

tered t rraist 
’ 14 a1btaa 

I 
ra t t 

toot I I st 6) t tot too 4aede#eoéo 
1 \ tq 

1 1 

ped 
t peed 

ry 
4 terete 

tot 1 \ ' an | i t 

rael 
' toes t 14 ptt 

t ' toi I 1 

en en 
1 

t 
4 ' 1 to ¢ € 9 1 1 14 

t t 

pa: 1 oererie 1 iat 1orerto 
' 1 rout t i 

Fo] 
repo 

' ted 
t 4 tutvgoe 

t tort 1 1 

° 
en \ robo ' 14 ' tetde 

' \ tag I 1 

"bo 
en en ' t bors t ta. ,aet tee 1 ' tort ' 1 

o 
1oesit 

i ' \ rol 1 44 tfttbtorda 
t ' ' 14 1 t 

m pry | Pad 
Pir et ne py 

"O 
‘1 ' 1 ' rudd ' ' ' ne ee es | t ' roe t t 

ci 
atrasd 1 ' ' rot t 4 ' ' ' tits t \ ' ' ' ! a e 

3 
en ee t 

4 rot 1‘ ibeted 
' to4 t 

er ' 1 R S 

® 
\ 4 ' ' to ' i ' re er \ ' 

on ' [ + n 

+ 
ss it ! eo potonrd 

' teres 
' 1 Pade 

' 3 2. 

3 
a. ! fot ‘ t — pratt 

t itaiase 
+ tot ' robo od 1 » 

+ 
§ i roy 5 SB p,ria ' 

ee M4 1 er ee 1 nS 

nN 
5 ior 4 t 5 tot ! riod 

, Foot 
ro 

' Ye 

1 1) t I 1 t ' 
! ! 1 1 1 ' 

t t t a . 

sii, 
gos, ts 1 poboryt rot ! torr 1 ols 

oD 1b Ag ' ® ,; 1g 1 1 ' \ 1 | 18 14 I rtd¢id t p ri 

Sabah . Onde: 2 sig Jey / its | Bs 
n 

' 

s3549 § Segeq 2 agisag i 3 gis | P| g 

Boek o groan » 3 f § ty ra 6 if 4 — = | @ 

38. & 3am eae oO BORON 
ifs +2 aes & BIS 

OS Oa wo FR ows K ASsadk& 
ae} 5 29 6's § § ‘p> 

~ 
440 SESS COS > _saoR8 

= 

n a SdOuaaape 
om Se |g 

s 
® 

3 
et00F 

S 

eA e Ss 
5 

o 

fae



NATURAL GAS 

10S Of Hh QUES 
Se eS eee nS SSeS 

. 

et 
00 

~ RRASANSSSNSHOCRES 
| ABAY ASEM SISSIES SSB 

s MOH OOOMIOM ION NAHI | oO BR ORS SOOO 
oS 

3 ONG F100 OO TID DOM ORAS 
S Nclat ator chro aol rene rece et % 

ce yo tA 
NHS Oris 1 o SIP OOYES 

CoN aoe |e 

tN > aa’ | & SO Moy HID SrIAet | NA 

mo 
~ + . a 904 WoOM Hoc 

aod & © - S7A Sua |s 

- 
re ~ 5 

rm 
we as ore & tS 

raen tots tet 1 

- 

oS eS Ieee Ite 

wn b9 SPOS Im PAWS 109 160 Ni SNEMILOSUAS 

a ae SP ES eS NSENSSASE HH 1S 1S |S 

Bh gas , Se Pe TTS TS TRSn Sis |B. 

© 8 
i |S ¥ o wimtlls 

~ 

’ 
' ! 

| 
gd t eS 

re 

‘ 
t ’ 

ct i © 

‘2 
2 

' ' 

\ ‘ 
§ 

no DO Oort 1 

t ‘ 

iat yo HOBO Ort 1ST eee SS 

: tat 1 16903900 0 AQOon 

ee ae FRE SS I ERS BA |S BONBON NS 1 PAW IIR O 

° 
us OOo 10Nt IF ane [SRT] Se OM stot 1 th HO (OOOO t& 

a Ae 2B Bef iM IE Biers . LOMA ET eT FSS PS < 

3 2 ro rie Aig os oll An AHO IN TIO wt Ia ~* 

S bo ayo 

totem owed 
o> est 

tN 1 1@ 
- 

\ i Ke 1 rt wt oisyaqre 

° 
® 

tot 
i 

rot AN ta re 

om 

& 

‘ 1 + 
~ 

© 1 
| rt 

~~ Ql 

rt 3 
t tt ' ri 

I 1 io el 

8 3] 28s 
| PPh ta a 

5 QOD MAIO 

it ! 

® Pog otk © OD 00 > D> b= 10 

o . 60 S10 of 

Qu 7 a a SPESSSERSSRSE 
RAGS 2 rom boada 

< S| BES Trot oad ot tes id ites tetedes iB BOR OOH OS OE Oe OSE o> 

5) BEE] SZ°SgSNS“EAZ SNR |g RESASARTEESORARAG |S 

5 om 
69 LO 

Aka | t HAIDA ION NOOE NWO 
> 

o 2} £388 ~~ eo SAN |S SN eSB NN Se SBS |S 

=| => la S 
mo 

- - ae aN 
“oO DO O1ON | 

es 318 
‘° x aw een |S 

~ ##|/& 
rat 

~ oO 

w os | 
NST IS 122 iesn 

“ 

. = 2 1A 3 3 oo 1S IGE OH too 1B a OLNA OnNd 

Pee 
tnt HO 1 10 CIE coc 169 1091069 100 |! 

& g aok 
ie los ' oO mes OM iat om | 19 

= . a 8 
‘ 103 ye - [aa tami ie ie | 

Oy 
c 

t ’ ted im 3 re 
tos i ih tet | 0 

> 
' ! \ in =H 

InN ial tat . 

‘ ‘ i ‘ ' 
' 

I ic ! é 

ped PoP gg ! Ry |S t 

a 2 ~ 
' ! 1 ' 

' ‘ 1 ‘ 

‘= m 3 Sri 1S 

' , 
i ' 

oS 
> O60 O10 69 6 

DW w @ Oo QQb- tc 1 : C9 €0 00 60 wl 

3 g £| Sad BkAscsse ens ai gvo5 isagaee 
> 9 Sot oe SXe{/8i BSS8S iSaRsee RSA 

2 £ OO tt nm mm ORC | NE DODE Ny 

a2 
ra igieon treo om wle AC INAS E eons 

1S 

= BE, RF pum een evn lanes ore g als 

282 = 
er 2 8 4/8 

ns T=) 

ml 
' 

~ 

am 28 
tethers 

_ 

gn s nn Sera SCRE eSearsSus 
, : 

16 ALO MH HAON 
Ss) to 

es gu8| Seo NSHSNSIER SRS|E geouesenseesenees 
| x 

Bz) | Seg) “anueen™ SSH SSE (El PSakessulane yess |e 

aad & m 
v ~ 3 sil] origins gives of of rt 

op x 
ee 8 |b Q |e. 

So 

‘0 

~~ qd -_~ 

8 EB 9 1D QI 09 69 yi B= 10 
. 80 RAO HORr Orowh Om) 

3 £ RASA SN SEI RLOLANOS 
S 19 1919 69 DD O10 

ra 3 2 Sow ona 
VLE AT OD HO | 16 BOSFBOBARSTANS 

RS cf 

Sas] bA8 Svguendw gv ron] s IRFSERSIO GELS SHe |S 

= 65 Koa 
" FAITE ODDO SBMA wt gwie wan | © 

a 5 a ~ 

* 
mo 1 18 eas & 

a 

6h a 
° oe OnNnMe Aes 

ona — 
a (1 00 69 10 C00 

— ® 
arKoaks 

Cor es 

a 
Sonar 

Lg oo 

¢ S Ean B 1 BAB OG 69H I HOO LS OD Si SSShesScSRqy 

3 
~ 

EADS 
SOMADA re 2 9 0 6010 

ss = Bae 
60 10 19 69 00 

LO ~ we a wn eernee 
- re OR Oo KODA Wok 

aqhk &o oa 

ae: SESRLSSES ESE “ASS |B BERRSERSASIENTSSS 
| 8 

% 
Het re 

400 80 
HATIODL 

me Rm Rm we 7 

ei 
my 

- os oOo Ft SAN © HYOGYHR OS 
Soe Soe a 

mi ot 
~ os = 0g Onmn0o Sor |S 

° Be 

mo 
aH nun 

soa 5c CI 20 D2 B~ 0100 =H 

, 

; Deaagm Sp rt 61 ANA OD OOD -e 
XY Ba 

= 

& S53 8h am SSSANGI ASEM 
OD Sil eye manwe 

7 

= ASS SSE oe one tel etehee Sheela FISSSAC HI SSIISS EB | & 

3 au task NMSA HA So |S SALA MOTO Oiler | a 

3 Savoss 
ri tt a MONK OONnHNA a so na ae > 

gc &>Y 

N 
= Ae N WN 

© 

© 

4 toe 

Au 
taut ' it ' rit trretat ' 

| 
1petbhe tb wpe ' troepeyp ty 1 'reretraetet 

e 
' t ' Dataegpag 

' | ' rt ql ' ' Dttepetenas 
‘ ' t)earrere 

t 

~ 
: 

pbhreaete ' ' ! ' t 1 ' | ' t ie)enpdoe \ ' \ \ \ t ( 

' 
ttueetet 

t 1 1 
ieee 

' ' 

2 
' ' tt t ' prorat I ' road 1 ted rt tteyee \ tt ' \ toe ' 

> 

tretectadl 
rege page ry ' teu. 

MP yatttetaze 
1 0 t 

tpt teads ' pbb, 
f toy 

an | ' t boy t| t tf tee 1! ' 

& 
pibbt big tert rt ag ts perdi ae pee beta 

fm 
perrap (errr r ese yo Piper rd tebe at ety ts 

® tg tig tig; rrr trig s re 
‘ 

) 3 aig iimiigiiieihig st 
| Prbbirig@erii ire 3 

oS Ora 1p1e 8 Vit thee te ttm tig yt perth 

+ oO 1 ia 1S 1 1) ! 1 @ | rome rt ' retat!egs 
t 

” Bia ie piss pba ty i Sige 
brag ie tt ie | ' 

rit RY ’ toa} ' 1 &® 1184 a 
1, 1Rtos t 

' toe t tS pier! 
Sis tre 1s ei'érirree 

t 

im 1rIDirg 
i leg 11t@e ' qs i<as top t toe i's ; ' 

is \ 'g ' 1gc ' yo ie Ve t 1 iO to: t TI pO ' ' ! | i t ' 

i@ fig tis i8O re ves ~ rg tig Teo tig td ia: ' 

tg t O% 1:6 1.8 |} 
! 11 ' ' ’ t 

gic 'BSdsag sees Py § Lie TIRE es gre 

Peg -SasosSsOes 
ifs © tet is fg Ta (om 1a 1.8 | 3s M4 

gEggSeSase= 222278 
| gig \peckedssds By 

& | 5 
: 22 orm th 

2 
Ot nd ™ & 

ond 
} 

i GO.8 OD Orme FOE. S nm © gen HM nas 
ale is 

= 

oo sx 
“a6 2A - & 2m 3 

BSoee sees 2275 ceee gebasergeasesaegs 
 |& 

pam Has go SSS s22Sz 5 eee a 
ZZZOREEE ~ 

7



760 MINERALS YEARBOOK, 1970 

Table 8.—Estimated proved recoverable reserves of natural gas in the United States 
as of December 31, 1970 

(Million cubic feet at 14.73 psia at 60° F) 

en 

State Nonassociated Associated- Underground Total 
dissolved storage ! 

nn SIE 

Alabama. ...---------------------------- 152,521 9,488  .--.-.---- 162,009 

Alaska__.....--------------------------- 4,740, 760 26,389,991 —-..--------- 31,130, 751 

Arkansas__....-------------------------- 2,413,572 130,905 36,197 2,580,674 

California 2. _..-------------------------- 2,553, 760 3,545,431 200, 568 6,299, 759 

Colorado_-_.----------------------------- 1,473,138 131,390 24,318 1,628 , 846 

Illinois__....-...---.-------------------- 911 12,509 401,994 415,414 

Indiana. __..-----.-.-------------------- 1,580 4,233 76,861 82,674 

Kansas__....-----.-----.---------------- 12,905,008 323 , 421 96 , 662 18,325,091 

Kentucky_..-.-------------------------- 803 , 708 50,428 123, 706 977 , 842 

Louisiana 2.-_-.-.--.---.------------------ 67,761,928 15,057,199 137,561 82,956,688 

Michigan._-.-..--.---------------------- 211,134 112,530 616 , 007 939 ,671 

Mississippi-_..--.-------------.----------- 1,101,209 223 , 653 9,043 1,333,905 

Montana__..--.------------------------- 793 ,283 141,854 164, 786 1,099,923 

Nebraska__-....------------------------- 23 ,887 18,660 15,621 58,168 

New Mexico___._.-..-.---.---.---------- 10,670,444 2,615,209 4,370 13,290, 023 

New York____...---.-------------------- 22,635 129 103 , 197 125,961 

North Dakota___..-.-------------------- 5,593 561,761 -.--.------- 567,354 

Ohio_____-.--------.-------------------- 420,234 187,221 <-. 486,003 993 , 458 

Oklahoma_-...-----------.-----------.-- 18,469,170 3,263 ,649 221,448 16,954,267 

Pennsylvania... _...-..------------------- 779,409 13,134 584,959 1,377,502 

Texas 2_____._...------------------------ 77, T17, 675 28,541,957 93,3861 106,352,993 

Utah__._..-.--..----.------------------- _ 625,153 438 , 587 1,420 1,065,160 

Virginia _.........---.------------------- 82,511 _.-_..--_.-.  ----.------- 32,511 

- West Virginia_......_...-.-.------------- 2,002 ,320 57,978 376 , 080 2,436 ,378 

Wyoming_-_-..-.---.-------------------- 8,399,271 800 , 288 43,772 4,243 ,331 

Other States 3_......-...-.-----.--------- 17,738 62,324 235,993 816 , 055 
; an 

Total___._.......----_-----------. 204,098, 552 82,643,929 4,003,927 290,746,408 
eeeeeeeeee eee 

_ 1 Gas held:in underground reservoirs (including native and net injected gas) for storage purposes. 

2 Includes offshore reserves. The remaining proved natural gas reserves in the Gulf of Mexico are estimated 

to be 37,781,044 million cubic feet, of which 32,093,379 million cubic feet are nonassociated, and 5,687,665 

million cubic feet are associated-dissolved. As of this date the ultimate recoverable natural gas reserves in the 

Gulf of Mexico are estimated to be 54,519,911 million cubic feet, of which 45,430,264 million cubic feet are non- 

associated, and 9,089,647 million cubic feet are associated-dissolved. 
3 Includes Arizona, Florida, Iowa, Maryland, Minnesota, Missouri, South Dakota, Tennessee, and 

Washington. 

Source: Committee on Natural Gas Reserves, American Gas Association. 

Table 9.—Estimated productive capacity of natural gas in the United States, 
| December 31, 1970 

(Million cubic feet per day) 

a 
Productive capacity Productive capacity 

State Non- Asso- State Non- Asso- 
asso- ciated- Total asso- ciated- Total 
ciated dissolved ciated dissolved 
ee SO I 

Alabama. --.------- 24 3 27 New Mexico_._._. 2,925 1,312 4,237 

Alaska__.-.------- 600 105 705 New York.._----- T i ----- qT 

Arkansas. ...-.---- 700 85 785 North Dakota__--_- 1 109 110 

California }_...---- 1,604 994 2,598 Ohio__._--------- 210 85 245 

Colorado. ...------ 407 41 448 Oklahoma-.-_--_ _- 8,547 2,028 10,575 

Tilinois.....--.---. -------- 7 7 Pennsylvania. _._- 214 2 216 

Indiana__-.------. ~------- 3 8 Texas!__..._..... 27,578 9,177 36,755 

Kansas__....------ 7,934 313 8,247 Utah__-_-.-.-_--- 127 51 178 

Kentucky... ------ 190 8 198 Virginia__....____ 8 _____--- 8 

Louisiana!_...--.. 25,803 4,872 80,675 West Virginia__-__- 875 5 880 

Michigan.-.------- 184 57 241 Wyoming___.-_.__ 1,020 318 1,338 

Mississippi- _-- ---- 377 147 524 Other States 2_____ 7 6 13 

Montana_-.__..---- 173 51 224 — 

Nebraska_-.------- 13 9 22 Total.__... 79,528 19,738 99 , 266 
wn 

1 Includes offshore productive capacity. 
2Includes Arizona, Florida, Iowa, Maryland, Minnesota, Missouri, South Dakota, Tennessee, and 

Washington. 

Source: Committee on Natural Gas Reserves, American Gas Association.
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Table 10.—Underground storage statistics, December 31, 1970 

(Million cubic feet at 14.78 psia at 60° F) 

Total gas Total 
Number Number in storage reservoir 

State of pools of wells reservoirs capacity 
(million (million 

cubic feet) cubic feet) 

Arkansas_._.-_-_-.--..-+---~--------+----- +--+ 6 27 12,523 42,510 
California. ___._._._....------.-------------------- 6 160 125,218 288 , 339 

‘ Colorado. __----.-------------------------------- 5 AT 15,065 27,410 
Illinois. ...--_.-......----------------------e ee 27 1,217 389 , 440 656 , 864 
Indiana__.----.--..-.------------------------ eee 26 808 60,943 147,961 
Towa_.-_.--------------------------------------- 5 227 135,236 186,200 
Kansas____.-.-_---------------------------- +--+ - 16 744 82,787 106 , 084 
Kentucky. __-..--------------------------------- 19 943 46 , 984 133 , 948 
Louisiana___-__......---------------------------- 4 100 108 , 808 183,165 
Maryland____..-._._-_--------------------------- 1 59 26,443 . 64,770 
Michigan____..--..-----------------------------+- 30 2,217 355,624 726,106 
Minnesota____._-...----------------------------- 1- 25 2,060 2,060 . 
Mississippi_ ___----.----------------------------- 3 25 8,543 9,884 
Missouri__-.....--------------------~---..~------- 1 70 27,453 45,000 
Montana______---------------------------------- 5 130 125,048 178 , 552 
Nebraska___....._-_----------------------------- 1 15 4,562 39,270 

| New Mexico_.____-_-_---------------------------- 1 22 _____----- 52,150 
New York___.__--------------.-------~-- += ee 15 723 94,972 110,171 
Ohio___..._------------------------------------- 21 2,816 354,650 501,117 
Oklahoma____--_....---------------------------- 11 187 200, 043 317,025 
Pennsylvania_____._..-----------------~--------- 65 2,139 565,226 710 ,038 
Texas__________._..--------- +--+ 17 171 66,298 115,126 
Utah ____._-- eee +--+ 1 8 1,420 1,447 
Washington________________.___ ue eee 1 51 12,344 34 , 426 
West Virginia______.______----.-_---------.------ 33 1,190 $54,290 419,830 
Wyoming____________-_-------- +--+ ---- 4 12 30,837 78,628 

: Total____2_____u eee eee ee 325 14,183 3,206,812 5,178,081 

Source: American Gas Association. 

Table 11.—Gas wells and condensate wells in the United States 

i Completed Completed Producing 
State during during Dec. 31, 

1969 1 1970 1 1970 2 

Alabama______....------------------------------------ 1 5 2 
Alaska___.._._---------------------------------------- 11 5 51 
Arizona______--.-------------------------------------- 2 ~-- Leek 17 
Arkansas______._.._.----------------- +--+ ee 40 36 1,008 
California____.__..-.---------------------------------- 59 56 3980 
Colorado___....--------------------------------------- 47 AT 861 
Tllinois.._.__._..-.--__---------_---------------------- 5 5 8 
Indiana______.__.-.----_------------------------------ 7 4 50 
Kansas_________..-.---------------------- ++ eee 184 108 8,660 
Kentucky__-_-_-_-------------------------------------- 142 111 36,913 
Louisiana________....-.-----------2-------------------- 543 539 9,690 
Maryland_________________--__ eee eee eee ee eee eee 16 
Michigan______..._--._.--------_----------------------- 15 19 1,235 
Mississippi____-.-.-.-.---.---------------------------- 16 12 3325 
Missouri_______--._--_---------_._----------- +e eee eee ee eee eee 311 
Montana___._.-_-------------------------------------- 31 74 739 
Nebraska.___._---------------------------------------.- 1 2 35 
New Mexico_.____--_---------------------------------- 263 159 38,848 
New York___..-.-------------------------------------- 12 17 600 
North Dakota_-______-___-_.----------------- +--+ eee 8 ee 1 ‘29 
Ohio.____.-----.-------.------------------------------ 395 683 37,789 
Oklahoma. .____.__-_---------------------------------- 397 321 8,168 
Pennsylvania. ___-___---------------------------------- 277 250 16 ,239 
Tennessee___._._.-_----------------------------------- 7 4 15 
TexaS________...----------------------- +--+ eee 903 174 23,417 
Utah.____----------------------------------+----------- 16 10 173 
Virginia_________--.----------------------------------- ------------ 0 ------------ 3115 
West Virginia_______..-.-.----------------------------- 652 553 20, 702 
Wyoming___-.----------------------------------------- 57 45 3 800 

Total___._.____....--_-------------------------- 4,083 3 , 840 117,496 

1From data compiled by the American Association of Petroleum Geologists and American Petroleum 
Institute. 

2 Data from State sources except as noted by footnote 3. 
3 Information obtained from World Oil.
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- Table 12.—Natural gas stored and withdrawal statistics 

(Million cubic feet at 14.73 psia) 

JurrvsTrTTr Er ne 

1969 1970 

State eee ee 

Total Total Net Total Total Net 
stored withdrawn stored stored withdrawn stored 
a 

Alabama_.____------------------ © 577 435 142 1,153 587 566 

Arkansas_.____----------------- 1,168 507 661 1,467 1,261 206 

California..__....-------------- 77,617 64,590 13 , 027 80,260 52,235 28,025 

Colorado..._-_----------------- 8,663 8,128 535 8,757 5,630 3,127 

Delaware____.-_---------------- 179 878 —699 391 602 —211 

Tllinois.__._..--------------=--. 158,497 105,337 48,160 190,661 112 , 468 78,193 

Indiana___.___----------------- 26,483 22,385 4,098 35,065 25,040 10,025 

Jowa____----------------------- 43 , 037 45,343 —2,306 46,301 42,068 4,233 

Kansas___..-.-.---------------- 50,772 50,140 632 52,966 47,068 5,898 

Kentucky. _.-..---------------- 31,726 27,966 3,760 88 , 968 28,592 - 10,376 

Louisiana_____..._-_------------ 58,753 43,521 15, 232 110,680 48,170 62,510 

Maryland___.----.------------- 5,281 9,417 —4,136 10,421 8,069 2,352 

Massachusetts___-.--.---------- 314 567 —253 770 570 200 

Michigan_...____--------------- 257,787 260,981 —3,244 844,524 817,397 27,127 

Mississippi__.__---------------- 7,493 8,398 —905 12,489 8,579 8,910 

Missouri______.-__------------- 9,044 9,909 —865 10,957 9,744 1,213 

Montana______----------------- 20,409 10, 854 9,555 20,891 10,415 10,476 

Nebraska______.---------------- 4,838 8,526 1,312 3,074 8,856 —782 

New Jersey__.__-.-------------- 1,281 1,075 | 206 1,447 1,008 439 

New Mexico_______.------------ 383 165 218 898 241 157 

New York_____---_.------------ 41,874 89,148 2,726 45,802 89,541 6,261 

Ohio_____._-------------------- 168,142 172,078 —3,936 182,405 173 , 067 9,338 

Oklahoma____=.._-_-----------. 58,945 387,786 16,159 57,142 45,726 11,416 

Pennsylvania_...._...---------- © 244,892 240,373 4,519 335,966 246,978 88 ,988 

Texas________________----------- 33,943 30,582 8,361 86,805 37,729 —924 

Utah_____.______=-------------- 580 867 213 BAT 439 108 

. Virginia_______--.------.------- 2,143 134 2,009 2,175 193 1,982 

Washington___..._-------------- 1,827 135 1,092 6,688 1,348 5,340 

West Virginia____--_------------ 183,114 181,142 1,972 209 , 292 184 , 862 24,430 

Wyoming._____----------------- 6,695 3,021 3,674 8,305 5,124 8,181 

Total. ._________________- 1,496,407 1,379,488 116,919 1,856,767 1,458,607 398,160 

ee
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Table 13.—Gross withdrawals and disposition of natural gas in the United States 

(Million cubic feet at 14.73 psia) 

Gross withdrawals Disposition 
State a EEannn en enneeeeeneeee ern nrur 

From gas From oil Total 1 Marketed Repres- Vented 
wells wells production suring and flared 2 

1969 
Alaska_-_-.-..2.-- ie 77,816 71,831 149 ,647 50, 864 66,240 32,543 
Arkansas__._._..-.--.--.- 119 ,230 56,105 175,335 169,257 4,752 1,326 
California. .__~_.-..-._______ 294,026 473,316 | 767,342 677 , 689 86,579 3,074 " 

-  Colorado_-.  -.-.----_-_-- 92,133 31,204 123 ,337 118, 754 3,257 — 1,326 
Tilinois_.--_-.--2 eee 158 3,735 3,893 3,800 ___._----- 93 
Indiana. _—-____-2-- ee 171 __e_ ee 171 Wi _Lpue ee eee eee 
Kansas__-_..---..-..------ 744,631 142 ,972 887,603 883,156 1,781 2,666 
Kentucky__...._----_---- 81,086 218 81,304 81,3804 ___.-_-.--,) ~~~ ---- 
Louisiana___._._.......... 6,305,897 1,255,180 7,561,027 7,227,826 174,349 158 , 852 
Maryland. ____._--___-__. 978 __.__ le 978 978 ____-__--_- Leute eee 
Michigan______....-_-.--- 22,285 16,405 38,690 36,163 1,719 808 
Mississippi... __..__._---- 133 , 105 35,609 168,714 131,234 29 ,383 8,097 
Montana__..___.-.--_---- 37,163 80,901 68 , 064 41,229 377 26,458 
Nebraska_.-.__._._.-..--- 4,739 2,677 7,416 6,989 427 _..------. 
New Mexico_______-_____- 837 , 521 305,073 1,142,594 1,138,133 403 4,058 
New York__________-.--_- 4,861 __.______. 4,861 4,861 _____---- 2 -Lueeee ee. 
North Dakota___--___--_-- 127 56,415 56,542 83,587 ___..----- 22,955 
Ohio____...-------------- 38 , 540 11,253 49,793 49,793 ____.----. -~.-------- 
Oklahoma_____-_-_-._-.-. 1,356,766 384,911 1,741,677 1,528,715 87,196 130, 766 
Pennsylvania___...--_-_-- 763 78,683 79,446 79,1384 812) ~~ ~---- 
Texas___._...._.-.-._---. 6,800,882 2,113,912 8,914,794 7,853,199 950,096 111,499 
Utah___-_----------+- +e 21,510 53 ,657 75,167 46, 733 25,632 2,802 
Virginia___._.._.-_-.--__- 2,846 __.-_- - ___ 2,846 2,846 pe LeeLee 
West Virginia____________- 229,815 2,556 232 ,371 231,759 612 ______-_-- 
Wyoming. _____..-_-__-__- 280 , 572 62 ,426 342 ,998 303,517 21,849 17,632 
Other States 3____.____._. 1,794 — 791 2,585 1,549 241 795 

Total___.__..._-... 17,489,415 5,189,780 22,679,195 20,698,240 1,455,205 525,750 

1970 
Alaska____.._.------.-.-- 130,491 87,363 217,854 111,576 71,470 34, 808 
Arkansas___.__..-_------- 128 ,241 55,409 183 , 650 181,351 2,073 226 
California. __....-.---..--_ 296,001 431,244 727,245 649,117 75,629 2,499 
Colorado. —.-._----------- 93 ,221 21,936 115,157 105, 804 2,227 7,126 
Illinois_..-......-.----_-_ 198 4,774 4,972 4,850 ____-_-.___- 122 
Indiana__-.-.-.---------- 158 __-_ +e 153 158 ___-_- ~~) ~~ ----- 
Kansas_____-..-.--------- 752,934 151,541 904,475 899 ,955 1,807 2,713 
Kentucky__._~._.-_-____--_ 77,695 197 77,892 77,892 ___ eee Le 
Louisiana_____......-._-.-. 6,811,334 1,264,823 8,076,157 7,788,276 133 , 792 154,089 
Maryland_____..--------- 8138 __-____--- 813 813 __LLeeee ee LLL eee 

, Michigan________._--_.-_-_ 23,774 16 , 264 40,038 38,851 378 809 
Mississippi____-_-.---._-- 123 , 737 33 , 283 157,020 126,031 23, 756 7,233 
Montana_______._-------- 37,684 10,618 48 ,302 42,705 394 5,203 
Nebraska___....-_--.-_-_-- 3,990 2,319 6,309 5,991 318 ____._---- 
New Mexico._.___.________ 832,771 309,118 1,141,889 1,188,980 __________ 2,909 
New York__.__-___-____-___ 3,358  __._______ 3,358 $3,358  _____---- wee uee eee 
North Dakota____._-____-- 140 54,611 54,751 34,889 ______ LL 19 ,862 
Ohio_.____.--...----_---- 39,694 12,419 52,113 52,1138 ___.___--. ---------- 
Oklahoma____.___.-._._._ 1,429,408 381,596 1,811,004 1,594,943 86 , 432 129,629 
Pennsylvania___....-_..-- 76,716 398 77,114 76,841 2738 ___------- 
Texas____.__._....._._-_._ 7,165,388 2,283,138 9,398,526 8,357,716 940,505 100,305 

. Utah______--_------_-_-- 21,609 51,777 73,386 42,781 27,753 2,852 
Virginia__._.._.___.-_ _-- 2,805 LLL 2,805 2,805 ____--__---. ~Luuuaueee 
West Virginia_____________ 239, 787 3,194 242 ,981 242,452 529) _____--_-- 
Wyoming.__-._____-__.__- 301,310 64,192 365, 502 338 , 520 8,563 18,419 
Other States 3_____________ 1,406 1,581 2,987 1,879 452 656 

Total___._....___._ 18,594,658 5,191,795 23,786,453 21,920,642 1,376,351 489 ,460 

1 Marketed production plus quantities used in repressuring and vented and flared. 
2 Partly estimated; includes direct losses on producing properties and residue blown to the air. 
3 Alabama, Arizona, Florida, Missouri, and Tennessee.
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Table 14.—Natural gas: Production, by countries 
(Million cubic feet) 

1968 1969 1970 P 
Country ! Fee 

Gross Marketed Gross Marketed Gross Marketed 
production 2 production? production 2 production? production? production 3 

North America: 
Barbados._.__--.-.-- 97 r 88 108 r91 116 e100 
Canada______.__._.... 1,993,312 1,692,301 2,288,046 1,977,838 °2,656,000 2,295,278 
Mexico___-____------- 576,871 © 370,687 609 , 056 417,085 665 ,026 481,106 
Trinidad__.___-_.___ 151,445 67,300 137,503 69 , 297 121,060 66,687 
United States_____... 21,325,000 19,322,400 22,698,240 20,698,240 23,786,453 21,920,642 

South America: 
Argentina_____...__- 249,486 188 , 806 247 , 294 188 , 133 270,683 212 ,452 
Bolivia__-......--.-. 32,683 2,684 28,409 3,920 29 ,000 © 4,000 
Brazil_._.....--.---- 34,726 e 7,000 44,080 e 8,000 44 ,602 e 8,000 
Chile____._.----.--- 246,784 68 ,298 263,790 79,952 269 ,392 94,325 
‘Colombia.__..-.--_.- 95,357 88,247 103 , 882 44,767 104,894 46 , 736 
Eecuador__.____-_-__. 5,837 e 500 5,849 e 500 10,176 e 500 
Peru____-_-_-----_-- 75,792 16, 803 74,452 17,453 75,182 16, 822 

EB Venezuela._____..... 1,634,602 301,197 1,673,013 814,092 1,710,200 348 , 630 
urope: 
Austria__-_-.---.-.-- 57,567 56,856 52,379 50,331 67,027 66 , 992 
Bulgaria __._..-.-.._-_ 417,875 17,875 418,537 18 , 537 e€419,000 e 19,000 
Czechoslovakia._____- 39,799 29,735 41,989 31,606 ¢43,000 e 33,000 
France____._.-_.-__.- 304,376 197, 832 346 ,223 229, 756 e 360,000 243 , 000 

- Germany, West__-___ 229,119 224,000 314,722 310, 732 446 ,987 e 440,000 
Hungary *__..__..__- 494,890 94,890 4114,242 114,242 4122 ,506 122 , 506 
Italy_...-...----..... 43867, 744 867, 744 4422 ,335 422 ,335 4 463 ,953 463 , 953 
Netherlands. _______- 498 ,429 487 ,093 773,176 762,687 1,118,375 1,107,427 
Poland 6_.._-.__--_.-- 490,334 90,334 r 138,503 138 , 503 4183 ,014 183 ,014 
Romania__-_._---..-._ 14767,618 767,618 4 843 ,064 843 , 064 4 875,443 875, 443 
U.S.S.R.7_-- 2. & 6,420,000 6,082,211 ¢6,860,000 6,456,903 ¢ 7,520,000 7,063,000 
United Kingdom. ____ 471,351 71,351 4178 ,673 178 ,673 4391,958 391,958 

Afri Yugoslavia___...---_ 420,651 20,651 425,784 25, 784 434,502 34, 502 
rica: 

Algeria_.-._._--.-... ° 340,000 93 , 654 350,000 105 , 520 e 340,000 102 ,377 
Angola___._.____-___ e 4,000 185 ‘e 14,000 766 28,749 e 1,500 
Congo (Brazzaville) ___ e 239 (8) e121 97 e 96 e 36 
Gabon____-_.--_-_-- e 900 881 900 847 1,900 762 
Libya._.-___..---_-- 620, 000 (8) 666, 525 (8) e 710,000 (8) 
Morocco___________- 4382 382 41,484 1,484 41,539 1,539 
Nigeria______--_-___ 51,628 5,190 145; 714 2,252 285, 804 3,920 
Tumnisia_______-_____ 4334 334 4329 329 4316 316 

Asi United Arab Republic_ € 19,000 1,978 € 28,000 2,507 © 37,000 e 3,000 
sia: 

Afghanistan. ________ 459,364 59 , 364 471,653 71,653 e4 72,000 e 72,000 
Bahrain ._....-.-.__- e 83,000 € 9,500 83 , 440 10,906 25,406 12,305 
Brunei__._.__---___- 118 , 555 8,662 123 ,266 7,655 126 , 654 7,965 
Burma_-_____.--_-_-- 4388 888 42,900 2,900 43,400 e 3,400 

. India___-._------.-- e 50,000 21,330 e 55,000 25, 744 50,288 23,873 
Indonesia...-_.._.-__ 116,025 24,067 e 110,000 e 30,161 108 , 435 27,649 
Tran__..-.---------- 802,490 55, 534 892 , 583 98,201 . 1,094,194 396 , 333 
Traqg___--.----------. ¢°194,000 27,293 e 196,000 31,617 e 200,000 27,720 
Israel___.____.-___-_- 45,015 5,015 14,873 4,873 44,753 4,753 
Japan__-__._-_--_.__- 72,617 71,077 77,890 76,173 83,311 9 82,682 
Kuwait !0._.2 2 480,007 175,774 514,563 191,627 569 , 680 203 , 782 
Oman.__-._.__----__- e 14,000 (8) e 20,000 (8) ¢ 20,000 (8) 
Pakistan ____.______ 491,525 91,525 4116,921 116,921 4133, 856 133 , 856 
Qatar___.____.-_____ 79,605 23,030 125, 687 37,290 127,000 e 39,000 ; 
Saudi Arabia !9_______ 574,490 78,429 637 , 689 93 , 758 710,939 103 , 182 
Taiwan_______--_ __ 424,877 24,877 431,553 31,553 432,400 32 ,400 
Trucial States: 

Abu Dhabi. _____ 191,691 21,167 233 , 841 23,740 266 , 200 26,700 
Dubai___----.- =~ ele Lee e 3,000 (8) e 25,000 (8) ‘ 

Oceania: 
Australia_...-_..-__- 4216 216 49,375 9,375 458,061 53,061 
New Zealand___.___- 43 3 42 2 43,769 3,769 

Total.__..._._____ 39,841,096 31,333,856 42,770,658 34,380,472 46,504,299 37,906,953 

¢ Estimate. » Preliminary. r Revised. 
1In addition to the countries listed, Albania, mainland China, Cuba, East Germany, Malaysia (Sarawak), 

Mongolia, Spain, Syrian Arab Republic, and Thailand produce crude oil and presumably produce natural gas, 
but available information is inadequate to ascertain output levels and the share of gross production that is 
mark eted. Of these countries, only mainland China is regarded as being a significant gas producer. 

2 C omprises all marketed production (see footnote 3) plus gas vented, flared, reinjected for repressuring, and 
used to drive turbines (without being burned). 

3 Comprises all gas collected and utilized as fuel or as a chemical industry raw material, including gas used 
in oil and/or gasfields as a fuel by producers, even though the latter is not actually sold. 

4 Gross production not reported, marketed output has been reported in lieu of a gross production estimate 
because the quantity flared, vented, and reinjected is believed to be small. 

5 Available statistics used for both gross and marketed output comprise marketable production plus gas used 
for repressuring, but exclude gas vented and/or flared; reportedly gas used for repressuring constituted only 
0.4 percent of the 1968 total shown. Information is inadequate to make a reliable estimate of gas vented or 
flared, but it is believed to be small, if any. 

6 Marketed production reported includes gas produced from coal mines as follows in million cubic feet: 
1968, 6; 1969, 9; 1970, not available. 

7 Marketed production reported includes gas produced from coal and oil shale as follows in million cubic feet: 
1968, 60; 1969, 61; 1970, not available. 

8 No marketed production reported; there may be some small field use, but available information is inade- 
quate to make reliable estimates. 

9 Includes gas reinjected, if any. 
10 Data for both Kuwait and Saudi Arabia each include one-half of the total output recorded for the former 

Kuwait-Saudi Arabia Neutral Zone. 
11 Reported sales; presumably excludes fuel use in fields and pipeline system. 

\



Nat iqui atural Gas Liquids 

By William B. Harper 1 and Leonard L. Fanelli ? 

Production of natural gas liquids and compressor stations and gas dehydration 
natural gas reached new highs in 1970. The _ plants. Such recovery is considered to be of 
output of natural gas liquids at gas-proc- little significance in the national and State 
essing plants rose to 605.9 million barrels, totals. Plant condensate is included in the 
or 26 million barrels above the preceding category of natural gas liquids, as is 
year. Also, the value of output in 1970 ethane and liquefied gases such as butane 
rose.to $1,275 million, which was $173 mil- and propane, which are recovered in cer- 

lion, or 15.7 percent higher than the 1969 tain refinery processes. Field condensate, 

values shown in table 12. however, is reported with crude oil and is 

Natural gas liquids are products ob- excluded from the total for natural gas 
tained from natural gasoline plants, cycling _ liquids. : 
plants, and fractionators after processing Annual reports were received from all 
the natural gas. Included are ethane, the producers and large distributors and from 
liquefied petroleum (LP) gases (butane, most of the dealers that sell more than 
propane, and butane-propane mixtures), 100,000 gallons of LP gases per year. To 
isobutane, and other mixed gases. Also in- reflect total shipments, the sample of 

: cluded in the output of these plants are dealer shipments was expanded by Petro- . 
natural gasolines, plant condensate, and ileum Administration for Defense (PAD) 
finished products such as gasoline, special districts on the basis of domestic demand 
naphthas, jet’ fuel, kerosine, distillate fuel in the districts. 

oil, and other finished products. Full details on sales of LP gases and | 
Increased availability of ethane for chem- ethane have been published by the Bureau 

ical manufacture at prices well below of Mines.3 | : 
propane, plus an expansion in ethylene- For the purpose of this chapter, lique- 
producing capacity, has resulted in a rapid fied gases and ethane, whether obtained 
growth in ethane production over the past from natural gas or from processing in re- 
decade—from 14,575,000 barrels in 1960 to _ fineries, are defined as follows: 

73,434,000 barrels in 1970. In fact, ethane Ethane.—Includes ethane only. All other 
production, shown in table 1, is the fastest LP gases mixed with ethane are reported 
growing segment of the five components in in their respective product classification. — 
the natural gas liquids group. Since 1965, Propane.—Includes all products covered 
ethane recovery from natural gas has been by Natural Gas Processors Association 
growing at an annual rate of 18.4 percent. (NGPA) specifications for commercial and 

Although production of LP gases in- HD-5 propane. 
creased, the slowdown in business, coupled Butane-Propane.—Includes all products 

with a milder 1969-70 winter, reduced de- covered by NGPA specifications for com- 
mand particularly for propane. As a result, mercial butane mixtures. 
inventories climbed rapidly. Prices of LP Butane.—Includes all products covered 
gases recovered from the depressed levels . by NGPA specifications for commercial bu- 
of 1969. tane, except those that contain 80 percent 

The data presented in this chapter com- or more isobutane. 
piled from reports submitted by natural Isobutane.—Includes all products covered 

gasoline plants, cycling plants, and frac- 1 Mineral specialist, Division of Fossil Fuels. 
tionators that handle natural gas liquids, 2 Survey statistician, Division of Fossil Fuels. 
and include all natural gas liquids except eum eee Mines. Sales CA Liquefied Petro- 
the small volume recovered at pipeline jy survey, 1971, 12 pp. " 

: 765
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by NGPA specifications for commercial bu- and Washington Parishes and all parishes 
tane that contains 80 percent or more iso- in the State south of these. All parishes 
butane. not included in the Gulf Coast district are 

oe Isopentane.—Includes segregated isopen- in the Inland district. 
tane. The Bureau of Mines producing districts 

Natural Gasoline.—Breakdown by various in Texas correspond, with one exception, 
Reid vapor pressure classifications indicated. to grouping of the Texas Railroad Com- 

Plant Condensate.—Includes those liq- mission districts: : | 

uids mostly pentanes and heavier, re- Railroad 

covered and separated at raw natural gas Bureau of Mines Commission 
inlet separators and scrubbers. districts districts 
Gasoline.—Includes all products within Gulf Coast ----------. Nos. 2 and 3. 

the gasoline range for shipment as motor West coed To Nos. 1c, Sone aa ot 
fuel. Texas field in Cherokee, 

Special Naphtha.—Includes all hexanes Sr ene tention” 
and heptanes. — Panhandle ---..---.-. No. 10. 

are ° Rest of State: 
Jet Fuel.—Includes all aviation turbine North _...‘._...._ Nos. 7B and 9. 

engine fuel for both military (JP-4 and Central -------—- No. I. 
JP-5) and commercial use. Other East Texas — Nos. 5 and 6 (exclusive 

Kerosine—Includes all grades of kerosine i, of East Proper). 
or range oil. Refineries are also grouped by the Bureau 

Distillate Fuel Oil—Includes all light Of Mines into a set of refining districts. 
oil for shipment as fuel, including diesel These refining districts may be combined 
fuel oil. | to correspond with the Petroleum Adimin- 

Other Products.—AH products not other- istration for Defense districts. | 
wise classified. PAD — 

Recovery of finished petroleum products ‘##Strict _ Refining districts 
defined on the first page of this chapter is I—East Coast—District of Columbia, Maine, 
small in terms of volume and values; only New Hampshire, Vermont, Massachusetts, Rhode 
1.5 percent of the yield at natural gas won Connecticut, New Jersey, Delaware, 

. aryland, Virginia, North Carolina, South 
processing plants and less than 2.5 percent cling Georgia, Florida, the following coun- 

. of the value. ties of Pennsylvania: Bradford, Sullivan, Colum- 
These finished small quantities of petro- bia, Montour, Northumberland, Dauphin, York 

leum products, such as gasoline, naphthas, and all counties east thereof. 

kerosine, distillate fuel oil and jet fuel, I—Appalachian No. 1—West Virginia and 
lose identity as “natural gas liquids” by those parts of Pennsylvania and New York not 

being absorbed into the supply stream, ‘"Cluded in the hon Coast Oe follow; 

But information on production and on countice Pp anion Brie, Haron, Crawford Mar. 
stocks is available in the Minerals Year- jo, Delaware, Franklin, Pickaway, Ross, Pike, 
book Chapter, “Crude Petroleum and Pe- — gcioto, and all counties east thereof. 
troleum Products,” in the table captioned I1—ZIndiana-Illinois-Kentucky—Indiana, I- 

“Salient Statistics of the major refined _linois, Kentucky, Tennessee, Michigan, and that 

products in the United States.” Also, these part of Ohio not included in the Appalachian 
data are identified as to origin, such as “at _‘ district. 
refineries or at gas processing plants,” in II—Oklahoma-Kansas-Missouri — Oklaho- 
table 2 of the Monthly Petroleum State- mr en Soi Dak 
ment, a Mineral Industry Survey published —Minnesota - Wisconsin - North Dakota - 

. South Dakota—Minnesota, Wisconsin, North 
regularly by the Bureau of Mines. Dakota, and South Dakota. 

Districts—Production of natural gas liq- Wl—Texas Inland—Texas, except Texas 
uids is reported by States, although data Gulf Coast district. 
for Louisiana and Texas are also reported II—Texas Gulf Coast—The following coun- 
by districts. ties of Texas: Newton, Orange, Jefferson, Jas- 

Louisiana is divided into an Inland dis- ¢% Tyler, Hardin, Liberty, Chambers, Polk, 
trict and a Gulf Coast district. The Gulf San Jacinto, Montgomery, Galveston, Waller, 

. Fort Bend, Brazoria, Wharton, Harris, Mata- 

Coast district includes Veron, Rapides, gorda, Jackson, Victoria, Calhoun, Refugio, 
Avoyelles, Pointe Coupee, West Feliciana, Aransas, San Patricio, Nueces, Kleberg, Kenedy, 

East Feliciana, Tangipahoa. St. Helena, Willacy, and Cameron. 

NN
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PAD Some data in the chapter are based on 
district Refining districts the Bureau of Mines refining districts, and 
II—Louisiana Gulf Coast—The following others refer to the PAD districts. Maps 

parishes of Louisiana: Vernon, Rapides, Avo- showing the PAD and Bureau of Mines re- 
yelles, Pointe Coupee, West Feliciana, East fining districts appear in figure 2 of the 

Feliciana, Tangipahoa, St. Helena, Washington, Crude P 1 d Petrol Product 

and all parishes south thereof; the following rude Fetro eum an errofeum froducts 

counties of Mississippi: Pearl River, Stone, chapter of this volume. 

George Hancock, Harrison, and Jackson; and Legislation and Government Programs. 

Mobil and Baidwin Counties, Alabama. —The Oil Import Administration (see bul- - 
a orth Louisiana Arkansas Arkansas letin 6) in the Code of Federal Regula- 

an ose Pans 0 MSslAna, MISSISSIPPl, an tions, title 32A—chapter 10, provided that 
Alabama not included in the Louisiana Gulf 
Coast District. on and after October 1, 1970, ethane, pro- 
lWl—New Mexico—New Mexico. pane, and butane produced in the Western 

IV—Rocky Mountains—Montana, Idaho, Hemisphere, from Western Hemisphere 

Wyoming, Utah, and Colorado. crude or gas, may be imported into the 

V—West Coast— Washington, Oregon, United States, without being subject to im- 
California, Nevada, Alaska, Arizona, and Hawaii. port quotas. 

DOMESTIC PRODUCTION 

Growth in the production of natural gas, gas liquids at natural gas processing plants, 
coupled with a continued rise in ethylene totaled 605.9 million barrels in 1970, a 
production, resulted in further increases in 4.4-percent increase over 1969 production 
the recovery of natura] gas liquids in 1970. — (as shown in table 2) . 
Production in the United States of natural The chart (figure 2) illustrates the rela- 
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Figure 1.—Production of natura! gas liquids in the ‘‘nited States.
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CONSUMPTION AND USES 

The volume of natural gas liquids natural gas at gas processing plants has 
shipped to refineries for blending and grown from 14,575,000 million barrels per 
processing increased in 1970 to 278.3 mil- year to 73.4 million in 1970, a growth rate 
lion barrels, or about 5 percent above the for the decade of 13.9 percent. According 
1969 levels (as shown in table 5). Included to the United States Tariff Commission, at 
in the natural gas liquids-for-blending cat- the same time, ethylene production from 
egory are natural gasoline, LP gas, and all sources has increased from 5,860 million 
condensate. Condensate used at refineries pounds in 1960 to more than 18,500 mil- 
for blending purposes declined to 32.0 mil- lion in 1970. 
lion barrels, a volume 7 percent below A general slowdown in business, a 
shipments to refineries in 1969. Refinery milder winter in 1969-70, and decreased 

| inputs of LP gas increased in 1970, in the use of propane as a petrochemical feed- 
use of isobutane and the butane-propane stock for ethylene manufacture resulted in , 
mixes. 7 _ propane sales decreasing from 293.8 million 

Nearly six out of each 10 barrels of in 1969 to 282.3 million barrels in 1970, or 
blending materials used at refineries in nearly 4 percent, as shown in table 7. In 
1970 was natural gasoline. During the year, addition to ethane, propane is used ex- 
160.3 million barrels were used by refiners, tensively as a raw material to obtain ethy- 
as indicated in the tabulation below: lene, propylene, acetylene chemicals, and > 

other chemicals. 
_ 1969 1970 chonge Sales of LP gases for residential and 
Tn eo commercial use receded from 182.3 million 

Plant condensate... eatesy 169318 4-3 parrels in 1969 to 1802 million in 1970, or 
LP gases.__.._..... 72,764 80,3807 +10.4 about | percent. 

Total_....--. 260,889 272,635  +44.5 Residential and commercial use (shown | 
in table 7) includes private households and 

Data on the production, shipments, and nonmanufacturing organizations such as re- 
stocks at natural as processing plants IS tail stores, restaurants, hotels, and service shown by month, in table 2. Also shown in companies. The category includes space : 
this table are data on 9.3 million barrels heating, water heating, and cooking and 
of finished petroleum products; 59 percent accounts for six out of every 10 barrels of of this segment consists of motor gasoline. propane consumed. In terms of LP gas use, 
Production, shipments, and stocks at proc- propane accounts for 92 percent of LP gas | 
essing plants of jet fuel, distillate fuel oil, shipments for residential and commercial kerosine, and special naphthas as well as use. Detailed data on shipments of LP gas 
gasoline are also shown in table 2. by end use in 1970 are available in the 

Excluding use at refineries, domestic de- Bureau of Mines Mineral Industry Survey, 
mand for butane and propane for fuels «gales of Liquefied Petroleum Gases and and chemicals and ethane for chemicals Ethane in 1970.” 
aggregated 325.4 million barrels, or slightly Sales of LP gas for use in internal com- 
below use in 1969. The use of propane  pustion engines declined from a high of 
and butane for chemical manufacture de- 349 pitlion barrels in 1969 to 31.8 million clined as prices stiffened, but ethane, in 1970, or nearly 9 percent. 
which is more attractive from a cost stand- In the butanes category, demand for iso- 
point, soon filled the supply gap as shown butane, similar to 1969, was in strong de- 
in the following table: mand in 1970. Production at gas processing 

Increase plants and refineries totaled 32.3 million 
1969 1970 ———-__——— barrels, an increase of 12.8 percent (see 

_____—CVolume Percent table 1). Demand in gasoline manufacture, ' 
Ethane_---..-- 63.1 74.8 +11.2 +17.7 — for chemicals such as butadiene, exceeded 
Brqbane - - ----- oe one 8 73°? “3:2 production. As a result, by the end of . 

306.9 a9 4 caR cao 1970, stocks of isobutane had dropped to 
Total---- 826.2 825.4 0.8  —0.2 5.6 million barrels, or 8 percent. The prin- 

Ethane is used primarily as the feedstock cipal use of the butanes—both normal and 
for which ethylene is produced. Between isobutane—is for gasoline blending. Some 
1960 and 1970, the recovery of ethane from refining processes such as hydrocracking,



770 MINERALS YEARBOOK, 1970 

yield propane, normal butane, and isobu- expanded from 105,550 barrels per day to 

tane. Hence, as capacity for hydrocracking 731,505 barrels per day, a growth rate of 

expands, so will output of LP gases at pe- 38 percent according to the annual refin- 

troleum refineries. Between the end of ing capacity surveys of the Oil and Gas | 

1964 and 1970, hydrocracking capacity has Journal. | 

RESERVES 

The downtrend in well drilling resumed proved reserves of 16 States, including Cal- 

in 1970 after a brief respite in 1969. With-  ifornia, Louisiana, and Texas, more than 

drawals of natural gas exceeded, by a wide _ offset increases in Alabama, Kansas, Michi- 

margin, additions to proved natural gas re- gan, Mississippi, West Virginia, and Wyo- 

serves. As a result, reserves decreased. Like- ming. It should be noted that, for the first 

wise, proved reserves of natural gas liquids time, the AGA included, in estimates for 

at the end of 1970 totaled 7,702,941,000 1970, natura] gas reserves for the Prudhoe 

barrels, which was 440.2 million barrels, or Bay Permo_ Triassic reservoir (North 

| 5.4 percent below the 1969 level, as indi- Slope) in Alaska. These estimates were for 
cated in table 9. associated-dissolved gas reserves but no ac- 

Estimates by the American Gas Associa- companying natural gas liquids reserves 

| tion (AGA) Committee on Natural Gas were attributed in the North Slope discov- 
Reserves indicated that declines in the _ eries in the 1970 report. 

PRODUCTIVE CAPACITY 

The AGA Committee on Natural Gas may be a restrictive factor not taken into — 

Reserves estimated that the productive ca- account when the estimates are made. 
pacity of natural gas liquids in the United Capacity of natural gas processing plants 
States was 3,105,000 barrels per day at the has expanded markedly over the past 6 

end of 1970. This estimate, about 56,000 years. Between 1964 and 1970, for example, 

| barrels per day less than in 1969, reflects the capacity of gas processing plants has 

declines in the productive capacities of grown from 55.7 billion cubic feet per day 
Oklahoma and Texas, which more than to 742 billion, an average annual growth 

offset the increases in the capacities of rate of 4.9 percent. According to the an- 
Kansas and Louisiana. The productive ca- nual survey of the Oil and Gas Journal, 

pacities of natural gas liquids in 20 States between 1969 and 1970 capacity increased 

are shown in table 10. 6.3 billion cubic feet per day, or 9.2 per- 

The productive capacity of natural gas cent. 
liquids is defined as the amount of hydro- Nearly all this growth occurred in 
carbon liquids that would be produced Alaska, Colorado, Mississippi, Utah, Louisi- 

coincidental with the estimated productive 47a and, to a lesser extent, in Wyoming, 

capacity of natural gas. At the same time, Florida, Oklahoma, New Mexico, and Kan- 
it should be recognized that these esti- 54S. Conversely, there have been decreases 

mates, which are based on the unit recov- in the volumes of natural gas processed in 

eries of natural gas at normal producing Arkansas, California, Michigan, Montana, 

rates, are purely theoretical. There are two Nebraska, North Dakota, Pennsylvania, 

reasons for this: First, the estimates relate Texas, and West Virginia. Comparisons of 

to increased production of gas from oil operating capacities as of the end of 1964 

and gas wells operating at their productive and of 1970, are as follows in billions of 

capacities. (Actually, many wells are oper- cubic feet: 

ating at rates below these capacities be- 1964 1970 page 

cause of the absence of surface facilities.) —— 

Secondly, State production regulations Caer Or Plants. ie ie 433°
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STOCKS 

Stocks at gas processing plants and refin- rels, or 3.4 percent, by the end of 1970 
eries of liquefied petroleum gas, exclusive (see table 1). 
of ethane, increased from 57.4 million bar- As a result of a mild winter and a gen- | 

rels at the end of 1969 to 65.7 million by eral slowdown in business, inventories of 
the end of 1970, an increase of 8.3 million, propane have built up to record highs. 

or 14 percent. Most of the change, as indi- Stocks of isobutane at natural gas process- cated in table 1, occurred in propane ~~ "Ve nes | 
where stocks increased 8.6 million barrels ng plants declined from 6,854,000 barrels 

or 25 percent. The combined stocks of the © 1969 to 5,355,000 barrels at the end of 
butanes, both normal and isobutane, which 1970 because demands for chemical use | 
aggregated 22.2 million barrels at yearend and refinery use were greater than produc- 
1969, had been reduced about 747,000 bar- tion. 

PRICES AND VALUE | 

The value per barrel of natural gas liq- The following prices paid by U.S, farmers 
uids increased markedly in 1970 as a {0% LP gas apply to tank cars and transport 
sharp rise in prices of LP gases more than os Farms Average 
offset a decrease in the prices of natural Division LPgas gelicn 
gasoline, gasoline, naphthas, and other (thousands) (cents) | 

products. The overall price of the five seg- Wewnrngland............ 18 2B | 
ments in the natural gas liquids category Middle Atlantic________ 46 19.6 

rose from $1.90 per barrel to $2.10, or 10.5 Haat north central - - ---- rit 3-0 

percent. The sharpest increase occurred in South ane prt toa 1° 13.2 
LP gases and ethane, as indicated in table West | south-central. . - -- - 792 12. & 
12. The volumes of LP gases and ethane Pacific ______________. 36 18.5 
expanded 5.6 percent and the aggregate Total United States 1,440 14.7 

value of production gained 34.7 percent, Source: Annual Summer Survey, Crop Reporting 
resulting in a 27.3-percent increase in the aot ot metre peporting Service, U.S. Depart- 

unit value of LP gases and ethane. ber conceals the broad range of prices. 
_ Since there is no spot market for ethane, About half of the farms in the United . 

most of price increase occurred in the LP States use LP gas. Thirteen thousand 
gases. Propane prices, for example, rose farms in New England used LP gas; the 
sharply. The Oklahoma price of propane 2Verage price paid was 21.5 cents per Br 
averaged 5.58 cents per gallon, which was lon. At the other end of the spectrum, he 
1.66 cents above the 1969 average, as average price paid at 408,000 farms in the 

; . west north-central region was 13.6 cents. 
shown in table 14. As shown in the follow- Sales of ethane are usually made under 

ing tabulation, the average prices paid by long-term contracts and therefore, ethane 
farmers in the United States in 1970 aver- prices do not fluctuate as widely and as 

aged 14.7 cents per gallon, but this num- frequently as propane and butane prices. 

FOREIGN TRADE 

Some 8.5 million barrels of the total LP Most of butane and propane imported 

gases exported were destined for Mexico, (93.6 percent) originated in Canada. In 
and most of these volumes were made up addition, about 900,000 barrels of LP gases 

of butane-propane mixtures, as indicated were imported from Venezuela. Imports in 

in table 15. The total volume exported de- 1970 amounted to more than 19 million 

creased from 12.8 million to less than 10 barrels, which was about 6.5 million bar- 

million barrels. rels more than in 1969, as shown in table 

The volume of LP gas imported into the 1. Butane imports accounted for 9.7 million 

United States exceeded exports in 1970. barrels; propane accounted for 9.5 million.
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TECHNOLOGICAL DEVELOPMENTS , 

Ethane recovery has increased impres- has nearly doubled; from 120,000 barrels 

sively over the past decade—from 63 gal- per day in 1960 to 229,000 barrels per day 
lons of ethane per million cubic feet of jin 1970. An even greater proportion of | 

_ natural gas processed in the early 1960’s to propane and butanes produced at refineries 

about 150 gallons or ethane recovered _ can be expected over the longer term as 

, mor ne of processed gas at the hydrocracking capacity continues to ex- 

Another important development is the pand. Among the end-products of the hy- 
increase production at refineries of LP drocracking processes are propane and the | 
gases. Production of propane, particularly, butanes.
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Table 4.—Production of natural gasoline by vapor pressure and PAD districts 
in the United States in 1970 

| (Thousand barrels) 

a 

Reid vapor pressure District District District District District Total 
I II III IV V 

ae 

12 pounds and less____-___------------ 629 2,240 61,971 1,185 161 66,186 
Over 12 pounds including 14 pounds-__--_- 393 5,718 15 ,938 826 167 23 , 042 
Over 14 pounds including 18 pounds.--.  _______ 6,840 6,965 731 178 14,714 
Over 18 pounds including 22 pounds- -_- 18 79 795 ._------ 1,774 2,666 
Over 22 pounds including 26 pounds__--  ______- 1,467 13 ,363 166 1,638 16,634 
Over 26 pounds. __------------------- 11 5,325 24,346 755 7,595 38 ,032 

Total. _..-.--_---------------- 1,051 21,669 123,378 3,663 11,513 161 ,274 
een 

Table 5.—Liquefied refinery gases and ethane produced at refineries | 
for fuel and chemical use in 1970 

(Thousand barrels) 

States and Butane- 
PAD districts Ethane Propane Butane propane Total 

mixture 
es 

District I: 
New Jersey...--.----------------  --------- 4,752 1,844  -..-.----- 6,096 
Pennsylvania.....-....---------. --------- 6 , 849 186 __-..-.--- 7,035 
Other States !__-_--- eee Lee 3,229 525 ______uu-- 3,754 

Total___....---_-----eeeee eee ee ----- 14,830 2,055 ._-------- 16,885 

District ITI: 
Tllinois....._..------------------  --------- 6 ,623 390 _._------- 7,013 
Indiana___._._-----.------------. --------- 1,311 327 _-_-.-.--- 1,638 
Kansas___...-------------------- 316 3,667 143 13 4,139 
Kentucky_._..------------------  --------- 1,197 73 ..-------- 1,270 
Michigan___..----.-------------- --------- 1,357 83 2 1,442 
Other States 2___-__..-------------  - +--+ 1,600 65 254 1,919 
Ohio___.__._-__-.--------_-------.  --------- 4,480 _._------.  -..------- 4,430 
Oklahoma. .__-._.--------------- --------- 3,325 572 1,055 4,952 

_ Total..----------------- eee 316 23 ,510 1,658 1,324 26 , 808 

District III: 
Alabama and Mississippi_-_.__-.---. --------- 1 , 564 5 39 1,608 - 
Arkansas______.-----.----------- 0 --------- 659 72 6 137 
Louisiana: 

Gulf_....---...------------- 3,130 13 ,266 — 2,693 3,448 22,537 
Inland____-.----------------.  ----_---- 115 107 30 252 

Total__..----_--.-.------- 3,130 13 ,381 2,800 3,478 22,789 

New Mexico_._------------------ --------- 191 47 296 534 

Texas: 
Gulf. _-.-------------------- 5,283 18 ,386 11 , 436 1,863 36 ,968 
West___.--------------------) --------- 1,107 645 ____.._-_- 1,752 
East_._..---.------------- ee eee 263 27) __~_L Lele 290 
Panhandle______.-_---------.- 102 941 499 _________- 1,542 
Other____.-----_------------ 00 +--+ ------ 121 46 ____-.-.-- 167 

Total. .......------------- 5,385 20,818 12 ,653 1,863 40,719 

Total_____-.-------------- 8,515 36,613 15,577 5 , 682 66 ,387 

District IV: 
Colorado__.__.------------------ --------- 127 200 ___-- Le 327 
Montana._.__.---.--------------  --------- 464 31 55 550 
Utah__...-----------------------  --------- 487 27) _.-------- 514 
Wyoming_.___-------------------  --------- 220 678 2 900 

Total________-_----------------  --------- 1,298 936 57 2,291 

District V__....__------------------- 629 7,248 3,507 2 237 13 ,621 

Total United States__-----------_ 9,460 83 , 499 3 23 , 728 9 ,300 125 ,987 

1 Includes Delaware, New York, Virginia, and West Virginia. 
2 Includes Minnesota, Missouri, Nebraska, North Dakota, Tennessee, and Wisconsin. 
3 Includes 1,521,000 barrels of isobutane used for petrochemical feedstock.
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Table 7.—Sales of liquefied petroleum gases and ethane in the United States, 1966-1970 

(Thousand barrels) 

1966 1967 1968 1969 1970 

United States, total._........---.----. 1 400,258 422 337 468 ,156 531,175 587 ,623 

‘For export____.------------------ 8,171 9,262 10 ,608 212,783 29,955 

For use in gasoline production _-_-__- 68 , 403 68,643 72,652. 72,764 80,807 

For all other uses___...-.-..------ 323 , 685 344 , 432 384 , 896 445 ,628 447 ,361 
y type: 

Ethane__._____-.--.--.-- 36,776 44 ,069 55 , 152 72,216 83 , 757 
Propane____--_-_-------- 195,701 226 , 506 256,810 293 , 810 282 ,250 
Butane_______--_---_---- 40 ,230 43 ,920 44,601 50,170 52 ,566 
Butane-propane mixture. __ 50,977 29 ,937 28 ,333 29 431 28 , 788 

By principal use: 
Residential and com- 
mercial___.._-----.---- 135 ,277 148 ,139 159 ,955 182 ,306 180 , 207 

Internal-combustion _ __ ~~~ 28 ,893 27 , 435 29 ,250 34,931 31,806 
Industrial ?__..._..-__-- 15,375 15,121 19 ,235 22 ,585 21,360 

- Utility gas_.....-.-----. 2,608 2,300 4,076 4,359 5 , 052 
Chemical_-..-----_------ 121 ,334 129 ,620 148 ,811 178 , 265 184 ,049 
Synthetic rubber___._____ 17 , 483 18 ,006 18 , 463 18 ,025 18 , 825 
Secondary recovery of 

petroleum_____..._---- 709 1,093 1,593 577 631 
Miscellaneous___.-..----- 2,011 2,718 3,512 4,580 5,431 

1 Data does. not add to total shown because of independent roundings. 
2 Includes shipments to territories. 
3 Includes refinery fuel. 

Table 8.—Refinery input of LP gas, by product and PAD districts, 
in the United States, 1968-1970 

(Thousand barrels) eo 

| Item District District District District District Total 
I II ITI IV Vv 

1968 | , 
Propane__...-.----------- ----_---- 3 575 10 999 1,587 
Butane !____-__...------- 1,992 14,322 17 , 882 2,097 5,203 41,496 
Isobutane. _._.......--..- 92 4,775 20,418 434 1,349 27 , 068 
Butane-propane mix__.--._  -.--_---- 1,792 35 403 271 © 2,501 

Total LP gas____-- 2,084 20 , 892 38 ,910 2,944 7,822 12 , 652 

1969 
Propane___..---.-------- 9 2 681 15 925 1,632 
Butane }__._-_.-.---.---- 2,378 13 ,501 18 ,316 2,526 3,622 40 ,343 
Isobutane. ._..--_--.-..- 71 5,694 18,988 504 2,519 27,776 
Butane-propane mix_-.... ~~. -_---. 1,996 237 494 286 3,013 

Total LP gas_____- 2,458 21,193 38 , 222 3,539 7,352 72,764 

1970 TE 
Propane___...----------- --------- 50 580 9 867 1,506 
Normal butane__.___.__~- 690 8,668 — 16,479 1,023 437 27 297 
Other butanes___.._..__-- 1,200 6,234 2,895 1,230 3,138 14,697 
TIsobutane___.-.---.--_-- 277 9 ,244 20 ,686 911 1,181 32,299 
Butane-propane mix_.-... ----_---- 1,548 2,296 389 275 4,508 

Total LP gas_____- 2,167 25 , 744 42 ,936 3 , 562 5,898 80 ,307 

1 “Normal Butane” and “Other Butanes”’ reported separately for 1970.
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Table 9.—Estimated proved reserves of natural gas liquids in the United States 
(Thousand barrels) 

eee 

Changes in reserves during 1970 Reserves as of Dec. 31, 1970 
Reserves © —-———_-—_—-_ se 

State as of _Exten- Discoveries Pre- Non- 
Dee. 31, sions and of new liminary associated Associated- Total 

1969 revisions! fields and net with oil dissolved 
new pools production ——_---———————— eee 

Alabama. _--_______ 7,133 9,509 5,000 182 20 , 844 616 21 , 460 Alaska ?__2 222 ee 398 ------ Se 63 ~----e 335 335 Arkansas___________ 13 ,161 1,460 . 104 2,453 7,587 4,685 12 ,272 California 3_._______ 185 ,932 2,912 -ouuee 18 ,660 6 ,306 163 ,878 170 ,184 . Colorado__________- 19 ,925 234 238 1,601 6,588 12,208 18,796 Tilinois__.-_-._._____ 1,472 (111) 5 231 3 1,132 1,135 Indiana____________ 40 ~----- ~o-a-e 6 8 26 34 Kansas___..________ 269 ,261 44,667 115 19 ,970 286 , 792 7,281 294 ,073 Kentucky. _________ 48 ,983 326 2,112 3,413 48 ,008 ----L-- 48 ,008 Louisiana ?_______.__ 2,570,298 127 , 419 119 ,692 250,429 2,136,591 430,389 2,566,980 
Michigan___________ 4,056 2,612 4,396 1,161 5,437 4,466 9,903 Mississippi-_________ 20,045 (2 , 386) 7,040 2,048 12 ,068 10 ,583 22,651 Montana_._________ 9,881 (18) --u--e 1,249 1,401 7,218 8,619 Nebraska___________ 2,268 en eee 80 484 945 919 1,864 New Mexico. _______ 599 , 675 5,705 1,809 48 ,613 357,019 201 ,557 558 ,576 North Dakota______ 51,604 w~-an-e waa ee 2,347 -ae- lle 49 ,257 49 ,257 10-_-- eee Lee ~----- -o -ee ~auuee -o-- ee ----nee ~------ Oklahoma. ________- 465 , 694 (72 , 818) 5,477 39 , 750 233,464 125,139 358 , 603 Pennsylvania. ______ 974 n-ne ns 78 896 _________ 896 Texas 3____-...__._.. 8,651,939 (7 , 528): 21,520 335,772 1,859,513 1,470,646 3,330,159 
Utah____-_____- ee 38 , 789 (168) ~aunee 2,331 1,123 35,167 36 ,290 
West Virginia_______ 81,234 7,015 ~-ue ee 6,742 81,507 ________-_ 81,507 
Wyoming___________ 100 , 412 20,351 805 10 ,229 44 ,839 66 ,500 111 ,339 

Total_.__.___. 8,148,174 139 ,186 168,393 747,812 5,110,939 2,592,002 7,702,941 
A reesei 

1 Parenthesis denote decrease. 
? Natural Gas Liquids reserves for the Prudhoe Bay-Triassic reservoir are not included because the American 

Gas Association Reserves Committee did not have sufficient data upon which it could base an estimate of such 
reserves as of Dec. 31, 1970. 

3 Includes offshore reserves. 
Note: The remaining proved natural gas liquids reserves in the Gulf of Mexico are estimated to be 921,569,000 

barrels; of which 801 886,000 barrels are nonassociated and 119,683,000 barrels are associated-dissolved. 

Source: Committee on Natural Gas Reserves, American Gas Association. 

Table 10.—Estimated productive capacity of natural gas liquids in the United States, 
December 31, 1970 . 

(Thousand barrels per day) 

eee 
Productive capacity Productive capacity 

State Non- Associ- State Non- Associ- 
associ- — ated or Total associ- ated or Total 
ated dissolved ated dissolved 

eee 
Alabama__________ 6 1 7 Montana_________ 1 3 4 
Alaska___.___.____ -oaane 1 1 Nebraska_________ 1 1 2 Arkansas__________ 5 4 9 New Mexico-_-_-___- 92 102 194 
California________- 3 60 63 North Dakota____ ween ee 7 qT 
Colorado. _______-- 2 3 5 Oklahoma_-_______ 145 64 209 
Illinois...-.--2--222 Lee 1 1 Texas!__________. 853 538 1,391 
Kansas_____..____- 175 7 182 Utah_____________ 1 7 8 
Kentucky ____.____ 10 eo aee 10 West Virginia____- 19 waneee 19 
Louisiana_________- 830 117 947 Wyoming_-_______- 19 16 35 
Michigan_________- 2 2 4 —_ 
Mississippi-_ _ _____- 3 4 7 Total______ 2,167 938 3,105 eee ES 

1 Includes offshore. 

Source: Committee on Natural Gas Reserves, American Gas Association.
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Table 11.—Stocks of natural gas liquids and ethane in the United States 

(Thousand barrels) 

SUI 

LP Natural Other finished 
gases and gasoline and products and Total 
ethane isopentane plant condensate at 

COC plants Total Grand 

Date At At At and at re- total 
plants Atre- plants Atre- plants At re- ter- fineries 
and ss fineries and __sfineries and _fineries minals 

ter- . ter- ter- ; 
minals minals minals 

nn 
eee 

Dec. 31: 
1966__.__.._.....---- 34,610 587 2,673 1,300 950 303 88,283 2,190 40,423 

1967_____..._.------ 58,685 555 42,669 2,077 1,615 141 62,969 2,778 65,742 

1968______....--.--- 71,140 647 2,628 1,860 1,528 187 75,296 2,644 17,940 

iyo 53 ,981 571 $3,368 1,557 1,203 232 58,552 2,360 60,912 

Jan. 31_____--__----- 38,862 674 3,358 1,510 1,303 182 43,023 2,366 45,389 
Feb. 28_.____.._.---- 33,097 625 3,285 1,676 1,031 842 37,4138 2,643 40,056 

Mar. 81_________---- 33,176 659 38,475 1,837 893 350 87,544 2,846° 40,390 

Apr. 380_______._---- 38,357 618 8,565 1,960 965 480 42,887 3,053 45,940 

May 81___-_____---- 48,027 657 3,709 2,366 1,165 439 52,901 3,462 56,363 

June 30___._.__.---- 56,396 723 4,108 2,310 1,230 369 61,784 3,402 65,136 

July 81__________---. 62,7738 629 4,368 2,195 1,176 551 68,3817 3,375 71,692 

Aug. 31__...._.----. 68,730 1,003 4,529 1,969 1,192 584 74,451 3,506 77,957 

Sept. 30______....... 72,748 - 996 4,699 1,801 1,275 435 78,717 3,232 81,949 

Oct. 31________.....- 72,087 853 4,472 1,435 1,224 411 77,783 2,699 80,482 

Nov. 30_____._-___-_- 67,395 851 4,561 1,479 1,211 337 738,167 2,667 75,834 

Dec. 31____.._-__--.- 160,595 794 4,823 1,765 1,074 451 65,992 3,010 69,002 
rr 

1! Includes 48,244,000 barrels in underground storage. 

Table 12.—Values and volumes of natural gas liquids and ethane 

produced in the United States. 
LR 

Thousand barrels Thousand dollars Dollars per 
Percent Percent barrel Percent 

—____—_—___—_— change ——__-—_—_______ change ————_—_- change 

1969 1970 1969 1970 1969 1970 

LP gases and ethane__ 378,457 399,611 +5.6 498 ,927 672,088 +384.7 1.82 1.68 +27.3 

Natural gasoline and 
isopentane._._.__.- 157,929 165,139 +4.6 457 ,986 468,602 +2.3 2.90 2.84 —2.1 

Plant condensate__._.. 34,133 31,972 —6.3 105 , 863 101 , 723 —3.9 3.10 3.18 +2.6 

Finished gasoline and 
naphthas__..._._._-- 8,917 5,731 —35.7 36 ,954 23,284 —87.1 4.14 4.05 —2.2 

Other products- ------ 805 8,463 __-_-- 2,281 9,465 ___.-. 2.83 2.738 —3.5 

Total..._..._. 580,241 605,916 +4.4 1,102,011 1,275,112 +15.7 1.90 2.10 +10.5 
rere ee
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Table 14.—Average monthly prices, liquefied petroleum gas (propane) in the 
| | United States 1 

, (Cents per gallon) 

| Jan. Feb. Mar. Apr. May June July 

New York harbor and 
-Philadelphia: 2 

1969____..-_-____--_-. 7.25 7.25 7.25 6.96 6.75 6.75 6.75 
1970____.---_.____.._. 7.90 8.00 8.00 8.00 8.00 8.02 8.50 

Oklahoma: 
1969___.__.__.______.__. 4.25 4.25 4.25 3.63 3.25 3.25 3.25 
1970_______-_---___- = 4.95 5.22 5.25 5.25 5.25 5.25 5.25 

Baton Rouge: 
1969__.......-..__-._.. 4.75 4.75 4.75 4.13 3.75 3.75 3.75 
1970_....._._-_.___.._. 5.45 5.72 5.75 5.75 5.75 5.75 5.75 

_ Aug. Sept. Oct. Nov. Dec. Average for year 

New York harbor and 
Philadelphia: 2 

1969___.____.-.._._-.. 6.75 6.78 7.50 7.54 7.50 7.09 
1970__________.____... 8.56 8.98 9.00 9.00 9.00 8.41 

Oklahoma: . 
1969___.__._._______.. 3.25 4.07 4.25 4.53 4.75 3.92 
1970___...________.-.. 5.59 - 6.22 6.25 6.25 6.25 5.58 

Baton Rouge: 
1969__.__--__________. $3.75 4.57 4.75 4.97 5.25 4.41 . 
1970____....________.. 5.96 6.70 6.73 6.73 6.73 6.06 

1 Producers’ net contract prices (after some discounts and summer-fill allowances) for propane, tank cars/ 
transport trucks. 

2 Prior to 1969, New York and Philadelphia listed separately. See 1968 Platt’s Oil Price Handbook, 45th 
edition, for separate listings 1964-68. 

Source: Platt’s Oil Price Handbook. . 

Table 15.—LP gases 1 exported from the United States, by countries 
(Thousand barrels and thousand dollars) 

1969 1970 ° 

Country Butane- Butane- 
Butane Propane propane ‘Total Butane Propane propane Total 

mixtures mixtures 

Argentina___..._.____--- 766 131 27 924 59 60 (2) 119 
Bahamas__.......-.----- (2) 86 (2) 86 2 76 1 19 
Belgium-Luxembourg - _ __- (2) wenn ee 27 27 (2) w----- 31 31 
Brazil.........-....----- 617) =___ Le -ou--e 617 (2) ~an-ee ~---ee (2) 
Canada___.-_....-____-- 566 19 253 838 159 16 125 300 
Chile___....-.__-._.___- (2) ee 29 29 LL Lee 1 1 
France_.....-.__..------ 13 (2) aaoeee 13 (2) 31 (2) 31 
Guatemala____._._____:- 3 11 5 19 2 4 26 32 
Japan__.._.___...._____- 2 509 3 514 2 508 2 512 
Mexico___-_...___.--____- 171 889 6 ,937 7,997 1,419 1,150 5 939 8,508 
Portugal._____-_....---- 6 7 4 Wo eee eee (2) (?) 
Spain__-..-...____--__-_- 931 37 (2) 968 ____..  __L__L eee ee ou uee 
United Kingdom________: 2 698 1 701 (?) 293 (2) 293 
Other_.._______________- 5 13 14 32 6 11 9 26 

Total______._.___._._ 3,082 2,400 7,300 312,782 1,649 2,149 6,134 39 932 
Total value_____-._ $7,030 $7,071 $20,196 $34,297 $4,858 $7,770 $19,046 $31,674 

1 Data include LR gases. 
2 Less than ¥% unit. 
3 Excludes shipments to territories.



Ni ickel 
By Horace T. Reno? 

The nickel industry made an exception- categories. After the first peak in January, 
ally rapid recovery in 1970 from the severe however, the monthly total of nickel con- : 
nickel shortage caused by labor strikes at sumed trended downward throughout the | 
Canadian mines in 1969 and 5 years of im- year. The International Nickel Co. of Can- 
balance. between supply and demand. At ada, Ltd. (INCO), estimated free-world 
the beginning of the year the shortage af- nickel consumption in 1970 at 985 million | 
fected most of the nickel industry. Con- pounds, compared with 844 million pounds 
sumption was less than normal, the price in 1969. Free-world production was 1,047 

of merchant and scrap nickel was substan- million pounds. 
tially above the producer price, and both Legislation and Government Programs.— | 
consumer and producer stocks were low. According to the July-December 1970 
By March, U.S. consumption of nickel was Statistical Supplement Stockpile report to 
back to prestrike levels, and the Depart- . the Congress prepared by the General 
ment of Commerce lifted restrictions on Services Administration, 64,258 short tons 

the use of priority ratings for replacing of nickel plus cobalt was in the defense 
_ Nickel inventories. By the end of June, the | materials inventory as of December 31, 

industry was operating at normal prestrike 1970. Of this quantity, 48,780 short tons 
levels. By the end of September, nickel was in the strategic stockpile in storage or 
supply apparently was meeting domestic on loan; 1,220 tons was in the Defense 
demand. Consumer stocks were at prestrike Production Act (DPA) stocks; and 14,258 | 
levels, and the price of merchant and _ tons was held in stock for the U.S. Mint. 
scrap nickel in domestic and foreign mar- The stockpile objective at the end of the 
kets was nominal. Nonetheless, at yearend it year was 55,000 tons. The Bureau of Do- 
was not certain that all consumers were mestic Commerce of the U.S. Department 
getting the nickel they needed. of Commerce progressively lowered the 

That pattern of 1970 nickel consumption 2mount of primary nickel set aside for de- 
in the United States reflected the tight fense purposes, from 25 percent of the av- 
mineral supply of 1969. The pent-up de- €f!4ge monthly producer shipments during 
mand for nickel in electroplating uses and the last 6 months of 1967 to 22 percent of 
in corrosion-resistant alloys was shown in the average monthly shipments in 1968. 
rapidly ‘increasing consumption in these 1 Physical scientist, Division of Ferrous Metals. 

Table 1.—Salient nickel statistics 

(Short tons) 

1966 1967 1968 1969 1970 

United States: 
Mine production_-___-__---------------- 15,036 15,287 17,294 17,056 15,933 
Plant production: 

Primary___.---------------------- 13 ,237 14,615 15,154 15,616 15,319 
Secondary------------------------ 26,777 20,731 14,061 18,775 23,159 

Exports. _.--------------------------- . 26,387 31,537 33 , 681 34,758 31,456 
Imports for consumption__....--------- 141,000 143 , 000 147,950 129 , 332 156 ,252 
Consumption_____-------------------- 187,833 173,798 159 , 306 141,737 155,719 
Stocks Dec. 31: Consumer___-_-_-------- 31,288 31,007 27,466 16,590 24,757 
Price___.._---_--------cents per pound.. 7734-8544 8514-94 94-103 103-128 128-133 

World: Production_____...----------------- 454,457 494,835 547 , 960 582,537 685 , 186 

783
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DOMESTIC PRODUCTION 

The Hanna Mining Co. at Riddle, Oreg. originated from scrap. Compared with 
was the sole producer of primary nickel in 1967-69, nickel exploration in the conti- 
the United States. Byproduct nickel salts nental United States and Alaska was not 
were produced at copper and other metal _ significant in 1970. 

refineries; part of the byproduct nickel 

Table 2.—Primary nickel produced in the United States 

| (Short tons, nickel content) 

1966 1967 1968 1969 1970 

Byproduct of metal refining__.__......-.--------- 1,006 1,579 2,030 2,520 2,670 
Domestic ore____------------------------------ 12,231 13,086 13,124 13 ,096 12,649 

Table 3.—Nickel recovered from nonferrous scrap processed in the United States, 
by kind of scrap and form of recovery _ 

. (Short tons) 

Kind of scrap 1969 1970 - Form of recovery 1969 1970 . 

New scrap: | 
Nickel-base.....__--..---- 2,170 1,684 As metal__.--..------------- 1,514 982 
Copper-base____.-------- 3,486 4,742 In nickel-base alloys._.-.-.-.- 2,221 2,105 
Aluminum-base__-__------ 630 585 In copper-base alloys.____..-. 6,746 7,342 

—-—___—_—____—_—_—_—- In aluminum-base alloys_____- 997 905 
Total___.----.-------- 6,286 6,961 In ferrous and high-tempera- 

SSS SS ~S— ture alloys !______-___-___ 6,965 11,612 
Old scrap: In chemical compounds. _ _ ---- 332 213 

Nickel-base_...__.-_.------ 11,331 15,385 OO 
Copper-base___.--------- 778 511 Total.__-------------- 18,775 23,159 
Aluminum-base_- -_-_------- 380 302 

Total____-.----------- 12,489 16,198 

Grand total._.......--. 18,775 7 23,159 

1 Includes only nonferrous nickel scrap added to ferrous and high-temperature alloys. 

CONSUMPTION AND USES 

For the first time since 1966 the pattern Because of differing interpretations of 
of domestic nickel consumption was not the term ‘superalloys’ among consumers, 
influenced during the year by an imbal- 1969 data on nickel usage in superalloys is 
ance between supply and demand. By the not accurate. The problem is universal, 
end of January the nondefense industries, and a committee of experts from the prin- 
which had had shortages before, were well cipal consumers is developing an improved 
supplied with nickel, and their use of it definition to overcome it. The data re- 
increased accordingly. The most significant ported to the Bureau are believed to be 

increase was in the electroplating industry, valid for indicating the trend in the use of 
which had not been able to supplement its nickel in superalloys. Reported consump- 
primary nickel supply with secondary ma- tion of superalloys in 1970 indicates a 9 
terials. percent decrease from the 1969 level.
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Table 4.—Stocks and corisumption of new and old nickel scrap 
in the United States in 1970 

(Gross weight, short tons) 

Stocks, Consumption Stocks, 
Class of consumer and type of scrap beginning Receipts ————————___________——___ end of 

of year New Old Total year 

Smelters and refiners: 
Unalloyed nickel. ___.._____--_--- ~ 90 2,102 1,174 634 1,808 384 
Monel metal_____-___-__--___-____-_- 756 2,818 278 2,228 2,506 1,068 
Nickel silver !1_____-...-2222- 2 __- 515 3,601 727 2,791 3,518 598 . 
Cupronickel !____________.______- 51 498 ------ 516 516 33 
Miscellaneous nickel-alloys_______- 10 3,134 30 3,114 3,144 ween ee 
Nickel residues____._-..._._-._-_---- 1,743 5, 786 838 989 1,827 5,702 

Total___....__-.---.-.--------- 2,599 18,840 2,820 6,965 9,285 7,154 

Foundries and plants of other manufac- | a 
turers: 

Unalloyed nickel_______._-___---- 1,071 24,591 | 6 12,154 12,160 19,502 
Monel metal_____....-._____------- 34 101 28 82 _ 110 25 
Nickel silver !_._..__._____-------- 2,080 12 ,032 10,603 wen nee 10,603 1,429 
Cupronickel!________._______-.--. 1,142 7,797 8,331 100 8,431 1,508 
Nickel residues_____________.---- 190 T77 299 550 849 118 

Total. ____-_._.------.-__------ | 1,295 25,469 333 12, 786 13,119 19,645 

Grand total: — oo SO 
Unalloyed nickel_______________-- 7,161 26,693 1,180 12,788 13 ,968 19,886 
Monel metal______________-______- 790 2,919 306 2,310 2,616 1,093 
Nickel silver!__._..._.____.____-.-_ 2,595 13 , 553 11,330 2,791 14,121 2,027 
Cupronickel?____._....---.---... 1,193 9,295 8,331 616 8,947 1,541 
Miscellaneous nickel alloys. ____-_- 10 3,134 30 3,114 3,144 ~ oe ee 
Nickel residues_______________-__- 1,933 6 , 563 1,137 1,539 2,676 5,820 , 

Total___.___.-_.--___-__-_---. =. 9, 894 39,309 2,653 19,751 22,404 26,799 

1 Excluded from totals because it is copper-base scrap, although containing considerable nickel. 

Table 5.—Nickel (exclusive of scrap) consumed in the United States, by form 
(Short tons) . 

| Form 1966 1967 1 1968 ! 1969! 1970 

Metal___________-__.-.------------------. 182,578 124 ,639 115,839 99,096 112 ,825 
Ferronickel____________------------------. 29,674 25,228 | 15,170 17 , 804 15,230 
Oxide powder and oxide sinter______-_._.... 22,845 19 ,349 24,362 19,133 21,369 
Salts 2_..._..___--_.----.----------------- 2,741 4,582 3,935 2,647 3,792 
Other___.___-__-______-------------------- 0 ++ eee wana eee wae ueee 3,057 2,503 

Total__._.___-___-.----------.____-_ 187,833 173,798 159 ,306 141,737 155,719 

. 1 Metallic nickel salts consumed by plating industry are estimated. 
2 Figures do not cover all consumers for 1966. 

Table 6.—U.S. consumption of nickel (exclusive of scrap), by use and form, 1970 
(Short tons) 

Commer- Nickel 
cially Ferro- Nickel sulfate Other Total of 

Use pure nickel oxide and other forms figures 
unwrought nickel shown 

nickel salts 

Steel: 
Stainless and heat-resisting__...... 19,603 7,913 13 ,253 ------ WwW 40,769 
Alloys (excludes stainless)___._._._. 8,343 6,691 5,801 -oaeee 39 20,874 

Superalloys_.......---.-------------- 11,478 WwW 26 week 122 11,626 
Nickel-copper and copper-nickel alloys._ 6,309 WwW 18 ~eaeee 227 6,554 
Permanent magnet alloys__._..__-..---- 2,430 W WwW ~ouuee ------ 2,430 
Other nickel and nickel alloys.____._._. 35,656 36 WwW WwW 87 35,779 
Cast irons__........-.--...-_-------- 3,180 282 462 WwW 1,060 4,934 
Electroplating }____...--..-..-.-----.. 21,024 10 WwW 3,423 93 24,550 
Chemicals and chemical uses_-__-_-___-_--_- 605 we aeee 172 198 WwW 975 
Other uses ?________...-.---------.--. 4,247 298 1,637 171 875 7,228 

Total reported by companies 
canvassed and estimated_____. 112,825 15,230 . 21,369 8,792 2,503 155,719 

W Withheld to avoid disclosing individual company confidential data; included in ‘“‘Other uses.” 
1 Based on monthly estimated sales to platers. 
2 Includes batteries, ceramics, and other alloys containing nickel.
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Table 7.—Nickel (exclusive of scrap) in 
consumer stocks in the United States, 

by form 

(Short tons) 

| : Form 1968 1969" 1970 | | | 

Metal___-------------- 19,385 12,528 17,987 
Ferronickel_...._-..-.-.- 2,603 1,868 2,286 
Oxide powder and oxide 

sinter____-_-_.__------- 4,821 1,018 3,303 
Salts___..-.----------- 502 539 501 
Other_.-__._-_--------- 655 621 680 

| Total_.._..------ 27,466 16,574 24,757 

t Revised. 

| PRICES 

The price of electrolytic nickel of $1.28 and the price of scrap in large quantities 
per pound was unchanged from the begin- was $1.75 per pound. By the end of No- 
ning of 1970 until October 14, when INCO vember the price of merchant nickel was 
announced an increase of 5 cents to $1.33 little different from that quoted by pri- 
per pound. INCO announced that the mary producers, and the price of scrap 
price increase was partially to compensate ranged downward from the primary price, 

_ the company for reduced realization in Ca- depending on quality, quantity, and loca- 
| nadian currency owing to changes in the _ tion. 

Canadian-United States exchange rate. Trade in nickel futures began February 
Other major producers followed INCO and 16 on the New York Mercantile Exchange. 
adjusted worldwide prices accordingly. At During the first days of trading, prices for 
the beginning of the year merchant elec- future deliveries of electrolytic cathodes 
trolytic nickel was quoted at $5.80 to $6.40 ranged from $2.20 to $2.65 per pound. 

| per pound at shipping points, and scrap ‘Thereafter futures prices trended down- 
nickel prices ranged from $2 to $4 per ward until by the end of July. they were 
pound. By May 1 the price of merchant only a few cents more than the dealer 
nickel had fallen to $2.10-$2.30 per pound price for merchant nickel. 

FOREIGN TRADE 

U.S. foreign trade in nickel in 1970 was above those of 1969. Of the 14,237 tons of 
16 percent above the 1969 level. Australia ferronickel imported for consumption in 
for the first time joined the list of signifi- the United States in 1970, the French Pa- 
cant suppliers by providing 849 tons of cific Islands supplied 13,394 tons; Greece, 

- metal. Imports of nickel from the U.S.S.R. 779 tons; the Netherlands, 22 tons; the Re- 
declined from 1,109 to 863 tons, probably public of South Africa, 20 tons; and Is- 
because the premium pricing system was_ rael, Il tons. Apparently, ferroalloy pro- 

discontinued at midyear. Total ferronickel ducers in Greece established a larger market 
imports declined about 10 percent, but im- among Western European countries. 
ports from New Caledonia were 29 percent
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Table 8.—U.S. exports of nickel alloy products, by class 
—_—_—_—_—— SSS 

1968 1969 1970 

Class Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 

sands) sands) sands) 
re eeemerereeeeneemeeererenn re 

Unwrought-__--__-__----- 2-2. 6, 498 $14,211 1,851 $5,631 6,103 $13,450 Bars, rods, angles, shapes, and sections__ 2,880 7,277 5,052 12,405 5,311 16,047 Plates, sheets, and Strip__---...- -____ 2,308 9,784 4,218 16,582 4,653 21,893 Anodes____-----2 2 107 826 91 , 3847 160 600 Wire____----------- 2 624 2,652 746 3,630 870 5,642 Powder and flakes__________._________ 337 1,598 398 =«s_- 2, 517 281 2,405 Foil____. 2 51 92 14 83 18 16 Catalysts.__-_._-_-____-2 eee.) = 8,840 7,299 3,592 7,531 2,524 6,451 Tubes, pipes, blanks, and fittings there- 
. for, and hollow bars_________._______ 774 3,646 768 3,887 1,756 6,520 Waste and scrap____________________. 16, 762 24,788 18,028 29,455 9,780 12,840 eee ee 

Total_____.--- 2-2-2 ee. 38,681 71,673 34,758 82,068 31,456 85,924 ee Ee eee 

‘Fable 9.—U.S. imports for consumption of nickel products, by class 
-—-— eS 

1968 1969 ~ 1970 

Value Value Value Class Short tons (thousands) Short tons (thousands) Short tons (thousands) 

Ore_____. el 42 $2 eee He wee eee 21 $251 
Unwrought___.__-_____-_________ 108 , 158 201,312 99,656 *$209,476 117,371 302,821 Oxide and oxide sinter__________ 6,388 8,911 4,013 6,524 6,423 12,611 Slurry}___ 2 _----------------. 85, 099 63 , 674 23,714 54,784 35,114 82,643 Bars, plates, sheets, and anodes__ 245 669 113 628 177 773 Rods and wire____._-_________. 892 1,287 540 2,171 544 2,630 Shapes, sections, and angles_._..__ _______ ene uee 5 30 2 12 Pipes, tubes, and fittings. _______ 146 627 10 45 22 97 
Powder... 2. 2,936 6,106 2,708 6,452 - 3,028 10,357 Flakes_____.---.----22- ie 53 109 65 136 76 207 
Waste and scrap_______________ 1,974 2,575 r3,184 r 8,077 2,149 4,485 Ferronickel____..-..____..-..-.. 10,553 5,450 15,696 9,507 14,237 9,652 ) eee a 

Total (gross weight)______ 165,986 290,722 +1149,704 +297,830 179,164 426,539 Nickel content (estimated)______ 147,950 xX 129 , 332 xxX 156 , 252 xX —. eee EE eee 
r Revised. XX Not applicable. 
1 Nickel-containing material in powder, slurry, or any form, derived from ore by chemical, physical, or any other means, and requiring further processing to recover nickel or other metals. . 

Table 10.—U.S. imports for consumption of new nickel products,1 by countries 
(Short tons) 

eee 

trees : 

Oxide and Slurry and other 2 
Metal oxide sinter) ©@§. ———————_—__ 

—_ 1969 1970 
Country 1969 1970 1969 1970—2@- 

O_O Gross Nickel Gross Nickel 
(Gross weight) (Gross weight) weight content weight content eee ETT ESS 

Australia__..--_-_-...__..____. 21 849) __L--ee Lele ee LLL LL LLL 126 32 
Canada____.________ ee 86,242 104,248 4,008 6,412 19,458 16,376 30,156 23,871 Finland________--_________.. 43 a 
France__..___-__________________. 7 
Germany, West_____._____._______. 27 122 1 VW Leelee Le 437 200 Israel___-__.-_---_--- ee 5 50 --eee eee eee eee Lee eee Netherlands____.___________._____ r116 7 
Norway_-__-------------.--_-.__. 11,224 10,789 _---ee Lee Lee eee LLL Lee South Africa, Republic of_________. 246 98 _._.-. ----.. $8,806 1,886 4,395 1,998 Southern Africa, n.e.c____________. 45 owen ee ee Lee 450 207 _----- ------ Sweden___________.___.._________ 28 2 pee e ee Lee eee LeeLee eee LeeLee ee 
U.S.S.R__-- ee eee. «1,109 cc United Kingdom_________________ 372 302 4 (8) ween ee een eee eee eee ree eee Other countries___.______________ r 158 23 = (8) ween fee eee eee ee eee eee 

Total 99,656 117,371 4,013 6,423 28,714 18,419 35,114 26,101 eee en Oss cS oe eee ee ee 
tT Revised. 
1 Ore: 1969, 30 short tons previously reported from Peru revised to none; 1970, 21 short tons from Repub- lic of South Africa. . . 
? Nickel-containing material in powder, slurry, or any form, derived from ore by chemical, physical, or any other means, and requiring further processing to recover nickel or other metals. 
* Tess than 14 unit.
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WORLD REVIEW | 

Australia.—Australia’s nickel production Government entered an agreement whereby 

more than doubled for the third year. As the company is to build a smelter in the 

in 1969, Western Mining Corp. Ltd.’s Sil- Kalgoorlie, Kambalda, nickel district and 

ver Lake shaft at Kambalda accounted for construct a rail line between Kalgoorlie and 

most of the output, but the Great Boulder Esperance. The smelter is to have an ini- 

Gold Mines, Ltd., Scotia mine, in its first tial capacity of 20,000 tons of nickel per — 

full year of operation produced approxi- year and built-in provisions for expansion 

mately 10,000 tons of 3 percent nickel ore to 40,000 tons per year. The smelting plant 

per month. will be able to treat high-grade nickel or 

Western Mining Corp. Ltd. reported re- concentrate and recover metals of the plat- 

serves in the Kambalda-St. Ives area at inoid group.? 

17,169,000 tons of ore containing 3.4 per- Production of nickel from Australia’s lat- 

cent nickel. More important, Western Min- eritic deposits came closer to reality when 

ing reported that the potential of the area Freeport, Queensland Nickel, Inc., a subsid- 

obviously is much greater than proved re- iary of Freeport Sulphur Co. reported that 

serves. This evaluation was substantiated the cabinet of the Queensland Government | 

when the Great Boulder-North Kalgurli had agreed in principle on royalty and 

partnership reported reserves at its Carr freight arrangements for development of 

Boyd Rocks mine of 1 million tons averag- the Greenvale nickeliferous laterite depos- 

ing 1.74 percent nickel and 0.53 percent its. Under the principal terms of the 

copper and 500,000 tons averaging 0.7 per- agreement, the company is to construct 

cent nickel and 0.24 percent copper. The and equip a 140-mile railroad from the 

latest published reserve at Great Boulder’s property to a plant site near Townsville. | 

Scotia deposits was 1.13 million tons aver- The agreement was subject to legislative 

aging 3.07 percent nickel and 0.25 percent authorization, a final feasibility study, and 

copper, 250,000 tons of oxide ore averaging financial and other arrangements. 

1.13 percent nickel, and 500,000 tons of However, all was not forward progress in 

disseminated sulfides averaging 0.64 percent building a nickel mineral industry in Aus- 

nickel. To the north, Poseidon N.L., al- tralia. INCO decided not to develop lateri- 

though declining to estimate reserves, re- tic nickel deposits at Wingellina, despite 

ported continuing success in outlining sul- announced discovery of natural gas at 

fide ore bodies of minable size that contain Palm Valley only 280 miles away.- 

1.5 percent or more nickel, plus 0.2 to 0.3 Botswana.—Development of the Pikwe- 

percent copper. Selebi copper-nickel deposit proceeded 

The entire nickel industry of Western slowly as Bamangwato Concessions, Ltd., 

| Australia) was advanced when Western ¢gotiated with the World Bank and the 

Mining Corp. Ltd. opened a new nickel re- Botswana Government for financing to 
finery at Kwinana on September 15, just 3 construct a concentrator and smelter. The 

years after the company began nickel min- economic feasibility of the project was ad- 

ing operations at Kambalda. The new re- vanced as arrangements were pushed for a 

finery uses the Sherritt-Gordon ammonia- road between Zambia and Botswana. Such 

leach, hydrogen-reduction method to 4 road would greatly benefit Botswana's 

produce nickel briquettes from a milling mining industry because it would facilitate 

concentrate containing an average of 11 ‘™porung needed material for the infra- 

percent nickel. The first nickel briquettes structure.§ 
were consigned to the United Kingdom. Canada.—Canadian nickel production of 

Designed capacity of the refinery is 33 mil- 305,000 tons was the highest on record, al- 

lion pounds of nickel per year. Ammo- most half again as much as 1969 output. 

nium sulfate and sulfides of copper and. co- The Canadian Ministry of Industry Trade 

balt were produced as byproducts. Western and Commerce removed all quantitative 
Mining planned to accept concentrates restrictions on exports of primary nickel 

from other nickel producers in the area. 

Further strengthening the Western Aus- 2BuMines Mineral Trade Notes. V. 68, No. 2, 

tralian nickel industry, Western Mining February 1971, pp. 17-19. . 

Corp. Ltd. and the Western Australian 1976 heeka Despatch A-213, Sept. 2,
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and nickel scrap on October 30. Nickel re- ered a new ore shoot on the 3,050-foot 
mained on the Canadian export control level of the mine. 
list, but export permits were freely issued Canadian nickel producers and their 

in the last 2 months of the year. The Ca- 1970 production or delivery to customers 
nadian Prices and Incomes Commission as given in their annual reports to stock- 
studied nickel pricing policies after INCO holders were as follows: 
announced an increase of 5 cents per . 

: . ype of Thousand 
pound for primary nickel exported after Company operation pounds 

October 14. The Commission concluded The International _ . 
that “increases in nickel prices did not by Nickel Co. of Can- elivery.... 518,870,000 
themselves increase domestic manufacturing Falconbridge Nickel 

costs and selling prices sufficiently to jeop-  gyerritt Gordon Ltd... Delivery..... 217648/000 
ardize directly the domestic price restraint Consolidated Canadian ; 
program.” on araday Ltd. -—- Production_.. 3,048,380 

The major nickel-producing concerns of Ltd_._------------ Reeovery-.--- 4,087,291 
_ Canada and several smaller companies ac- Dominican Republic.—Falconbridge Dom- 

tively sought nickel deposits in Ontario, jinicana C. por A. continued constructing 

Manitoba, Quebec, Newfoundland, British a plant to produce ferronickel from lat- 
Columbia, the Yukon, and Northwest Ter-  erite deposits. The work was on schedule, 
ritories. A large copper-nickel find was re- and 3,915 people were employed on the 

ported near Atikokan by Paulpic Gold project at the end of the year. 
Mines and Monteagle Minerals.5 Prelimi- France.——The office of Foreign Assets 

nary exploration indicated a large ore Control of the United States rescinded its 
body grading 0.4 percent copper, 0.15 per- order barring imports of nickel and_nick- 
cent nickel, and 0.1 percent cobalt. el-bearing materials of French origin. 
The Hudson-Yukon Mining Co. Ltd., However, the order did not apply during 

subsidary of the Hudson Bay Mining and — the 1970 calendar year. 
Smelting Co. Ltd., announced plans to Greece.—Larco, the only nickel-produc- 
bring its Wellgreen property in the Yukon ing concern in Greece, almost doubled its 
Territory into production in 1972 and output for the third year and announced 

signed a provisional contract with the that further expansion plans are under 
Sumitomo Metal Mining Co. Ltd. of consideration. | 
Tokyo, Japan, for sale for copper-nickel Guatemala.—The negotiations of Explo- 

concentrates produced from the property.6 Yaciones y Explotaciones Mineras Izabal, 

INCO continued expansion and modern- 5: A. (EXMIBAL), with the Guatemalan 
ization. It opened the Copper Cliff North Government to construct a 60-million- 
mine in the new Sudbury district and the pound-per-year nickel plant, which had 
Kirkwood mine in the Ontario division. been blocked by the Government's belief 
Copper Cliff will produce 6,000 to 8,000 that it could achieve better terms, was 
tons of ore per day, and Kirkwood will 28217 active. Guatemala’s new Administra- 
produce 1,500 tons per day. This brought tion explained why it is advisable to deal 
to 12 the number of INCO’s producing with EXMIBAL. EXMIBAL is owned 80 

mines in Canada. Surface facilities to be Percent by INCO and 20 percent by 
built under INCO’s current expansion [anna Mining Co, . 
plan were about half completed by the Indonesia.—P.T. Pacific Nikkel continued 
end of the year. exploration of lateritic nickel deposits on 

; ; ; Waigeo Island off the Sentani area of West 
Falconbridge Nickel Mines Ltd., com-  fyian. Nikkel’s exploration work was appar- 

pleted its nickel-iron refinery and started ently successful. The company announced 

tune-up production late in the year. The that exploitation depended on economics 
company completed a 1,425-foot mine shaft ang financing. 
at its Mainbridge property in Manitoba. 

Giant Mascot Mines Ltd. in British Co- Prima NewS Pes (Canada). 
lumbia lost its entire surface plant by fire 5 Northern Miner. Large Tonnage Copper- 
in August; however, by the end of the year oO pp tie Atikokan. No. 42, Jan. 8, 
reconstruction of the concentrator was well 6 Skillings’ Mining Review, Hudson-Yukon To 
under way, and the company had discov- ve ee pee en Mine. V. 59, No. HL,
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Japan.—Japanese nickel smelters were Government to relax its restrictions on 
concerned about future supplies of nickel shipment of nickel ore to Japan. However, 
ore. Shimura Kako, Nippon Mining, Sumi- the Government indicated a strong desire 
tomo Metal Mining, Pacific Metal Industrics, to process the ores on the island, because 
and Nippon Yakin Kogyo asked the Govern- |New Caledonia’s earnings provide France | 
ment to negotiate with the French Govern- with foreign currency. 

| ment to secure the New Caledonian nickel Société Le Nickel, S.A., consolidated its 
ore needed to expand their smelting position as the premier nickel producer of 

| facilities. The same group started prelimi- _ New Caledonia by modernizing its plant, 
nary negotiations with the U.S.S.R. for de- developing its reserves, and making plans 
velopment of nickel mines in the Kazakh to open new mining areas. Le Nickel 
district near Orsk.? formed Société Metallurgique Calédon- 
New Caledonia.—New Caledonia experi- ienne, which announced that it would 

enced a large-scale mining boom, as the build a powerplant, erect a town, develop 
concerns newly competing in the former a harbor and port, and build a smelter at 
monopoly environment began active opera- Poum on the northern tip of the island. 
tions. Ore deposits were well delineated by |The company was also planning to exploit 
the beginning of the year, so most of the laterite deposits at the southwestern end of 
activity was in planning the mining and the island on the shores of Bale de Prony. 
processing operations and the necessary in- Patino Mining Corp. will participate with 

: frastructures. The French Government Le Nickel in the smelter and mining com- . 
asked the private companies to produce plex at Poum. 
160,000 tons of nickel annually by 1975. INCO, as the operator of Compagnie 

| Construction and mining plans announced _ Francaise Industrielle et Miniere du Pact- a 
by four participating companies indicated fique (COFIMPAC), completed a feasibil- 

, annual production capacity of 200,000 tons §———___—_— 
of nickel by 1979. Small, independent, The Mining Journal (London). Japan/USSR ) a y ” P Nickel Talks. V. 275, No. 7049, Sept. 25, 1970, 
mining concerns petitioned the French  ,, 941. | 

Table 11.—Nickel: World production, by countries ! 
(Short tons) , 

ve 
Country 2 1968 1969 1970 P 
en 

. Australia (content of concentrate). __.__._____--------------------- 5,122 11,901 e 31,000 
Brazil (content of ferronickel)__.-_._------------------------------- 1,186 e 1,200 2,762 
Burma (content of speiss)_____-_--------------------------------- r 32 33 23 
Canada 3______________________- eee eee --- 1 264,358 213,611 305,296 
Cuba: 

Content of oxide e________________--------------------------- 20,950 20,400 20,400 
Content of sulfide e________..--__---------------------------- 16,200 18, 400 18,400 

Dominican Republic (content of ferronickel)---.-.------------------ 324 ween eee 0 eee eee . 
Finland: 

Content of nickel sulfate__.-....-_-----.--------------------- 195 211 \ 24 600 
Content of concentrates___________.--_---_---.---------------  1'3,556 3,996 Jf ’ 

Greece (nickel recovered from ore)______--------------------------- 74,769 e §,400 e 10,000 
Indonesia (content of ore) 4.____---------------------------------- 8,663 8,404 19 , 842 
Morocco (content of cobalt ore)___-__------------------------------ 335 311 152 
New Caledonia (recoverable) >______.._.-_------------------------ 88,018 99,731 116,143 
Norway (content of concentrate)____..---------------------------- T 248 273 e 8360 
Poland (content of ore) ¢.___.__.---_----------------------------- ™1,650 1,650 1,650 
Rhodesia, Southern (content of concentrate) ¢..._-__---.------------ 11,100 4,400 5,500 
South Africa, Republic of (electrolytic)___.------------------------- °*6,100 e 10,000 12,739 
U.S.S.R. (content of ore) ¢.._------------------------------------- ™110,000 116,000 121,000 
United States: 

Byproduct of copper refining__.-----.------------------------- 2,030 2,520 2,670 
Nickel recovered from domestic ore___-_----------------------- 13,124 13 , 096 12,649 

Total. ______--------------------------------------------- ™ 547,960 582 , 537 685,186 
a 

e Estimate. p Preliminary. r Revised. 
1 Insofar as possible, this table represents mine production of nickel. Where data relate to some more highly 

processed form, the figures given are used in lieu of actual reported mine output as a measure of mine output. 
Countries such as Czechoslovakia, Japan, and North Korea, which produce smelter nickel from imported raw 
materials, have been excluded to avoid double counting. 

2In addition to the countries listed, Albania and East Germany also produce nickel, but information is in- 
sufficient to make a reliable estimate of production levels. 

3 Refined nickel and content of oxides and salts produced, plus recoverable nickel in matte and concentrates 

exported. 
4 Includes a small amount of cobalt which is not recovered separately. 
5 Nickel-cobalt content of metallurgical plant products, plus recoverable nickel-cobalt in exported ores.
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ity report on a project to produce 50,000 Marinduque Mining and _ Industrial | 

tons of nickel pellets from lateritic deposits Corp. (MMIC) spent most of 1970 negoti- 

in Plaine des Lacs. Reportedly the project ating for the capital needed to construct 

is to cost $481 million, which would rank its proposed laterite mining plant on the 

it among the largest mining operations of Surigao Mineral Reservation, At yearend, 

the world.8 tentative arrangements had been made 

Philippines——Acoje Mining Co., Inc., with Japanese industrial concerns to pro- 

started its 400-ton-per-day nickel ore con- vide part of the funds and with the Cen- 

centrator in May. The concentrates contain tral Bank of the Philippines to provide 

nickel, cobalt, and reportedly, substantial the remainder. MMIC’s board of directors 

amounts of platinum-group metals, gold, suspended cash dividend payments to 

silver, and copper. All Acoje concentrates stockholders in 1970 so that the funds 
are to be sold to Japanese companies would be available for the nickel 
under a long-term sales agreement.9 project.10 . 

TECHNOLOGY | , | 

Judging from published reports and __ electrolytic metals were produced as indus- 

United States and Canadian patents, nickel trial-size cathodes. A high-chloride electro- . 

research and development in 1970 continued _lyte was used in conjunction with solvent 

at the high level of activity of the last two extraction to remove impurities. The pilot 

decades. There was some slackening of ex- work was on a scale that could be extrapo- 

tractive metallurgical research, but this was _ lated to a commercial operation. 

offset by increased work in secondary re- INCO metallurgists developed a nickel- 

covery and antipollution projects. Studies ¢opper-columbium steel with yield strengths 

to find and develop improved nickel-bear- from 70 to 100 thousand pounds per square 

ing alloys were little changed from past inch, depending on the heat-treating con- 

years. | ditions and the size of the  sections.14 

The Federal Bureau of Mines nickel re- Several years are needed to prove the worth 

search activities were designed to conserve of a new alloy, but the exceptional com- 

the metal and control pollution from proc- bination of strength and workability of the 

| essing plant waste products. Bureau re- steel indicates probable rapid commercial 

searchers developed a method for treating acceptance. 
a variety of electroplating wastes to recover Nickel-bearing alloys were widely investi- 

nickel, copper, silver, and other metals. gated in the continuing search for corro- 

The recovery process cleans the effluent  sion-resistant materials with high strength 

from electroplating plants to the point at elevated temperatures. Researchers of 

where it will meet most water quality the United Aircraft Research laboratories 
standards. It is economically promising be- developed a high-strength nickel-base eu- 

cause it is based on neutralizing one waste tectic alloy with strength three times that 
with another to the benefit of both.11 oe 

A method of recovering valuable metals ite; World Mining OOO Mine V. 6 No. 12, No. 
from superalloy scrap was developed in vember 1970, pp. 49, 66-68. C Up for 400 
Bureau laboratories although the process is on Pe pn Milling Capacity. May 30, 1970, p. 
not as economically promising as the plant aN Marind Board 

waste process, it nevertheless represents S1B- oof Directors "Recommends Stock Split. V. 67, “No. 
nificant progress after years of seeking a 238, Dec. 15, 1970, p. 20. 
profitable method of treating superalloy * George, L. C., and Andrew A. Cochran. Re- 

covery of Metals From Electroplating Wastes by 

scraps.1? the Waste-Plus-Waste Method. BuMines Tech. 

Bureau of Mines researchers also made ee orocks, a, pent te. Corte and D. A. Mar- 

semi-pilot scale tests to demonstrate a_ tin. Processing of Superalloy Scrap. J. Metals, V. 

newly developed electrorefinery process for +s Brocks, *P. T and G. M. Potter. Electro- 
producing high-purity nickel and cobalt chemical Recovery of High-Purity Nickel and Co- 

from crude nickel metal and high-grade BaMines Rept. of Inv. 74ND 1970. 95 Ferronickel. 
ferronickel.13 Nickel and cobalt metals su- 14 Nickel Topics, “Nickel-CoppeftColumbium 

perior in purity to commercially available <<), Materiale Vos, N oe oe gconstmc:
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of the most widely used superalloys.15 The researchers claimed that their work clearly 
' eutectic, a mixture of trinickel aluminide showed that by correlating new material 

and trinickel columbium, was said to have characteristics with advances in processing 
a tensile strength of 140,000 pounds per technology it is possible to advance the 
Square inch at 2,000 degrees Fahrenheit. state of the art (as demanded by the in- 
Other investigators sought means of im- creasing needs of gas turbine engines) _ 
proving the utility and advancing the en- without necessarily resorting to more com- 
gineering properties of superalloys cur- plex alloys. 
rently being used in commercial 
applications. A comprehensive study was : 
made on the behavior. of “Waspaloy” (a 145 American Metal Market. Nickel-Base Eutectic 

commercial nickel-base superalloy) with 1B. 970. oe rd by United. V. 77, No. 176, Sept. 

varying precipitation strengthening addi- Heyeneer W. Ps D. R. na Ay and & B. 
: : . : eydt. Solution Treatment an i ects 

tives of aluminum and titanium under so- on ‘the Structure and Tensile Properties of Was- 
lution (heat) treatment.16 Paloy. J. Metals. V. 22, No. 2, February 1970, 

. pp. —IO. 

Conventional control procedures were 17 Vinter, A., and L. G. Wilbers. Advancing the 
applied to advance the engineering proper- Engineering | Properties of a. Ni-Fe Base quperal- : . : oy roug onventional Control Procedures. J. _ . Ues of a nickel-iron base superalloy.17 The  yyrtais. V. 22, No. 5, May 1970, pp. 46-54.
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By Ted C. Briggs 1 

Domestic production of chemically com- genous fertilizers constitute about 74 per- 
: bined nitrogen increased by slightly more cent of the total amount of chemically 

than 1 percent, and production of high-- combined nitrogen used in the United 
purity nitrogen gas increased by 12 per- States. World production and consumption 
cent. Total domestic nitrogen usage for of nitrogeneous fertilizers also increased by 
plant nutrient increased by 7 percent for 7 percent for the fiscal year ending June 
the fiscal year ending June 30, 1970. Nitro- 30, 1970. 

Table 1.—Salient nitrogen statistics 
(Thousand short tons of contained nitrogen) 

1966 1967 1968 1969 1970 p 

United States: 
Production as ammonia__ w--------- +--+ ------------. 8,904. 10,205 10,180 10,786 10,919 
Production as high-purity nitrogen gas__ ---------------. 38,259 3,766 4,302 4,745 5,310 
Exports of nitrogen compounds- _____.-_----_---------.- 707 828 1,428 1,645 1,406 
Imports for consumption of nitrogen compounds_._-_______ 566 691 669 738 942 
Consumption !________-.----_------------------------ 7,812 9,216 9,682 9,989 10,279 

World: Production !___.__.___-.----.--------------------- 27,565 381,627 35,427 39,556 42,747 
en 

— . : . + . 

P Preliminary. 
1 Estimated, excludes nitrogen gas. 

Table 2.—Nitrogen production in the United States : 
(Thousand short tons of contained nitrogen) 

1966 1967 1968 1969 1970 P 

Anhydrous ammonia: Synthetic plants!_._........ 8,722 10,029 9,968 10,624 10,772 
Ammonia compounds, coking plants: 

Ammonia liquor_________-___-___---_..-_.- 11 12 14 12 12 
Ammonium sulfate_____._____-_._.____.---- 162 156 142 r 143 135 
Ammonium phosphates____._._._._._._---_- 9 8 6 7 (2) 

Total__-__.-.- 22 eee 8,904 10,205 10,130 -10,786 10,919 
Nitrogen gas1____._.___2 2 ie ee e__---_-_ = 8, 259 r3,766 r4,302 r4,745 5,310 

P Preliminary. r Revised. | 
1 Bureau of the Census Current Industrial Report. 
2 Included with ammonium sulfate to avoid disclosing individual company data. 

Table 3.—Major nitrogen compounds Gross weight and dollar value of major 

produced in the United States nitrogen compounds exported dropped sig- 
(Thousand short tons, gross weight) . . . —  _ nificantly, but imports increased. 

_____ Compounds 19695 1970p Major advances were made in nitric acid 
Ammonium nitrate___....... 5,891 6,185 - ‘Ammonium sulfat e W777 2615 2°535 technology, and the Tennessee Valley Au 

Ammonium phosphate__..... 4,592 5,212 i i i il n Nitric acid pe T7443 62460 thority will scale up its pilot pla ts for 
Urea._..------------------ 2,972 3,215 the production of urea-ammonium phos- 

p Preliminary. _* Revised. phate and sulfur-coated urea. 
1 Includes ammonium sulfate from coking plants. 

Sources: Bureau of the Census and Tariff Com- 
mission. 1Chemist, Division of Nonmetallic Minerals. 
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| DOMESTIC PRODUCTION 

Anhydrous ammonia production in- Plant, Chattanooga, Tenn., with a nitric 

| creased 1.4 percent in 1970, ammonium ni-_ acid capacity of 80,000 tons per year; the 

trate production increased 5 percent, Joliet Army Ammunition Plant, Joliet, Il. 

ammonium sulfate production decreased 3 with a nitric acid capacity of 110,000 tons 

percent, ammonium phosphate production per year; and the Radford Army Ammuni- 

increased 14 percent, nitric acid production tion Plant, Radford, Va., with a nitric acid 

increased slightly (0.3 percent), and urea capacity of 135,000 tons per year. Esti- 

production increased 8 percent. High-pu- mated cost of the project is $70 to 75 

rity nitrogen gas production increased 12 million.? 
percent. : Ammonium phosphate production in- 

The most significant ammonia plant creased owing to relatively high domestic 

startup for 1970 was American Oil Co.’s prices. The price situation prompted the : 

_ 2,000-ton-per-day plant at Texas City, Tex. ~first significant increase in imports in sev- 

Additional capacity from other sources is eral years. , | 

scheduled to come on stream in 1971. Do- Ammonium sulfate production decreased | 
mestic anhydrous ammonia production was but remained in oversupply. The excess is 

essentially static. Any closure of old unit due, in part, to the fact that ammonium 

was balanced by increased production of  suifate is a byproduct or coproduct of the — 
| the newer, more efficient plants. . . 

Rtg . . . production of other materials such as capro- 
Nitric acid capacity was added during jacta Th “pili F us; , 

the year, thus adding to existing excess ca- “2°'@™. tHE possibility Of using ammonia 
pacity. There was, however, no significant scrubbing methods to remove sulfur dioxide 

increase in production. | from stack gas could, in future years, add to 

The U.S. Army called for bids to mod- the abundance of ammonium sulfate. 
ernize six nitric acid units, two units at 

each of three ordnance plants. The plants Ch | Week. More Acid for A ora 
sae 2 Chemica eek. ore Aci or Army Ord- 

are the Volunteer Army Ammunition nance. V. 106, No. 15, Apr. 15, 1970, pp. 21-22. 

: Table 4.—Recent nitrogen plant construction and startups 

. (Capacities in short tons per year) 

Date of 
Company Location Type of plant scheduled Capacity 

startup 

Air Products and Chemicals, Inc_____ East Fishkill, N.Y__._ Nitrogen__.__._....-._.. 1970___. 87,000 
Do____------_---___---_-----. Geismar, La___.._.. ~_..do___._-_-.-.._-.-. 1970___. NA 
Do_______--__--_-----------... Guayanillo, P,.R__... ~-._do__..___..._-_.__. 1970___- NA 

American Cyanamid Co_____________ Frontier, La___.._.. Melamine__________._.. 1971___. 35,000 
American Oil Co_.____-__..__.____.. Texas City, Tex__.._. Ammonia____.--------. 1970___. 730,000 
Big Three Industrial Gas & Equip- Bayport, Tex___._.._ Nitrogen............... Planned. 402,000 

ment Co. 
Cemetron Corp____..__._.__._.._._.-. Houston, Tex__.__.. ~.-.do___._....._._-_.. 1971___- NA 
Cooperative Farm Chemicals_____.._. Lawrence, Kan._.... Ammonia_______..___.-_ 1971... 365,000 
E.I. duPont de Nemours & Co., Inc__ Gibbstown, N.J__..._ Sodium Nitrate_______._ 1970___- NA 

Do______---_----------_-_---. -.--do._.___..--.-.. Nitrie acid___._._.._.___ 1970____ 297,000 
Escambia Chemical Corp_____._.._._._.. Pensacola, Fla___.._ Nitric acid prills___._._.._.. Planned_ NA 

Do______-~---- eee eee eee ----do_-____.._._... Ammonium nitrate prills_ .~.do__-__ NA 
Hawkeye Chemical Corp_____.____-.. Clinton, Iowa_____._. Urea___.--_-..-----_-._ 1971_--- 33 , 000 

Do____.___-_-----------------~ ~---do.__...._._.... Urea solutions_...___.... 1971_._. 84,900 
Olin Corp_.__-_------.------------ Lake Charles, La._._ Nitric acid______.____.. 1972____ 183,000 
Tennessee Valley Authority.......... Muscle Shoals, Ala___Ammonia__.____--_..._ 1971_-.- 82,000 

Do__________-------_.----.---- Wilson Dam, Ala_.._ Urea___.--------------- 1972---- 66,000 
Wycon Chemical Co___._.____---.-. Cheyenne, Wyo___.. Nitric acid____.-------. 1970.... 28,000 

Do___________-____----------- ----do.....-....... Ammonium nitrate.____. 1970_--. 33,000 

a er trp Pe A SS 

NA Not available. , 

Sources: Nitrogen (London) and Chemical Engineering.
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CONSUMPTION AND USES 

Domestic consumption of contained ni- in the electronic industry, and for an inert 
trogen increased 340,000 tons, or 3.4 per- atmosphere in glassmaking. Liquid nitro- 
cent. Consumption for 1970 was measured gen was used in aerospace, food processing 
by production plus imports minus exports, and shipping, and to provide the low tem- 
with an adjustment for change in stocks of peratures (-196° C) required for many sci- 
synthetic ammonia and ammonia com- _ entific instruments and applications.4 
pounds from coking plants. Nitrogen gas Each year the Statistical Reporting 
was excluded.3 Service of the U.S. Department of Agricul- | 

Fertilizers continued to be the major use ture publishes a comprehensive report on 
of nitrogen, although nitrogen gas produc- domestic consumption of commercial ferti- 
tion is, at present, growing more rapidly _lizers for the fiscal year ending June 30. 
than fixed nitrogen for use in fertilizers. This year’s report shows the following 

In addition to fertilizers, large quantities changes in tonnage of nitrogenous fertiliz- 
of chemically combined nitrogen were used ers consumed: 
in explosives, plastics, resins, synthetic — 
fibers, animal feed, pulp and paper, and Anhydrous ammonia________. increased 11 percent , ; . . . Aqua ammonia______________ increased less than 1 synthetic rubber. Ammonia, which is ob- percent, 
tained by the catalyzed reaction of nitro- | Ammonium nitrate._.________ increased 11 percent . Ammonium nitrate-limestone. decreased 15 percent gen and hydrogen at high temperatures 4 nmonium sulfate____.______ increased 2.5 percent and pressures, is the building block from Calcium cyanamide._________ decreased 27 percent . . : Calcium nitrate____..________ increased 12 percent which other large usage nitrogen-contain- Nitrogen solutions. __________ increased 16 percent ing compounds are manufactured in the Sodium nitrate._______~_"__" decreased 18 percent . . Urea_....--_--_.......____. decreased 8 percent United States. Ammonium phosphate__.._._. decreased 14 percent Nitrogen gas was used as an inert blan- : 
keting agent in chemical processing, for a = Total nitrogen usage for plant nutrient in- controlled atmosphere in steelmaking, as a creased 7 percent, to 7.5 million short tons nonreactive purging and blanketing agent for the fiscal year ending June 30, 1970.5 

| PRICES | 
The prices of most of the major nitro- the January high. Sodium nitrate was very gen compounds were stable during the _ stable, reflecting no change in foreign year. Anhydrous ammonia increased in prices. Diammonium phosphate prices in- price 10 to 18 percent from January to De- creased 8 to 12 percent. 

cember but remained below previous years’ * Bureau of the Census Current Industrial Re- rices. The oversupply of ammonium sul- _ ports. P PP ’y * Lewis, Richard W. Nitrogen. Chapter in Min- fate continued: Prices for standard grade eral Facts and Problems. BuMines Bull. 650, 1970, : . : pp. 1099-1115. were up to $12 per ton off list prices in ° Statistical Reporting Service, U.S. Department some areas. Industrial urea was unstable, of Agriculture, Washington, D.C. Commercial : . ertilizers—Consumption in the United States— showing a 28-percent drop in August from pt") Year Ended June 30, 1970. May 1971, 26 pp. 
Table 5.—Price quotations for major nitrogen compounds in 1970 

(Per short ton) 

Compound Jan. 5 Dec. 28 Ammonium nitrate, fertilizer grade, 33.5 percent nitrogen, bulk, carload lots, f.o.b. Works. — 2 nn BAI-48 $41-45 80-pound bags (same basis) -.--... 2-2-2 47-50 48-52 Ammonium sulfate, standard grade, bulk, carload lots, f.o.b. works__-_____._.__... 23-81 23-31 Bags, cwt., works ___._----_-_-- 122 eee 37 37 Anhydrous ammonia, fertilizer, tanks, freight equalized east of Rockies___._________. 50 55-59 Aqueous ammonia 29.4 percent NH3.__-_ 2 65 65-70 Sodium nitrate, domestic, agricultural, bulk, carload lots, f.o.b. works_______________ AT AT Bags, ewt., f.o.b. works. ______.-_-----22.--- 2-2 e-__ 51 51 Sodium nitrate, imported, commercial, bulk, carload lots, f.o.b. port warehouse_______ 45.50 45.50 Bags, cwt., f.o.b. port warehouse _ a” C+ 49.50 Urea: 
Industrial 46 percent nitrogen, bulk, 50 ton carlots, delivered freight equalized____ 92 64-66 Agricultural 46 percent nitrogen, bulk, carlots, delivered freight equalized______ 63 63-65 Agricultural 45 percent nitrogen, bulk, carlots, works____._______._.__._._____ 61 61-63 Diammonium phosphate, fertilizer grade, 18-46-0 bulk, carlots, f.o.b. works________. 58-60 65 

A 

Source: Oil, Paint and Drug Reporter.
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FOREIGN TRADE : 

The gross weight of United States ex- nitrogen content. Dollar value of imports 

ports of major nitrogen | compounds de- increased $30 million, or 34 percent. . . 

creased 15 percent. Also, me weight of Trade surplus decreased from $95 mil- 
contained nitrogen exported decreased 15 lion in 1969 to $32 million in 1970. Am- 

percent. The dollar value of exported ni . h hat h i . 

trogen fell $33 million, or 18 percent. monrum Phosphates were the only major 

Imports increased 38 percent on a gross nitrogen materials that posted an increase 

weight basis or 28 percent on the basis of | in exports for the year. 

| Table 6.—U.S. exports and imports for consumption of major nitrogen compounds 
. é 

(Thousand short tons and thousand dollars) 

a 
1969 1970 

Compounds —_——$ 
Gross Nitrogen Value Gross Nitrogen Value 
weight content weight content 

EXPORTS . 
Industrial chemicals: Anhydrous ammonia and 

chemical grade aqua (ammonium content) --- 265 217 = $6,830 243 199 $6,877 

Fertilizer materials: 
_ Ammonium nitrate- _....--------------- 112 38 5,723 67 22 3,393 

Ammonium phosphates. ~~ -.----------- 942 170 §=6©50, 744 1,022 184 54,643 

Ammonium sulfate. __-_---------------- 812 171 =. 28,383 522 110 8,061 

Anhydrous ammonia and aqua (ammonia 
content) ....__.--.------------------- r 856 9103 26,241 - 741 608 23,312 

Nitrogenous chemical materials, n.e.c_ - --- 80 9 2,122 19 6 1,376 

Sodium nitrate____...----------------- (4) (4) 52 2 (1) 93 

Urea_.....--------------------------- 596 274 39,944 465 228 32,439 

Mixed chemical fertilizers. ..---------- 396 68 24,059 340 54 20,541 

Total.__.--------------------------- 74,009 71,645 184,098 8,421 = 1,406 150,735 

IMPORTS . — 

Industrial chemicals: Ammonium nitrate_-.-.-. @) (4) 6 1 (1) 82 

Fertilizer materials: 
Ammonium nitrate__-~------------------ 233 r79 +11,710 326 109 =.15,125 

Ammonium nitrate-limestone mixtures_ --_- (4) () | (2) (1) 8 

Ammonium phosphates. ---------------- 273 52 18,391 457 87 28,086 

Ammonium sulfate_-__.--.-------------- 138 29 14,566 ~ 218 46 6,501 

Calcium cyanamide or lime nitrogen. ----- 14 3 878 8 2 762 

Calcium nitrate____...--.-.------------ 50 8 1,195 52 8 1,138 

‘Nitrogen solutions_._..----------------- 91 27 @2©8,976 124 37 5,200 

Anhydrous ammonia... ~.--------------- 447 867 20,577 485 398 20,678 

Potassium nitrate or saltpeter, crude-__-__-- 11 1 449 15 2 812 

Potassium nitrate, sodium nitrate mixtures_ 37 6 1,370 56 8 2,231 

Sodium nitrate_________---------------- 184 29 5,252 129 21 4,142 

Urea__..-..-.------------------------- 285 131 18,561 434 200 22,373 

Nitrogenous fertilizers, n.s.p.f..__..------ 16 3 981 14 3 870 

Mixed chemical fertilizers....----------- 24 3 820 176 21 11,168 

Total____.-----_-------------------- 11,803 1738 * 88,733 2,495 942 119,176 

eee 
t Revised. 
1 Less than 1% unit. 

; 

WORLD REVIEW 

Both world production and consumption 551 tons per day of ammonia will be avail- 

of nitrogenous fertilizers for the 1970 fiscal able for export.6 

year ending June 30, increased 7 percent Australia.—Western Mining Corp., Ltd.'s 
over the 1969 fiscal year. 193,000-short- ton-per-year ammon ium sul- 

Alveri Ammoni roduction has fate plant at Kwinana became opera tional. 

geria— Amm nia P: k The unit is a part of a new nickel refinery 

started at the Algerian . nitrogen works at that uses an ammonia leaching process.’ 

Arzew. The ammonia will be used to man- —~W———> . 
: 6 Chemical Age (London). Construction—Tech- 

ufacture 441 tons of urea and 551 tons of nology. V. 101, No. 2681, Dec. 4, 1970, p. 28. 

. . °,s 7 Nitrogen (London). New Plants and Projects. 

ammonium nitrate per day. In addition, No, 67, September—October 1970, p. 16.
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Table 7.—Fertilizer nitrogen compounds: World production and consumption 
for years ended June 30, by countries 

: (Thousand short tons of contained nitrogen) 

eee 

Production Consumption 
Country ee 

1967-68 1968-69 1969-70 1967-68 1968-69 1969-70 

eee 
Albania?! 222.222; 6 19 32 8 21 28 Algeria_...-- 22-2 eee ee tee wnenee 16 15 33 Argentina___ 2.222222 12 27 22 41 34 39 _ 
Australia...222 222 ee 61 105 202 151 192 190 
Austria. _- 22 278 281 273 109 124 183 Belgium_-__.._..222 2-2 397 514 567 187 188 196 Brazil !__.__22- 2. 8 10 q 117 159 181 
Bulgaria }__ 0. ee 390 563 646 356 402 443 Burma._.-_.-.--- 22-2 eee wo--ee woeuee 33 25 29 Canada... - 2-22. 518 611 667 $54 267 270 Ceylon. _...-.------2----- eee eee eee eee eee 148 162 68 
Chile!__2 2-2, 116 129 110 22 27 45 
China, mainland. _________._-___-_ ee, 29387 21,0386 e1 ,200 21,791 22,304 e¢2,800 Colombia___._ 2-2-2 2. 44 46 55 52 ' 58 60 Costa Rica___..- 22.22. 18 21 18 117 82 31 Cuba___~------- 2 11 8 LLL le 187 193 197 Czechoslovakia.__~_____2 2 ee, 1270 1324 1371 815 391 441 
Denmark... _____-_2-- ee, 366 375 377 256 273 298 Dominican Republic___.-...2-2- ee. weeuee mun ee 17 14 22 
Weuador___...---. 2. ee eee. 2 3 80 40 24 
El Salvador___..--._--22 2, . 6 qT a) 31 37 39 
Finland. ___.---- 222, 112 111 169 118 127 176 
France___...-.--.-2--- ee 1,359 1,506 1,447 1,249 1,370 1,370 
Germany, East !____-__-_-_- 370 387 431 434 563 537 
Germany, West_________.__.________.__.__. 1,719 1,761 1,735 1,047 1,028 1,196 
Greece. _.-.-- 22, 129 140 161 173 201 210 
Guatemala.___._.-_-22- eee. wenn ee ------ 115 126 15 
Hungary !_____-. 2 ee. 204 270 331 261 336 383 
Iceland }____--2 eee. 9 9 9 13 18 13 
India___-- 22 ee 444 621 805 1,252 1,347 1,371 
Indonesia.__._--__-__ eee 45 AT AT 116 218 182 
Tran. .-.------ 80 25 81 51 54 61 
Ireland_..__.---2- eee. 50 61 64 60 71 79 
Israel. ...--2 2-2, 29 30 31 81 30 30 
Italy_._.2---- 2 es 1,208 1,200 1,059 529 567 607 
Japan____--- 2. 2,243 2,313 2,372 980 999 989 
Korea, North. ._.-.---- = 2148 2163 e185 2143 2163 €185 - 
Korea, Republic of______.___._________..._ 1165 1348 13892 1306 315 353 
Kuwait... ---2 ee, 61 76 83 ~onuee wean ~----- 
Lebanon. __-.~-. 2 8 12 14 14 15 18 
Luxembourg___.-_--_ 2 eee. 2 2 9 110 110 
Malaysia, West___._._______________.__.. 18 20 34 A5 46 60 
Mexico______--2- 2, 191 284 395 328 417 427 
Morocco!___ eee 2 1 5 29 41 38 
Netherlands Antilles__...__..__.__________ 39 37 39 een eee w-w--- ------ Netherlands_____--_._-._--__ 2 ee 936 1,052 998 379 374 424 Nicaragua.___------_- 2-2, eeeeeetee. 18 23 23 
Norway.....---.----_.---- =~ ee 896 412 409 74 76 83 
Pakistan__..---22 2 118 128 191 279 287 353 Peru_.___------_- 2-2 431 434 436 75 64 75 
Philippines. ._..--_-_- 2. oe 48 50 59 71 70 78 Poland_---_--.----- 2-8 1654 1887 11,084 667 773 871 
Portugal. _._ ~~. 2 ee. 131 151 129 112 112 122 
Rhodesia, Southern._..__.._---____-__. Lee. 25 46 46 51 Romania !___.-.-22- 222 410 464 545 318 364 419 Senegal____..-.--.2 1 1 3 3 6 4 6 South Africa, Republic of_______._______.__. 99 160 225 144 159 165 
Spain_..------------ eee 468 545 599 527 626 666 Sudan... -_------- eee eee eee 43 46 43 Sweden_’___-_---.-- 2 ee 5154 5159 5159 200 210 226 Switzerland___._.-_-...- = =e 41 40 32 35 36 37 
Syria__.--------------- + eee eee 19 24 22 
Taiwan___. ---_--_- 179 211 215 178 188 182 Thailand. __-_-_.--.---2 ee. 110 29 29 58 63 81 
Trinidad and Tobago ¢______.__________ 412 434 387 6 6 6 
Turkey___.._--. 2 ee 135 138 58 1152 1206 1255 
U.S.S.R__ ~~ eee. 74,187 74,604 74,970 3,405 3,807 4,187 
United Arab Republic. _____..________._____. 1161 1154 14114 269 318 290 
United Kingdom________________________._. 942 927 783 1,002 943 716 
United States (includes Puerto Rico)___._..... 87,283 87,869 88,413 6,787 6 ,959 7,362 
Venezuela____.---______ ee 17 19 15 121 131 124 
Vietnam, South. -___-----.---- 2 eee eee eee 176 168 135 
Yugoslavia !___..2- 222 ee 111 132 202 228 298 313 

See footnotes at end of table.
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Table 7.—Fertilizer nitrogen compounds: World production and consumption 
for years ended June 30, by countries—Continued 

(Thousand short tons of contained nitrogen) 

er eee TCE CE TET A 

- Production Consumption | 
Country ——— 

1967-68 1968-69 1969-70 1967-68 1968-69 1969-70 
reese er ne A A NS mt 

Other: . 
North America and Central America 9__.0  ~---- 20 eee wee =e 44 53 58 
South America !0___ 2-2 eee eee eee eee 16 23 22 
Burope!!___..-.--------+-~-------------0 eee e- eee eee +e --- 4 4 4. 
Afriea 220222 eee eee eee eee eee ee eee eee 110 122 147 
Asia 13_____ 2 eee eee eee eee eee eee ene ee eee eee ee 55 65 69 
Oceania 4... een ee ene eee eee eee eee ee 10 14 16 

World total___.......-__.---_--.--._. 28,490 31,649 33,730 26,775 29,277 31,408 
ee A RR SSE AD 

e Estimate. . . 
1 Calendar year referring to the first part of the split year. 
2 Source: 1967-68 and 1968-69; Nitrogen (London) No. 63, January-February 1970, pp. 13-14. 
3 August—July.. . 
4 Includes guano. 
5 June—May. 
6 Calendar year referring to the last part of the split year; data represent nitrogen content of anhydrous 

ammonia produced. Source: Department of State Airgrams. 
7 Including an unspecified amount of technical nitrogen. 
8 Excluding sodium nitrate. 
9 Includes Barbados, British Honduras, Guadeloupe, Haiti, Honduras, Jamaica, Martinique, and Panama. 
10 Includes Guyana, Surinam, and Uruguay. 
11 Includes Channel Islands (Jersey only) and Isle of Man. 
12 Includes Angola, Botswana, Cameroon, Central African Republic, Congo (Brazzaville), Congo (Kinshasa), 

Dahomey, Ethiopia, Ghana, Equatorial Guinea, Ivory Coast, Kenya, Liberia, Libya, Malagasy Republic, 
Malawi, Mauritius, Mozambique, Nigeria, Reunion, Somalia, Swaziland, Tanzania, Tunisia, Uganda, and 
Zambia. 

13 Includes Afghanistan, Cambodia, Cyprus, Iraq, Jordan, Laos, Nepal, Ryukyu Islands, Saudi Arabia and 
Singapore. 

14 Includes Fiji Islands and New Zealand. 

Source: Statistical Office of the United Nations, Statistical Yearbook, 1970. New York, 1971, pp. 285-286, 
538-539, unless otherwise specified. . 

Brazil—June 1 marked the opening of year of ammonium nitrate solution, and 

Ultrafertil SA’s nitrogen fertilizer complex 177,900 tons per year of diammonium 

near Santos. Products include 165,000 tons 
. phosphate.’ 

per year of ammonia, 206,000 tons per year ; 
of nitric acid, 228,000 tons per year of Colombia.—Plants that produce nitrogen 

prilled ammonium nitrate, 251,000 tons per materials in Colombia are as follows:9 

a 
Annual 

Company and location Year Product capacity Raw material 
started (short tons) 

re 
Amoniacosdel Caribe (AMOCAR) at 1963 Anhydrous 143 ,000 Natural gas. 

Cartagena. ammonia. 
Fertilizantes Colombianos (FERTICOL) at 1963 ~..-do__..-- 25,000 Do. 

Barrancabermeja. 
Abonos Colombianos (ABOCOL) at 1963 Urea______-- 99,000 Carbon dioxide gas 

Cartagena. and ammonia. 
Fertilizantes Colombianos (FERTICOL) at 1963 _---do_. io - 11,000 Ammonia and 

Barrancabermeja. natural gas. 
Quimica Borden and Quimica Proco at __-e _.--do___._- 5,900 

Cali. 
a 

Cuba.—The $39 million Cienfuegos nitro- ammonia plant came on stream at Oulu. 

gen fertilizer complex was scheduled for This plant is the second one to use centrif- 

operation before yearend. The complex ugal gas compressors discharging at the 

comprises a 208,000-short-ton-per-year am- full economic conversion pressure of 300 

monia plant, a 219,000-ton-per-year urea ‘European Chemical News. Brazilian Fertilizers 

plant. a 269,000-ton-per-year nitric acid Cet Production Boost. V. 17, No. 437, June 19, 

. . ~ «Q4E Oe ear Q70. p. 10. 
plant, and a 342,000-ton-per-year ammo- -* Bureau of Mines. Mineral Trade Notes. V. 67, 

nium iitiate plant. No. 3. March 1970, p. 37. os 

Finland —Trpe Oss 825-fton-per-dav +:,, Nerogen ‘ tonne ‘New Plants and Progects
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atmospheres, the first one being the 1,200- built for  Stickstoffwerk-Piesteritz at 
ton-per-day plant in Norway.11 Piesteritz.12 
Germany, East.—M. W. Kellogg Co. has Hungary.—The U-S.S.R. is to supply the 
ees nat we fae Heense io provide design and equipment for a nitric acid 

mle asic technology tor two 1,500-ton-per-  piant with an annual capacity of 529,000 day ammonia plants to be built in East , ws . . . . . . short tons. The unit is to be delivered in Germany. Detailed design, engineering, and 1971 and will start duction in 1974.13 
procurement will be provided by Toyo En- w ant Procuction in 
gineering Corp. of Tokyo. The first plant India.—Plants which produced nitrogen- | 
will be built for Leuna-Werke Walter Ul- ous fertilizers in India as of December 31, 
brecht at Leuna, and the second will be 1970, are as follows:14 

CO 

Annual capacity Plant and location Product (short tons) 

Fertilizer Corporation of India at Sindri (Bihar).__....... Ammonium sulfate____..___ 391,000 Do____ eee Ammonium sulfate-nitrate___ 134,000 Do.____------2 2 -_----__- Urea___.- 26,000 Fertilizer Corporation of India at Namrup (Assam)__.... Ammonium sulfate_________ 110,000 Do_____------ eee Urea__.2 ee 61,000 Fertilizer Corporation of India at Nangal (Punjab)___... Calcium ammonium nitrate__ 353 , 000 Fertilizer Corporation of India at Trombay Urea__._ ee 109 , 000 , (Maharashtra). 
Do____ i ee eee Nitrophosphate_______.____ 254,000 Fertilizer Corporation of India at Gorakhpur (Uttar — Urea. 197,000 

Pradesh). . 
Pe mers and Chemicals Travancore Ltd. at Alwaye Ammonium sulfate_________ 270,000 (Kerala). 

Do____---- ee Ammonium chloride. _______ 72,000 Hindustan Steel Ltd. at Rourkela (Orissa)___.....____... Caleium ammonium nitrate__ 529 ,000 Neyveli Lignite Corporation Ltd. at Neyveli (Tamil Urea__._- ee 170,000 Nadu). . 
Gujarat State Fertilizers Co. Ltd. at Baroda (Gujarat)... Ammonium sulfate_________ 182 ,000 Do___- ~~~ Urea__.- ee 430 , 000 Coromandel Fertilizers Ltd. at Visakhapatnam Ammonium phosphate______ 402 ,000 (Andhra Pradesh). 

Do____-_----- ee Urea_.. 2 18,000 Shriram Chemical Industries at Kota (Rajasthan).._____ --..d0_.22 ee 265,000 Indian Explosives Ltd. at Kanpur (Uttar Pradesh)__.-.. ___.do____.__________ 496 ,000 Mysore Chemicals and Fertilizers Ltd. at Belagula Ammonium sulfate________- 7,000 (Mysore). 
New Central Jute Mills Co. Ltd. at Varanasi (Uttar Ammonium chloride_______- 45,000 Pradesh). 
E.I.D. Parry Ltd. at Ennore (Madras). ______..___.___. Ammonium sulfate_________ 77,000 

. . 

Iran.—Shahpur Chemical Co.’s 200,000- fertilizers (nitrogen and phosphorus) , and 
ton-per-year urea plant, operating under 8,500 tons of ternary fertilizers (nitrogen, 
the Allied Chemical Corp. process, was phosphorus, and potassium) . 
completed at Bandar Shahpur. The 364,- The company is capitalized as follows: 
000-ton-per-year ammonia plant using the the Government of Ivory Coast, 33.3  per- 
M.W. Kellogg Co. process was scheduled to cent; Société Tropicale d’Engrais et de 
start production in the latter part of Produits Chimiques, 28.3 percent; Salzdet- 
1970.15 furth A.G. and Deutsche Entwicklungs: 

_ Israel.—Chemical & Phosphates Ltd.'s ad- _geSellschaft, 28.3 percent; ENSA, 5 percent, ditional 91,000-short-ton-per-year ammo- and others, including the Banque Ivoirienne 
nia plant was scheduled to come into op- de Développement Industriel 5.1 percent.17 
eration at Haifa in 1971: one-third of the | 
output was to be exported. The present 1 Nitrogen (London). New Ammonia Plant in 
plant, having a capacity of 35,000 tons of 1970 ep Op, Stream. No. 63, January—February 
ammonia per year, is to be phased out.16 “2Chemical Age (London). Kellogg Process C Société . VE . Technology in E. German Ammonia Plant. V. Ivory Coast.—Société Ivoirienne ¢ ngrais 10}, No. 2669, Sept. 11, 1970, pp. 7-8. 
(SIVENG) is planning to preduce fertil- % Chemical Age (London). Soviet Nitric Acid . . . . Plant for Hungary. V. 100, No. 2661, July 17, izers from imported raw materials at an 1970, p. 20. 
initial annual rate of 50,000 short tons. The ™ Bureau of Mines. Mineral Trade Notes. V. eye . No. 7 > 1971, pp. 20-21. fertilizers will be composed of 3.000 tons of 68. Mee July in eee al 
simple superphosphate, 22,000 tons of Work cited in footnote 7. . ~ . 7 ™ Burean of Mines. Mineral Trade Notes. V. ammonium sulfate, 16.500 tons of binayy G7. Neo 1. Jarier: Pate. pou
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Japan.—Chisso-Asahi Fertilizer Corp.’s Dutch State Mines is expected to shut 

991,000-short-ton-per-year ammonia plant down some of its older units when its new 

under construction at Mizushima will re- 1,700-ton-per-day plant comes on stream in 

place Asahi Chemical’s 39,000-ton unit and = 1971. The company’s overall ammonia Ca- 

Chisso Corp’s 30,000-ton unit. _ pacity will be boosted to 882,000 tons per 

Nihon Ammonia Co. Ltd.’s 450,000-ton- year. 

per-year ammonia and 546,000-ton-per-year = Mekog Albatros will replace three older 

urea plants currently under construction at ammonia units with a 992-ton-per-day 

Sodegaura, Chiba district, will replace Nis- plant due on stream in late 1970. Esso 

san Chemical Industries, Ltd.’s, 25,000-ton Chemical has a_ 1,650-short-ton-per-day 

ammonia plant, Showa Denko KK’s plant on stream in Rotterdam.?1 

95,000-ton ammonia unit, and _ Seitetsu Pakistan.—East Pakistan Industrial De- 

Chemical’s 84,000-ton ammonia unit. velopment Corp.’s (EPIDC) urea plant at 

Nippon Kasei KK planned to bring its Ghorasal, Dacca, went into preliminary 

364,000-ton-per-year ammonia plant and production in August 1970. Plant capacity 

327,000-ton-per-year urea plant at Ona-_ is 377,000 short tons per year. Toyo Engi- 

hama on stream in March. The plant neering Corp. of Japan constructed the 

would use naphtha feedstock and would project on a turnkey basis using Japanese 

replace the 107,000-ton-per-year ammonia machinery and technicians. Natural gas 

plant of Tohoku Hiryo and the 85,000-ton (39 million cubic feet daily) is piped 20 

ammonia unit of Nihon Suiso. miles to the plant from the Titas 

. The 125,000-ton-per-year ammonia pliant _gasfield.?? 

of Ube Industries, Ltd., and the 115,000- Poland.—New natural gas reserves have 

ton-per-year plant of Kyowa Chemicals been discovered in the Poznan region of 

will be phased out when Ube Ammonia Poland. The nitrogen content of the gas is 

Industry brings its 455,000-ton-per-year am-- 48.6 percent, suggesting use as a feedstock 

monia expansion into operation.1§ for the production of nitrogenous fertiliz- 

Dan Kako’s new 55,000-short-ton-per-year ers. A plant located in the Poznan area 

potassium sulfate plant and 55,000-ton-per- would also supply the regions of Zielona | 

year nitrogen- potassium compound fertilizer Gora, Koszalin, Szczecin, and parts of Wro- 

plants at Niigata were scheduled to begin claw, thus substantially reducing fertilizer 

operation in September. transportation cost in those areas.23 

Japan Gas-Chemical Co., Inc.’s 273,000- U.S.S.R.—A 507,000-short-ton-per-year (17 

ton-per-year ammonia plant at Niigata was percent contained nitrogen) complex fertili- 

under construction. It will use natural gas _zer plant went on stream at Nevinnomyssk. 

as feed stock and will replace the existing At Novomoskovsk another complex fertilizer 

| 127,000-ton unit. plant producing a 12-percent contained 

Construction was started on Mitsui- nitrogen formulation went into operation 

Toatsu Chemicals Inc.’s 22,000-ton-per-year in January.?4 

melamine plant at Osaka. This project will New ammonia facilities coming on 

cost an estimated $7 million. The firm cur- stream were a 310,000-ton-per-year plant 

rently operates a 9,000-ton-per-year melam- using coke oven gas feedstock at Cherepo- 

ine plant at Chiba.19 vetsk and an additional 109,000-ton-per-year 

Korea, Republic of—The Yong Nam _ unit at Grodno. In addition, a new 44l,- 

Chemical Fertilizer Co., Ltd., a joint ven- 000-ton-per-year granulated ammonium ni- 

ture between Chung-Ju Fertilizer Co. of trate plant and single superphosphate 

Korea and a U.S. Swift-Skelly consortium, plant came on stream at Cherepovetsk.?° 

produces both urea and complex fertilizers. ~ 38 Nitrogen (London). New Plants and Projects. 

Plant capacity is 93,000 short tons of urea Ne; bee March—April 1970, p. 12. 
eae itrogen (London). New Plants and Projects. 

and 200,000 tons of complex fertilizers per No. 65. May-June 1970, p. 18. 

year.20 Ain Us. partes Seoul, omorea- oiate Department 

Netherlands——A number of new am- 2 Chemical Week. ‘Ammonia Glut Spreads. V. 

monia plants are scheduled to come on 107, No. 2; July 8, 1970, p. 15. Trade Notes. V 

stream. Nederlandse Stikstof’s 400,000-ton- 6g, No 9 February 1971, p. 10. ones 

per-year plant is due on stream in 1971 Fin European Chemical News. Polish Gas Could 

and will supplement two plants with a One pergizer Outlet. V. 19, No. 467, Feb. 12, 

combined capacity of 1,100 tons per day hase 10 of work cited in footnote 18. vect 

that are already in operation. No. 68, November-December 1970, p. 12.
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TECHNOLOGY | 
| Two pipelines for transporting anhydrous of manufacturing nitric acid, perhaps as 

ammonia to mid-western agricultural areas much as a 38-percent reduction in the cost | 
for fertilizer were in operation. The MAP- of producing a ton of acid. 
CO (formerly Mid-America Pipeline Co.) Another factor now considered in new 
pipeline, 720 miles in length and completed _pjtric acid plants is pollution control. Con- 
in 1968 at a cost of $15 million, extends  yentional United States plants had 2,000 to from Borger, Tex., through Kansas and in- 4,500 parts per million (ppm) nitric ox- 
to Nebraska and Iowa. Gulf Central Pipe- ides in the tail gas. Early efforts focused 
line Co.’s pipeline, 1,700 miles in length oy conversion of the reddish brown nitro- 
and completed in 1970 at a cost of approx- gen dioxide and dinitrogen tetroxide gases 
imately $100 million, extends from Luling, to colorless nitric oxide, which was only an 
La., through Arkansas to Herman, Mo., improvement in appearances. The use of | where it branches. The eastern branch ex- new technology, such as dual combustors 

. tends across Illinois and into Indiana. The or higher absorber pressures, can reduce 
northwestern branch extends into Iowa pollution to below 200 ppm. New plants 
and Nebraska. The MAPCO pipeline has a aye predicted to include the improved pol- 
capacity of 1,300 tons of ammonia per day, [ution control technology because of the 
whereas Gulf Central Pipeline Co.’s pipe- national commitment to a cleaner environ- 

_line has a capacity of about 3,000 tons per ment, -although such improvements will 
day.26 add to plant cost.27 

A number of significant developments in Advances have been made in the tech- 
nitric acid technology have occurred. The nology of urea production, primarily in 
decision of the U.S. Army to replace six the scale-up by a factor of 10 in the pro- 
nitric acid plants with new units could be duction capacity of new plants versus the 
a showcase for the latest engineering devel- older units of 20 years ago. An article re- 
opments in nitric acid production. Specifi- viewed the current urea production meth- 
cations require that two of the plants use ods and discussed the advances being made 
a direct, strong nitric acid process rather in parameter evaluation to determine the | 
than the more frequently used (in the most efficient and economical processes.28 
United States) process of concentrating a A more economical method for produc- 
weak acid. Operation of the strong acid ing urea was announced by Montedison 
and weak acid processes in new plants of SpA. Economies are enhanced as a result _ 

| comparable size should provide valuable oF heat recovery from recycled carbamate. information on the economics of the two The method was developed after many 
systems. years of urea-plant design and experience; 

Direct methods for making concentrated jt has been tested in a 772-ton-per-day 
nitric acid are evolving in the United plant at Sluiskil, Netherlands, since 1968. 
States and have been used widely in Eu- The method will also be used in another 
rope. Relative merits of the different meth- plant of 992-ton-per-day capacity, under 
ods are still under discussion. construction at the same site.29 

Another facet of the new advances in ni- The Tennessee Valley Authority will 
tric acid technology revolves around the scale up its small pilot plants for two new 
process catalyst. For many years the stand- types of fertilizer. One of the new mate- 
ard catalyst has been a noble metal gause rials is urea-ammonium phosphate, which 
containing 90 percent platinum and 10 can be produced in grades with up to 60 
percent rhodium. Now C & I Girdler has 

developed a new nonnoble metal catalyst, *6 Chemical and Engineering News. Midwest 
thought to be based on cobalt oxide. En- pmynonia Pipelines Now jin Operation. V. 49, No. 
gelhard Industries has developed a new er, Work cited in footnote 2. 
noble metal system that uses 60 percent 77 nemical Ragincering. Juric Acid Rolls On. V. 
less platinum than Current commercial *S Nitrogen (London). Urea Processes Today—A 
grades. It is offered with a palladium-gold Res Urea Technatogy Nae oy ond New Trends 70, 

getter’ system to capture volatilized plati- 5, 17-94. 
num. The new developments in catalyst Mo, Nitrogen Naondon). New rene Process From 
promise significant reductions in the cost 39°33) 50% ‘N° 08, January-February » Pp.
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percent plant food. It could replace some A new 90-foot-high prilling tower is in | 

mixed fertilizers in current use. The sec- operation at the Plainfield, Ill., research 

ond new material is sulfur-coated urea center of Chicago Bridge & Iron Co. The 

which releases its nitrogen slowly through- new tower allows research on the prilling 

out the growing season. Experiments have of very viscous materials and has a spe- 

shown crop yields from a single application _ cially designed spray nozzle.31 

of sulfur-coated urea to be equal or supe- 
rior to multiple applications of soluble fer- 

tilizers. The new fertilizers have a number 30 Chemical and Engineering News. The Next 
: d logical implicati Generation of Fertilizer Materials Goes Into the 

of economic and ecological imphications, — semiworks Stage at TVA. V. 48, No. 2, Jan. 12, 
such as lower application cost and reduced — 1970, p. 49. . 
leaching 20 31 Nitrogen (London). Current Events. No. 63, 
eaching. January-February 1970, p. 34.



Peat 

By Eugene T. Sheridan? 

Peat production in the United States in peat produced in Michigan, which de- 
1970 totaled 516,825 short tons, 10 percent creased from $14.62 per ton in 1969 to 
less than the output recorded in 1969, pro- $11.36 per ton in 1970. 
duction declined in 12 States and active Imports also decreased, and as a result, 
plants decreased by six. Most of the pro- the total amount of peat available for con- duction loss was the result of the smaller sumption, 808,814 tons, consisting of com- 

Wahington Illinois, Michigan, and mercial sales plus imports, reached the 
Commercial sales declined 7 percent in lowest level in 7 years. quantity but 15 percent in value as the av-. World production was estimated at 217 

erage plant price decreased $1.08 per ton million tons. The U.S.S.R. was the largest 
to $11.38. The value of sales was particu- producer with an output estimated at 206 
larly influenced by the average value of million tons, 95 percent of the world total. | 

DOMESTIC PRODUCTION 

The 10-percent decrease in production in the principal producer, with nearly one- 
| 1970 resulted principally from the smaller third of the output. Illinois, Pennsylvania, 

output of reed-sedge peat that is sold Florida, New Jersey, Colorado, and Indiana 
mainly for general soil improvement pur- followed in output in the order named. 
poses. Although production declined in 12 These States, with Michigan, accounted for 
States, the bulk of the production loss was about four-fifths of the total production. | 
recorded in Florida, Illinois, Michigan, and Active operations decreased form 128 to 
Washington. On the other hand, Colorado 122, and average porduction per plant de- 
and Pennsylvania had substantial produc- clined to 4,236 tons. About three-fourths of 
tion increases. the plants, however, had outputs smaller 
Twenty-four States produced peat in than the average. Only 28 plants had pro- 

1970 compared with 23 States in 1969. The duction in excess of 5,000 tons, and only 
additional producing State was North Da- four plants produced more than 25,000 
kota, which has one operation that pro- tons. 
duces intermittently. Michigan remained - 1 Mineral specialist, Division of Fossil Fuels. 

Table 1.—Salient peat statistics 

1967 1968 1969 1970 

| United States: 
Number of operations________...._...-.-____._____- 131 135 128 122 Production______._..._._..___.______-short tons__ 617,172 618,995 572,122 516,825 Commercial sales___.___....................do_.._ 619,687 619,161 565, 760 525 , 603 Value of sales_____.-._____....._...__..thousands_. $6, 768 $7 , 230 $7 , 055 $5 , 986 Average per ton_____-___-.-___ 22 -------__. $10. 92 $11.68 $12.47 $11.39 Imports___._.-.-------.--.-.________.short tons__ 280,842 287,600 299 , 997 283 , 211 Available for consumption !_________.........do____ 900,529 906,761 865, 757 808 , 814 World: Production. .__.._....._.._thousand short tons__ 218,546 206 , 686 203 , 536 217,471 eee OE 

1 Commercial sales plus imports. 
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Figure 1,—Production, imports, and available supply of peat in the United States.
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Of the reported production, about one- conventional excavating and earthmoving 
half was reed-sedge peat while the remain- machines, including power shovels, clam- 
der was about equally divided between shells, draglines, bulldozers, and front-end 
moss weer ane humus. More than. eee loaders. Specialized machines such as _ har- 
fourt SOF the output was processe 'Y — vesters, cultivators, milling machines, ridg- 
shredding and/or artificial drying before it 

ers, and scrapers were also employed. Proc- was marketed. ? hi acl . f 
Production methods varied, but virtually ©SS!IN§ Machinery included a variety o | 

all peat was extracted by machinery. shredders, pulverizers, grinders, hammer- 
Equipment consisted mainly of modified mills, screens, dryers, and hydraulic presses. 

Table 2.—Peat produced in the United States in 1970, by kinds 
(Short tons) 

eee 
Processed 

Kind Unprepared Kiln-dried Shredded and Total 
Shredded only kiln-dried a OY nied 

Moss______----_--.-.-----_---------_ 48, 718 79,161 a 2,135 130,014 
Reed-sedge_______.........---_-_-.-.: 26,486 223 , 374 750 w----- 250,610 
Humus._-____._-..-----.22------------. = 41,925 90,633 3,643 ee °186,201 

Total___...._.-.-.--.-....__.__ 117,129 393,168 4,393 2,135 516 , 825 nnn TE Ra P00 ID NO 816, 825 

Table 3.—Production and commercial sales of peat in the United States in 1970, by States 

Commercial sales | 

Active Production Value . 
State plants (short tons) ———_— 

. Short tons Total Average 
(thousands) er ton 

California_____..-._-_.._______ 3 9,792 9,792 W WwW 
Colorado. __._-_---__- 2 115 34,240 34,499 $210 $6.08 

, Florida__...-.-.22.--2--_--___- 8 45,743 45,742 3804 6.65 
Georgia. __-__.-.-..----_____- 1 432 432 “WwW WwW 
Idaho_____.--_ 2-2-2 1 WwW WwW WwW WwW 
Illinois. _.....2-2-2- 2-2 eee 6 WwW WwW WwW WwW 
Indiana__..__..-- 2-8. 5 WwW WwW WwW WwW 
Towa__--..-.-------.--------- 2 WwW WwW W WwW 
Maine___-_______-_-_-_______ 23 1,223 1,000 39 39.00 
Maryland______________-_____ 2 4;588 8,633 47 12.94 
Massachusetts____.__..-_-.__- 1 2,000 2,000 30 15.00 
Michigan___......_.______.___ 120 156,699 166 , 950 1,896 11.36 
Minnesota________.-_.._______ 8 18,948 13,377 835 25.04 
Montana____________._______- 1 WwW WwW WwW WwW 
New Jersey_________._________ 4 45,260 45,260 557 12.30 
New Mexico__._2_-_________-_- 1 500 500 7 13.00 
New York._______-__.________- 5 15,325 14,525 145 9.98 
North Dakota________________ 1 WwW Ww WwW WwW 
Ohio__.--.-- 2 11 6,357 6,357 95 14.94 
Pennsylvania______._.______. 11 49 ,284 43 , 793 517 11.81 
South Carolina__._____________ 1 WwW WwW WwW WwW 
Vermont___..__-______________ 1 338 244 6 24.59 
Washington___________________ 9 16,625 16,625 71 4.27 
Wisconsin ______.-____________ 2 1,581 1,650 Ww. WwW 

Total____.............. 122 516,825 525,608 5,986 11.39 
W Withheld to avoid disclosing individual company confidential data; included in total. . 
1 Excludes 1 plant which had sales, but no production. 
* Includes 1 plant which had production, but no sales. 

Table 4.—Relative size of peat operations in the United States 

1969 1970 

Sj Active plants Production Active plants Production 
ize me  __ 

Percent Percent Percent Percent 
Number _ of total Short tons of total Number of total Short tons of total $$ ber or total short tons of total Number of total short tons of total 

Under 500 tons_________ 29 22.7 5,245 0.9 32 26.2 6,872 1.3 
500 to 999 tons_________ 17 13.3 11,424 2.0 16 13.1 10,724 2.1 
1,000 to 4,999 tons_____ 51 39.8 118,210 20.7 46 37.7 101 ,048 19.6 
5,000 to 14,999 tons____ 22 17.2 185,846 32.5 18 14.8 141,174 27.3 
15,000 to 24,999 tons___ 5 3.9 88 ,320 15.4 6 4.9 100 ,511 19.4 
Over 25,000 tons_______ 4 3.1 163 ,077 28.5 4 3.3 156 , 496 30.3 

Total____.._____ 128 100.0 572 ,122 100.0 122 100.0 516 , 825 100.0 nena SAU eee 100.0 ee 100.0 516,825 = 100.0
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CONSUMPTION AND USES | 

Commercial sales and imports both de- improving lawns and garden soils. The re- 
clined in 1970, and the amount of peat maining peat was sold for use in potting 
available for consumption was 7 percent soils, mixed fertilizers, and mushroom 

less than in 1969. beds; for packing flowers and shrubs; and 
Although peat was used for a variety of for seed inoculant. 

P UTPOses, _ PT uae of the to ie was sore Producers’ sales were about evenly di- 
or BC neral soul imp rovement. mong the vided between the bulk and the packaged 
principal markets for this peat were nurs- 

. . product. Packaged peat, however,  ac- 
eries and greenhouses, which used peat as | . 

=. | . oo. counted for nearly two-thirds of the total a’ mulch and as a medium for growing £ sales. Of the packaged ‘al 
plants and shrubs; landscape gardeners and value of sa cs: the packaged material, 
contractors, who used peat for building about two-thirds was reed-sedge peat, most 
lawns and golf course greens and for of which was produced in Michigan. Other 
transplanting trees and shrubs; and gar- States leading in sales of packaged peat 

den, hardware, and variety stores, which were Illinois, Indiana, New Jersey, Penn- 

sold peat to homeowners for mulching and _ sylvania, and Minnesota. 

Table 5.—Commercial sales of peat in the United States in 1970, by kinds and uses 
(Thousand short tons and thousand dollars) 

a 
. . Moss Reed-sedge Humus 

Use ————__—_---______ - OOOO 
Quantity Value Quantity Value Quantity Value 
a 
Bulk: 

Soil improvement.__.__----------- 57 $487 13 $72F 63 $394 
Other uses_____------------------ 16 9¢ 10 123 39 269 

Total !______------------------ 73 577 83 858 101 663 

Packaged: 
Soil improvement___.__...-------- 49 847 179 2,180 29 394 
Other uses______-_--------------- 3 71 3: 184 5 211 

Total!_______----------------- 52 918 182 2,365 © 34 605 

Total: 
Soil improvement..__.....--_.----- 107 1,334 251 2,916 92 788 
Other uses______-_--------------- 19 161 13 307 44 480 

Grand total1___._._-_-__-_-_- ee 126 1,495 265 3,223 135 1,268 
nc 

1 Data may not add to totals shown because of independent rounding. 

Table 6.—Commercial sales of peat in the United States in 1970, by uses 
(Thousand short tons and thousand dollars) 

In bulk In packages Total } 
Use ee 

Quantity Value Quantity Value Quantity Value 

Soil improvement______._-.___-------- 193 $1,616 257 $3,421 450 $5,038 
Potting soils_____.____---..._--.----- 14 118 6 221 20 338 
Packing flowers, shrubs, etec___________- 40 298 2 37 42 336 
Seed inoculant____..____..__-___----- _.- ___-- 3 206 2 206 
Mushroom beds_____.._.------_------ 3 29 (2) (7) 3 29 
Earthworm culture____...------------ 1 9 (7) 2 1 11 
Mixed fertilizers......_...._.--___-_-- 6 27 --- ----- 6 27 

Total 1_.._.___.-___----------- 258 2,098 268 3,888 526 5,986 
a 

1 Data may not add to totals shown because of independent rounding. 
2 Less than 1 unit. ;
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PRICES AND SPECIFICATIONS | 

The average value per ton of domesti- they are assigned at different marketing 
cally produced peat dropped form $12.47 levels. Also, imported peat has different 
in 1969 to $11.38 in 1970, a decrease of physical properties and it is usually sold 
$1.08 per ton, owing mainly to a decline on a volume basis rather than by weight. 
in the value of peat sold in packages for Each 100 pounds of typical air-dried im- 
general soil improvement. The total value ported peat will measure approximately 12 
of commercial sales decreased approxi- bushels, whereas the same quantity of a 
mately 15 percent for an overall loss in typical domestic peat will measure only 3 
plant sales value of more than $1 million. or 4 bushels. Only a few U.S. peat opera- 

Peat prices at individual plants varied tions produce peat with properties similar 
according to the kind of peat produced, to those of the imported type. 
the degree of processing, and whether the Peat is broadly classified in the United 
peat was packaged or sold in bulk. The States as moss peat, reed-sedge peat, or 
average value of bulk peat was $8.13 per humus. Moss peat has been formed princi- 
ton, $0.46 more than the average value of pally from sphagnum, hypnum, and/or 
bulk peat sold in 1969. Packaged peat, other mosses; reed-sedge peat originated 
however, declined in average value from mainly from reeds, sedges, and other swamp 

$17.60 per ton in 1969 to $14.51 per ton in plants; and humus is peat too decomposed 

1970. | for identification of its biological origin. 
Imported peat had a total value of $13.5 The Federal Trade Commission regulates 

million. This was 2 percent less than the the labeling and marketing of all peat sold | 
total value of imported peat in 1969. How- in the United States. Peat sold to the Fed- 
ever, the average value of imported peat eral Government is subject to specifications 
in 1970’ was $1.83 per ton higher than in developed by the Federal Supply Service, | 
1969. 7 General Services Administration (GSA) . 
Although the average value of imported The American Society for Testing and 

peat is shown as more than three times Materials has issued a standard classifica- 
that of domestically produced packaged tion for peat, moss, humus, and related 
peat, the two are not comparable because products, effective as of April 25, 1969.2 

FOREIGN TRADE 

The quantity of peat imported into the  lizer grade. Of the total imported, 99 per- 
United States in 1970 decreased 6 percent cent was duty-free fertilizer-grade peat. A 

| from the quantity imported in 1969, tax of $0.25 per long ton was levied on 
mainly because of decreased shipments poultry- and stable-grade peat. 

from Canada. Canada provided the bulk of . . 
7 the imports, however, supplying 95 percent Foreign peat entered the United States 

of the 283,000 tons imported. Most of the through 28 customs districts in 1970, but 

remainder was shipped from Europe. 83 percent of the total imported was 

European shipments to the United States shipped through the Ogdensburg and Buf- 
decreased 9 percent, mainly because of the falo, N.Y.; Detroit, Mich.; St. Albans, Vt.; 

smaller quantities shipped from Ireland and Seattle, Wash., customs districts. The 
and Poland. Shipments from West Ger- largest quantity, 64,000 tons, was shipped 
many increased slightly. West Germany ‘through the Ogdensburg district 
supplied about three-fourths of the peat 5 " 
imported from Europe. rs 

Imported peat was classified according to * American Society for Testing and Materials, 
use as poultry and stable grade and ferti- Philvdelskiae Pe ACTS. Designation: D2607-69.
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Table 7.--U.S. imports for consumption of peat moss, by grades and countries 
nT ln mre 

Poultry and stable 
grade Fertilizer grade Total 

Country ' Value Value Value 
Short (thou- Short (thou- Short (thou- 
tons sands) | tons sands) tons sands) 

. 1969 
Canada________--------+-+---------- 2,117 $96 282,952 $18,014 285,069 $13,110 

Czechoslovakia__....----------------- ------ w----- 25 2 25 2 

Denmark.______.-.-+=----------------= 26 1 w----- ------ 26 1 

Finland____.-..-.------------------= 2 (4) ~----- ~oau-- 2 (2) 

Germany, West_____----------------- 152 10 9,805 397 9,957 _ 407 

Treland___._--.---.-_---------------- 40 2 1,293 67 1,333 69 

Mexico______------------------------ ------ ~----- 14 (1) 14 3) 

Norway------------+----
---------=+-=- --o--H ewe 11 8 11 8 

Poland__....-----.--------+--------- 296 12 2,791 116 3,087 128 

Portugal___...------------+--------+ ------ eeunee 49 3 A9 3 

Sweden____.-.-_-------+-------------  ------ _oenee 327 | 18 327 18 

Taiwan. _.__-_-------------------+--  ----+- Wuoeee 1 (2) 1 (1) 

United Kingdom____._...------------  ------ ------ 96 6 96 6 

Total. _.__._.__.-_-____----.----. 2,633 121 297,364 18,681 299,997 13,752 

1970 
Belgium-Luxembourg._..-.-----------  -+---- aennan 22 (1) 22 @) 
Canada_.___..-.----+++-+----------- 1,679 94 267,944 12,792 269,623 12,886 

Finland. ._-_2_._..---__---_---------- 7 (4) wou uee wee eee qT (4) 

Germany, West__._-.--------------+- 86 3 9,919 429 10,005 432 

Jreland__..._.__-_..-_-----~-#--------- 4 3 960 46 964 A9 

Japan__________-22-.------+-+--------  ------ ~----- 30 2 30 2 

Mexico_________.__2--- eee eee eee eee ~oaaee - 24 1 24 1 

Norway___.-----------------+--4---- 6 4 7 4 1 8 

Poland______.____.=------------e---- +e ee -o--ee 1,950 88 1,950 88 

Spain__..._--.----.--++--------+----  ------ ~----- 7 5 7 5 

Sweden_______=___--a-uea------ eee ------ ------ 449 22 449 22 

United Kingdom. __.___.----.---+----  ------ aoe ee 117 9 117 9 
or 

. Total. ______.___-------------- 1,782 104 281,429 18,398 © 288,211 13 , 502 . 

1 Less than 1 unit. 

Table 8.—U.S. imports for consumption of peat moss in 1970, by grades and 

customs district 

Poultry and stable 
grade Fertilizer grade Total 

Customs district . Value Value Value 

Short (thou- Short (thou- Short (thou- 

tors sands) tons sands) tons sands) 

Baltimore, Md_.____.-.-----------=-- 6 $4 1,293 $55 1,299 $59 

Boston, Mass____-_.._-~-=----------+ 4 3 339 18 343 21 

Bridgeport, Conn__-___--.------------  ------ ------ 46 2 46 Z 

Buffalo, N.Y__-_-_-----_----___-----+: ------ oe ee 32,423 1,464 32 , 423 1,464 

Charleston, S.C____._-____2----------  ----+- eaeuee 128 6 128 6 

Detroit, Mich___._.--_._----_------+- 52 3 42,213 2,278 42 ,265 2,281 

Duluth, Minn_____.__.2_._--_-------+. ------ ~ouene 5,769 393 5,769 393 

Great Falls, Mont_._._..._..--_---=--  ------ I 8,287 418 8,287 418 

Honolulu, Hawaii____--__------------ 7 () 38 3 45 3 

Houston, Tex_____._-._-___-----------  ------ -oe-ee 467 19 467 19 

Los Angeles, Calif._.....__-__--------  ------ . 9 ----+- 954 46 954 46 

Miami, Fla____.-------.----------+-- ------ ~oueee 444 21 444 21 

Milwaukee, Wis_____.___-_.__.-------- ------ _ouueee 16 (1) 16 (1) 
Mobile, Ala__.._.._______.----------- ------ _----e 1,935 92 1,935 92 

- New Orleans, La___...____.__---.---- ------ ------ 1,509 58 1,509 58 

New York, N.Y____-__-__------------ 0 =----- _----- 1,884 90 1,884 90 

Norfolk, Va___--___-----.------------  ------ -a--ee 950 35 950 35 

Ogdensburg, N.Y____..--------------- 10 1 64,340 2,820 64,350 2,821 

Pembina, N. Dak_.________.-_-------- 1,418 82 11,061 493 12,479 575 

Philadelphia, Pa__..__.__-------------- 30 2 599 24 629 26 

Portland, Maine________...___-------- 13 1 6,661 378 6,674 379 

Portland, Oreg__._._____.--.---------- ------ ea eee 126 8 126 8 

St. Albans, Vt__________-_.----.----- 186 7 48 ,201 1,983 48 , 387 1,990 

San Franciseo, Calif____._...--------- 56 1 202 9 258 10 

San Juan, P.R___________------------ ------ ~eaene 452 18 452 18 

Savannah, Ga_________---------------  ------ wo----- 548 24 548 24 

Seattle, Wash____._____--------------  ------ one ee 49 ,024 2,565 49 ,024 2,965 

Tampa, Fla_____.._.-----------------  ------ ~oe-ee 1,520 78 1,520 78 
Se 

Total___________----.--------- 1,782 104 281 , 429 13 ,398 283 ,211 13 , 502 

eee 

1 Less than )% unit.
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Table 9.—Peat moss imported for consumption from Canada and West Germany 
in 1970, by grades and customs district | 

| Canada West Germany 

Poultry and Fertilizer Poultry and Fertilizer 
stable grade grade stable grade grade 

Customs district > 
Value Value Value Value 

Short (thou- Short (thou- Short (thou- Short (thou- 
tons sands) tons sands) tons sands) tons sands) 

Baltimore, Md___.__________--_--_ wee eee eee eee eee eee ee eee eee eee ee) 1, O76 $42 
Boston, Mass____.-_-_-_----- eee eee eee eee eee eee eee 8 
Bridgeport, Conn....__-_.---.-.---  _----- ------ 46 $2 _-ueee Lee Lee ee eee 
Buffalo, N.Y____.___--_----------  _----- ------ 82,878 1,468 __---. i----. Ju. ~u---- 
Charleston, S.C______.----------- 0 ---e-- wee eee eee ee eee eee weer wee 128 6 
Detroit, Mich_____....----------- 52 $3 42,213 2,278 -__--- ------ ------ ------ 
Duluth, Minn.____-_--.----------  ------ ------ 5,769 3938 _----- ------ ------ ------ 
Great Falls, Mont__.._-_-_..-_-.-.  ------ -.---. 8,287 418 __--. LLeeee Lee eee Lee 
Honolulu, Hawaii_______-_---.----  ------) -uu--e 38 ne 
Houston, Tex_._____-.-.----------  ------ eee ee renee eee eee nee eee we eee 236 10 ; 
Los Angeles, Calif__..._.---------  ------ ------  ------ ) ------ 0) 0 w-----) eH ---- 882 38 
Miami, Fla__.___--__------------  ------  ------  ------  ------ 0 ------ +--+ ee 314 15 
Milwaukee, Wis_.____.___-__--.--  ------) -LLeee 16s (2) ween ee eee eee ee ee ee ene 
Mobile, Ala___...--_--_----------  ------  ------ 0 ------ eee eee eee eee ------ 1, 985 92 
New Orleans, La_______.---------  ----- eee ee eee eee eee eee eee eee eee 668 27 
New York, N.Y___-_-------------  ------  ------ 0 ------ we neee wee ------ = 1, 028 51 
Norfolk, Va____-.__----_----------  -----e eee eee ee eee eee eee eee eee eee eee 625 23 
Ogdensburg, N.Y______________-_-- 10 1 64,816 2,818 _____.. ___--_ ------ ------ 
Pembina, N. Dak____-._--------- 1,418 82 11,061 493 __..-- ------ ------ ------ 
Philadelphia, Pa_....-._--._------. -u-u--- ------) ------) ----e- 30 $2 439 15 
Portland, Maine_________________- 13 1 6,661 878 i.e) -Leeee eee ee eee, 
Portland, Oreg_.____.--._.-_------ ------ ------ 0 ------ eee eee ween re --- 119 4 
St. Albans, Vt_____---.-.-...---- 186 7 48,185 1,981 -----~ ~----- 44 2 
San Francisco, Calif..__......----  ------ ------ ------  ------ 56 1 202 9 
San Juan, P.R___ 2 eee eee ee eee eee eee eee eee eee eee eee ee 452 18 
Savannah, Ga__..__._----- eee eee eee eee nee wee ee eee ee +++ --- 526 23 
Seattle, Wash_.___________-_._.--.  --__-. -----. 49,024 2,565 -_.... ------ ------ ------ 
Tampa, Fla__.....-_---------_---  ------ eee eee eee eee eee eee eee ee eee) 1, 242 54 

Total___-_---:.----------- 1,679 94 267,944 12,792 86 3 9,919 429 

1 Less than 14 unit. 

WORLD REVIEW | 

World production of peat in 1970 was US.S.R., peat provided a substantial part 
estimated at 217 million short tons, an in- of Ireland’s energy requirements for elec- 
crease of 7 percent over the estimated  tric-power generation and household heat- 
world output for 1969. ing. Ireland produced only a small quan- 

The U.S.S.R. remained the largest pro- tity of peat for agricultural use. 
ducer with an estimated output of 206 mil- West Germany ranked third in world 
lion tons, about 95 percent of the world peat output with an estimated production 
total. It is estimated that about one-third of 1.5 million short tons. An estimated 
of the Soviet production was used for fuel one-fourth of the West German production 
and that two-thirds was used for agricul- was used for fuel. Peat fuel accounts for 
tural purposes, including general soil im- only a very minor part of the primary en- 
provement and the manufacture of fertiliz- ergy needs of this country. 

ers. The bulk of the fuel peat was used Other producers, ranking in output in 
er generating electric Pented but sian order named, were the United States, the 

tia . quantities were converte into riquets Netherlands, Canada, and Finland. The 
which were used for both domestic and in- . ¢ . 
dustrial heating . combined output of these countries how- 

Ireland ranked second in peat produc- Vet» was less that 0.7 percent of the world 

tion with an estimated 1970 output of 7.6 total. Although fourth in world produc- 
million short tons. Although production tion, output of the United States was only | 
was small in comparison with that of the 0.2 percent of the world total.
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Table 10.—Peat: World production, by countries 1 
(Thousand short tons) 
a 

, Country 1968 1969 | 1970 P 
. . amwenneen oon , : 

Argentina, agricultural use__._--.~----------------------- 2 1 NA 
Canada, agricultural use_____--.-.----------------------- 294 330 317 
Denmark, fuel ¢__._._---------------------------------- 6 6 6 
Finland: “ 

' Agricultural use ¢__..____--------------------------- 138 138 158 
| Fuel. _.....--_------------------ een eee e110 120 97 

France, agricultural use_____...__------------------------ 79 e 80 e 80 
Germany, West: 

Agricultural use__...__._.--------------------------- r1,151 1,260 e1,110 
Fuel___._._.+------------+-----+---+----+-~+--- +--+ +e 480 397 357 

Hungary, agricultural use ¢__.-...-..-------------------- 72 72 . 42 
Ireland: . | 

Agricultural use___.__------------------------------ . 45 60 e 66 
. Fuel__._.-.------..------------- +--+ eee ee 5,532 7,087 e 7,500 
Israel, agricultural use ¢___...--------------------------- 22 22 ‘22 
Japan ©___1.__-___-----.----------+---+----------------- 80 80 80 
Korea, Republic of, agricultural use__._.-._-_._..---------- 9 e10 e10 
Netherlands ¢___.......-._.1----------- +--+ -- 440 440 440 
Norway: 

* Agricultural use.__.__.__._..---------.------------- ri 12 e13 
Fuel ¢_._-___-_ eee eee eee ee 4 4 4 

Poland, fuel. ....-.-...-.-------------------------+----- 31 24 22 
Sweden: 

Agricultural use__......--...-.--------------------- 110 e110 e110 
Fuel ¢_.....---_---_------- eee eee 28 28 28 

U.S S.R.: 
Agricultural use ¢_____-.......---------------------- 143 , 300 143 , 300 143 ,300 
Fuel__._.---_--_---_-------- 2 eee 5 54,128 49 ,383 63 , 162 

United States, agricultural use_._._._..._...----.-------- 619 572 * 617 

. Total2.________- oe eee ----- «5 206, 686 203 , 536 - 217,471 
Fuel peat (included in total)___._...-._-_--.-__..-_------ 160,314 57,049 71,176 

e Estimate. P Preliminary. r Revised. NA Not available. 
1In addition, Austria, Canada, Iceland, Italy, and Spain produce a negligible quantity of fuel peat. No data 

were available on East Germany, a major producer. 
2 Total is of listed figures only. : 

TECHNOLOGY | 

_ A French patent 3 describes a method for The results of pilot plant tests of a 
| preparing peat or compost for use in soil method for removing nitrous oxides from 

improvement. In the process, the compost exhaust gases by peat-ammonia adsorption 
or peat is freed of roots, fibers, and stones, was described.5 It was estimated that for a 

and reduced to about 3 millimeter parti- plant releasing to the atmosphere 150,000 
cles containing 40 percent water and hav- cubic meters per hour of nitrose gases con- 
ing a pH of 5.7 to 62. This material is taining 0.3 to 0.4 percent nitrous oxides, 
then mixed with 1 percent methyl ethyl peat consumption is 22,000 to 24,000 tons, 
cellulose (as a 10-percent aqueous solu- and ammonia consumption is 1,600 tons. 
tion) which is then extruded to give 3.0 to The cost of this method of pollution con- 
4.5 millimeter-diameter fibers, then dried, trol was estimated to be 0.866 ruble per ton 

and broken into granules. The granules of nitric acid consumed ($0.96 at official 
are easily handled, but they disintegrate exchange rate), and the selling price of 
within 3 weeks when introduced into the peat-ammonia fertilizers resulting from this 
soil. The granules provide good aeration process, 8 to 11 rubles per ton. A method 
and humidification of soil. was also devised for the adsorption of COp, 

A method of using peat to break emul- HS. and SO from gases. 
sions in waste water is described in a re- 3 Jomain, Albert. Granulated Compost or Peat 

4 Wh . for Improving Soil. French Pat. 1,569,696, June 

cent German patent. en peat is com- 6, 1969; Chem. Abs., v. 72, Apr. 13, 1970, col. 
bined with a metal salt, such as Alg(SO4)3 = 780874. ; ; . 

h bi . has th ty 4 Heidenreich, Hans. Breaking Emulsion in 
or AICls3, the combination as € capacity Waste Water by the Addition of Peat. German 
to break highly stable emulsions, irrespec- Pat. 1,908,791, Sept. 10, 1970; Chem. Abs., v. 73, 

. Dec. 28, 1970, col. 133860). 
tive of the pH. The substance works best 5 Ganz, S. N., and I. E. Kuznetsov. Removal of 

with emulsifiers which contain ethylene Corrosive Impurities From Industrial Gases and 
id Liquid Wastes. Khim. Tekhnol. No. 11, 1968; 

oxide groups. Chem. Abs. v. 72, Apr. 20, 1970, col. 82656s.



Perlit 

By Arthur C. Meisinger ! 

In many respects 1970 was a continua- expanded perlite producers reported new 
tion of the record high set in 1969 for the records for expanded perlite output in 1970, 

domestic perlite industry. Although the 45 follows: Quantity produced, 420,000 
quantity of crude perlite mined in 1970 ; oo, id d 4] 6 , : 
was the third largest on record, the quan- tons; quantity so and usec, 000 tons; 

tity sold and used was just under the rec- and value of quantity sold and used, ap- 
ord total set in 1969. On the other hand, proximately $25 million. | : | 

DOMESTIC PRODUCTION 

Crude perlite was produced by 12 com- Crude perlite was expanded at 89 plants 
panies at 14 mines in seven States in 1970, in 33 States during 1970. The quantity of 
and the quantity mined (607,000 tons) was expanded perlite produced (420,000 tons) 
the third largest on record. New Mexico was 15,000 tons more than the previous rec- 
continued to be the leading producing ord output of 405,000 tons in 1969, and 
State contributing 87 percent (526,000 the quantity sold or used (416,000 tons) 

_ tons) of the U.S. crude perlite output. by producers was also a record high. Iili- 
Other States producing crude perlite, in  nois led the country in production of ex- 
descending order, were Arizona, Califor- panded perlite and also in the quantity 
nia, Nevada, Colorado, Idaho, and Utah. sold and used. 

The quantity of crude perlite that produc- : 
ers sold or used (456,000 tons) was ex- 1 Ind st. Divisi cN i 
ceeded only by that of 1969. Min aay economist, Ivision oO onmetallic 

Table 1.—Crude and expanded perlite produced and sold or used 
. by producers in the United States 

(Thousand short tons and thousand dollars) . 

Crude perlite Expanded perlite 

Used at own 
Year Sold plant to make Total Sold or used 

Quantity . expanded material quantity Quantity 
mined ——__—-_ ———_——_——_ sold and produced —-———___—__— 

Quantity Value Quantity Value used Quantity Value 

1966____..----- 548 193 $1,799 211 $2,108 404 394 394 $16,403 
1967__..------- 638 190 1,802 223 2,171 413 351 350 15,115 
1968____------- 558 202 1,975 226 2,246 428 339 336 15,265 
1969____-.----- 613 205 2,087 266 3,013 A471 405 402 22,100 
1970______-.--- 607 176 2,056 280 2,848 456 420 416 24,972 

811
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- Table 2.—Expanded perlite produced and sold by producers in the United States 

1969 1970 

Quantity Sold or used Quantity Sold or used 
State produced ————______—"_—_—_—_——_ produced ——-——-—————_________- 

(short Quantity Value Average (short Quantity Value Average 
tons) (short (thou- value tons) (short (thou- value 

tons) sands) per tonr tons) sands) per ton 

California__.....-------- 16,980 16,410 $1,296 $78.98 24,190 23,980 $1,912 $79, 73 
Florida__._._--.-------. 10,410 9,420 676 71.76 15,490 14,890 855 59.42 
Georgia___...---.------- (1) (1) (1) (1) (1) (1) 20 (2) 
Tilinois_ _....-.---------- (1) (1) 3,119 (4) (1) (4) 3,175 (1) 
Indiana______...----.-.- (2) ©) (4) (2) 5,200 5,200 380 73.08 
Kansas__._._.---.------_ 900 930 80 86.02 790 790 62 78.48 
Maryland._____.__....... 7,250 6, 740 454 67.36 5,700 5,410 391 72.27 
Massachusetts__...--..-. © (@) (1) (4) (4) 1,250 1,250 147 117.60 
New York._._.._.___.._-. 4,560 4,550 297 65.27 3,830 3,770 (4) (1) 
Ohio____--_~2--- eee 7,990 7,990 A472 59.07 7,790 7,790 455 58.41 
Oregon__...__._. 510 510 44 86.27 360 360 36 100.00 
Pennsylvania___.._...... 12,580 12,860 877 68.20 18,070 18,220 1,020 55.98 
Texas ___......._._.._.... 34,880 34,870 2,262 64.87 (46,080 46,030 3,634 78.95 
Other Eastern States 2____ 249,120 247,680 9,321 350.23 225,340 223,190 9,245 455.74 
Other Western States 5.___ 59,640 60,220 3,202 53.17 65,760 65,850 3,639 55.26 

Total 6.__._.__._.___ 404,820 402,170 22,100 54.95 419,790 416,220 24,972 60.00 

r Revised. 
1 Included with “Other Eastern States.” 
2 Includes Georgia (1970 quantity only), Illinois (quantity only), Indiana (1969), Kentucky, Maine, Massa- 

chusetts (1969), Michigan, Mississippi, New Hampshire, New Jersey, New York (1970 value only), North 
Carolina, Tennessee, and Wisconsin. . 

. 3 Based on quantity of 247,680 tons and value of $12,440,000 ($9,321,000 ‘‘Other Eastern States” plus 
$3,119,000 for Illinois). 

4 Based on quantity of 223,190 tons and value of $12,440,000 ($9,245,000 ‘“‘Other Eastern States’ plus 
$20,000 for Georgia and $3,175,000 for Illinois). 

5 Includes Arizona, Colorado, Idaho, Iowa, Louisiana, Minnesota, Missouri, Nebraska, Nevada, Utah, and 
Washington. 

6 Data may not add to totals shown because of independent rounding. 

CONSUMPTION AND USES 

Major uses for expanded perlite in 1970 Table 3.—Disposition and end use of 
included filter aids, concrete aggregate, expanded perlite 

' plaster aggregate, and’ insulation board.’ (Percent) | 

The percent disposition of expanded per- §<=——_vT7TT| | 
. : . Use 1969 1970 

lite by end use is shown in table 3. Com-  —_W 
pared with that of 1969, use of expanded Filter aid _— = --ooa-o rc tarttitrcrcoo 18 23 

perlite as a filter aid increased from 18 Concrete aggregate--....----0.----. WM 
percent to 23 percent, but use in plaster Horticultural aggregates.............. 3 4 

lined f 16 t to 8 Low temperature insulation._.-...--._ 2 2 
aggregate decline rom percen o Masonry and cavity fill insulation _____ 1 1 
percent. Some of the “Other uses’ for ex-  Fillers____-.----------------------- 1 1 

. . . ou. Formed products_....-...--.------. 1 3 
panded perlite included paint additives, Other1............_............. 4T—iCOAT 

texturing, refractories, charcoal base, and ©=—-——————_—_--—_-—__________- 
. 1 Includes insulation board. 

oil absorbent. 

PRICES 

Producers sold crushed, cleaned, and both categories was $10.75 per ton in 1970, 

sized crude perlite to expanding plants at compared with $10.82 per ton in 1969. 
an average price of $11.70 per short ton in According to expanders, sold or used ex- 
1970 compared with $10.19 in 1969. The panded perlite had an average value of 
portion used by producers in their own $60.00 per ton compared with $54.95 per 
expanding plants was valued at an average ton in 1969. However, average values by 
of $10.16 per ton compared with $11.30 States in 1970 ranged from $25 to $175 per 
per ton in 1969. The weighted average of _ ton.
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_ WORLD REVIEW 

Greece——In 1970 Greece produced an es- continued to determine the feasibility of 
timated 185,850 short tons of crude’ developing and utilizing known perlite de- 
perlite.2 Processed perlite production was posits on the eastern coast of Iceland as 
reported to be nearly 117,650 short tons, of | part of an industrial diversification pro- 
which about 95 percent was exported, pri- gram. 
marily to Western European consumers. Italy.—At yearend, Perlite S.p.A., an as- 

Hungary.—Crude perlite was mined sociated company of British Gypsum Ltd., 
from deposits in the Zemplén Mountains brought on stream a new perlite crushing / 
area of northeastern Hungary. The crude and screening plant at Oristano, Sardinia. 

- material, a glassy volcanic rhyolite, was Perlite S.p.A. mines and expands crude 
treated at a nearby modern plant built to perlite on the island of Sardinia, and the 

manufacture expanded perlite products for new plant will service the modern storage : 
use primarily as lightweight concrete ag- and ship loading facilities at Oristano. 
gregate, insulation materials, and filter Mexico.—Perlite output totaled 13,566 
aids. Hungarian perlite is also used as a short tons in 1970 and was nearly 2,400 

| batch constituent for the production of tons more than the quantity produced in 
green glass. 1969.4 | 

In 1970, the Hungarian Building Re- Philippines.—Perlite was mined by Trin- 
search Institute reported a method for im- ity Lodge Mining Corp.; Vinnel Belvoir 

| proving the bonding properties of perlite | Construction Co., at Makati, Rizal, also re-_. 
in concrete by treating the basic perlite ported mining perlite during the year. 
material with a sodium silicate admixture. The Trinity Lodge deposit near Legaspi, 7 
Although no details of the method were Albay, was brought into production in : 
described, the sodium silicate bonding ap- May, and output by yearend was reported 
parently increases stress resistance in the to be about 13,200 short tons. Trinity 
product and also acts as an immediate Lodge proposed to process the perlite in a 
drying agent.3 plant scheduled to be in operation by 
Iceland.—During 1970, the Government mid-1971 at San Pedro, Laguna. 

TECHNOLOGY | 

In 1970, the perlite industry placed its The industry also initiated the develop- 
major technologic efforts on the develop- ment of a specification for the use of per- 
ment and application of new uses for per- lite as an inert filler in polyester resins. In 
lite in the field of environmental health addition, contracted work to various uni- 

and safety. Principal studies included the  versities and research organizations in early 
application of perlite as a lightweight con- 1970 was related to the use of perlite for a 
crete crash barrier for highways, a carrier roughage substitute in animal feed. — 
for pesticides, and as an oil absorbent for §=———_—_—__— 

. * . 2 . 

petroleum Spills on inland water systems. Aireraen A160) Apr. 29; 1971, Pe Sencl. Ie pert 
Other studies included the use of perlite in 3 International Report. Budapest, Hungary. 

low-cost, lightweight building panels and Reg Plush V. 7 No, 18, Octber 1870 mi 
as a soil substitute in hydroponic farming. p;am Suppl. A-342, July 1, 1971, p. 8, encl. 1.





Crude Petroleum and 
Petroleum Products 

By James G. Kirby ' and Betty M. Moore 2 

The total demand 3 for petroleum prod- The data presented in this chapter are 
ucts in 1970 averaged 14,940,000 barrels limited to the United States to permit a 
per day, an increase of 575,000 barrels per breakdown and _ balancing of supply and 
day or 4.0 percent over 1969 demand. demand of operations by States and dis- 

Supply problems were complicated by  tricts. The composition of the districts 
disruptions in the Mediterranean and used by the Bureau of Mines is explained 
heavy worldwide demand for residual fuel in a following section. 
oil. The Syrian Goverment refused permis- The increasing volume of natural gas | 
sion for the Trans Arabian Pipeline Co. liquids recovered from natural gas has 
(TAPline) to repair a small break in the made it desirable to present data on these 
pipeline that occurred early in May, de- liquids with crude oil data; as these liq- | 
manding higher tariffs from the company. uids are blended with refinery products 
This shut off 475,000 barrels of crude oil and are similar to materials recovered 
per day from the Middle East. The Libyan from refinery gases. These natural gas liq- 
government placed restrictions on the  uids are recovered at natural-gas processing 
crude oil production in that country while plants, away from the oil refineries. 
negotiating for increased royalties from the The Bureau of Mines uses crude-oil pro- | 
companies. Europe is the primary market duction data (including field condensate) 
for this Mediterranean oil and supplying compiled by State agencies for those States __ 
Europe from the Middle East around which compile the information. Where 
South Africa required five times as many such data are not available, monthly ques- 
tankers because of the long haulage time. tionnaires are sent to all pipeline compa- 
Short supply of tankers caused astronomi- nies operating within the State. Annual 
cal increases in tanker rates throughout canvasses and State agencies also provide 
the world. The premium of about $1.25 supplemental information on the value of 
per barrel that overseas oil held over do- crude petroleum at wells, and the number 
mestically produced oil in the East Coast of producing wells. : 
markets of the United States declined more Individual refineries reported monthly 
than 60 percent. Several inland refiners | 
were unable to dispose of their crude oil 1Industry economist, Division of Fossil Fuels. 

and unfinished oil import quotas before Statistical assistant,’ Division of Fossil Fuels. 
the December 31 expiration date. Water- or less unique to the petroleum industry. Princi- 
borne imports of crude oil declined at the pal terms and their meaning fieure representing 
rate of 200,000 barrels per day in 1970 but total new supply plus decreases or minus in- 
overland imports from Canada increased creases in reported stocks. Because there are sub- 

. stantial secondary and consumers’ stocks that are 
115,000 barrels per day and production of pot reported to the Bureau of Mines, this figure 
crude oil and lease condensate increased varies considerably fom, consumption. exports, 
4.3 percent for the year to 9,637,000 barrels New Supply of ail oils.—The sum of crude oil 
per day. production plus production of natural gas liquids, 

. . plus benzol (coke-oven) used for motor fuel, 
Heavy demands for residual fuel oil for hydrogen, and other hydrocarbons, plus imports 

use in the generation of electric power of Frude ‘oil and other eae reel od stocks 

both here and abroad caused a tight Sup- _— without processing, or reclassification of products 

Ply and, With the higher shipping rates, lrcill oils Grade. petroleum, ‘natural gas liquids, 
prices for this fuel increased substantially. na their derivatives. 
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receipts, input, stocks, refinery production, Liquefied Gases and Ethane.—The de- 
and deliveries. Data on both product stocks mand for liquefied gases in 1970 was 
at refineries and pipeline and bulk termi- 996,000 barrels per day, 2.6 percent below 

nal stocks are collected. These data are the 1969 level, but the demand for ethane 
also published monthly. Annually, sales of increased 16.2 percent for the year to 
fuel oils, asphalt and road oils by uses, 230,000 barrels per day. More detail on 
and refinery capacity are canvassed. liquefied gases and ethane can be found in 
Demand by _ Product.—Gasoline—The _ the “Natural Gas Liquids” chapter. 

growth rate in domestic demand for motor Other Products.—This category includes, 
_ gasoline in 1970 was below the level of the refinery gas used for fuel, asphalt, petro- 

previous 2 years but the 4.7 percent gain chemical feedstocks, petroleum coke, lubri- 
was exactly the same as the previous 5- cating oils, special naphthas, miscellaneous 
year trend and averaged 5,784,000 barrels products, road oil, and wax. Refiners used 
per day. The demand for aviation gasoline 449 000 barrels per day of still gas for fuel 
continued to decline and averaged only jn 1970 and 34,000 barrels per day for the 
55,000 barrels per day in 1970. petrochemical feedstocks. Asphalt demand 

Distillate Fuel Oil—It is expected, that averaged 420,000 barrels per day (76,450 
because of its lower sulfur content, more short tons), an increase of 6.9 percent for | 
distillate fuel oil will be substituted for the year. The demand for petrochemical 

higher sulfur content fuels in areas with feedstocks continued to be strong in 1970, 
emission controls. The change was not too increasing 7.0 percent to 277,000 barrels 
apparent in 1970 as the domestic demand per day. More marketable coke was pro- 
for distillate showed only a normal 3-per-  qyced and sold in 1970, but exports ac- 

cent increase and averaged 2,540,000 bar- counted for almost 51.7 percent of the 
rels per day for the year. Most of the de- sales compared with 44.3 percent in 1969. 
mand increase in 1970 was for use in  Refiners utilized 4.1 percent less catalyst 
gas-turbine plants of electric utility compa- coke as fuel in 1970. Domestic demand for 
nies. petroleum coke averaged 212,000 barrels 

Residual Fuel Oil.—As in 1969, the use of per day compared with 221,000 barrels per 
residual fuel oil for the generation of elec- day in 1969. The domestic demand for lu- 

tricity was responsible for practically all  pricating oils increased 1.9 percent in 1970 
| the increase in demand for that product in to an. average of 136,000 barrels per day 

1970. Domestic demand for 1970 averaged while exports declined 2.1 percent. Domes- 
2,204,000 barrels per day, an increase of tic demand for special naphtha increased 
11.4 percent over 1969 demand. Demand in 54 percent to 85,000 barrels per day, but 
PAD district I which represents 74.2 per- exports declined slightly. There was a 
cent of the U.S. total increased at the rate sharp decline, 9.8 percent, in the demand 

of 231,000 barrels per day to 1,635,000 bar- for miscellaneous finished products in 1970. 
rels per day in 1970 while demand declined [ncluded in this group aie various spe- 

in both PAD districts IV and V. cialty oils, medicinal oils, spray oils, and 

Kerosine—The amount of kerosine used petrochemicals. The demand for road oil 
for space-heating and for uses other than averaged 26,000 barrels per day in 1970 
jet aircraft fuel was 4.4 percent less than and the demand for wax remained at 1969 
in 1969. Demand for the year averaged  Jevel of 13,000 barrels per day. 

269,000 barrels per day. Shipments to U.S. Territories and Posses- 
Jet Fuels-—The _demand tor nap htha- sions.—Domestic demand as defined in this 

type fuels, used primarily by the military, chapter, refers to demand in alli States of 
was down 10.2 percent in 1970, declining the United States. Shipments from the 
from 297,000 barrels per day in 1969 to United States to territories and possessions 
249,000 barrels per day. In an effort fo “are included with exports. Any foreign re- 
curb revenue losses, the commercial air- ceipts into these territories and possessions 
lines rearranged and regrouped schedules are not included in the total imports 

that resulted in a slowdown in the growth shown 
in demand for kerosine-type jet fuel. In -_ i, 
1970 the demand for this commercial-type Shipments from territories and posses- 
jet fuel averaged 716,000 barrels per day, a Sions to foreign countries are excluded 

gain of only 3.2 percent while in 1969 the from exports. Shipments to the United 

gain was 14.0 percent. States are included in imports.
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Table 1.—Salient statistics of crude petroleum, refined products, 
and natural gas liquids in the United States 

(Thousand 42-gallon barrels unless otherwise indicated) 

1966 1967 1968 1969 1970 p 

Crude petroleum: . 
Domestic production (including 

lease condensate)_..__........... 3,027,763 3,215,742 3,329,042 3,371,751 3,517,450 
World production_____.._....--.. 12,019,964 12,889,252 *14,098,150 15,214,088 16,689,617 

U.S. proportion___..-percent.- 25 25 24 22 21 
Exports 1_2.0_00.22--- 2 ele. 1,477 26,541 1,802 1,436 4,991 
Imports 2_.__.-.-.-2-2---- ee 447,120 411,649 A472, ,323 514,114 483 ,293 
Stocks, end of year_________.____- 238,391 248 ,970 272,193 265,227 276 ,367 
Runs to stills___.._.....-..._._.--.. 3,447,193 3,582,594 3,774,360 3,879,605 3,967,503 
Value of domestic product at wells: 

Total______.__.._-thousands_. $8,726,423 $9,375,727 $9,794,826 $10,426,680 $11,173,726 
Average per barrel______..-__- $2.88 $2.92 $2.94 $3 .09 $3.18 

Total producing oil wells Dec. 31___ 583 , 302 565,289 553 , 920 542,227 530,990 
Total oil wells completed during 

year (successful wells)_......._. 16,780 15,329 14,342 14,368 13 ,020 
Refined products: . 

Exports !__..2..-..-------------- 70,923 85,519 82, 742 83 , 449 89,252 
Imports 3___.._-_-__--..-.--..-.---- 492 ,042 514,342 567,046 641 , 437 764,099 
Stocks, end of year 4____._______-- 602 ,291 629 ,399 r 647,439 656 , 344 675, 502 
Completed refineries, yearend. _-_-__- 281 291 284 281 279 
Daily crude-oil capacity._.....__.. 10,760 11,533 11,740 12,074 13 , 020 

Natural gas liquids: 
Production_____....---.--.----.- 468 ,635 514,456 550,311 580,241 605,916 

All Stocks, end of year___..-.._---_-- 40 , 423 65, 742 77,940 58 , 552 65,992 
oils: 
Total demand__.___.._.._......_.. 4,897,469 4,598,270 4,873,776 5,244,815 5,458,261 
Exports_____..._..__---..--.---- 72,400 112,060 84,544 84,885 94,243 
Domestic demand_______._._....-. 4,325,069 4,481,210 4,789,232 5,159,930 5,364,018 

P Preliminary (except for crude production and value). t Revised. 
1U.S. Department of Commerce data. 
2 Bureau of Mines data for crude oil and unfinished oils. 
3 U.S. Department of Commerce data, except for unfinished oils. 
4 Stocks of refined products also include stocks of unfinished oils, natural gasoline, plant condensate, and 

isopentane. 

Districts—The Bureau of Mines reports The Bureau of Mines groups refinery 
production of crude petroleum and natural operations into another set of districts 
gas liquids and the number of wells called refining districts. These refining dis- 
drilled by States. Louisiana, New Mexico,  tricts correspond with grouping originated 
and Texas are also reported by districts. by the Petroleum Administration for War 

New Mexico has two widely separated during World War II which were called 
producing areas. The Southeastern district PAW districts. The PAW districts were 

comprises mainly Lea, Eddy, Chaves, and later changed to PAD (Petroleum Admin- 
Roosevelt Counties. The Northwestern istration for Defense) districts. 
district comprises mainly San Juan, Rio 

Arriba, Sandoval, and McKinley Counties. dee Refining districts 

| The Bureau of Mines producing districts t _ + Coast—Distri , Columbia. Maine, N 
. : . —East Coast—District of Columbia, Maine, New 
in Texas correspond, with one exception, Hampshire, Vermont, Massachusetts, Rhode 
to grouping of the Texas Railroad Com- Island, Connecticu t, New Jersey, Delaware, 

* O08 * tet Maryland, Virginia, Nort arolina, Sout 
mission districts. . Carolina, Georgia, and Florida, and the 
Bureau of Mines Railroad Commission following counties of New York: Cayuga, 

districts districts Tompkins, (hemung, and all counties east 
and north thereof, and the following coun- 

Galt Coast. -------Nos. mans. 3 8a. ties of Pennsylvania: Bradford, Sullivan, 

East Proper.__._._-Part of No. 6 (East Texas field Columbia, Montour, Northumberland, Dau- 
in Cherokee, Smith, Upshur, phin, York, and all counties east thereof. 

Rush, and Gregg). I—Appalachian No. 1—West Virginia and . ginia and those 
Panhandle. - -------No. 10. parts of Pennsylvania and New York not 
es North e: Nos. 7B and 9 included in the East Coast district. 

Central___._...No. 1. Wl—Appalachian No. 2—The following counties 
South-___.__.._No. 4. . of Ohio: Erie, Huron, Crawford, Marion, 

Other East Texas___Nos. 5 and 6 (exclusive of East Delaware, Franklin, Pickaway, Ross, Pike, 

Proper). Scioto, and all counties east thereof. 

Sep arate production data are shown for Il—Indiana-Illinois-Kentucky—Indiana, _ Illinois, 
the Louisiana Gulf Coast, including the Kentucky, Tennessee, Michigan, and that 
offshore area. part of Ohio not included in the Appala-
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Figure 1.—Supply and demand of all oils in the United States. 

PAD PAD | 
district Refining districts district Refining districts 

Il—Oklahoma-Kansas-Missouri—Oklahoma, Kansas, IlI—Louisiana Gulf Coast—The following parishes 
Missouri, Nebraska, and Iowa. of Louisiana: Vernon, Rapides, Avoyelles, 

I1—Minnesota-Wisconsin-North Dakota-South Da- Pointe Coupee, West Feliciana, East Felic- 
kota—Minnesota, Wisconsin, North Dakota, iana, T’angipahoa, St. Helena, Washington, 
and South Dakota. and all parishes south thereof; the following 

Ul d j counties of Mississippi: Pearl River, Stone, 
—Texas Inland—Texas, except Texas Gulf Coast George, Hancock, Harrison, and Jackson; 

district. and Mobile and Baldwin Counties, Ala. 
WWi—Texas Gulf Coast—The following counties of Wil—North Louisiana-Arkansas—Arkansas and those 

Texas: Newton, Orange, Jefferson, Jasper, parts of Louisiana, Mississippi, and Alabama 
Tyler, Hardin, Liberty, Chambers, Polk, not included in the Louisiana Gulf Coast 

. . istrict. 
San Jacinto, Montgomery, Harris, Galveston, lll—New Mexico—New Mexico. 

Waller, Fort Bend, Brazoria, Wharton, IV—Rocky Mountain—Montana, Idaho, Wyoming, 
Matagorda, Jackson, Victoria, Calhoun, Utah, and Colorado. 

Refugio, Aransas, San Patricio, Nueces, V—West Coust—Washington, Oregon, California, 

Kleberg, Kenedy, Willacy, and Cameron. Nevada, Alaska, Arizona, and Hawaii.



CRUDE PETROLEUM AND PETROLEUM PRODUCTS 8] 9 

PETROLEUM ADMINISTRATION FOR DEFENSE (PAD) DISTRICTS 
Xs 

Y wasn, ; 
‘ 

Oneg Le . MONT, NbaK. MINN. Me. 

5 IDAHG } ~~._ ps ~e° NT ‘ Ny se yy A$ a ~~ ! \ . MICH. MS kesS . (incl. Alaska - ot 4 $. DAK. bee aoa ‘8 . a EC. and Hawaii) ~tw¥9 Neg Teng owas MEL) 0 We 
(Ney, Cs ae \ a2:" 1 onto ° oor \ UTan | ~ 2 be &? 1 HD. - [&¢ DEL. 

CAuir ‘\ ' Coro, ~T ‘. ! ee Na 7 
! ‘ KANS. ‘Mo 09 ‘of » VA 

og 1 “Or KY. - ees 
Vg a | v5 --- &9- We. **\ ‘ ' “WW OTENN. eee . ©. , ARIZ, N. MEY, OKLA. arK. wee 3. -. 

t / 1 ALA. ~S 

1S bon tmss! |) oS | 
a TEX, VLA. { ‘ 4 

poem 
¢ FLAS 

BUREAU OF MINES REFINING DISTRICTS ENE ENING CUT TNIV TO 
. . 

wy ~ 

S N gg ' Y Wasy 1 
I A MM wom a isco DAKO" - 8 

Ones” _ $ > NT. ps N.DAK. +A - out gz x ME. . , x 690 D S x x 

BL frome, fry wNEP an? <a e S oe ~ -¥ d Ww _ ort ‘ 1 Oicx NANG we 88 G ¢- 4 S. DAK, : ~ Sx. “VESFE\. Me; a ct wis. 2 ¥ / & Ae _- ‘ea, C m RA. 

S $ “ev 0 i, MYO. ~ Ay y roma wt. + Qi y) x . om ¥ ~ uray! ~ Ve , _ S Ri PA A 3 . . Coto. Aya, % S \ fruigh wot VEL. 
& \ } So, Tay, = x7 “ VA a ss \ Oy Sas Ney, 2: CALIF, \s KANS. MO. S_ a “ - 

v2 p ARIZ, Tex, | oKLa. TENN / se G 
"UY ARKANSAS \ ~~ 

LOUISIANA GA y 

[NLAND La. VL AND , 
TEXAS “a0 

NY FLAS 

LOUISIANA 

GULF COAST 

TEXAS - 
GULF COAST 

Figure 2.—Map of PAD Districts and Bureau of Mines Refining Districts.



820 MINERALS YEARBOOK, 1970 

| CRUDE PETROLEUM | 

| PRODUCTION be involved as would be the case if the oil 

was transshipped from Valdez to the west 

Crude oil production (including lease coast markets, there would be less chance 
condensate) in the United States in 1970. of pollution. 7 

was 3,517,450,000 barrels, 145,699,000 above 

the 1969 level. Production exceeded the CONSUMPTION 

10,000,000-barrel-per day mark for the first 
time in October. The events in the Medi- The total demand for crude oil in the 
terranean which disrupted normal supply United States in 1970 averaged 10.9 million 
patterns and caused tanker rates to soar barrels per day of which 9.6 million bar- 
eliminated to a large extent the price ad- rels per day was supplied by domestic 
vantages that overseas crude oil had over sources and 1.3 million barrels per day 
domestic crude oil in the east and west came from foreign sources. The demand 
coast markets. Although crude stocks built for domestic crude oil increased 3.9 per- 
up during the first 5 months of 1970 and cent while the demand for foreign crude | 
major producing States reduced production __ oil declined 6.6 percent. 
levels, it became apparent late in July that Runs to Stills—Refineries processed 
overseas oil supply would be below annual crude oil at an average rate of 10,870,000 
quota levels, consequently domestic produc- barrels per day in 1970, compared with 
tion was stepped up to meet demand re- 10,629,000 barrels in 1969. Runs to stills 
quirements. Of the 10 States reporting pro- reached a high of 11,183,000 barrels per 
duction increases for the year, Texas with day in December and, based on the total 

an increase of 97.9 million barrels and operable capacity January 1, 1970, refiner- 

Louisiana with an increase of 62.3 million ies were operating at 93.0 percent of ca- 
barrels, were the only States with substan- _ pacity. 
tial gains. Production declined in 20 States Demand by States of Origin.—Distribu- 
and one State reported no change for the tion of domestic crude oil can be analyzed 

year. from the individual refinery reports that 
Additional data on crude oil production, show origin of the crude oil receipts and 

by States, can be found in volume II of from crude oil stock reports filed by refi- 

the 1970 Minerals Yearbook. ners and pipeline and terminal operators | 
. After two trial runs by a tanker fitted which show stocks of crude oil by States of 

with special ice breaking equipment, it was origin and location. When. long-distance 

determined that moving the vast reserves shipments are involved, various crude oils 
of oil from the North Slope of Alaska to may be mixed in transit or storage, and 
the east coast by way of the Arctic Ocean identification by origin may be only ap- 
was not feasible at this time. In the mean- _ proximate. 
time much of the pipe for construction of 
the proposed pipeline from Prudhoe Bay to SUPPLY AND DISTRIBUTION 
southern Alaska awaits in storage at Valdez 
pending decisions by the U.S. Government The total distribution of crude oil in 

as to whether the line can or cannot be 1970 was 3,981.9 million barrels of which 

built. At recent hearings held by the U.S. domestic crude oil accounted for 3,499.4 

Department of the Interior in Washing- million barrels and foreign crude oil for 

‘ton, D.C., and in Alaska, strong support 482.5 million barrels. The total new supply 

was given to a proposal that the pipeline of crude oil in 1970 was 4,000.8 million 

be built through the Mackenzie Valley in barrels, including the production of crude 

Canada. This line would connect with the oil and lease condensate of 3,517.5 million 

Inter-Provincial Pipeline for delivery of barrels and imports of 483.3 million bar- 

the Alaskan Oil to the midcontinent area rels. Stocks of domestic crude oil increased 

of the United States instead of to the west 10.4 million barrels and foreign stocks in- 

coast markets. Proponents of the Canadian creased 0.8 million barrels. The difference, a 

route claim there is less chance of damage minus 7.7 million barrels, was classed as 

to the ecology since the valley route would ‘“‘unaccounted-for crude oil” to avoid mak- 

be outside the earthquake prone area of ing arbitrary adjustments in the reported 

Alaska. Since no tanker shipments would supply or consumption.



CRUDE PETROLEUM AND PETROLEUM PRODUCTS 821 | 

ol LITT TTT TTT TTT TTT 
@CCCCCELCCEE ee 
oo poe | oT mt AEE 
wf | ETL epee 

LETT “4 700 VA | 

te COO 
a 600 

et tL | bate tr] | | | | 2 500 a, 1 

ot ia | | eT | | EL 
rete | | | er 
pee 

TO | Oklahoma 
200 — =. oo Ty rT : — , 

ofp LL ote | lett] 
Oo 2 

1950 1955 1960 I965 1970 . 

Figure 3.—Production of crude petroleum in the United States, 
by principal producing States. 

PRODUCTION CAPACITY wells, and 11,260 were abandoned as dry © 

. . holes. The total footage drilled per well was 
According to the American Petroleum 4,953 feet compared with 4,881 feet in 

Institute (API), the maximum crude oil —jggg 
production that could be attained in the Offshore drilling operations were at a 

United States as of January 1, 1971 was much slower pace in 1970. The oil spills 
tl million barrels per day, down 0.4 mil- i, the Santa Barbara Channel off the coast 
lion barrels per day from January l, 1970. of California in 1969 and the blowout of a 
This estimate is based on the assumption \/41) in the Gulf of Mexico off the coast of 
that such production could be achieved in Louisiana caused concern over damage to 

90 days with existing wells, well equip- the ecology. The U.S. Department of the 

ment, and present surface facilities, Plus Interior delayed lease sales of offshore 

work changes that could be accomplished acreage in the Gulf and withheld approval 
within that time. of drilling permits in the channel while 

WELLS environmental studies were conducted. In 
an effort to forestall future damage, the 

Drilling activity was off sharply in 1970. U.S. Geological Survey Conservation Divi- 
A total of 28,120 new wells were drilled, sion beefed up inspection procedures to in- 
4,053 or 12.6 percent less than in 1969. Of | sure that all rules and regulations govern- 
the total wells drilled for the year, 13,020 ing offshore drilling and production were 

were completed as oil wells, 3,840 as gas enforced.
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RESERVES cline for the year was in California where 
The API Committee on Petroleum Re. 2 decrease of 259 million barrels was re- 

; ported. 
serves estimated proved reserves of crude 
oil as of December 31, 1970, to be 39,001 
million barrels, an increase of 9,369 mil- REFINED PRODUCTS 

lion barrels for the year. Included in the Petroleum products account for approxi- 
reserve estimates for 1970 were 9,600 mil- mately 43 percent of the nations energy 
lion barrels of proved reserves of crude oil requirements. These products supply about 
in the Prudhoe Bay area on the North 96 percent of the fuels used for transporta- 
Slope of Alaska which were discovered in tion; 45 percent of those used in house- 
1968. Excluding Alaska, reserves in the hold and commercial establishments; 25 
lower 48 States declined 348 million bar- percent for industrial installations; and 13 

rels. The only substantial addition to re- percent for the generation of electricity by 
serves other than in Alaska was in West the utilities. 
Texas where 564 million barrels were Gasoline is consumed principally in 
added, however, all other districts in the highway transport, aviation, mechanized 
State declined so the net addition to Texas farming, and power boating. Kerosine 
was 132 million barrels. The largest de- (other than the straight-run kerosine used
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as fuel in commercial jet aircraft) is used was an average addition to stocks of 

primarily in space heaters, as range oil or —_ 103,000 barrels per day for the year. 
| for farm equipment. Distillate fuel oils, oo 

which include the light diesel fuels, are GASOLINE , 

used for space heating, locomotive fuel, .in- ‘The 4.7 percent growth rate for motor 
dustrial use, vessel use, and by the mili- gasoline in 1970 was below the gains re- 
tary. Residual fuel oil is used primarily in ported for 1968 and 1969. Domestic de- 
electric utilities anf for heavy-fuel use. Re- mand averaged 5,784,000 barrels per day 
sidual fuels usually sell for less than crude | compared with 5,526,000 barrels per day in 
oil at the refineries. As it is not normally 1969. To the market in 1970, several refin- — 
moved by pipeline, its distribution depends _ing companies introduced new lead-free gas- 
on low-cost water transportation and lim-  olines designed to meet fuel requirements | 

_ ited tank movement. of the new cars presently being manufac- 
Liquefied gases, in competition with ker- tured under present emission control regu- 

osine and light distillate fuel oil for do- lations and the more stringent regulations 
mestic use, are used as fuel in projected for 1975. 7 
internal-combustion engines and are be- The new supply of motor gasoline in 
coming increasingly important as the ini- 1970 was 2,110 millions barrels, of, which | 
tial raw material in the development of 1,796 million barrels was. produced from 
many petrochemicals. crude: oil, 284 million was from natural gas 
The total demand for petroleum prod- liquids, 6 million from other hydrocarbons 

| ucts averaged 14,940,000 barrels per day in and hydrogens, and 24 million was im- 
1970, including a domestic demand of ported. | | | 
14,696,000 barrels per day and exports of According to data compiled by the API 
244,000 barrels per day. Compared with based on tax data reported by the States, 

1969 figures, total demand increased 4.0 2,127 million barrels of motor gasoline 
percent, domestic demand increased 4.0 were consumed in the United States in 

percent, and exports were up 7.0 percent. 1970 compared with 2,034 million in 1969. 
Total supply for the year averaged This differs from the demand data com- 

. 15,069,000 barrels per day and after allow- piled by the Bureau of Mines, which do 
ing for crude oil losses and exports there not include changes in secondary storage. | 
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Figure 5.—Production, domestic demand, stocks, and exports of gasoline | 
in the United States.
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KEROSINE installed equipment that enables them to 

; . produce a low sulfur fuel oil and others 

aoe eee engelne Qe have announced plans for such faite 
pene In the meantime, more communities are 

I 970. The daily average demand for 1970, enacting stricter regulations and the supply 
26 3,000 barrels, was the lowest reported problem is growing more difficult. The do- 
SINCE 1964. The principal use for kerosine mestic demand for residual fuel oil in- 
is for space heaters; however, because it is creased 11.4 percent in 1970 to 2,204,000 

veh oon P me ane (dotted 85) soe barrels per day. Electric utilities used an 

keresine at ene close of 1970 were 27.8 ‘mil. average of 844,000 barrels p <r day of resid- 

lion barrels, 1 million above the December ual fuel oil for the generation of electric 
1969 level power in 1970 compared with 678,000 bar- 

° rels per day in 1969, an increase of 24.4 
, ercent. 

DISTILLATE FUEL OIL ’ The United States imported an average 
For the first half of 1970 the demand for Of 1,528,000 barrels of residual fuel oil or 

distillate fuel oil showed a 4.7-percent gain almost 68 percent of the demand require- : 

over the previous year but the general de- ments in 1970, 96 percent of these imports 

: cline in industrial activity and warmer were received in PAD district I. 
that normal weather slowed the growth in The tight supply situation and the high 

the last half to only 1.0 percent. For the increase in tanker rates which occurred 

year, domestic demand averaged 2,540,000 during 1970 caused a sharp jump in resid- 
barrels per day, an increase of 3.2 percent ual fuel oil prices. The New York Harbor 

or 74,000 barrels per day. Electric utility posted barge price for No. 6 residual fuel 
companies used more gas-turbine plants to oil (no sulfur guarantee) increased from 

meet peak load requirements in 1970 in- an average of $2.20 per barrel in 1969 to 
creasing the utility use of distillate fuel oil $2.80 in 1970. For a No. 6 fuel oil (maxi- 
from 9,000 barrels per day in 1969 to mum 1 percent sulfur), the posted price 

66,000 barrels per day in 1970. This repre- increased from $2.45 per barrel to $3.26. 
sents 77.0 percent of the total growth of Total residual fuel oil stocks at the end 

distillate fuel oil demand for the year. of 1970 were 54.0 million barrels, a decline 

Stocks of distillate fuel oil at the end of of 4.4 million barrels for the year; how- 
1970 were 195 million barrels compared  €ver, this decline was limited to the west 

with 172 million December 31, 1969. From coast where stocks were down 10.8 million 

May thru August stocks were running be- _ barrels. | 
tween 4 and 5 million above year-ago lev- 
els but built up during the last 4 months JET FUELS 
because of the low demand. | . . . 

Although import restrictions on No. 4 The slow growth in commercial air 
distillate fuel oil were relaxed in 1969 and travel during 1970 and a further cutback 

the Oil Import Administration allocated by the military caused a decline in the de- 
licenses to terminal operators in District I mand for jet fuels for the first time since 
to import 40,000 barrels per day of No. 2 separate records were kept on these fuels. 

distillate fuel into the district during the The domestic demand for jet fuels in 1970 
last half of 1970, imports increased only W@8 965,000 barrels per day, a decline of 2.5 
8,000 barrles per day during the year to percent for the year. The demand for the 

148,000 barrels per day. naphtha-type jet fuel used primarily by 
the military declined 48,000 barrels per 

RESIDUAL FUEL OIL day to 249,000 thousand barrels. The de- 

mand for kerosine-type fuel used in com- 
Since enactment of air pollution controls mercial aircraft increased 22,000 barrels 

both here and abroad, residual fuel has per day during the year to 716,000 barrels 
become one of the most sought after pe- daily. 
troleum products in the world market. Imports of jet fuel averaged 143,000 
This is especially true of residual fuel with barrels daily in 1970 of which 128,000 bar- 
a low sulfur content that will meet air- rels daily was imported in bond for use as 
quality standards and can be substituted fuel for aircraft engaged in flights with 
for coal. Some Caribbean refineries have destinations outside the United States.
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There are no customs duties on these im- gases may be found in the chapter on nat- 
ports, and bonded imports of such fuels ural gas liquids. | . 
are not subject to import control regula- 
tions. ASPHALT AND ROAD OIL 

LUBRICANTS Shipments of asphalt and asphaltic prod- 
ucts in the United States in 1970 were 

According to a survey conducted by the 30,458,000 short tons, an increase. of 8.2 
Bureau of the Census, 51 percent of the percent over 1969 figures. Shipments of as- 
domestic sales of lubricants in 1969 were phalt for paving represented 78.1 percent - 
for industrial uses and 49 percent were for of the total use in 1970 and were 11.5 per- 
automotive and aviation use. In the export cent above the previous year. The contin- 
market, industrial uses accounted for 85 ued slowdown in new construction in 1970 
percent. resulted in a further decline in roofing 
The total demand for lubricants in 1970 _ products of 6.7 percent for the year. After 

was 65.5 million barrels, an increase of less a 2-year decline shipments of asphalt prod- 
than 1 percent, exports continued to de- ucts increased 8.2 percent in 1970. The 
cline but the domestic demand, 49.7 mil- shipment data include, in addition to re- 
lion barrels, was up 1.9 percent for the finery production and imports, various 
year. emulsifiers and blenders. | 

For the most part, posted prices for lu- The domestic demand for asphalt in 
bricating oils did not change in 1970. An 1970 was 27,904,000 short tons, an increase 
increase was posted in November at the for the year of 7.1 percent. 
Gulf Coast but was rescinded 2 days later. The demand for road oil increased 10.1 

percent in 1970 to 9,641,000 barrels. 

LIQUEFIED GASES, ETHANE, AND ETHYLENE 

OTHER PRODUCTS 
Liquefied gases are derived from two : 

sources. Those produced at refineries are Special Naphthas.—The use of special 
called liquefied refinery gases to distinguish | naphthas in the domestic market increased 
them from liquefied petroleum gases pro- 5.4 percent in 1970, to 31.2 million barrels. 
duced from natural gas. The liquefied pe- Exports declined from 2.0 million barrels 
troleum gases (LPG) are all saturated in 1969, to 1.6 million barrels in 1970. Spe- 
(propane, butane, etc.). The liquefied re- cial naphthas are used primarily for paint 
finery gases (LRG) may contain unsatu- thinners, cleaning agents, and solvents. | 
rated compounds or olefins (propylene, bu- Waxes.—The total demand for petro- 
tylene, etc.). The olefins are used as leum wax in 1970 was 898,100 short tons, 
feedstocks for chemical plants, and the sat- an increase of 3.3 percent for the year. 

. urated gases may be used as chemical raw The domestic demand, 644,840 tons, was 
materials or as fuel. only 0.4 percent above the 1969 level, but 

Separate data are collected on liquefied exports increased 11.5 percent to 253,260 
refinery gas used as fuel and that used as_ tons. The API conducts an annual survey 
raw material for petrochemical feedstocks. of wax sales in the United States by the 
Liquefied gases are also used in producing petroleum industry. The 1970 survey repre- 
gasoline and are reported in this chapter sents about 89 percent of the domestic de- 
as natural gas liquids at refineries or as mand reported by the Bureau of Mines. A 
gasoline. breakdown of the 1970 data, by end use 

The total demand for liquefied gases, ex- and percentage change, from 1969 are as 
cluding that blended into other products follows: Paperboard containers, 139,513 
at refineries or terminals in 1970 was tons, up 6.7 percent; corrugated paper- 
373,254,000 barrels compared with board, 63,881 tons, up 10.3 percent; can- 
386,207,000 barrels in 1969. Domestic de-  dles, molded novelties, and decorative 
mand for the year declined 2.6 percent items, 97,294 tons, up 21.7 percent; paper 
and exports declined 24.6 percent. The de- wrappers, 86,727 tons, down 19.5 percent; 
mand for ethane (including ethylene) was and all other uses 187,875 tons, up 0.2 per- 
83,757,000 barrels in 1970 compared with cent. 
72,216,000 barrels in 1969. Coke.—The total demand for petroleum 

More detailed information on liquefied coke in 1970 was 21,554,000 short tons
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compared with 20,773,000 tons in 1969. tic demand increased 6.7 percent for the 

The demand for coke in the export mar- year while exports declined 1.9 percent. 
ket was exceptionally strong in 1970. A Unfinished Oils.—Unfinished oils are oils 
total of 6,111,000 tons was exported, an in- that have been partially refined and will 

crease for the year of 32.7 percent. The be further processed by a refinery. The 
domestic demand for the year, 15,444,000 rerun (net) of unfinished oil represents 

: tons, was 4.5 percent less than in 1969. Re- the receipts of domestic or foreign oil plus 
— finers used 10,413,000 tons as fuel in 1970, or minus the stock change. Unfinished oils 

including, 9,753,000 tons of catalyst coke are included with crude oil under the 
and 660,000 tons of marketable coke. Cata- quotas established by the Oil Import Ad- 

| lyst coke is formed on catalytic cracking ministration. By regulation, unfinished oil 
units in the refining process and can only imports are restricted to 15 percent of the 
be used as a refinery fuel. crude oil and the unfinished oil quota in | 

Still Gas.—Refineries used 163,905,000 Districts I-IV and to 25 percent in District 

barrels (1,003,633 million cubic feet) of Vv. . | 

still gas as fuel in 1970 and 12,564,000 bar- Miscellaneous Finished Products.—The 
rels was used as petrochemical feedstocks. Petroleum industry produces a variety of 
This compares with 160,363,000 barrels miscellaneous products that are sold di- | 

used as fuel in 1969 and 9,985,000 barrels *€Ctly to consumers or are sold in bulk to 
used as petrochemical feedstocks. specialty companies which package and dis- 

Petrochemical Feedstocks.—Petroleum te- tribute them under various trade names. 
we ; ; . Included in this category are absorption 

fineries sup plied the petrochemical indus- oils, medicinal oils, insecticides, petrochem- 

try in the United States 101,026,000 barrels — jcals, and solvents. The domestic demand 
of feedstocks (other than LRG) in 1970 for these products in 1970 was 14,843,000 
and exported 3,776,000 barrels. The domes- barrels. _ 

| _ TRANSPORTATION AND DISTRIBUTION 

CRUDE OIL —water, pipelines, tank car, and truck. Re- 

A transportation system consisting of ceip ts of domestic crude by water "s ually 
‘pelines. tank b tank q are _moved by pipeline from the point of 
Ponce caiserss anges, wank cas, an duction to the point of water shipment. 
tank trucks moves the crude petroleum to Pro : j P . P 

refineries for processing. Refineries received The total receipts of crude oil at refin- 
77.4 percent of their crude oil supply by "€s in 1970 were 3,973.3 million barrels, 
pipeline, 21.5 percent by water, and the 2” increase of 94.7 million barrels for. the 

remaining 1.1 percent by tank cars and Year. Receipts from domestic sources 1n- 
tank trucks in 1970. creased 127.7 million barrels in 1970, over- 

The eastern seaboard States (PAD dis- land receipts of foreign crude oil were 37 6 

trict I), represent 39.8 percent of the do- million barrels higher, but foreign receipts 

mestic market for petroleum in the United from overseas sources decreased 70.6 mil- 
States and receive a major part of their lion barrels. 
domestic supply of crude oil and refined During 1970 refineries processed 3,967.5 

products (3.4 million barrels per day in million barrels of crude oil, reported a net 

1970) from PAD district II. PAD district of 1.4 million barrels used for refinery fuel 

II, the second largest consuming sector, and losses, and added 4.3 million barrels 

also receives a substantial share of demand to inventories. 
requirements of crude oil and_ refined In 1970, refiners in PAD district I proc- 
products from PAD district III (2.0 mil- essed crude oil at the rate of 1,290,000 bar- 
lion barrels per day in 1970). rels per day, with 45.3 percent of the 

Data collected on receipts of domestic input being from foreign sources; 2.4 per- 
and foreign crude petroleum at refineries cent from crude oil produced in the dis- 
in the United States show receipts from trict; 50.5 percent received from PAD dis- 
local production (intrastate), receipts from trict III, and the balance received by 
other States (interstate) and receipts of pipelines from PAD districts II and IV. 
imported crude. These data indicate the This was only 22 percent of the demand 
final receipts by method of transportation for petroleum products in the district.
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While crude runs to stills in PAD dis- barrels per day (212,000 by river barge 
trict II increased 141,000 barrels per day in and 322,000 by pipeline); pipeline ship- 
1970 to 3,154,000 barrels per day, crude oil ments from PAD district I averaged 
production declined 45,000 barrels per day. 120,000 barrels per day; pipeline shipments 
To meet crude oil demand requirements from PAD district IV averaged 21,000 bar- 
for the district, receipts from PAD district rels per day; and imports supplied the re- 
III were increased at an average rate of maining 47,000 barrels per day. 
145,000 barrels per day to 1,454,000 barrels, Although PAD district III is a surplus 
and imports from Canada were stepped up producing area and shipped a total of 7 

- to 317,000 barrels per day, 75,000 barrels 3,316,000 barrels per day to the other dis- 
above the 1969 daily average. PAD district _ tricts, an average of 128,000 barrels of re- 
IV supplied 274,000 barrels per day, an av- fined products were shipped into the dis- 
erage of 28,000 barrels per day below the trict in 1970. This includes pipeline 
1969 level. receipts of 68,000 barrels per day from 
PAD districts II and IV are surplus PAD district II, 3,000 barrels per day from 

crude oi] areas and receive only token PAD district IV, and imports from foreign 
amounts of oil from other districts or from _ sources of 57,000 barrels per day. 
foreign sources. PAD district IV, also a surplus produc- 
Through secondary recovery projects, ing area, shipped an average of 118,000 

crude oil production in Alaska increased barrels per day but received 55,000 barrels 
enough in 1970 to offset production losses per day in 1970 (27,000 from PAD district 
in the other district V States. However, the III, 19,000 from PAD district V, and im- 
increase for the district was only 6,000 ports of 9,000 from Canada) . 
barrels per day and crude oil requirements PAD district V received 236,000 barrels 
for 1970 were 19,000 barrels per day per day of refined products in 1970. PAD 
higher. Overseas supplies of foreign crude district IV supplied 94,000 barrels per day; 
oil were 26,000 barrels per day below the PAD district III supplied 60,000 barrels 
1969 level because of the tight tanker situ- per day; and imported oil supplied the re- 
ation, but overland pipeline shipments maining 82,000 barrels per day. 
from Canada were increased at the average | 
rate of 12,000 barrels per day for the year. PIPELINES : 
To meet the crude oil requirements for The Interstate Commerce Commission 
district V in 1970, it was necessary to with- reported that there were 171,782 miles of 
draw 5.2 million barrels from storage. interstate pipelines transporting crude oil 

and petroleum products as of December 
REFINED PRODUCTS 31, 1970. This was an increase for the year 

The domestic product demand in the of 5,240 miles (5,760-mile increase in re- 
United States in 1970 (14,696,000 barrels fined products lines and a decrease of 520 
per day) is broken down by PAD districts miles in crude oil gathering and trunk 
as follows: District I, 5,853,000; district II, lines). The Bureau of Mines conducts a 
4,041,000; district III, 2,478,000; district IV, survey of both interstate and intrastate 
370,000; and district V, 1,954,000. pipeline on a tri-annual basis. The last 

_ The output of refineries and natural gas survey contained data for January 1, 1968. 
liquids plants in PAD district I supply Crude oil pipelines delivered 3,076.7 mil- 
about one-fourth of that district’s require- lion barrels to refineries in 1970, compared 
ments. In 1970, an average of 4,536,000 with 2,969.3 million barrels in 1969. Petro- 
barrels per day of refined products was  leum products lines delivered 2,559.6 mil- 
shipped into the district. A breakdown of lion barrels in 1970, an increase of 119.7 
these receipts of refined products in barrels million barrels for the year. 
per day is as follows: From foreign sources, Clearance is still being withheld for start 
1,785,000; from PAD district III by pipe- of construction on the 800-mile Alyeska 
line, 1,441,000; by tanker, 1,191,000; and by Pipeline to bring crude oil from the North 
river barge, 63,000; from PAD district II, Slope of Alaska to the port of Valdez for 
54,000 by pipeline; and from PAD district transshipment to the west coast. In addi- 
V, 2,000 by tanker. tion to satisfying Federal and State govern- 
PAD district II received an average of ment regulations that adequate precautions 

722,000 barrels per day of refined products will be taken to insure no damage to the 
in 1970. PAD district III supplied 534,000 ecology, suits have been filed by native
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Alaskans claiming territorial rights and by riers, and 1.6 percent by railroads. Petro- 

conservation groups. It was originally esti- leum products represent 63.5 percent of 

mated that the cost of the 48-inch crude the total volume transported; 41.9 percent 

line would be about 900 million dollars, of the pipeline movements; 71 percent of 

but with the delays, it is likely the costs the water carrier movements; 91.0 percent 

will be in excess of 2 billion dollars. of motor carrier movements; and 96.3 per- 

At hearings held in Washington early in cent of the railroad movement. 
1971, the Canadian Government proposed The shutdown of the pipeline from the 

an alternate route through the Mackenzie Middle East to the Mediterranean and the 

Valley that would tie into present pipe- production cutbacks by the Libyan Gov- 

lines delivering crude oil to the midconti- ernment created a tight shipping market, 

nent area. A study of that proposed route and triggered a series of increases in 

is being conducted. There is a wide dif- charter rates that more than doubled ship- 
ference of opinion as to which route ping costs between April and the end of : 
would be most beneficial and would be the year. Shipping rates from the Gulf 
Jess likely to upset the ecology. Coast to destinations north of Cape Hat- 

| teras for a vessel in excess of 30,000 dead- 

RAIL, ONG ANKE BARGES, weight tons increased in December, from 

| D TANKERS $3.07 to $6.91 per long ton; and from the 

The annual study by the Association of | Caribbean to the north of Cape Hatteras, 

Oil Pipelines showed that the total ton- from $2.12 in April to $5.52 in November. | 

nage of crude petroleum and petroleum Another example of the increase was the 

products transported in 1969 was 1,622,775 shipping cost from the Persian Gulf to the 

thousand short tons, of which 46.8 percent United Kingdom, which advanced from 

was moved by pipelines, 23.4 percent by $10.20 per long ton in May to a high of 

water carriers, 28.2 percent by motor car- $24.83 per long ton in October. 

_ STOCKS 
At the end of 1970 the total stocks of all 1970, was due to stock buildups of distil- 

oils was 1,017.9 million barrels, up 37.7 late fuel oils and the LP gas, propane. Un- 

million barrels for the year. Crude oil usually high demand for distillate fuel oil 

stocks built up to 284.8 million barrels in during the first half of 1970 caused the in- 

May, the highest level in 12 years, and dustry to take precautions that would in- 

crude oil production was cut back. The sure adequate supplies for the 1969-70 

high shipping rates and shortage of tank- heating season. Warmer than normal 

ers cut down the overseas supplies of crude weather in the fourth quarter of the year 

oil causing a sharp increase in the demand slowed the demand growth in that quarter 

for domestic crude oil. By the end of Au- to less than 1 percent and stocks at the 

gust crude oil stocks were down to 254.1 close of the year were 23.6 million barrels 

million barrels.. Stepped up production above the 1969 yearend level. 

soon eased the supply situation and by the After several years of exceptionally high 

end of the year stocks were up to 276.4 increases, the demand for liquefied gases 

million barrels, 11.1 million barrels above declined in 1970 and production continued 

the December 31, 1969, level. to climb upward. Although refineries in- 

The 24.1 million barrel increase in creased the use of liquefied gas for blend- 

stocks of refined products that occurred be- ing into motor fuel, stocks at the end of 

tween the end of 1969 and December 31, the year were up 8.3 million barrels. 

PRICES 

Crude Oil.—With few exceptions, posted grade crude oils. These changes, along with 

prices of crude oil during 1970 were steady the several changes that occurred during 

ant mie Novem on wen some purchasers 1969, caused an overall increase in the av- 
increased the postings cents per bar- ; 
rel. Others followed. any by the fost part erage value of a barrel of crude oil at the 

of December the increase covered almost Wellhead to increase 9 cents in 1970 to 

all production except the Pennsylvania- $3.18.
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| Refined Products.—According to the U.S. cents per gallon in 1969 to 10.6 cents in 

Bureau of Labor Statistics the wholesale 1970. 
price index for refined petroleum products Platt’s Oilgram Price Service publishes a 
increased 7.2 percent in 1970 to 109.9. The series showing the average prices for regu- 

heating oils, distillate and residual ac- lar-grade gasoline for 55 representative cit- 

counted for the major share of the in- ies. For the year 1970, this series showed 

crease. The average posted price for cargo that the service station price, including 

lots of No. 6 residual fuel oil at New York State, local, and Federal taxes was 35.69 
Harbor with a 1 percent maximum sulfur oe eledeag gallon, an increase of 0.89 cents, | 
guarantee increased from $1.94 per barrel including an. increase of 0.15 cents in State | 

. . and local taxes. 
in 1969 to $2.73 in 1970, and for barge lots . 

: _ . The average posted price of regular 

the price increased from $2.45 in 1969 to grade gasoline at refineries in Oklahoma 
$3.26 per barrel. The average price for for shipment to northern destinations was 
barge lots of Wo. 2 distillate fuel oil in 12.56 cents per gallon in 1970, an increase 
New York Harbor increased from 10.3 of 0.38 cents for the year. 
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Figure 6.—Prices of Bunker “C” oil at New York Harbor, No. 1 Range oil at Chicago 
district, and regular-grade gasoline at refineries in Oklahoma, by quarters.
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_ Figure 7.~Posted prices of selected grades of crude petroleum in the United States, 
by quarters. 

FOREIGN TRADE © 

Foreign trade statistics reported in this with unused tickets when the licenses ex- 
section were compiled from two sources. pired on December 31, 1970. 
The imports of crude and unfinished oils Imports of refined products and unfin- 
were obtained from the petroleum refining ished oils were 764.1 million barrels in 
companies. Imports of refined products 1970, an increase of 122.7 million barrels. 
from Puerto Rico and the Virgin Islands Residual fuel oil accounted for 96.2 mil- 
are Bureau of Mines data but all other lion barrels of this increase; bonded jet 
imports of refined products and exports fuels, 4.6 million: liquefied petroleum 
were compiled by the Bureau of the Cen- gases and plant condensate, 8.8 million; 
sus. and petrochemical feedstocks from Puerto 

Total imports of crude oil and refined Rico, 5.2 million barrels. The total imports 
products in 1970 was 1,247.4 million bar- of refined products from Canada in 1970 
rels, an increase of 91.8 million barrels for was 34.5 million barrels, an increase for 
the year. Crude oil imports declined from the year of 16.0 million barrels. In 1970 
514.1 million barrels in 1969 to 483.3 mil- the Oil Import Administration, by Presi- 
lion in 1970. Crude oil receipts from Can- dential proclamation, relaxed import con- 
ada were 245.3 million barrels, an increase trols to permit an additional 7.4 million 
of 42 million barrels while imports of barrels of No. 2 distillate fuel oil and 5.0 
crude oil from offshore sources declined million barrels of asphalt into PAD dis- 
72.8 million barrels. As previously men- trict I. Imports of liquefied gases from 
tioned in this chapter, the increased ship- Canada and other Western Hemisphere 
ping costs and short tanker supply elimi- <0 ices were excluded from the 12.2 per- nated most of the cost benefits of foreign er d 
oil over domestic crude oil in the coastal cent limitation. Another change announce 
markets. Because of this, several inland re- 1% December was the elimination of the 
finers were unable to exchange their allo- “Brownsville Loop,” thereby permitting 
cation of import licenses with coastal refi- the Mexican imports of 30,000 barrels per 
ners for domestic crude oil and were left day to come directly by water. Prior to
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this these shipments of unfinished oils the vessel, then shipped it to East Coast 
were shipped by water to Brownsville, destinations. All this was done to get — 
Tex., unloaded in bonded trucks which around provisions of the regulations which 

transported the oil across the Mexican bor- required allocations for all waterborne im- 
der, returned and reloaded the oil aboard ports of petroleum. 

| NATIVE ASPHALT a 

Bituminous Limestone, Sandstone, and increase of 3.2 percent for the year. The —_. 

Gilsonite——A total of 1,980,562 short tons value of this production was $8,879,000. 

of native asphalt and related bitumens were Production was reported for Alabama, Mis- 

produced in the United States in 1970, an souri, Texas, and Utah.
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Table 3.—Estimates of proved crude-oil reserves in the United States | | 

) on December 31, by States 1 

. (Million barrels) 

State 1966 1967 1968 1969 1970 
ee TT = 

Eastern States: 
Tllinois_._._.__-.--_----------------------- 362 336 314 272 229 

Indiana________---_----------------------- 48 47 40 41 37 

Kentucky______--.------------------------ 101 94 80 73 61 

Michigan______.___------------------------ 7 63 55 52 A6 

New York______----_-_-.------------------- 10 15 13 12 11 

Ohio__________----_--.~-------------------- 101 114 132 127 128 

Pennsylvania_____.._.-.------------------- 73 63 59 55 51 

West Virginia__........_.---.-------------- 57 56 54 53 53 

Total___.____.-___-__-_----------------- 823 788 TAT 685 616 

Central and Southern States: | . oe Oo 

Alabama. _________..___.-.----------------- 85 79 73 67 65 

ArkansaS____________----_----------------- 181 176 159 127 130 

Kansas_.___..-.-_.-______----------------- 726 625 601 566 539 
Louisiana 2______________-------_-----.----- 5,408 5,456 5,608 5,689 5,710 
Mississippi. __._...____-.----.------------- 374 357 326 360 355 
Nebraska_________________----_------------ 57 63 55 AT Al 
New Mexico_________._-____--_------------- 1,025 926 865 840 761 

North Dakota___._.___-_____.-------------- 321 290 287 235 192 

Oklahoma________________----------------- 1,518 1,459 1,395 1,390 1,861 

Texas 2..________________------------------ 14,077 14,494 13,810 13,063 18,195 | 

Total____._____________-___-------------- 23,772 23,925 23,179 22,384 22,339 

Mountain States: 
Colorado___.._-_-___-___------------------ 344 340 420 AQL 389 

Montana_______________---------_--------- 282 308 345 276 242 

Utah__._._____--_.-_-----._--------------- 213 201 180 195 182 

Wyoming____________..--__---------------- 1,078 1,044 1,101 997 1,017 

Total._____.__-_-----------e------------ 1,912 1,893 2,046 1,869 1,880 
Sasa arr rE 

Pacific Coast States: 
Alaska.__.____--_---.---.--_---------------- 322 381 378 482 %10,149 

California 2___.._..__._----___------.------ 4,608 4,369 4,341 4,243 3,984 

Total!_______________--___-_-_----------. 4,930 4,750 4,714 4,675 14,133 

| Other States 4_____________-__.-.--_------------ 15 21 21 19 83 

Total United States..._........-.--.-.---. 31,452 81,377 30,707 29,682 39,001 _ 
eee 

1 From reports of Committee of Petroleum Reserves, American Petroleum Institute. Includes crude oil that 

may be extracted by present methods from fields completely developed or sufficiently explored to permit 

reasonable accurate calculations. The change in reserves during any year represents total new discoveries, 

extensions, and revisions, minus production. 
2 Includes offshore reserves. 
3 This number includes the estimate of proved reserves in the Prudhoe Bay Permo-Triassic reservoir, dis- 

covered in 1968 and not previously included in this report. This estimate is based on the analysis of extensive 

engineering and geologic data; however, revisions may be required when actual production performance be- 

comes available. 
4 Includes Arizona, Florida, Missouri, Nevada, South Dakota, Tennessee, and Virginia.



CRUDE PETROLEUM AND PETROLEUM PRODUCTS 8 37 

Table 4.—Supply and disposition of crude petroleum (including lease condensate) 
in the United States 

(Thousand barrels) 

Supply and disposition 1966 1967 1968 1969 _ 1970P 

Supply: 
Production. ___..____..-.-----------.-. 3,027,763 3,215,742 38,329,042 3,371,751 3,517,450 
Imports !1___.--.-- 2. _----------. 447,120 411,649 472 ,323 514,114 483 ,293 

Total new supply____.._....-.---__._ 3,474,883 3,627,391 3,801,365 3,885,865 4,000,743 
Stock changes: 2 . 

Domestic crude____....-..--.-..-----. +17,863 +7,799 -+17,653 —4,668 +10 ,380 
Foreign crude_______-___--.----------- +239 +2 ,780 +5,570 —2 ,298 +760 

Unaccounted for 3____.---.---------------- ---------  --------- +7,138 —2,561 —7,721 . 

Disposition by use: . _ 
Runs of domestic ecrude______.____.___. 3,000,789 3,174,004 3,308,044 3,363,602 3,485,332 
Runs of foreign crude____....__........ 446,404 408 , 590 466,316 516 ,003 482,171 
Exports 4_____...--.-_--.---------_-_- 1,477 26,541 1,802 1,486 4,991 
Transfers: 

Distillate.......-.-..---------- 2 152 730 712 654 743 
, Residual_____.---------------_ 2 3,551 3,671 4,272 4,334 4,317 

Losses_____-_-__...-------------- eee 83,808 3,276 4,134 4,241 4,328 

Total disposition by use__..__..__._._. 3,456,781 3,616,812 3,785,280 3,890,270 3,981,882 

P Preliminary except for crude petroleum production. 
1 Bureau of Mines data. 
2 Minus represents withdrawal from stock; plus represents stock increase. 
3 Represents the difference between supply and indicated demand for crude petroleum beginning with 1968. 
4U.S. Department of Commerce data.
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Table 7.—Percentage of total U.S. crude petroleum produced, by States 
Ol 

State 1966 1967 ~ 1968 1969 1970 

Texas______________-_ +--+ +--+ ++ 34.9 34.8 34.1 34.2 $5.5 
Louisiana_______________--.---------- 22.3 24.1 24.6 25.0 25.8 © 
California_____...__.-------.-------- 11.4 11.2 11.2 11.1 10.6 
Oklahoma_____.___----_-----.~------- 7.4 7.2 6.7 6.7 6.4 
Wyoming_.________.----------------- 4.4 4.2 4.3 4.6 4.6 

| New Mexico.______------------------ 4.1 3.9 3.8 3.8 3.6 
Kansas_____-___-..-_------------------ 3.4 3.1 2.9 2.6 2.4 
Alaska_________-__.---.------------- .5 9 - 2.0 2.2 2.4 
Mississippi. ___--...----------------- 1.8 1.8 1.7 1.9 1.9 
Tllinois____-.._.-._----_-__.__--------- 2.0 1.8 1.7 1.5 1.2 
Montana_____-_____-__-.---_-..-------- 1.2 1.1 1.5 1.3 1.1 
Colorado___--___-_--=---_---_-------- 1.1 1.1 1.0 8 7 
Utah______-_.__--_--__-uu eee 8 7 7 7 7 
North Dakota__________-_.____-.---- 9 8 7 TO .6 
Arkansas_________-_.-2--_-----_----- 8 7 .6 .5 .5 
Kentucky_______--____.---___--.---- 6 5 4 4 .3 
Michigan_...__-_..-1-----_.----_-2-- 5 A 4 A 3 
Nebraska____._-______.--___---------- 5 4 4 | 4 a) 
Other States________-__-___-__-___-u-- 1.4 1.3 1.3 1.2 1.1 

Total____________ eee 100.0 100.0 100.0 100.0 100.0 AN. - = ~~~ eens 

Table 8.—Production and reserves of crude petroleum in leading fields | 
in the United States 

. (Thousand barrels) 
a 

Production 

Field 1 State 1969 1970 Totalsince Estimated 
discovery 2. reserves 

eee 

Wilmington_______._._....__...--.- California_______.------ 89,053 81,842 1,406,358 1,194,455 
East Texas____________.._.___._... Texas___.._____-__-_--.. 56,244 71,854 3,944,503 2,057,159 
Wasson__________________ eee 2 -do i -__----_- 32,079 46,078 533 , 784 170,001 

. Kelly-Snyder____..____.-..-------. ~---do-_.-------------- 83,723 45,798 516,581 671,719 
McArthur River____..__.......___._ Alaska_____.__.____..-. 31,440 40,382 94,216 209,618 
Caillou Island_.____________________ Louisiana____________.._ 32,955 37,673 427,512 329,161 
Timbalier Bay___.___.-----_------. ----do__..____._-.----- 34,458 35,443 297 , 936 350, 507 
Midway Sunset_________--__-._-._. California.__.___.._---- 32,916 82,792 1,089,806 560,000 
Bay Marchand Block 2_______...... Louisiana_._________-.--- 28,763 32,407 305,409 477,534 
Slaughter_.____..-___...--__-_..-... Texas...__-...--------- 18,117 32,005 426, 784 97,186 
Seeligson (all fields)___._._.____.-_-_. -..-do_______-.-.------ 31,995 30,002 408,199 80,379 
Hawkins_._._______._______________ -.--do_...-----..-----. 15,941 29,122 390,491 125,579 
Spraberry Trend_______..___--.---. ----do__.._------------ 15,996 27,191 316,818 130 , 493 
Kern River___________________..... California. _.__-....--.- 25,550 25,3822 526,994 450 , 000 
West Delta Block 30______________.. Louisiana______________. 23,949 23,854 216,666 183 ,334 
Sho-Vel-Tum__________________.._. Oklahoma_____.._.____. 33,488 23,425 864,586 36,537 
Tom O’Connor__.__........____._.... TexaS...._.____.--_.--- 17,396 22,904 369 , 339 177,689 
Main Pass Block 41________._._.____. Louisiana_________.-__-_ 15,961 22,751 84,221 68 , 530 
South Pass Block 24_____________._. ___.do_____________--.. 20,904 22,685 344 , 829 405,171 
South Pass Block 27_____________... ____do_______..-___.--. 20,548 22,440 199,177 111, 823 
Goldsmith _._.__.________.._.._.__.. Trexas__....__.._.-__._. 20,293 21,564 500, 8385 219,575 
Grand Isle Block 43_____.___._.____ Louisiana__._.___.2._--.- 19,207 21,018 78 , 826 92,192 
Grand Isle Block 16._________._____ _...do______.-______--- 21,112 20,721 137,893 112,172 
Dos Cuadras.____________.._.____.. California__.__.___.__--. 2,827 19,783 22,955 80,217 
Garden Island Bay__________._______ Louisiama_________-_---- 15,125 18,816 126 , 934 64,295 
Timbalier South Block 185_____._____ __._do_____________---- 17,342 18,384 89,725 70,275 

. West Ranch___________________._.. Texas_______________--. 15,441 17,972 212,941 160 , 012 
Sooner Trend___________________... Oklahoma__________---- 17,244 17,624 135, 539 112 ,376 
West Delta Block 73___________.____. Louisiana_________.._--_ 18,651 17,256 80,641 79,359 
Hastings, East and West___.________ Texas._______....------ 18,051 16,850 413,095 207 , 667 
Vacuum______________._..._....... New Mexieco____..___--. 15,147 16,673 207, 568 TT, 432 
Huntington Beach____.________._._. California__._.._..----- 17,598 16,386 846 , 068 124,129 
Panhandle..._.__.____________..__. Texas__.______.___._.-. 17,622 16,237 1,214,741 414,123 
Webster__._._______._.________.__.. __..do_________.._-----. 11,428 15,597 337 , 669 112,331 
Fairway______________--_--_------. ~---do_____-_.--------- 10,050 18,812 60,282 135,152 
Oregon Basin_____________---------. Wyoming_____._-..----- 14,795 138,758 192,615 70,002 
Cogdell Area_________________._._-__ Texas_____-..---------- 10,070 138,575 145,156 92,143 
Ship Shoal Block 208____.__....---_ Louisiana___.._--------- 12,610 138,301 46,518 61,858 
Elk Basin.___________________._._. Montana, Wyoming___.. 17,533 13,062 343 , 282 104, 496 
Conroe___...____....._____.___.... TexaS.______.------_---- 9,486 12,875 458 , 498 132 , 769 
Yates._..._.___._.___ 8 Li do ieee ee____---- 9,318 12,809 538 , 466 762,352 
Middle Ground Shoal___.__._______. Alaska__________-_____. 10,373 12,792 47,480 137,208 
Golden Trend______________.._..__. Oklahoma. __________._-. 11,661 12,770 359,955 135,356 
Cowden South (Foster, Johnson)_._.. Texas_____------------- 10,895 12,681 269 , 430 50,570 
Lake Washington________--.------- Louisiana____._-.-.----- 11,623 12,651 176, 566 125,197 
Ward-Estes North._______.._._.._--. Texas.__._.-_-_______.- 14,466 12,629 278 ,351 100 , 069 
Thompson (all fields)______.__------ ----do__-_._----------- 10,030 12,612 309 , 666 70,035 
Swanson River_____._.______.__.... Alaska____._________-_. 18,182 12,476 114,197 92 , 580 

See footnotes at end of table. 

J
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Table 8.—Production and reserves of crude petroleum in leading fields 
in the United States—Continued 

(Thousand barrels) 
eee 

Production 

Field ! State 1969 1970 Total since. Estimated 
discovery 2 _ reserves 

eee 
Hilight_-_--....---------.-_--.---. Wyoming__.___________. 1,000 12,402 15,421 87,598 
La Fitte__--..__..-.-.---__.-.---.. Louisiana__.____________ 11,282 11,936 178 , 897 41,102 
Van and Van Shallow______._.-.-.... Texas.__.______.____._. 8,810 11,906 357 , 850 74,397 
Salt Creek_.___--._----------------. Wyoming__.___.________ 18,559 11,593 498,195 88 , 824 wo 
Main Pass Block 69_______________. Louisiana....._____.____ 10,866 11,322 149 , 654 150 ,346 
Headlee and North__-._.._____.--... Texas._________________ 11,115 11,110 68 ,223 90,163 
Dune_____-___~--------__--------. ~.--do____.______.___. 8,341 10,929 86,626 62,579 
Cote Blanche Bay West____._____.___ Louisiana_____________._ 10,954 10,533 94, 782 64,528 
Rangely.-.___..._.........__....._. Colorado.________.____. 11,303 10,413 450,243 153 , 431 
San Ardo_______.___--_-__----..... California______________ 10,521 10,384 228,014 100 , 000 
Pegasus. __.._.._._____..-_....._..__. Texas.___..__....____. 10,252 10,200 127,940 75,060 
Ventura__..------.---------------- California.__________.__ 8,575 9,905 750,563 61,041 

_ Beverly Hills____--.------------_-. ~-.-do____._.______..__ 12,361 9,886 55,295 56,352 
Quarantine Bay_____.___._.._.__... Louisiana_______________ 7,533 9,813 133 , 193 37, 807 
West Bay__._-______ eel LL _do____ 10,315 9,810 144 ,344 65,656 
Levelland. _._____._..__.___._.._._. Texas._______..._____. 7,932 9,748 192 ,354 58 , 342 
Keystone____......---------------- -.--do____--_-________.. 8,947 9,465 247,196 51, 063 
Weeks Island______________________ Louisiana________..._.., 10,5385 9,445 182 ,386 54,614 
Cowden North____._-_-_------_--.. Texas._.___._______.__. 9,396 9,428 228,120 84,996 
Salt Creek_____-__.__-_-- 2 --------. ~---do___-____e_-__ 5,901) 9,845 79 ,968 67,774 
Empire Abo____._...-.---.-..--.... New Mexico_______._____ 8,177 9,162 69,651 30,349 
Belridge South_.__..____._......... California_________.___. 9,045 9,107 159 , 787 100 , 000 
Lake Barre___.___.._._.______.._.__. Louisiana____._________. 9,276 8,741 150,699 99 ,301 
McElroy. _..._-_.....-.____._..... Texas._.._.___________. 8,334 8,510 267 , 592 74,432 
Greater Aneth______._-...___...... Utah_..______________.. 8,638 8,460 228 , 363 222 , 754 
Bell Creek_______.._...____.._._.... Montana_______________ 13 , 9389 8,433 39,911 75,125 
Seminole and West___...____......_ Texas._.__.________.__. 6,283 8,284 159 , 546 56 , 021 
Coalinga. _____.._-___-.._..-__..._. California______________ 8,575 8,112 603 , 863 75,000 
Diamond M____________.--........ Texas.__._____._____.._ 8,683 8,093 172,302 322 ,698 
Dollarhide______-._..-_--2---- 2-2. ~---do__________.____.. 7,819 8,041 115,076 47,086 
Old Ocean__._-_----2--- eee. 22 -do-_______________. 8,101 8,002 142 , 897 57,103 
Anahuac.____--.-_ 2-2-2 -ee. 2 -do_____________.__. 7,963 7,950 203 , 184 56,616 
Cote Blanche Island_____...__.._... Louisiana________..____. 6,140 17,867 50,505 52,279 
Old Illinois__..-__.-..-...--...._._. Tllinois____________.__.. 7,880 7,660 666 , 030 19,010 
Bay St. Elaine. ________.......__... Louisiana_____._________ 8,525 7,642 120,624 32,376 
Carpinteria Offshore_____...._.._... California_______.______ 11,329 17,634 27,993 87,366 
Means and North______.__._.__.... Texas..__.__._____..__._ 7,894 17,568 116 , 036 79,106 
Kelsey (all fields)._..._-............ ~_-do_...-_._________. 8,708 7,455 98 , 634 27,608 . Bayou Sale._____-_____......_..... Louisiana__.___.______.. 8,798 7,298 147,600 52,410 
Granite Point______._._...___...... Alaska, _...___..____... 9,208 7,154 36 , 522 138 , 518 
Borregas (all fields)...__........_._.. Texas_..__.___..____._. 9,409 7,189 96,191 47,883 
Sand Hills___.--__-.__...._._...... Texas...____.._.___.... 9,253 7,001 170,619 26,381 eee 

1 Fields under 7 million barrels not shown for current year. 
2 Includes revisions, if any. 

Source: Oil and Gas Journal. All figures are preliminary. 

| Table 9.—Well completions in the United States, by quarters 1 
ee ee ee 

Total 
Ist . 2d 3d 4th OO 

Quarter Quarter Quarter Quarter Number Percent 
ee re 

1969: 
Oil_______-_ 3,240 3,315 3,501 4,312 14,368 44.6 
Gas 2___o. 852 865 1,049 1,317 4,083 12.7 
Dry____.--_-- 2,890 2,910 3,255 4,667 13 , 722 42.7 

Total_______ 6,982 7,090 7,805 10,296 32,1738 100.0 

1970: 
0) | 3,282 3,124 3,298 3,316 13 , 020 46.3 
Gas 2_________. 902 936 920 1,082 3,840 13.7 
Dry_______-- 2,677 2,440 2,742 3,401 11,260 40.0 

Total______- 6,861 6, 500 6,960 7,799 28,120 100.0 
——— eesti‘ ‘NON 

1 Excludes service wells. 
2 Includes condensate wells. 
Note: Data by quarters adjusted to agree with annual totals. 

Source: American Association of Petroleum Geologists and American Petroleum Institute for 1969 ; Ameri- 
can Petroleum Institute for 1970. In 1969 some Bureau of Mines data are included in Nevada.
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Table 10.—Well completions in the United States, by States and districts 1 

1969 1970 
State and district eee 

Oil Gas 2 Dry Total Oil Gas 2 Dry Total 

Alabama_________--__----___- -- 10 1 37 48 q 5 33 45 
Alaska___...__--.------.-------- 38 11 14 63 67 5 40 112 
Arizona_______-.---------------- 9 2 27 38 Lo Leelee 11 12 
Arkansas._.__.------------------- 151 40 228 419 100 36 171 307 
California____..-_.--------_-.... 1,548 59 398 2,000 1,697 56 831 2,084 
Colorado_______-_.---------- 2 158 - AT 609 814 142 AT 521 710 
Florida___._._....---...-----.-.- 6  _L___ qT 13 14 ___LLe 11 25 
Georgia__._..------------------- ------  ----L- 2 2 u----- .----- 4 4 
Tilinois__-__.__....-----.- -__---- ALT 5 458 880 311 5 $81 697 
Indiana______---_---------- eee 129 q 231 367 93 4 190 287 
Towa____--------- eee eee eee eee eee ee eee nee 3 3 
Kansas__-___.___..._____--__.... 1,271 184 1,522 2,977 1,044 108 1,269 2,421 
Kentucky.._....--.----.---_---- 296 142 514 952 275 111 423 809 

Louisiana: 
North______-....----.--_---- 309 123 416 848 263 157 343 163 
South________-.___-----___-- 471 230 7638 1,464 497 232 618 1,347 
‘Offshore______22----- ee 372 190 263 825 382 150 806 838 

Total Louisiana_____..__.._. 1,152 543 1,442 3,137 1,142 539 1,267 2,948 
Michigan______._______.-_-_--__-- 73 15 244 882 49 19 215 283 
Mississippi__-...-._--_----____-_- 195 16 504 715 211 12 333 556 
Missouri_-_-_-_-..._-_-._---_------ 17) _.uuLe 12 29 10) __LoLe 4 14 
Montana....-..--__-__-_-------- 186 31 578 795 64 74 465 603 
Nebraska______-_.______.----_---- 57 1 325 383 39 2 196 237 
Nevada_______________-__------- ween eee 2 2 pup) aoe ee 10 10 

New Mexico: 
West____.-________-- eee 58 237 =—. 89 384 60 127 42 229 
Hast___._-_-____.-_-_---------- 503 26 261 790 281 32 186 499 

Total New Mexico_____.___-_ 561 263 850 1,174 341 159 228 728 
New York_______-_.___--_-_-------- 112 12 10 134 69 17 13 99 
North Dakota______.__-_-____-_----- 49 __L_Le 203 252 48 1 118 167 
Ohio____-..------ eee 645 395 198 1,288 503 683 164 1,350 
Oklahoma______.._..---.-------. 1,604 897 1,112 3,118 1,348 821 1,021 2,685 
Pennsylvania... _..-.....--.-.---- 547 277 712 896 441 250 32 123 
South Dakota_____________-_----. ------ tee ee 56 56 __.--_ ------ 83 83 
Tennessee_______________-------_- 4 q 15 26 24 4 22 50 

Texas: . . 
District 01____.......___-_--- 466 27 291 184 281 18 226 525 
District 02 ________-______=-- 107 90 218 415 83 70 211 364 
District 08.__....._____-_---- 410 116 412 938 338 124 373 835 
District 04...._._____.---__-_. 190 235 522 947 250 197 355 802 
District 05.....-._.-__.-____- 35 36 108 179 23 15 92 130 
District 06_.___._..__------_- 292 56 208 556 169 38 132 339 
District O7B_____.________--- 398 | 54 482 934 471 39 432 942 
District O7C_____________-_-- 231 62 172 465 160 85 169 414 
District 08_.-_..-.-._________-_ 907 73 247 1,227 865 75 238 1,178 
District O8A___....______-_-- 874 1 186 561 878 4 164 1,046 
District 09.______.-._________-_ 632 50 A471 1,153 519 17 308 844 
District 10____.__.__._______- 205 85 93 383 96 74, 13 243 
Offshore__._.____....-__----- 9 18 87 114 4 18 38 60 

Total Texas_____.._______. 4,256 9038 3,497 8,656 4,137 774 2,811 17,722 
Utah___-_-.----_~-- eee AT 16 111 174 29 10 44 83 
Vermont_______=_--_--_-_-----_- eee eee eee 1 Loupe eee eee ee Lee 
Virginia _._.._._......._.-.-____- ) ee 9 10 Lene LeeLee eee ee Lee 
West Virginia_______._--___-___.- 135 652 115 902 192 553 119 864 
Wyoming_____._____.-_-____.---- 699 57 819 1,575 627 45 727 1,399 

Total United States__._...___ 14,368 4,083 13,722 32,173 13,020 3,840 11,260 28,120 

1 Excludes service wells. 
2 Includes condensate wells. 

Source: American Association of Petroleum Geologists and American Petroleum Institute for 1969; Amer- 
ican Petroleum Institute for 1970. In 1969 some Bureau of Mines data are included in Nevada.
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Table 11.—Producing oil wells in the United States and average production 
per well per day, by States 

Producing oil wells . 

1969 1970 

State Approximate Average Approximate Average 
number of production number of production 

oil wells per well oil wells per well 
producing per day producing per day 
Dec. 31 (barrels) ! Dec. 31 . (barrels) 1 | 

Alabama. __________---- eee 2550 38.5 . 562 35.8 
Alaska. ___.____- ~~~ eee 183 1,171.2 202 1,190.1 
Arizona____-_--- eee eee 29 261.4 28 171.5 
Arkansas______-_. eee 6,118 7.9 7,082 7.5 

California: 
South____._____ oe eee 11,178 41.2 10,717 39.3 
Central Coastal____._.__._._.-____-_-_-- 5,494 32.5 5,480 40.5 
East Central__._._...--------.------- -- -- 24,265 15.7 24,181 15.1 
North__--_....._---------------------- 60 39.8 59 26.8 

Total California_..._......._..__--___- 40,997 25.0 40 ,437 25.0 
Colorado__________-.-_---------------- +e. 1,811 42.6 1,770 37.8 
Tilinois.._....-----.---- eee eee eee. = ss 26, 738 5.1 26,134 4.5 
Indiana____________-___- eee 24,094 5.1 24,055 5.0 
Kansas________.-_-_----- eee eee 44,665 5.4 48 ,490 5.3 
Kentucky___________-_-_---- ee ee 211,843 2.9 211,659 2.7 

Louisiana: 
Gulf Coast_________._.__-------------- 15,745 185.3 214,944 153.5 
Northern________________-.._---.------ 13 ,648 9.7 12 ,990 9.7 

Total Louisiana____._______________-- 29 ,393 717.6 227,984 86.7 
Michigan_______.________.___.______---__--- 3,878 8.2 4,311 7.8 
Mississippi_______.___._..- ~~~ --- 2,548 68.4 8,102 63.2 
Montana_______________.__-__--_-_-------- 3,331 85.9 8,243 31.6 
Nebraska_____.______________._._____-__--- 1,305 24.5 1,244 24.6 

New Mexico: 
Southeastern__________.. ~_______._---.- 15,522 ~ 21.8 15,751 20.9 
Northwestern________._----.--__--_---- 1,566 15.8 1,563 15.2 

Total New Mexico_______.._._.__-.--- 17,088 20.8 17,314 20.4 
New York______.__________.-______-----_-- 5,263 7 5,861 6 
North Dakota_________.-__---- 2 eee 1,987 30.6 1,457 35.0 
Ohio____.___--22 eee 215,737 1.9 215,860 1.7 
Oklahoma. ________ eee 80,952 7.6 78,019 7.7 
Pennsylvania. ________._-_____________..___- 837,625 38 86,801 3 
South Dakota__.____.-._------------------- 26 16.3 26 16.9 

Texas: Te co 
District 01__.__.____-_____..._______-_-- 10, 584 4.7 10,572 4.7 
District 02______.__.________._- -____u--_- 5,695 35.6 5,367 40.7 
District 08______....._._._.__._._____-- 12,159 84.5 11,442 89.7 
District 04___._____.___. ee 9,269 27.1 8,754 27.2 
District 05___.___._.______._.._._____-- 3,092 15.4 2,990 15.5 
District 06, except East Texas__________- 5,945 27.8 5,722 38.1 
East Texas________________________u_-. 15,486 10.1 14,970 13.1 
District 07B___..____________.________-- 13,079 7.8 12 ,258 8.2 
District 07C__________________________- 8,093 15.7 7,846 15.0 
District 08__.______._____.__.__________- 38, 047 20.8 86 , 964 21.8 
District 08A____._____________________. 17,693 31.8 17,648 39.3 
District 09_._._.___.__.______________ LL. 30,424 5.1 29 , 468 5.0 
District 10_____._____________ ee 18,575 6.1 18 ,220 5.8 

Total Texas________________________. 183 ,141 17.0 177,221 19.0 
Utah__.-.- ee 843 74.3 889 73.9 
West Virginia_____..______________________. 212,849 7 212,750 7 
Wyoming._____ ee 8,978 49.1 29,280 48.1 

Other States: . 
Florida__._______..__._____ ee 45 106.6 60 156.5 
Missouri___________._ ee. 164 1.3 126 1.2 
Nevada_________________ ee 11 50.9 9 40.8 
Tennessee____.____.______ ee 235 2.6 259 18.0 
Virginia_..____.____._ ee 5 5 25 5 

Total_____._____ ee 260 23.4 259 37.2 

Total United States___._._____________. 542 ,227 16.9 530,990 18.0 

1 Based on the average number of wells during the year. . . 
2 Estimated by Bureau of Mines; all other numbers of producing oil wells furnished by State agencies.
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850 MINERALS YEARBOOK, 1970 

Table 14.—Refinery receipts of domestic 
. ‘(Thousand 

. Total Interstate receipts from— 
receipts —_— Oo e'''-—oOoOrvmlr 

Loeation of refineries of Intrastate PAD district II 
receiving crude oil domestic _receipts PAD ————-——___— 

crude dist. I, _Iil., Ky, —_Nebr., 
oil total Ind., Kans. Ohio, N.Dak., Okla. Total 

Mich. Tenn. S. Dak. 

District I: 
Delaware, Maryland__.___._._- 11,442 -.--.--.. 3,024  -.---- -p-eee ween eee Lee Lene 
Florida, Georgia, Virginia. --.. 3,166 oi. Leelee eee eee eee lee lee 
New Jersey__.......--__-__-.- 96,192 __.._----e Lee eee eee eee eee eee teen eee 
New York_____.__...-.--_..-- 1,251 _-_--- ee, Leelee eee eee eee tee 485 485 
Pennsylvania: 

East......-.--...-....-.-. 129,418 -- eee Lele eee eee eee eee eee tee 
West___.-..-...--------- 16,213 4,798 3,674 363 ..... 3,355 ______ 491 4,209 

West Virginia_,.-.....----..-- 2,937 1,575 ------ ------ ------ 1,862 22 Lee 1,362 

Total. .-...-...-....__...-. 260,619 6,373 6,698 3638 _..... 4,717 LLL. 976 6, 056 

District II: 
_ Ilinois..-- 2-2 e-e eee. 269, 622 18,102 _.___- 1038 5,350 __.... 1,786 28,918 31,157 

Indiana_____.._.......-..-.-. 183,928 6,460 _...._ 1,274 11,130 5 3,789 33,333 49,531 
Kansas..........-..--..------ 130,356 76,161 ------ eee, Leute. Leute =, 188 =17,339 = 18, 527 
Kentucky, Tennessee_.__..__.. 61,885 4,301 12 14,364  _.___- 132 _._... -..... 14,496 
Michigan___._..._.......__.-- 35, 663 11,159 -..--. 2,618  ---L2. Leleee Lee Ll 2,618 
Minnesota, Wisconsin.-__.___-- SS a; || 5,339 
Missouri, Nebraska__....-.__-_- 31,755 --.------ -.---. -----. 1,022 —_ --- 556 3, 712 5,290 
North Dakota....-...-..___-- 18, 142 17,147 _.22e wee eee eee teen eee ee ne eee 
Ohio: 

Fast__..--......----.---- 21,173 4,109 ..._.. 1,986 431-2. wlll 843 3,260 
— West...-----------------)=—-115, 757 7 ..---. 14,708  -.---2  -L_-- 28 3,622 18,358 

Oklahoma___-..---..-.-....-. 164,769 118,560 ..-.-. ---... 2,927 _.---. -ueeee LL eeee 2,927 

| Total. _..-.-_._.-......-.-_ 1,038,389 256, 006. 12 35,053 20,860 137 12,686 82,767 151,503 . 

District ITI: 
Alabama-_._...---.-.----_---- 6,409 
Arkansas_...-...-.------..--- 32,379 15,865. 2-22. eeeeee eee eee eee enn wenn eee 
Louisiana._.........--.---.--. 430, 962 355,361 ...-2 Leelee Leelee (Lele tee ~ 29 29 
Mississippi_........---..----. 68, 102 12,3538 pee wee ee ee eee eee eee ee 
New Mexico___....---.--..--- 14,791 14,790 ------ Leet eee eee eee eee eee new eee 
Texas...-_......-----------.. 1,041,094 794,407 ...-- 1 2 Lutte tenn ee 804 807 

Total____.....-..._..-_._-. 1,593,737 1,194,118 - .__. ] 2 -eee-e wee 833 836 | 

District IV: | 
Colorado.....-...-.-.-.------ 13,248 2,014 .-2--,  Lleel ee eee eee Leelee pene ee ee ee eee 
Montana____....--.--.------- 26,373 1 | 
Utah_..-....-.---.- 22-2 ee 40,145 10,236 -----e flee eee eee eee eee tee eee 
Wyoming...--...---.-.--__--. 46,720 45,579 ue, Leelee Leet eee 6 2 6 

| Total......-...-.---------- 126,486 69,159 __---- _----- ---ue Lele 6 ...--- 6 . 

District V: 
Califomia_........-......-... 453,335 378,771 -----. uu ee wl eeee Lente eee eee eee eee 
Other States.............-.__- 19, 848 11,3867  -.-. ---__- wenn ee ener eee e eee eee oe ee nee 

Total. ...---.----- eee. = 473,183 390,188 _.---- -ueeee Leet eee eee teen ee tee eee eee eee 

Total United States........__ 3,492,414 1,915,794 16,710 35,417 20,862 4,854 12,692 84,576 158,401 
Daily average_.......--__---- 9,568 5,249 18 97 57 13 35 232 434 

1 Florida, 3,024; New York, 1,455; Virginia, 12; West Virginia, 2,219. 
2 Alaska, 62,659; Arizona, 2,481; California, 4,475; Nevada, 119.
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crude oil, by state and district in 1970 
barrels) | 

eee 

Interstate receipts from— 
CT PAD district III . PAD district IV 
I «= PAY Total Ala., _ dist. V, interstate ak. La. N. Mex. Texas Total Colo. Mont. Utah Wyo. Total total receipts iss. 

388 585 _____8 7,495 8,418 eee ee ee eee eee ne 11,442 . 1,32t -22-ee LLL 1,845 rr eneu-ee 3,166 
13,271 54,934 104 27,531 95,840 oe eee eee eee 352 96,192 

weneeee 5) 692 7430 23 -eeee ee Le 23) _LL lee 1,251 

------. 742,699 440 56,279 129,418 2--eee eee eee eee eee 129,418 
ween ee cee e ne eee eee eee Lee 3,582 _-----. LL 3,582 .____. 11,415 enna ne nen e nee ween eee ene eee eee eee eee eee eee Lee 1,362 rr sere E804 
14,980 128,219 544 93,842 237,585 _______ 3,555 _-----. Loe 3,555 352 254, 246 
sss 

7,305 64,212 18,224 114, 349 204, 090 4, 222 1,380 _...... 10,671 16,273 ____._. 251,520 
------- 16,011 19,215 54,231 89, 457 1,134 8,223 _...... 29,123 38,480 _______ 177, 468 peewee Woe e eee 1,374 18,497 14,871 1,034 842 _...... 18,921 20,797 ____._. 54,195 

633 41,086 ______. 1,042 42,761 __--8. Lol 315 — 315 ___L__e 57, 584 weeeeee eeeeuee ------. ~=—-:18, 867 138,867 _.----. =-LLueee Le. 8,019 8,019 ____-_- ano 

weeneee eee 8) 104 "125710 20,814 TTT 5,651 5,651 ___..__ 31,755 
wee nee eee eee eee eee eee Lee 995 __-_--- LLL ile 995 _______ 995 

w------ 10,922 10,222 1,122 _----w, eee. 2,460 8,582 17,064 
3,778 38,001 2,524 49,175 93,478 122 47) ___ 3,745 3,914 _______ 115, 750 

wanes nee 4,860 36,453 41,313 1,478 _______ 491 wannnn- 1,969 ______. 46,209 , Eas 
11,716 169,532 54,301 295,324 530, 873 9,112 11,487 491 78,905 99,995 ______. 782,383 
S
E
 

3,975 1,092 __.---. = ___L_ ee SY 5, 067 
------- 2,780 -...... 13,784 16,514 _-eee Lee eee eee. 16,514 21,804 -__.... -...... 58,768 75,572 oo eee eee eee eee ee 75,601 
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Table 18.—Pipeline tariff rates for crude petroleum and products, January 1 
(Cents per barrel) 

- Origin Destination 1970 1971 

Crude oil: 
West Texas_._________..__.... Houston, Tex______...._..______. $0.14-$0.16 $0.14-$0.16 

Do__________-____-__.... East Chicago, Ind___..-__ ~__-___- .28 .28 
Do____.-----.-......... Wood River, Ill.__-_-_-_-__-_-_-_____- .26 .26 

Oklahoma_______.._-........ Chicago, TH. ~~ 22-22 ee .22 .22 
Do___ i e-w-.--..-. Wood River, Tll__.-_...---2 -___ .19 .19 

. Eastern Wyoming___...-..... Chicago, Ill_-.-___-____._._-__-_- .30 .85 
Do___ i _-_------.-__. . Wood River, Tll.__-__--_._.-__-_- .30 .o2 

Refined products: . ; 
Houston, Texas__._.._._..... Atlanta ,Ga________._____-______-- 2770 .38600 
Do... eee -----.... New York, N.Y__.---__-___----_- .2870 .3100 

Tulsa, Okla___................ Minneapolis, Minn. ____.____..__- .6500 .6500 
Salt Lake City, Utah._...._._.... Spokane, Wash_____________.._- . 5000 . 5200 
Philadelphia, Pa_.__._._...__...._ Rochester, N.Y____._---__-- -_-_- .2400 .2400 

Source: Interstate Commerce Commission. 

Table 19.—Receipts of domestic and foreign crude petroleum at refineries 
in the United States by mode of transport 

(Million barrels) 

Method of transportation 1966 1967 1968 1969 1970 » 

By water: . 
Intrastate___....._...-.- 22-22 ae. 152.0 129.1 136.8 138.0 148 .2 
Interstate____..._._._._---_ eee 347.7 428.4 428.8 408.8 461.8 
Foreign... _-.-.----------------------- 320.7 265.3 303 .0 314.7 244.0 

Total by water____..---.------------ 820.4 822.8 868 .6 861.5 854.0 

By pipeline: 
Intrastate____....--.--...---_-.-----. 1,465.8 1,581.1 1,673.0 1,715.1 1,780.5 
Interstate. _.__..__._.-..2- 222 ieee 996 .2 995.9 1,023.7 1,054.9 1,109.4 
Foreign. _._..-.----------eeee 126.0 146.6 169.2 199.2 236.8 

Total by pipeline___................. 2,588.0 2,723.6 2,865.9 2,969.2 3,076.7 

By tank cars and trucks: 
Intrastate. __....-..-.-.-----.-...---. 38.1 40.0 40.8 41.8 37.1 
Interstate_____.._.-_...----- ae 4.5 5.7 6.8 6.0 5.5 
Foreign._.._-.---.-.------------------ 9 ------ a waenene ------ ------ 

Total by tank cars and trucks____.__-- 42 .6 45.7 47.6 47.8 42.6 

Grand total___........-.-..-.----... 3,451.0 3,592.1 © 3,782.1 3,878.5 3,973.3 

P Preliminary.
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Table 22.—Stocks of crude petroleum, natural gas liquids, and refined products 
| : in the United States at yearend 

(Thousand barrels) 

1966 1967 1968 1969 1970 

Crude petroleum: 
At refineries. __.-_--.-_.---.---------. 62,720 72,093 78,718 76 , 088 80,407 
Pipeline and tank farm___......-------. 153,930 158 , 797 177, 133 172,252 181,580 
Producers. _____-...----------.------- 21,741 18,080 16 ,342 16,887 14,380 

Total crude petroleum_____.......... 238,391 -©248,970 272,193 265,227 276 , 367 
Unfinished oils___....-......-..----------. 89,218 90,201 93 ,399 97,819 98,989 — 
Natural gasoline, plant condensate, and . 

isopentane________---._----..----.------ 4,563 5, 782 5, 466 5,704 7,046 
Refined products___.........-...---.----.. 548,988 599 , 158 628,514 611,373 635,459 

Grand total__-........---.---------. 881,105 944,111 999,572 +1980,123 1,017,861
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Table 26.—Value of crude petroleum at wells in the United States, by States 

I cnr 
1969 1970 

State Total value Average Total value Average. 

at wells value per at wells value per 

(thousand dollars) barrel (thousand dollars) barrel 

Alabama__.__-----------------------
- 20,793 $2.70 20 ,627 $2.84 

Alaska______-----.-----------------
- 214,464 . 2.90 251,684 8.01 

Arizona______.---------------------
- 7,056 2.90 5,281 2.96 

Arkansas_______--------------------
- 51,079 2.83 51,760 2.87 

California_____---------------------
- 920,060 -2.45 945,365 2.54 

Colorado. ____----------------------- 88,277 3.12 78,619 3.18 

Tllinois__._.._._---------------------
-- 161 , 302 3.18 141,994 3.25 

Indiana___..-----------------------
- 25,013 3,19 23 ,958 3.20 

Kansas______--_------.-------------
- 283,891 3.20 277,469 3.27 

Kentucky____._----.---------------
- 40,194 3.11 . 36,461 3.15 

“ ——— ooo EES SSS eeeww——aSESETwrsem 

Louisiana: , 
Gulf Coast.____..-...---.------- 2,635, 002 8.31 2,905 , 343 3.38 

Northern__._-------------------- 156 , 267 3.22, 156,215 3.30 

Total Louisiana___...---------- 2,791,269 3.30 3,061,558 3.38 

Michigan_____..._-----------------
-- 37,494 3.07 36,246 - 3.10 

Mississippi. __...-------------------- 187,514 2.92 194,706 2.99 

Montana_.___--_-------------------
- . 118 ,359 2.69 105,403 2.78 

Nebraska____----------------------
-- 86,075 2.98 35,384 3.09 

. New Mexico: 
Southeastern__..__._.------------ 878,561 3.15 384,780 - 3.22 

Northwestern_____._....---------- 25,880 2.86 25,540 2.94 
we 

. . 

Total New Mexico____..-------- 404,441 3.13 410,320 3.20 

New York____.___------------------- 5,683 4.52 5,397 4.52, 

North Dakota____.__.---------------- 63 , 568 2.80 67,107 3.05 

Ohio_._.______---------------------
- 36,098 3.29 832,914 3.34 

Oklahoma____.._-------------------
- 701,155 8.12 712,419 3.19 

Pennsylvania__....-----------------
- 20, 086 4.52 18,500 4.52 

South Dakota________.__------------- 362 2.29 374 2.34 

Texas: - | 

Gulf Coast___.._____---.--------- 787,130 3.42 889, 724 3.51 

East Texas Field. ___..._--------- 187 ,638 3.24 241,281 3.32 

West Texas_.________-_---------- 1,715,586 3.14 1,914,593 3.21 

Panhandle____._______--.--------- 95,788 8.17 92,211 _ 3.23 

- Rest of State___.__.------------- 910,186 3.17 966 , 196 3.23 

Total Texas. _______-__-------- 3,696 , 328 3.21 | 4,104,005 3.28 | 

Utah______-______-_-----------------
- 65,320 2.80 65,603 2.81 

West Virginia.___..._..-------------- 11, 888. 3.83 11,871 3.80 

Wyoming..___.____-----------------
- 433 , 846 2.80 469,811 2.93 

Other States 1!___.____._____-.-------- 5,065 2.47 8,890 2.52 

Total United States_..__--.----- 10,426,680 3.09 11,173,726 3.18 

1 Florida, Missouri, Nevada, Tennessee, and Virginia.
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. Table 28.—Wholesale price index, crude petroleum 
(1957-59 =100) 

| Month > —_ 1966 1967 1968 1969 1970 

January_.__...-..----------------- 96.9 | 98.2 99.0 99.7 104.5 
February __.---.------------------- 97.0 98.2 99.0 99.9 104.5 

| March_____.--.--.--.------------- 97.0 98.3 99.0 103.7 104.5 
April____._....---.---------------- 97.0 98.3 99.0 104.8 104.5 
May... 97.2 98.3 99.0 104.7 104.5 
June__._---.---------------------- | 97.4 98.3 99.3 104.5 104.5 
July_______.-------.---------.---- 97.5 98.4 99.4 104.5 103.3 . 
August_.....-.-.--.----------..--- 97.7 99.0 99.7 104.5 103.3 
September___-_....-------------.-- 97.7 99.0 99.7 104.5 103.3 
October___.---.-.-----.------.---- 98.1 99.0 99.7 104.5 103.3 
November_-_._.....--.-.-.--------- 98.1 99.0 99.7 104.5 103.3 
December_ ......-.---------------- 98.1 99.0 99.7 104.5 111.6 

Average.__...-.----.-------- 97.5 98.6 99,4 103.7 104.6 

Source: Bureau of Labor Statistics, U.S. Department of Labor. |
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872 MINERALS YEARBOOK, 1970 

" Table 31.—Salient statistics of the major refined petroleum products 
| in the United States 

(Thousand barrels) 

Product 1968 1969 1970 P 

Isopentane: 
Production___.--------------------- eee 2,660 3,457 8,865 
Stocks at plants____._..--------- 22 eee 44 10 7 
Used at refineries__....______..---- ~~~ eee ee 2,640 3,491 3,868 

Natural gasoline: 
Production. __...--..._-.----_- eee 145,214 154,472 161,274 

Stocks, end of year: 
At plants___._-_-_ 4-2 ee 2,584 3,358 4,316 
At refineries__________..._______-______-_-__-------- 1,860 1,557 1,765 

Total stocks____.____ 2 ieee 4,444 4,915 6,081 
Used at refineries___.____________-__-u eee 145,492 154,001 160,108 

Plant condensate: 
Production. _.__-_..2.2---- eee eee ee 38 , 494 34,133 31,972 

Stocks, end of year: 
At plants____._--- eee 841 547 507 
At refineries__.__________..___--____-_- eee 137 232 451 

Total stocks___._.-.._________-_---_--- eee 978 779 958 
Imports____..-.--_-_--___-_______----u--------------- ee NA NA 2,258 
Used at refineries____________..-__._.-_..---.---------- 38 , 552 34,332 34,051 

Finished gasoline: 
. Production: 

At refineries_____......_..._-__-_..__..----..---. 1,933,827 2,022,407 2,099,911 
At gas processing plants___.___.._.....--_._-...---- 6,211 5,745 5,347 

Total gasoline production_._.................-_.... 1,940,038 2,028,152 2,105,258 . 

Stocks, end of year: , 
At refineries____._..-----2- eee 211,256 217,084 214,150 
At plants_........2 222-2222 270 308 198 . 

. Total stocks____.___.__-____------.--_--_--------- 211,526 217 ,392 214,348 
Imports______ 2 eee eee 21,591 22,709 24,320 
Exports. _..---2 2 eee eee 2,083 2,449 1,389 

; Domestic demand. ______-___-_..---------------.------. 1,956,000 2,042 , 546 2,131,233 

Motor gasoline: 
Production: 

At refineries... _._...._--_-_- eee e---- =1,902,264 1,995,947 2,080,199 
At gas processing plants._.....-_.-----.------------ 6,211 5, 745 5,347 

Total motor gasoline production______..._.._------ 1,908,475 2,001,692 2,085, 546 

Stocks, end of year: 
At refineries. ._.-.-._-------_---- ~~~ eee 204 ,226 210,891 209, 057 
At plants___. 22 eee 270 308 198 

| Total motor gasoline stocks___....__._._.-._------- 204 ,496 211,199 209 ,255 
Imports_____-...-...--_.-.---------------------------- 21,591 22,709 24,320 
Exports__..--.----- eee 249 703 461 
Domestic demand___.____.__..-.__.______________2__-. 1,925,376 2,016,995 2,111,349 

Aviation gasoline: 
Production____....._______ ee 31,563 26,460 19,712 
Stocks, end of year__________-__---_____________-_------ 7,030 6,193 - 5,093 
Exports. 2-2-2 eee ee 1,834 1,746 928 
Domestic demand_________.___._______._____.__------- 30,624 25,551 19,884 

Jet fuel: 
Production. ___._-...__-__._....___.._ eee 814 ,928 321,718 301,913 
Stocks, end of year_____._..-_-______-__-____----__-__-e 24,277 28 ,073 27,610 
Imports___._2.-- eee 38 , 507 45,539 52,052 
Exports___.------_------- eee 2,092 1,730 2,167 
Domestic demand_________________________..._ ue eee 349 ,378 361,731 352,261 

Naphtha-type: 
Production: 

At refineries________._._--__-_____ 121,165 104, 748 84,060 
At gas processing plants_.________..__-_-__-- 277 18 21 

Total production. ___________-..___-_____- 121,442 104, 766 84,081 

Stocks, end of year: | 
At refineries. _______-_._.--___-___________ 8,880 8,537 6,618 
At plants___...-- 22-22 24 i9 3 

Total stocks__...-_-.------__.._--_____-_- 8,904 8,556 6,621 

See footnotes at end of table.
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Table 31.—Salient statistics of the major refined petroleum products 
in the United States—Continued 

(Thousand barrels) 

; Product 1968 1969 -1970 P 

Jet fuel (Naphtha-type)—Continued 
Stocks, end of year—Continued . 

Imports__.....---._---.--------- +--+ 7,117 5,134 7,060 
Exports___...- 2-2-2 eee 2,091 1,730 2,167 
Domestic demand_______.____.-____~-_-- ee ee 126,601 108,518 90,909 

Kerosine-type: 
Production._~._.-__----.--._----_-.----------. 193,486 216,952 — 217 , 832 
Stoeks, end of year________________.-____-_---- 15,373 19,517 20,989 
Imports_____._...-.-.----- eee 31,390 40,405 44 ,992 
Exports_____.._-_ 2-2 - eee 1 ~eeeeee neue eee 
Domestic demand___.________-__--_-________-- 222,777 253,213 261,352 

Ethane (including ethylene): 7 
Production: 

At gas processing plants..._.._.._._.._.__-_-_---_--- 45,803 63 , 027 73,434 
At refineries__________------~_-_________ ee 9,446 9,159 9,460 

\ Total production.___._....-..-.-.--__-_-__--u_-e 55,249 72,186 82,894 | 

Stocks, end of year: 
At plants___.. ee 2,212 - 2,182 1,319 
At refineries. _.___-_-__-_-______-__ ~ eee ~--eeee puna -ee 

Total stoeks_____.___.-_-___________ 2,212 — 12,182 11,319 

Domestic demand: | 
Plant ethane____________________ ii ee 45,706 63 ,057 74,297 
Refinery ethane and/or ethylene__._________________ 9,446 9,159 9,460 

Total domestic demand_________._._____________. 55,152 72,216 83, 757 
Liquefied gases: 

Production: 
At gas processing plants (LPG)____.__._-_____---__- 305,459 315,430 326,177 

. At refineries (LRG): . oo 
For fuel use________.___.___.-.____________ 71,102 75,659 80,870 
For chemical use____.________-.._____________ 37,539 38, 703 35,657 

Total production at refineries._____.__________ 108,641 114,362 116,527 

Total production_____.._._-.----__---------- 414,100 429 , 792 442,704 | 

Stocks end of year: . 
LPG stocks: 

At plants_______2_-2- eee 68 ,928  §1,799 59,276 
At refineries. _______.._..____________________ 647 571 794 

Total LPG stocks__________._..______-_______ 69,575 52,370 60,070 

LRG stocks: 
For fuel use_______..._.._-___-_.---_--__------ 4,225 4,782 5,433 
For chemical use_.-..____-_--------.---------- 148 268 221 

Total LRG stocks____._.__.-_..-.-._-_------ 4,373 5,050 5,654 

Total stocks_____.._________________________ 73,948 257,420 265,724 
Imports__._______-.__-______________ eee 11,647 ~ 12,651 19,161 
Exports. ____....___.---_-- eee eee 10,608 12,797 9,650 . 
LPG used at refineries. _____.________.__________ 2 Le 72,652 72,764 80,307 

Domestic demand: . 
LPG for fuel and chemical use_____._______________- 221,869 263 , 402 251,596 
LRG for fuel use_______-___.______.______.___-_____ 71,628 74,447 80,219 

. LRG for chemical use______.._____._____._________- 37,092 35,561 31,789 

Total domestic demand_________.____.___.___-___- 330,589 373,410 363 , 604 
Propane (including propylene): 

Production: 
At gas processing plants___.._.___-_______---__--_-- 184,409 195,346 202 ,494 

At refineries: 
For fuel use___.____.___..____..______________. 56,847 57,022 63 ,409 
For chemical use. __________._._....____.__---_- 17,489 19,721 20,090 

Total production at refineries._______________- 74,336 76,743 83 ,499 

Total production. _..__.--------------------- 258,745 272,089 285 ,993 

See footnotes at end of table.



874 MINERALS YEARBOOK, 1970 

| Table 31.—Salient statistics of the major refined petroleum products 
| in the United States—Continued © | 

(Thousand barrels) 

Product 1968 1969 1970 

Propane (including propylene)—Continued . | 
Stocks, end of year: 

Plant propane stocks: . 
At plants____.-_..-------------_--__---------- 44,523 31,375 38,791 
At refineries. _._.----------------------------- 5 4 84 

Total plant propane stocks_________..._------ 44,528 31,379 38,875 

Refinery propane and/or propylene stocks: . | 
For fuel use____._.------------.---__- ~~ ------ 2,947 | 3,083 4,301 
For chemical use__......-.-------------------- 73 — 215 146 

Total refinery propane and/or propylene stocks. . 3,020 3,298 4,447 

Total stocks__.-..--.----------------------- 47,548 34,677 43 , 322 
Imports. ..22202......----.----------- eee 5,627 5,251 9,467 
Exports.......-..---------.---------- eee 2,542 2,412 2,165 
Plant propane used at refineries. _..........-....-.------ 1,587. 1,632 1,530 

Domestic demand: 
Plant propane_______-...------------.------.----- 178 , 448 209, 702 200,770 

Refinery propane and/or propylene: | . 
For fuel use_.__-_____-____ oon eee eee 57,345 56,886 62,191 
For chemical use_____-__-_......----------_--- 17,479 19,579 20,159 

_ Total refinery propane and/or propylene . . 
domestic demand_______-.----------------- 44,824 76,465 82,350 

Total domestic demand____.___-_-____.-..--- 253,272 ' 286,167 283,120 
Butane (including butylene): 

’ Production: . . . 
At gas processing plants..___.._.__..----.--.-------- 78,903 86,471 87,253 

At refineries: | 
For fuel use___._..-....-.-------.------------- 9, 584 13,535 13,514 
For chemical use_______-_.--- ee 12,441 10,987 8,693 

Total production at refineries___.__._...------ 22,025 24, 522 22,207 

Total production. __.....---.------------..-- 100 , 928 110 ,993 109 , 460 

Stocks, end of year: 
Plant butane stocks: 

At plants____..._-..-.---_--------e 16,141 13 ,330 14,397 
At refineries. _._..........-----.--_---------.- 357 270 414 

Total plant butane stocks. _._-.-_--------.--- 16 ,498 13,600 14,811 

Refinery butane and/or butylene stocks: . . 
For fuel use_.__-_......-....------------------- 936 1,448 912 
For chemical use_____.._..__-.--.-.-....------- 42, 36 35 

Total refinery butane and/or butylene stocks. _. 978 1 484 947 

Total stocks_____._---_-_-_-_-- eee 17,476 15,084 15,758 
Imports__...-....--.-....-.------------- ~~ - 6,020 7,400 9,694 
Exports. _-..--..--...-------------------- +--+ 1,184 3,086 1,349 
Plant butane used at refineries____..._._.____._.-___---- 41,526 40,268 43 , 758 
Domestic demand: 

Plant butane____..__-_-___. eee 40 , 064 53,415 50,629 

Refinery butane and/or butylene: 
For fuel use______._...-....-___--------------- 9,785 13 , 023 14,050 
For chemical use___........-..--.----.-------- 12,478 10,993 8,694 

Total refinery butane and/or butylene________- 22 , 263 24,016 22, 744 | 

Total domestic demand_______--------------- 62,327 77,431 73,373 | 
Butane-propane mixture: 

Production: 
At gas processing plants____.____------------------- 12 ,367 6,711 5,677 

At refineries: 
For fuel use______-___--.--.-.----------------- 4,671 5,102 3,947 
For chemical use___.___.------.-..------------ 6,494 6,289 5,353 

Total production at refineries.__..-.._...----- 11,165 11,391 9,300 

Total production. _____-.-------------------- 23 , 532 18,102 14,977 

See footnotes at end of table. .
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Table 31.—Salient statistics of the major refined petroleum products 
in the United States—Continued 

(Thousand barrels) 
SSeS 

Product 1968 1969 1970 P 

Butane-propane mixture—Continued . Stocks, end of year: 
Plant butane-propane mixture: 

At plants___-__-_- ee. 528 240 733 | At refineries-____......-.-_ 2 12 91 ‘85 

Total plant butane-propane mixture stocks_____ 540 331 768 oo. 

Refinery butane-propane mixture: | | For fuel use._____...-__ 22-8 342 251 220 For chemical use___________.__.____.___....___ 1 ee ~o-a ole 

Total refinery butane-propane mixture stocks___ 343 | 251 220 

Total stocks. -----.------.2-2e-eeeeee------ iB :SC(<«~i*; CSC“‘i‘CSC‘S SCS 

Exports. ____.- 2 eee. 6, 882 7,299 6,136 Plant butane-propane mixture used at refineries.___________ 2,527 3,013 2,822 

Domestic demand: . . | Plant butane-propane mixture_____._._._....___.____ 3,357 285 197 

Refinery butane-propane mixture: . For fuel use___._..._--_--_--__e 4,488 4,538 3,978 For chemical use______________._______..______ 6,020 3,268 1,438 . 

Total refinery butane-propane mixture_________ 10,508 7,806 . 5,416 

Total domestic demand_.__...-----.--------. 18,865. —«8,091.—tsti“‘(‘«‘““«CD 
Isobutane: OE . Production: 

At gas processing plants.._..________._.......__..____ 29,780 26,902 30, 753 At refineries____...2 2222-2. 1,115 1,706 1,521 
Total production. ______..__.....-.-------------. 80,895 28, 608 82,274 

Stocks, end of year: 
_ Plant isobutane: 

At plants____.-22 2, 7,736 6,854 5,355 At refineries_.___.-2 2 273 206 261 - 

, Total plant isobutane stocks._.____.___________ 8,009 7,060 5,616 Refinery isobutane. _______---_-----2- 22 eo ------- 32 17 40 

Total stocks. __._....-__-_______. 8,041 7,077 5,656 Plant isobutane used at refineries.__.._....__._._.__._____ 27,012 27,851 32,197 Domestic demand: Refinery isobutane for chemical use_____ 1,125 1,721 1,498 

Kerosine (including range oil): 
Production: 

At refineries. ___......2-___ eee 100, 545 101, 738 94,635 At gas processing plants_.__...._._._..._......._____ 1,027 1,121 1,077 

Total production.____....__.....---..---------. 101,572. 102,859. .~«»9=5,712~” 

Stocks, end of year: 
At refineries. ___________-______ 23,190 26,531 27,564 At plants_._--22 2 ee 290 249 284 

Total stocks. ._.__.--_- 2. 23 , 480 26,780 27,848 Imports___-._---.-2 2 190 965 1,451 Exports. ___----.---- it 613 155 121 Domestic demand_.________._______........._..._..._... 102 , 934 100,369 95,974 

Distillate fuel oil: 
Production: 

At refineries________._-_-_- ee. 839 ,373 846,863 895,656 At gas processing plants_______.___...._.____._____. 1,308 1,541 1,441 

Total production. ________.._.___.___.._._....__. 840,681 848 , 404 897,097 Crude used directly as distillate._._............._._.___.. 712 654 743 

Stocks, end of year: 
At refineries____.__.__2 2. 173 ,093 171,664 2195,213 At plants__.__-22 22 65 50 58 

Total stocks. __._....2-.- ee 173,158 171,714 195,271 

See footnotes at end of table.
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Table 31.—Salient statistics of the major refined petroleum products 
in the United States—Continued 

(Thousand barrels) 

a 

Product 1968 1969 1970 P 
errr rc 

Distillate fuel oil—Continued 
Imports__...-.--------------------------------------- 48 ,148 50,883 53 ,903 

Exports. _...--.-------------------------------------- 1,547 1,123 936 
Domestic demand._.._._.-....---------------------+--- 874,539 900 , 262 927,250 

Residual fuel oil: 
Production. _._.-----..-.----------------------------- 275,814 265,906 257,510 
Crude used directly as residual__._...._..-----.----------- 4,272 4,334 4,317 
Stocks, end of year____..------------------------------ 65,359 58 ,395 53 ,994 
Imports.__........-..----------------+----------------- 409 , 928 461,611 557 , 845 

Exports__....-.-...--.------------------------------- 20,013 16,891 19 , 786 
Domestie demand__.__...___.....--------------------- 668 , 239 721,924 804,287 

Petrochemical feedstocks (excluding LRG): 
Production. __...-.---_---.----------------------- + +e 95,422 98,356 100,381 

Stocks, end of year____..--.-..-------------------+----- 2,945 2, 845 . 8,619 

Imports: Naphtha-400°_._.-..--.---------------------- penneee 40. 5,195 

Exports: Other.......-....---------------------------- 2,795 3,848 3,776 

Domestic demand: 
Still gas__.....------.-_-----..------------------- 9,844 9,985 12,564 
Naphtha-400°__.....-----.-.--..------------------ 55,618 57,569 57,279 

Other____..-.--_.--.----_--_---.------ +--+ -- 27,474 27,094 . 31,183 

Total domestic demand_____.-_.-....--..-.-----. 92 ,936 94,648 101 , 026 
Special naphthas: 

Production: 
At refineries_____._....-------..------------------ 27,643 28,397 30,196 
At gas processing plants_._......-------------------- 473 492 384 

Total production__.....-...--------+------------ 28,116 28,889 30,580 

Stocks, end of year: 
At refineries. .._...--_--.-------.--.--.----------- 5,816 6,281 6,184 

At plants.___...-...------------------------------ 13 11 9. 

Total stocks. ____.---_-.--..---.---------------- 5,829 6,292 6,193 
Imports_.....-..-....------+------------------+------- 1,399 3,191 2,111 

Exports____.....----.---------------+----------------- 2,427 2,019 1,584 

Domestic demand. ____...---.--..--------------------- 27,007 29 , 598 31,206 

Lubricants: 
Production_____....----------.-.------------ +--+ 65,684 65,080 66,183 

Stocks, end of year__-..._.-.-.------------------------ 14,023 14,088 14,712 

Imports__....-------.-------------------+------------- 33 163. 224 

Exports: 
Grease. ....__._---------------------------- +e 298 257 292 

Oil... ---_-._-...-------...---------------------- 17, 7038 16,139 15,758 

Total exports___..-...-.------------------------ 18,001 16,396 16,050 

Domestic demand______..-._--..----------------------- 48 ,467 48 , 782 49 ,733 

Wax (1 barrel = 280 pounds): 
Production_._-._-.--....-----------------+----------- 5,887 6,049 6,294 

Stocks, end of year. _....-.---------------------------- 1,001 997 993 

Imports_.......----...------------------------------- 17 158 117 

Exports___..........--------------------------------- 1,588 1,623 1,809 

Domestic demand_._____-_-_-_.----..-----.------------- 4,360 4,588 4,606 

Coke (5 barrels = 1 short ton): 
Production: . 

Marketable coke____.....------.------------------ 45,823 52,006 59,107 — 

Catalyst coke........-.--------------------------- 49 , 367 50 , 862 48, 764 

Total production._.....------------------------- 95,190 102 , 868 107,871 
Stocks, end of year___.....--.------------------------- 6,195 5,198 5,297 

Exports. _....--.------------------------------------- 19,497 23,035 30,554 

Domestic demand___._......---.---------------------- 76,319 80, 830 77,218 

Asphalt (5.5 barrels = 1 short ton): 
Production. ___.-.-.-.-------------------------+-----+- 135,460 135,691 146, 658 

Stocks, end of year_..-.--------------~----------------- 20,055 16,753 15,779 

Imports_....----------------------------------------- 6,236 4,761 6,201 

Exports. __....--------------------------------------- 429 464 359 

Domestic demand.____..-...-.----.--.---------------- 141,151 143 ,290 153 ,474 

Road oil: 
Production___._--.----------------------------------- 6,826 9,086 9,393 

Stocks, end of year__.--------------------------------- 550 880 632 

Domestic demand. __...--.--------------------------+- 7,080 8,756 9,641 

Still gas for fuel: Production___-...------.------------------ 149 , 796 160 , 363 163 ,905 

See footnotes at end of table.
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Table 31.—Salient statistics of the major refined petroleum products 
in the United States—Continued 

(Thousand barrels) | 

Product 1968 1969 1970 P 

Miscellaneous products: 
Production: 

At refineries. ___.._22 2 eee 15,711 17,1389 14,746 
At gas processing plants_.._._.__..--..-..-.----_.--- 3,385 805 924 

: Total production____._.._-....._.--------------- 19, 096 17,944 © 15,670 ; 

Stocks, end of year: 
At refineries. ...__.__..-------.----- ~~ ee 1,931 2,345 2,105 
At plants__._....222 2 eee 25 19 15 

Total stocks_________---___-_-------- eee 1,956 2,364 2,120 
Exports___......-.-.----_ eu eee 1,049 919 1,071 
Domestic demand____________-_--_--_-__.-_-------____.- 17,842 16,617 14,843 

Unfinished oils (net): 
Input (+) output (—).-.-_..- 2 eee +26,152 +34 ,346 +38 ,091 
Stocks, end of year____..___-___-_--___--_~_ eee. 93 ,399 97,819 98,989 
Imports_...---.-.--- 2 29,350 38 , 766 39,261 

P Preliminary. NA Not available. 
1 Includes underground stocks at plants and refineries, in thousands of barrels. At plants: ethane, 1969, 

1,904; 1970, 810; propane, 1969, 24,902; 1970, 31,924; butane, 1969, 10,416; 1970, 10,902; butane-propane 
mixtures, 1969, 190; 1970, 291; and isobutane, 1969, 6, 438; 1970, 4,317. At refineries: (includes LRG): propane, 
1969, 2,532; 1970, 2,153; isobutane, 1970, 766; butane, 1969, 932; 1970, 1,679; butane-propane mixtures, 
1969, 199; 1970, 127. 

2 Includes 4,276,000 barrels of No. 4 fuel oil. Data for previous years are not available. 
3 Produced at petroleum refineries. Data for LRG for petrochemical feedstocks are included with those for 

‘Liquefied gases.,’’ 
Note: ‘Stocks at refineries” include stocks at refineries and bulk terminals operated by refining and refined 

products pipeline companies, including pipeline fill. “Stocks at plants’? include stocks at plants and terminals 
operated by natural gas processing companies and natural-gas liquids stocks at terminals of pipeline com- 
panies, including pipeline fill.
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880 MINERALS YEARBOOK, 1970 

Table 33.—Input and output of petroleum products at refineries in the United States 
(Thousand barrels) 

| , 1966 1967 1968 1969 1970 P 

INPUT 
Crude petroleum: 

Domestic____....------------------.-. 3,000,789 3,174,004 $8,308,044 3,363,602 3,485,332 
Foreign_.__..-....---.----.-----..... 446,404 408,590 1'466,316 1516,003 1482,171 

Total crude petroleum___.:......____ 3,447,193 3,582,594 3,774,360 3,879,605 3,967,503 
Unfinished oils rerun (net)___._.._._.-_____- 34,632 34,237 26,152 34,346 38,091 

Total crude and unfinished oils rerun _. 3,481,825 3,616,831 3,800,512 3,918,951 4,005,594 

Natural gas liquids: 
Liquefied petroleum gases________._____ 68 , 403 68,675 72,652 72,764 80,307 
Natural gasoline..___-______.___--.___. 138 , 484 138 , 521 148 , 132 157,492 163 ,976 . 
Plant condensate___.__...-___--__----__ 33 , 693 37,524 38 , 552 34,332 34,051 

Total natural gas liquids____._._...._.. 235,580 244,720 259 , 386 264,588 278,334 
Other hydrocarbons and hydrogen 2__________ 30 87 3,377 4,213 6,238 

OUTPUT - 
Gasoline: 

Motor gasoline 3______...-_....-.--.... 1,742,456 1,801,448 1,902,264 1,995,947 2,080,199 
Aviation gasoline___.2-..--.___-.---__- 41,244 37,074 31,563 26,460 19,712 

Total gasoline §________._-_.._----.-- 1,783,700 1,838,522 1,933,827 2,022,407 2,099,911 

Jet fuel: . 
Naphtha-type3____._-_--- 89,473 109,650 121,165 104,748 84,060 
Kerosine-type__..........-.-_-----_... 125,973 1638 , 535 193 , 486 216,952 217,832 

Total jet fuel____.-_______._____._. 215,446 273 ,185 314,651 321,700 301,892 — 
Ethane (including ethylene)___.__..________ (4) 7,028 9,446 9,159 9,460 

Liquefied refinery gas: . 
For fuel use____._--_.~---- Lee 60,090 67,589 | 71,102 75,659 80,870 
For chemical use______.___..-_---___-- 46,128 36,900 387,539 38, 703 35,657 

Total liquefied refinery gas______._._- 106 ,218 104,489 108,641 114,362 116,527 
Kerosine 3____-_____...-- 2 ----_.--_----. 100,849 99,061 100 , 545 101,738 94,635 
Distillate fuel oil 3.-.---.- 2. eee _e. = 784,717 804 , 429 839 ,373 846,863. 895,656 
Residual fuel oil........-..--.___._-_...--_.. 263,961 275,956 275,814 265,906 257,510 

Petrochemical feedstocks: 
Still gas... eee 10,068 —~ 9,500 9,844 — 9,985 12,564 
Naphtha-400°_______2_-2- ee 38 , 446 50,5738 55,077 57,389 54,154 
Other._...--.2-- 2 eee 25,939 27,355 — 30,501 30, 982 33 , 663 

Total petrochemical feedstocks._______ 74,4538 87,428 95,422 98 ,356 100,381 
Special naphthas 3_______-_______.. 2 ______ 29 , 634 26,912 27,643 28,397 30,196 
Lubricants.......--.......--- 2-2 ------e 65,407 64,870 65,684 65,080 66,183 
Wax '___ eee 5,772 5,719 5,887 6,049 6,294 
Coke’. ___ eee 88,054 90,933 95,190 102 , 868 107,871 
Asphalt 5_.020-0 eee. = «129, 579 127, 767 135, 460 135,691 146 ,658 
Road oil__-------..2- 2 eee 7,247 6,978 6 , 826 9,086 9,393 
Still gas for fuel__..----_-_--.-..---------__-__ =: 1185, 459 140, 034 149 , 796 160 , 363 1638 , 905 
Miscellaneous 3_______ ~~ eee 16,474 14,919 15,711 17,139 14,746 
Processing gain (—) or loss (+)_-.-.-----.-.- -—89,585 —106,592 -—116,691 -—122,412 -—131,052 

P Preliminary. . 
1 Includes some Athabasca hydrocarbons. 
2 Benzol included for 1966-67 only. ‘‘Other hydrocarbons and hydrogen” is defined as including all hydrogen, 

process natural gas, tar sand bitumen, gilsonite, shale oil, and other naturally occurring hydrocarbon mix- 
tures consumed as raw materials in the production of finished products. 

3 Production at natural gasoline plants shown as direct transfers and omitted from the input and output 
at refineries. 

4 Included with liquefied refinery gases. 
5 Conversion factors: 280 pounds of wax to the barrel; 5.0 barrels of coke to the short ton; 5.5 barrels of 

asphalt to the short ton.
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Table 35.—Input and output at refineries 
(Thousand 

eS 

PAD district I PAD district II 

Item aE 
East Appa- Appa- Ind., Minn., Okla., 
Coast lachian Total lachian Ill., Wis., Kans., Total 

No. 1 No. 2 etc. etc. etc. 
i 

INPUT 1969 

Crude petroleum: 
Domestic__._.--....--------- 181,420 23,122 204,542 22,711 643,645 23,309 322,552 1,012,217 

Foreign._......------------- 247,029 26,286 273,315 100 138,093 49,120 143 1 87,456 

Total crude petroleum_..... 428,449 49,408 477,857 22,811 681,738 72,429 322,695 1,099,673 
Unfinished oils rerun (net)...-----. +64,843 +1,268 +66,111 +203 —2,228 —10 +41, 167 —868 

Total crude and unfinished 
; oils rerun_..._..-_-------. 493,292 50,676 543,968 23,014 679,510 72,419 323,862 1,098, 805 

Natural gas liquids: . 
Liquefied petroleum gases. . - -- 2,449 9 2,458 127 8,773 2,903 9,390 21,193 
Natural gasoline_...........-- 1, 867 4 1,871 4 9,873 725 11,569: 22,171 

Plant condensate.._....------ 801 23 824 _....---- 291 413 .__-.2.-- 704 

Total natural gas liquids. - _. 5,117 36 5, 153 131 18, 937 4,041 20, 959 44,068 | 
Other hydrocarbons___-_.-_..----- 350 _..------ 350 _._-.---. --------. -.------- 215 215 

ouTPuT 1969 
Gasoline: 

Motor gasoline?_.._......---. 231,200 20,510 251,710 12,086 370,221 39,572 188,928 610,807 
Aviation gasoline_______.___-- 831 ..------- 831 _-..--.-- 2,088 _....-..- 655 2,743 

Total gasoline2_............ 282,031 20,510 252,541 12,086 372,309 39,572 189,583 613,550 

Jet fuel: . 
Naphtha-type 2_____._____-_-- 5,104 722 §,826 _.-..-_-- 7,234 1,028 9,272 17,534 
Kerosine-type_.._..-.-..--_-- 11,716 573 12,289 22 30, 144 1,464 10,555 42,185 

Total jet fuel 2__.-..---___- 16, 820 1,295 18,115 — 22 37,378 2,492 19, 827 59,719 
Ethane (including ethylene)_.___.. ----.---. --------- --------- --------- --------- --------- 122 122 

, Liquefied gases: 
LRG for fuel use.____._---_-. 12,021 889 12,910 259 10, 528 1,427 8,814 21,028 
LRG for chemical use___...--. 4,720 .......-- 4,720 .....-.-- 2,552 -.._-..-- 816 3,368 

_Total liquefied gases__...___ 16,741 889 17,630 259 13,080 1, 427 9, 630 24,396 

Kerosine ?__......--------------- 12,180 1,198 13, 378 824 17,078 1,534 4,534 23,970 
Distillate fuel oil 2....-...-..._.._.. 124, 465 12,342 136,807 5,129 135,896 17,687 78,224 236,936 

Residual fuel oil__....--.._--____e 37, 703 4,554 42,257 1,821 43,205 5, 890 5, 830 56, 746 

Petrochemical feedstocks: 
Still gas..-..-_-_.------- 1,490 1-1... 1,490 _......-. 1,347 ...-.---. ~.------- 1,347 

Naphtha—400°_ ___.-.--_._.- 2,523 ____.---- 2,523 ____.._-. 3,526 _.--_.__- 1,824 5,350 

Other.._-.--_-_-_-_-..---_---- 860 557 1,417 __-.-. 22. 2,665 ..-..-_-. 656 3,321 
a 

Total petrochemical 
_. feedstocks.....-......--- 4,873 557 5,430 _......-. 7,588 _--.-__.. 2,480 10,018 

Special naphthas2___.__.._..----- 734 372 1,106 293 3,821 _....---- 1,385 5, 499 

Lubricants: 
Bright stock.........-------- 275 1,202 1,477 _....---- 501 _.-.____- 802 1,303 
Neutral_..-____.._-_--..---- 2,261 1,904 4,165 112 3,787 ..-.---- 3,497 7,396 
Other grades__.......-.-.---- 4,143 764 4,907 _..-.._-- 1,811 --- LL. 1,317 3, 128 

Sc 

Total lubricants_.....-___.- 6,679 3,870 10, 549 112 6,099 _.__.____ 5,616 11,827 

Wax: ; 
Microcrystalline..._..._._.... 331 252 583 __--..... 37 ___-.---- 262 299 
Fully refined____.....--.--_.. 1,037 44 1,081 14 228 ________- 256 498 
Other.__.-.---.._---.--.---- 657 280 937 ___--_--- 141 ____ oe 51 - 192 
a 

Total wax 3____.--..----_- 2,025 576 2,601 14 406 ___.____- 569 989 

Coke 3_______._.._.-----.------- 13, 429 147 13,576 96 18,173 3,037 8,641 29,947 

Asphalt 3.....-..--.------------- 27,294 1,676 28,970 1,802 29,921 3, 807 13,365 48, 895 

Road oil_........__---------..---- ---..---- 585 585 __-.--__- 3,179 245 1,030 4,454 
Still gas for fuel......--.--------- 18,612 2,013 20,625 984 31,016 2,725 13,080 47,805 

Miscellaneous products 2._..-.------ 1,785 155 1,940 14 1,275 122 1,325 2,736 

Processing gain (—) or loss (+)_.-. —16,612 —27 —16,639 —311 —21,927 -—2,078 —10,205 —34,521 

See footnotes at end of table.
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in the United States, by districts 
barrels) 

PAD district III PAD PAD 
district IV district V 

SO - United 
Texas Texas La. Ark., La., New Other West States 
Inland Gulf Gulf Inland Mexico Total Rocky Coast 

| etc. Mt. 

141,656 878, 486 469, 150 52,675 14,209 1,556,176 128,039 462,628 3,363, 602 
wee e eee ee ween eee 120 _--------  --------- 12 12, 605 142,615 1 516,003 

141,656 878, 486 469, 162 _ §2,675 14,209 1,556, 188 140, 644 605, 243 3,879, 605 
—713 —30, 700 —6, 856 +1, 237 —6 —37,038 +379 ' +5, 762 +34, 346 

140, 943 847, 786 462, 306 53,912 14,203 1,519,150 141,023 611,005 3,913,951 

7,870 19, 435 9,362 1,017 538 38, 222 3,539 7,352 72, 764 
14,459 79,212 20, 954 843 605 116,073 1,974 15, 403 157,492 

28 26, 554 2,439 2,987 __...---- 32,008 271 525 34,332 

22,357 125, 201 32,755 4,847 * 1,148 186, 303 5, 784 23, 280 264, 588 
wen ee eee 178 480 __------- 0 _----- ee 658 203 2,787 . 4,213 

87,615 436, 493 226,029 26, 562 8,244 784, 943 72,545 275, 942 1,995, 947 
2,415 7,763 6,206  --.----..  --------- 16, 384 508 5,994 26, 460 
ee mmm ean 

90, 030 444, 256 232,235 26, 562 8,244 801, 327 73, 053 281, 936 2,022,407 

9,290 21,765 15,091 1,573 1,741 49, 460 3,775 28, 153 104,748 
9,639 45,987 | 45,266 __ ____.- 50 100, 942 4,620 56,916 216, 952 

18, 929 67,752 60, 357 1,573 1,791 150, 402 8,395 85, 069 — 231,700 
132 5, 512 2,745 ----...-- 9 ~-----.-- 8,389 eee ee 648 9,159 
mS 

3,096 14, 672 11,729 1,085 333 30,915 1,925 «8, 881 75,659 
292 20, 774 6, 821 185 eek 28,072 23 2,520 38, 703 
a 

3,388 35, 446 18, 550 1,270 333 58, 987 1,948 11,401 114, 362 
1,428 41,710 16,548 1,419 142 61, 247 1,991 1,152 © 101, 738 

24,365 213, 560 108, 334 12, 807 2,646 361,712 34,318 77,090 846, 863 
4,304 36, 053 11, 169 2,606 330 54, 462 10, 183 102, 258 265, 906 

me tren EEE 

a 6, 308 To occeeee neeee eee, 6,315 146 687 9,985 
1,627 40,596 2,307 193 _-_------ 44,723 waeenneee 4,793 57,389 
2,975 6, 094 13, 883 249 106 23, 307 305 2,632 30, 982 
Ne eesSI)\)\[]“|)|)|,mD nh sn 

4,602 52,998 16, 197 442 106 74,345 451 8,112 98, 356 
1,006 - 15,572 510 956 _...-.-- 18,044 146 3,602 28,397 

eee ee 

wee eee eee 1,664 640 _Leleeeee Lee eee 2,304 27 1,058 6,169 
ween nnne 8, 484 5,927 §17) eee 14,928 237 1,869 28,595 

156 16,951 1,024 1,486  -.--..--- 19, 567 62 2,652 30,316 of 

156 27,099 7,591 1,958 _...___- 36, 799 326 5,579 65, 080 
—————————————————eeeeeleeeeaeeeoooooooooooooooooeooooeoaoeoeooooooooooeeeEe—eeeeeeeeoo= 

92 203 94) _Lleeeee Le eee 389 6 wouenee-- 1,277 
wenene--e 539 $96 __.------ 0 +--+ e eee 935 51 242 2,807 
wenn eeene 494 1038 eee eee 597 24 215 1,965 coccrte were er 

92 1,236 SS 1,921 81 457 6,049 
2,355 17,598 12,874 2,208 148 35, 183 2,960 21,202 102, 868 
6,577 8, 192 9,338 6, 164 813 31, 084 7,943 18,799 135, 691 

106 84 eee eee teen 190 1,978 1,879 9,086 
5,561 34,562 15, 930 2,443 566 59, 062 4,499 28, 372 160,363 

971 6, 468 1,353 27) __ eee 8,819 53 3,591 17,139 
—702 —34, 933 —18,783 —1,671 +227 —55, 862 —1,315 — 14,075 —122,412
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Table 35.—Input and output at refineries in 
(Thousand 

PAD district I PAD district II 

Item see 
East Appa- Appa- Ind., Minn., Okla., 
Coast lachian Total lachian Iil., Wis., Kans., Total 

No. 1 No. 2 etc. ete. etc. 
eee 

INPUT 1970P . Crude petroleum: . 
Domestic_._.--...--..--._... 237,178 20,462 257,640 21,183 666,357 23,573 326,930 1,038,043 
Foreign_....-.--.----..--... 181,481 31,771 213,252 786 «161,911 49, 467. 1,049 1113,213 wee 

Total crude petroleum_.___.. 418, 659 52,233 470,892 21,969 728,268 73,040 327,979 1,151,256 Unfinished oils rerun (net)_-...---. +55, 255 +674 +55,929 +172 —381 +14 —552 —747 $$ EE 
Total crude and unfinished | . 

oils rerun_.__.-_-_-__..___ 473,914 52,907 526,821 | 22,141 727,887 - 73,054 327,427 1,150,509 a ma TEES FO ME 001, 240 T, 100, 009 
Natural gas liquids: Lo ce Liquefied petroleum gases__-__ 2,155 12 2,167 60 10, 838 3,038 .11,808 25,744 

Natural gasoline.__.____.____. 2,428 3 2,431 _.-_-____ 9,459 857 11, 196 21,512 Plant condensate_..__.____.__ 688 ‘21 709 __ ee . 291 2,579 .---___ 2,870 

_ Total natural gas liquids_... 5, 271 36 «5, 307 60 20,588 6,474 23,004 50, 126 Other hydrocarbons__.....____.___ 218 _-_____- 218 2 ee Lee Leelee 225 225 
eee 

ouTPuT 1970P 
Gasoline: . 

Motor gasoline2_._-.--.- 8s 219,511 21,554 241,065 11,367 394,565 40,521 193,171 639,624 Aviation gasoline___._________ 530 _.--_____ 5380 ___. 2. 1,705 _---._-_- 439 2,144 

Total gasoline 2 220,041 21,554 241,595 11,367 396,270 40,521 193,610 641,768 

Jet fuel: : ; 
Naphtha-type2___..__._______ 2,606 756 3,362 __-._____ 6,285 764 7,914 14, 963 
Kerosine-type._..-..._______- 11,108 ~ 894 12,002 8 31,706 1,028 11, 840 44, 582 

: ~ Total jet fuel2?_.__..____ 2 13,714 1,650 15, 364 8 37,991 1,792 19, 754 59,545 Ethane (including ethylene)__._._. ___..___. __....... ......... weeee eee Hue eee eee 316 316 

Liquefied gases: 
LRG for fuel use___._. 11, 964 1,091 13, 055 331 12,636 1,386 8, 400 22,753 LRG for chemical use_________ 3,830 _..-_____ 3,830 __.-_-____ 2,983 __..____- 751 3,734 

_ Total liquefied gases________ 15,794 1,091 ~ 16,885 331 15,619 1,386 9,151 26, 487 Kerosine2_______...-____. 8. 11,273 1,143 12,416 879 17,488 1,779 3,419 23,565 
Distillate fuel ol? 127, 280 12,938 140,218 5,523 152,920 18, 630 77,962 255,035 
Residual fud oii-.......____._____ 30, 650 4,409 35,059 1, 868 47,586 7,023 6, 362 62, 839 

Petrochemical feedstocks: 
Still gas... 1,764 __.______ 1,764 __.______ 1,660 _..-.___- 50 1,710 
Naphtha—400°__________.__. 2,249 ________e 2,249 __.-.____ 4,129 _________ 2,204 6, 333 
Other... 610 137 1,347 _________ 2,935 _--____- 507 3, 442 

Tota: petrochemical . 
__ feedstocks...._--._-2-_2__- 4,623 737 5,360 .________ 8,724 _________ 2,761 11,485 Special naphthas2___...._._.____- 709 331 1,040 253 3,080 _-.-____- 1,311 4,644 

eGoQoNanQnmqwmuummee 

Lubricants: 
Bright stock. _.....-.---_____ 608 1,168 1,776 _._-____- 553. 891 1,444 
Neutral._.___._._-____._____. 3,393 1,976 5, 369 17 2,390 ________. 3,642 6,049 
Other grades._____._._______. 3,464 673 4,137 ___.____. 3,405 __.______ 1,244 4,649 

Total lubricants____._______ 7,465 3,817 11,282 17 6,348 _________ 5,777 12,142 

Wax: 
Microcrystalline__..__________ 333 198 531 _-______. 27 _____ 257 284 Fully refined_...____________. 979 87 1,066 14 280 _________ 257 551 
Other_____---_--_ ee 564 289 853 .________ 125 _._______ 99 224 

Total wax 3___________ 1,876 574 2,450 14 432 __ooe Le 613 1,059 Coke3_____--_-- 11,986 151 12,137 39 18, 500 3,072 9,181 30,792 Asphalt 32. 22 eue-----. 29,853 2,048 31901 1,521 30,549 4.461 14,679 51,210 Road oil__._.__-__.------------- =e 669 669... = 4,069 246 1,013 5,328 
Still gas for fuel_..__.____________ 18,292 2,123 20,415 736 30, 666 2,460 12,672 46, 534 Miscellaneous products 2___________ 1,688 118 1,806 18 1,189 122 1,239 2,568 Processing gain (—) or loss (+)... —15,841 —410 ~16,251 —373 —22,956 --1,964 —9,164 —34, 457 eee SEE 

P Preliminary. 
1 Includes some Athabasca hydrocarbons. 
2 Production at gas-processing plants shown as direct transfers and omitted from the input and output at refineries. 3 Conversion factors: 280 pounds of wax to the barrel; 5.0 barrels of coke to the short ton; 5.5 barrels of asphalt to the short ton.
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the United States, by districts—Continued 
barrels) 

PAD district III PAD PAD 
district IV district V 

OO United 
Texas Texas La. Ark., La., New Other West States 
Inland Gulf Gulf Inland Mexico Total Rocky Coast 

etc. Mt. 

144,317 894,181 480, 866 56, 040 14,784 1,590,188 126, 164 473,297 3,485, 332 - 
eee eee eee eee eee eee nee ee ene 17, 162 138, 544 1 482,171 

144,317 894,181 480, 866 56,040 14,784 1,590,188 148, 326 611, 841 3, 967, 503 
—242 —27,251 +1,416 +773 +59 —25, 245 —280 +8, 434 +38, 091 

144,075 866, 930 482,282 56,813 14,843 1,564,943 143,046 620,275 4,005, 594 

8, 638 20,981 11,796 804 717 42,936 3,562 5, 898 80, 307 
14, 962 84,731 25, 487 820 345 126, 345 1,830 11, 858 163, 976 

oe eee 24,974 2,212 2,749 _____ ee 29,935 59 478 34,051 

23, 600 130, 686 39, 495 4,373 1,062 199,216 5,451 18, 234 278, 334 
91 93 465 -e-e-e-- +--+ ---- 649 135 5,011 6, 238 

91, 206 463, 284 244, 268 26, 986 8,141 833, 885 73, 680 291,945 2,080, 199 

2,058 5,574 3,672  __...---. 9 --------- 11,304 443 5,291 19,712 

93, 264 468, 858 247,940 26, 986 8,141 845, 189 74,123 297 , 236 2,099,911 

8, 648 13, 539 8,372 1,654 1,863 34,076 3, 932 27,727 84, 060 , | 
- 9,180 49,646 39,0383 __...---- 158 98,017 3,943 59, 288 217, 832 

17, 828 63, 185 47,405 1,654 2,021 132,093 7,875 87,015 301, 892 
102 5, 283 3,180 _.._.----) +1------- 8,515 ene neues 629 9, 460 

3,372 15, 525 13,310 1,091 534 33, 832 2,291 8,939 80,870 
277 16,160 7,346 715 Y 24,040 oan enue 4,053 35, 657 

3, 649 31,685 20,656 1,348 534 57, 872 2,291 12,992 116,527 
1,501 | 32,097 19, 756 1,361 110 54, 825 2,042 1, 787 94,635 ~ 

25, 787 228, 836 120, 587 14, 239 2,897 392, 346 34, 587 73,470 895, 656 ; 
4,308 36, 925 15,599 3,101 409 60, 342 9,100 90,170 257,510 

ween eee 7,855 9 Leelee eee eee eee -e 7,855 , 135 1,100 12, 564 
1,471 38, 567 1,709 5 LLL 41,752 ~o-an--ee 3, 820 54, 154 
2,984 6,599 17,051 234 9 __ ee 26, 868 214 1,792 33, 663 

4,455 53,021 18, 760 239) __ ee 76,475 349 6,712 100, 381 
1,061 16, 835 550 1,086  __--.--- 19, 482 145 4,885 30, 196 

aoe n nn nee 1, 837 eh 2,531 48 1,748 7,547 
nee nanee 7, 653 6, 386 1,053  _--_..-. 15,092 191 2,072 28,773 

137 17,345 963 840 ________- 19,285 136 1,656 29, 863 

137 26, 835 8,043 1,893 i. --.__- 36, 908 375 5,476 66, 183 
ee eeeooooooooooaoooooooo——————————————————_————————————————————————————— 

89 185 96 ___-u-ee Lee ee 370 6 oan eee ee 1,191 
ene eee 512 361 ___ee eee 873 47 323 2,860 
wane enee 614 279) eee ene ee 893 31 242 2,243 

89 1,311 VS | 2,136 84 565 6, 294 
2,325 18, 599 13, 122 2,213 117 36,376 3,385 25,181 107, 871 
7,204 9,037 12,138 6, 629 980 35, 988 8, 840 18,719 146, 658 

135 5 188 1,849 1,359 9,393 
6,236 34, 239 15,521 2,066 564 58, 626 5,134 33, 196 163, 905 
1, 146 5, 508 1,339 19 _______ Le 8,012 81 2,279 14, 746 

—1,461 —34, 598 — 23,040 —1,598 +132 — 60, 565 —1,628 —18,151 —131, 052 
SC
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Table 36.—Percentage yields of refined petroleum products from crude oil 
in the United States 1 

Finished products 1966 1967 1968 1969 1970 p 
a 

Gasoline_.___.___-___.-.-------- 44.4 44.0 43.9 44.8 45.3 
Jet fuel________-----.---------- 6.2 7.5 8.3 8.2 7.5 
Ethane (including ethylene) - - ---- (2) (2) (2) 2 2 
Liquefied gases__._....----------- 3.0 . 3.1 3.1 2.9 3.0 
Kerosine______..----.._-------- 2.9 2.7 2.7 2.6 2.3 
Distillate fuel oil. _.......------- 22.5 22.2 22.1 21.7 22.4 
Residual fuel oil_.....-_-.--.---- 7.6 7.7 7.2 6.8 6.4 

. Petrochemical feedstocks. __...-.- 2.1 2.4 2.5 2.5 2.5 
Special naphthas_-.-.-..-------- 9 8 7 .7 8 
Lubricants___________.--..-----.- 1.8 1.8 1.7 1.7 1.6 
Wax__._-- eee .2 -.2 2 2 2 
Coke____-__-_-_-.------____---- 2.5 2.5 2.5 2.6 2.7 
Asphalt_.__..._....------------ 3.8 3.5 3.6 3.5 3.6 
Road oil__.-.---_-._-_.-----.--.- 2 2 1 2 .3 
Still gas__......-.-.__._....----.- 3.9 3.9 4.0 4.1 4.1 
Miscellaneous_____.-______.----- .5 4 4 4 3 
Shortage______._-_._.4_--_-_--- —2.5 —2.9 —3.0 —3.1 —3.2 

Total____-_-___-- ee 100.0 ~ 100.0 100.0 100.0 100.0 
ne 

P Preliminary. . . 
1 Other unfinished oils added to crude in computing yields. 
2 Included with liquefied gases.
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Table 38.—Production (refinery output) and consumption of gasoline | 
(excluding naphtha) in the United States, by States 

(Thousand barrels) 

1968 _ 1969 1970 P 
State CO rr eo 

Produc- Consump- Produc- Consump- Produc- Consump- 
tion tion 1 tion. tion 1 tion tion ! 

Alabama____..-.------.-----:--: ©) 34, 006 (2) 36 , 042 (2) $8,155 
Alaska___....------.---------- —_ 2,235 —_ 2,449 — 2,430 
Arizona____.__-..-.~----------- — 18,088 — 20,527 — 22 ,649 
Arkansas___...-.-------------- 13 ,325 20,935 14,515 22 ,092 15,257 23,019 
California.____..--...-..------ 3272,049 201,477 #%281,936 210,903 %297,236 219 ,693 
Colorado_____.....------------ © 6, 993 22,944 6,736 24,445 7,116 26 , 523 
Connecticut_____....-....-.--- — - 26,408 — 27,638 — 29 , 026 
Delaware_______.-_.-.--.------ (4) 5,776 - (4) 6,024 (4) 6,305 
District of Columbia__.._...._-- — 5,575 — 5,670 — 5,705 
Florida____...._.-.-.._.,-.---- — 67,320 — 72,790 — 78,761 
Georgia. _...-.-.........--.-.- — 48 ,285 — 52,149 — 55,206 
Hawaii.__....-..-.-..-2.-__.---- (8) 5,005 (3) 5,254 (3) 5,439 
Idaho____.-----..--.-----.---- — . 8,617. — 9,259 — 9,791 
Illinois.........-.--._.._....-. 136,576 99,696 132 , 838 103 , 067 152,576 105,323 
Indiana___....-...._..-----.-.- 87,559 55,676 95,955 57,922 97,576 60 ,045 
Towa__._-------- eee eee eee 35,143 — 36,182 — 36 ,350 

. Kansas____.__--.__..---.-.-.-. .5 95,898 29,114 598,123 32,619 598,674 32,816 
. Kentucky___.-.---_..-------.. &22,348 30,953 6 24,509 32,641 6 26,837 34,373 

Louisiana_.__.........--..-----. 222,477 33 , 027 237,515 . 34,532 253 ,357 35,763 
Maine_-________-__-_ eee — 10,316 — 10,715 — 11,220 
Maryland______._.-_-._.----_-- — 82,945 — 35,238 — 37,626 
Massachusetts___...-_...._---- — 45,156 — 47,075 — 49 ,891 
Michigan____-_.__.-_._--_._-_-- 26,478 91,128 | 26,560 95,956 26,804 99,619 
Minnesota_.________..--_-_---- 22,481 41,094 25,719 43 , 776 25,788 45,412 
Mississippi_____.....-.-------- 26,368 22,417 26,767 23,905 26,312 24,952 
Missouri______....-2---------- (5) 51,939 (5) 54,567 (5) 57,016 
Montana____._._...---------- 21,210 9,560 21,397 9,664 22 , 233 10,125 
Nebraska______-_....---_------ (5) 18 ,962 (5) 19,975 (5) 20,225 
Nevada___._.......----------- — 6,726 — 7,054 — 7,693 
New Hampshire_____..._.-.--.- — 7,213 —_— 7,723 — 8,295 
New Jersey___.__..-__----_---- 79,970 62 ,572 89,418 64,363 84 ,232 67,510 . 
New Mexico__.___.____---_---- 8,080 12 ,297 8,244 12,944 °#8,141 13 ,431 
New York____....----_--_--_--- 11,831 138 ,401 13,686 150,120 14,396 149,777 
North Carolina__.....-.-------- — 51,502 — 55,183 — 57,650 
North Dakota_____.__.-.._-.... 714,638 8,698 713,853 © 9,109 714,733 9,060 
Ohio_____-.---_..--__-__L---... 101,510 100 , 086 104, 533 105,053 103 , 844 109,519 
Oklahoma__________-.-_-------- 90,978 33,786 91,460 35,398 94,936 37,490 

; Oregon_____--_------- eee, ll 22 , 766 — 23 , 874 — _ 25,336 
Pennsylvania______.__.....-.-. 4181,756 97,040 4139,818 100,946 41385,396 103 ,472 
Rhode Island_______....-.----- — 7,596 — 7,942 — 8,240 
South Carolina__.......-..-_--- — 25,687 — 27,346 — 29,066 
South Dakota___.__..__-.------ — 9,822 . — 9,899 — 10,143 
Tennessee______._____._-____-- (8) 39,200 (S) 41,806 (8) 43 ,259 
Texas____.___... -.-----.-.---. 511,362 153 , 876 534,286 149 , 737 562,122 152 ,226 
Utah____--- eee 20,590 12,810 21,526 14,021 22,158 14,372 
Vermont._.___...-...---------- — 4,555 — 4,772 — 5,115 
Virginia__...._-___._------_---- (8) 45,011 (8) 48 ,020 (8) 50, 862 
Washington______.._----_..__-- (3) 33 , 836 (3) 35,595 (3) 36,721 
West Virginia_____...---_.--.-- 8 8,965 15,120 89,624 15,603 87,571 16 , 526 
Wisconsin____._...__-----_---- (7) 42,017 (7) 44,210 (7) 46 ,386 
Wyoming________-_.__-_-------- 20,435 5,514 23,394 5,760 22,616 6,085 

Total..___.._...________ 1,933,827 2,009,928 2,022,407 2,109,554 2,099,911 2,191,692 

P Preliminary. 
1 American Petroleum Institute. 
2 Alabama included with Mississippi. 
3 Washington and Hawaii included with California. 
4 Delaware included with Pennsylvania. 
5 Nebraska and Missouri included with Kansas. 
6 Tennessee included with Kentucky. 
7 Wisconsin included with North Dakota. 
8 Virginia included with West Virginia.
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Table 40.—Shipments of aviation fuels 

. (Thousand barrels) . 

| Shipments to PAD districts 
Product and use US. 

I II I IV V total 

1969 
Aviation gasoline: 

For commercial use: 
Airlines. ___ 2.222222 -.22-- -- 638 327 195 37 266 1,463 
Factory. ....-.-.-------_-_-- 85 62 38 1 20 206 
General aviation.__-__-.-.-.. 2,581 2,556 1,639 376 1,898 9,050 

Total___..---.-.--.--_--.. 3,804 2,945 1,872 A414 2,184 10,719 
For military use__-__.._._._.-..-.. 3,984 1,427 5, 556 304 3,893 15,114 

Jet fuel: 
For commercial use: 

Airlines.__._.-_.....-.--..... 83,6138 49 ,504 19,009 6,253 68,898 227,277 
Factory__...-..--_-..-...-.. 1,606 717 325 one -e 1,052 3,700 
General aviation. .~_______.- _- 3,759 1,803 923 757 1,114 8,356 

Total_.......--.-..--..._. 88,978 52,024 20,257 7,010 71,064 239,333 

For military use: . 
JP—4_____. i. 128,868 16,904 22,537 3,688 236,872 108,869 
JP-5_..0 eeu ei--. = 5, 204 60 4,982 won ne 6,926 17,172 
Other_._.-..---2- 177 162 467 = + ----- 379 1,185 

. Total___.._-_.--.-_.--_.... 34,249 17,126 27,986 3,688 44,177 127 , 226 

1970 
Aviation gasoline: . 

For commercial use: 
Airlines____...--...--.--.--.- 447 319 216 24 158 1,164 
Factory. —-...-...---.---_---_ 54 27 20 ~----- 14 115 
General aviation_-____..._.... 2,248 2,557 1,604 399 1,817 8,625 

Total_._.-.-.----._.--.... 2,749 2,903 1,840 423 1,989 9,904 
For military use__.............-._ 1,941 1,226 3,616 243 2,964 9,990 

Jet fuel: 
For commercial use: 

Airlines. ....-_.-..-.-....-.. 87,704 48,812 19,414 6,493 67,835 230,258 
Factory_-_...-_--.-.--..--_. 1,340 926 234 wou ne 533 3,033 
General aviation.____..__-_.. 3,058 2,449 1,681 758 1,925 9,871 

| | Total____._--_-_.---.__._-.. 92,102 52,187 21,329 7,251 70,293 243,162 

For military use: 
JP-4__.0 22. 220,840 15,290 15,254 2,516 432,745 86,645 
JP-5__._.-- eee i--_--._-_. =: 6, 728 V7 3,343 waoune 7,368 18,011 
Other___------_- ee 232 65 540 30 461 1,328 

Total_....---_-_.-..-._-... 27,795 15,482 19 ,637 2,546 40,574 105,984 

1 Excludes 93,000 barrels imported directly by the military. 
2 Excludes 1,013,000 barrels imported directly by the military. 
3 Excludes 3,143,000 barrels imported directly by the military. 
4 Excludes 960,000 barrels imported directly by the military. 

Definitions of terms used in this table: 
Aviation gasoline—any fuel in the gasoline boiling range for use in a piston-type aviation engine. 
Jet fuel—any fuel for use in an aviation turbine engine. 
Airline—sales to U.S. certificated air carriers, including air freight carriers, international air carriers (if de- 

livery is made in the United States) and to such other air carriers as supplemental or nonscheduled car- 
riers, air taxis, etc. 

Factory—direct sales to airframe and engine manufacturers. 
General aviation—primarily sales to distributors and airport dealers. 
Military—sales to Defense Fuel Supply Center and to other military agencies of the U.S. Government.
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| Table 49.—Statistical summary of petroleum asphalt and road oil | 

(Thousand short tons) ! 

a 
1966 1967 1968 1969 1970 > 

A 

Petroleum asphalt: 
Production__.__-.------------------------- 23,560 23 ,230 24,629 24,671 26,665 

Imports (including natural)_-.----.-.--------- 1,110 1,172 1,134 866 1,127 

Exports___.....---_----------------------- 87 77 78 84 65 

Stocks (end of period).__-_------------------ 3,147 3,265 3,646 3,046 2,869 

. Apparent domestic consumption____._..-..--. 24,377 23 , 847 25,664 26,053 27,904 

Petroleum asphalt shipments: , 
Paving._____.._.-.------------------------ 19,648 18, 867 20,690 21,333 23,787 

Roofing. __.-------.----------------------- 3,992 3,967 4,767 4,080 3,806 

All other__..------------------------------ 2,798 2,969 2,922 2,743 2,865 . 

Total__________-__-__-----.-------------- 26,4388 25,803 28,379 28,156 30,458 

Road oil: 
Production.____._._..---------------------- 1,318 1,269 1,241 1,652 1,708 

Stocks (end of period)____..-.--------------- 167 146 100 160 115 

Apparent domestic consumption_._..__--------- 1,257 1,290 1,287 1,592 1,753 

Road oil shipments____._.__._---------------- 1,045 1,033 1,025 1,116 1, 753 
CO 

P Preliminary. . . 
1 Converted from barrels to short tons (5.5 barrels = 1 short ton).
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Table 51.—Salient statistics of road oil in the United States, 
by months and refining districts | 

(Short tons) ! 

ae | 1969 | 1970 p 

Stocks a Stocks 
Produc- (end of Domestic Produc- (end of Domestic 

tion period) demand tion peirod) demand 
STOO 

By month: : 
' January_____-----.-------- 47,273 124,727 22 , 546 23 , 636 139,818 48,818 

February____.._.._-------- 30,909 147,091 8,545 41,455 161,818 19,455 
Mareh________._--=------- 91,273 214,546 23,818 90,545 217,454 34,909 
April_.--.-_.._.----------- 66,182 282,545 48,183 105, 636 250,363 72,727 
May_.___--.-------------- 142,182 254,182 120, 545 202 , 364 287,273 165,454 
June______._..____-..---.. 200,909 256,546 198 , 545 226, 545 275,818 238 , 000 . 
July__.__.-.--.-_--------. 233,091 236,727 252,910 299,091 233 ,273 341,636 
August_.___._._.._.-:-.---. 329,818 259,273 307 , 272 278,727 195,818 316,182 
September_._._....-2..---. 219,818 210,364 268,727 186 , 182 140 , 364 241,636 
October____.__._-.-.----_. 162,727 170,545 202 , 546 130 , 727 101,273 169,818 
November___.._._-..-----. .. 78, 545 157, 818 91,272 77,454 100 , 727 78,000 
December. ___.__..-------- 49 ,273 160 , 000 47,091 45,455 114,909 . 31,273 

Total___.._.____..-_--_-_ 1,652,000 160,000 1,592,000 1,707,817 114,909 1,752,908 

By refining district: : 
East Coast____-_._-._------2 -L-e----- +e ee eee 105,818 -.L__---.  --u--_---- 123 , 454 
Appalachian No. 1____._----. 106,364 2,909 121, 636 1,091 
Appalachian No. 2_____---_ ~-------.) +--+ eee eee e eee e ee wee eee . 
Indiana, Illinois, Kentucky, 

ete_.____.__.---___.-... 578,000 42,727 774,364 7139 , 818 31,091 996,182 
-Minnesota, Wisconsin, 

North Dakota. ____-_---- 44,545. ._____--.- 44,727 182 | . 
Oklahoma, Kansas, etc_____-_ 187,273. 20,727 184,182 4,727 . 
Texas Inland______._______ 19,273 182 24,545 —  T27 
Texas Gulf Coast... 2 _ 15,273 546 9,686 .--._-.-- 
Louisiana Gulf Coast_____.. -_.-_---.  ---- ---- eee ee eee oe eee 
Arkansas, Louisiana Inland, 34,364 34,182 

Co DO eee eee ene 
New Mexico_____________-_. ~---_---.  ----_---- . ween eee Leen eee 
Rocky Mountain___._..._.... 359,636 27,273 362,909 336 , 182 23 ,273 340,727 
West Coast____....__...... 341,686 65,636 314,545 247,091 58,818 258,363 

Total____-.__.____-__-_._ 1,652,000 160,000 1,592,000 1,707,817 114,909 1,752,908 

P Preliminary. tS 
1 Converted from barrels to short tons (5.5 barrels = 1 short ton).
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Table 55.—Production of miscellaneous finished oils in the United States in 1970, 

by districts and classes 
(Thousand barrels) a 

Absorp- Petto- Specialty Petro- Other 

_ District tion latum oils chemicals products Total 
. . ok . - a: . .. . - _ _ a - _ . . - ty . . . _ 

East Coast-__..-...-_--.-------------+---- 9 ---- — 1,212 848 128 1,688 

Appalachian No. 1_____.---------1---------- 6 69 22 4 17 118 

' Appalachian No. 2_____.-._-.--------------- ---- a 18 a -in- 18 

Indiana, Illinois, Kentucky, ete__..---------- 88 16 524 529 | 82 1,189 

Minnesota, Wisconsin, North Dakota, and 
South Dakota_______-.-------------------  -=-- ---- —— 122 ---- 122 

Oklahoma, Kansas, etc_.__.-.---.----------- 287 220 673 ---- 274 1,454 

Texas Inland__..__..-...--=.-------------- 151 ee 185 930 29 1,295 

Texas Gulf_____._____-_-.----------------- 27 274 1,442 8,337 455 5,535 

Louisiana Gulf_._.._..--.-----------------+ 400 45 ---- 1,092 202 1,739 

Arkansas, Louisiana Inland___...------------ 133 a _--- 6 13 = 152 

Rocky Mountain, New Mexico_...---.------- ---- ---- ---- 31 50 81 

West Coast____..._____._-2-----------+----- 28 18 1,579 387 267 2,279 

Total: _ 
1970______-.-.-__--------------. 1,120 642 15,655 6, 786 1,467 15,670 

1969_._____..-___------------.--- 963 942 4,675 8,962 2,402 17,944 

1 Specialty oils include: Hydraulic, 28; insulating, 175; medicinal, 238; rust preventatives, 5; sand-frac, 200; 

spray oils, 843; and other, 4, 666.



M INERALS YEARBOOK 

to 

, 1970 

Hao 

ss a & aS o3 SAilms
 

» 
com 

16 
10 

Oe 

s!1 4 A wo }15 aN BOS AGR
O OOS 

N S 
- <© G> 00 

DO 10 
t~ 

e| 
S/S] ms fal gE°RS8E8 

188) 8 8 

N 33 oO Te] Se 
QR N enig 

| 

= ~100 | i |fig 1 @|| oa|S 
$5 [ane 

| 

sle| @ | vl] EEE 

| 23 Si @ 

mail os N Tig 
ao 4 HO 00 rot 

g} 2 =| SE/8 

- 
gi || oo | oriegmis 

. X~ 
Nt 

AQ 
Xr 

0 

ro oo ke
 

Q 
o « 

elo 
co <i CD10.6> 

1 

a 
~ ” 20 

Ort O 1CO10 6 

. 

Lo 

<i 
oo 

> Smeon
 led 9&9 0 10 

wom 
ofa AN “33/18 

x] £ gs 

16 

OTD 
~ = || 

© 0 LKSisi 
a 

, 

I 

« 

> ~ > Ore |X 

’ 
= oO Koa 

NH 8 aa 62 10 69 OY et 

F, © El as la tH | 2910 
=i * “ os | oo De | ANAMO

ae 

| 
5] = 5] sea Fe co \B em mt sc0g30 

| SS |S"SS" 

m7 
~ 

| 
°° S85 3 

coco | > |! x 

oo 00 

2 

a we! 
ae {Lis 

1 

+ 

S 
7) 

= Ds 
C9 tO 

' 
Onn 

- ~ 1 Oe & 
Se 

CO Haa
k 

° 
oO So 

oO N 

tH |] 
ty AN 

>| 
oS Cir 

10 

wd 
oO Ql 

ok 

co 

nN 
- 

bs 
Ye} Oto 

& 
oO vo « reo | 10 10 r= en st ik 

oO 
- ° ~ orm 

om 
~ 

0010 b~ 0) 
10 re 

rt et 
on 

< of | of Sass iO B28 
wee 

a 

x wot 
ie | © ai ¢% 

+ 

+ 

3 i ale Si 0% 
aaolol 

& 

Ss 
; 

© 

or : - 
1d 

1O 

G ei 3 & Ort | & 

eis es AS | Ei AS AeONG 

~ 
® 

Net | oo 00 6 

g N 4 = if] OD | 00 GID 

Slain 
ea l(Si S& HANSOO 

HO 

co fw i ot 1 AAW 

Pr 
~ | i 

Suga 
++ 

a oa 

a 
“| SSSSRSSSE 

EVR] SS 
“Ss 

3 
bX 

| me 
<i “He 

0 S mea N o | 

~ 8D oO 
10 + 

Nit 
~ 

Salo 
SS l Serre 

om 
3 oO oa Or R an 

, 
. 

a Sg N 
- ~ C6 Ss teal 

& 
< 

<t ~ IDky | a 
Or 

nN 11D 
10D 

be 

~ Keren 

) 
~ 7 

on | 
Sax /8 i82g 162 C4ED C

OD 
. 

HAD 

|. 
INT IN aon 

oO |] 10 

v 

a | SSigsi
g 2 of ~ 

oo 

Ss 
o 

i 
alo “ye 

S coe | ol co 

>| S S aX 

i 
Six 

Sw 
168 | os Ooi | TA

NR 

° a a 5 BSI 
0 

a 
ne 

2; ay es NESBA 

= 
nas 

oo 
~ Q00 | 

Ino 
eee 

IO 

+ | 

44 B= © 00 

a 

= N 
. « wN 

wOOQICO 
| AQ 1-4 

+ 
nos 

S 

~ 
IN Im No 1S aii 2 

st 

& .lo| S x 

Ng | ee ae loc 8 8] 28/8! 
s2 

w 21S 
& & royt 

i Il & ow 
WOO | EZ SSSse 

5, £i5| ¢ 4], ase 
25/8 ins | 

* 
| 

00 1c BiB 

: 
but 

= 
” . 

HA] 
10 IN 

Ib 16 <H 

: 

aw 

5 S 
“ 

oo | oO 
INS GSAS 

n io 

N+ 

mo 
| 

‘ae! 
45/5 ei & si S 

~ 

wD 

1 
- 

Oo 
So 

oe) 

So 
& 

:oeN 
. - mM oO mols 

st 

— a | = ao 
qo 

' ' 
Oral s ~ os Da | a $2 | SQN 

6 64/s a Oe Nols 
wo 

co 7 oN -| > Or | SAE OS 

2 al" Bay SAE| oA BOGS 190 
| 

RO Bs 

<< 
< 

os - Q | io
n ISO OSH HOD | B= 

MoO 

a & 

68 
AL IN arelgd 

iS 0 

+ 

a 
00 

nS 
~ | ie 

SG & Sis |S oD 

. 

1 
nN 

- 

4 

q -| 8 Si Sal 
! 

18 1 ©] HalS| 
Be 39 0 G8 

Le 
o> 

Q 

oO 
te ort 

a * 
1o 

ot 
oO 

Qs 
a 

N 
Nn 

- 
es 

oon 

< 
- o}|oaoll 

qos IoD 

~ 
62 00 of 

oO re 
~ 

f co 
1c 

~ 

= 

- 
oO 

mo i: CO rt ed 

. 

AW 

tk 110 
wo 

© co 

on SO 

ro 

N 

1 > l= NOW 
| oO sz 

nN 

oO 

= 

1og00 | mid | E Io Yo 
ot |S 

. = 

' ow 3 
a = « me © 

NO 
co 

2 |u|] 8 8] 88\8 
ms 

six] sal < Z| 88 | esses 

a 
> © 

ae | 10 
Oo 

o 
oO N 

. X10 
weirs

ss 

% 
= 

Ve) 
- 00 00 

eo) Nt& 
aneS

 it 

=~ 
pS 1) 69 CD 

e 
=< N 

co 
~ CO of 

Ssoses
 ANN 

o 

re th 

& 

~ 
> OOD 10D eeisizx

 o 

~< 

o 

aot 
mefeilael

 3 Ci Ba 
: 

“ | o Si gs 
sy 

a] ois 
_ 

os qi aS leks 

e+ 

- 

os (|2l c¢ Sl| Ssiei 3s 
Sis} « % /8) He | B9B8s 

ey 
on o ~ IO | 2 19 6 HOMO 

vo 
NTN 

> ON 
. 

3 
sg 7 wl os ioe | SSB 

ib oreren
 es | 12 

a wo 

x 

oF 
1 Qa! 

sya500 | 0 ll ay <! 

iG 

0 

a on i CH | 10 N 
o 

| 
nN 

= 
oliT 

7 a a me mm a 

’ 

- 

o 

. a| 3 oof] te | 

ris] aia me} H| As | ABsan 

3s 
- 

HO 
N 

olor
 

~t 
ef 

eeaew
e 

kr 
1a 

~ 

mom 
On 

aif 

~t 

- 
a 

N 
- 

ea i sna 
CON 

- 

a 
“ 

mi | oo 
Graves ia RIO SH | 00 |S 

“108 

2 

aoe 
i cart | 1 || & 

eo & re 

2 

- 

‘ 
t 

ot 
! 

' 

(to) 
oO 

- 
- 

Ld b~ 
A 

AI 0 
=H 10 

© 00 

1 
i 

i 
‘ot 

oO 
of rw 

~ 
a 

On 
te) 

4 poo 
rtd

 

— 
oo | 

LC leEX*S3s 

1 i ii ' to trautr
ead?dd

 

~ 
" CO OOD 

\ ‘ 
4 1 oe peruse 

bana 
! ' 

aq wow 

PoP gh food! PEEP bhi ig! borg 
3 

‘ 
\ ' 

} 1 rio 
fr 

' ' ' ros 

a ro ttt 
PoGtiti

itiil 
g 3 tot br 

riod 

3 
' j 

‘4 
i 

| rir 
t B tea 

ro + BR 
1 ’ 

7 \ 
toa 

i tad 

a 
' { 

tot 
1 

i.e 
tt 

ir @ 8 
t 

( ' 
tot 

1 tos 

© 
' ' 

to 
' 

it 
roi 

Vo ! 6 pir 
3 

' 
4 i 

rot 
pres 

i 

! 
oo 

' 
i ' bo414 

'g@ ' 43 rra 
ODO FB 

‘ 1 
toy 

1 
io 

tense 
' 

ty | om !:. ' 8, ‘ it Prftotw
ere ret 

9 
' ' it i ta rr 

| 

c Je} 1a g 
~A D> 

' 
tt 

an 
1m | 4 ' too 

San 
© 

t ' 
bot 

1 
an | reoe

t 

ate 
iss 

? 
boa 

rd 
a 

mm ' ors or & 
t ' 

to 
i 

1 
bb big 

[2/52 34 1 #4 igtSa tit PE dip Gl its 

§ 530 8 ad — m3 ' 1 VOBS 
Sit 

ty 
oO 

' ; i ' 
4 rte 

B02 
pen 

a ag 
J igt

gé 
itis 

> ¢ a! 
; ® © ' 

14 
rere

 

pt 
VES 

GB 
~~ oo 

= Cs 
a8 

ae 
2 

@ 
Vee 

aA, 
! 

' 
toad 

~~ 

oa, 5
0 

Qe 
° 

an 
a 

Og 
top 

am 
Oo 

Oo 'n 
' 

Sy 
5 

t 
re) 

17 

fm 
~as 

& a3 8 4, S'ies5
2a 11° 

% o &iog 
p> 

1 t \ ; ve 

» fos 
a ® 

ao 
° iow 

kas 
i 

mie 
so oO ig 

i~ 
1 eo It 

i 6+ @ 

SES 
3AM 

gs o H&eSs 
2 ig @ Pp ™ 375 

ad 
1 mht 

1 tat ® 

2236 
_ 

5 
= Zees 

1S 
i 

§ = 
ad 

1 o |! 
1p OT

e 

° 

@ AQ A, 
8 35-

8 J 
Qa Oo 

so & 
as 

a 1 a 
| te © 

S8o 8 S ESSSo8 ita & Boe 23 § 218 Sos 

ge 
3 cegssanse 

€ q Se ges © Bea 3 See 

a ® 

wa Dans 
& 

° BES 
@ © e 

aro 
oe 

CS 

Ae <5 
a25 3 g Aa A, ERS 

Zsa 5 
o ones 

fe - 
= 

mae 

B+ 

— 
20% 

hi ® 

Ara 

Sy-¥ 

A



CRUDE PETROLEUM AND PETROLEUM PRODUCTS 913 

ath HOt | ao IN +” 
ANMOME | aD IH S 
ANANAAN | © || s 

Nn WAS | tH [Le 
a | |i = 

tb iN S . 
2 g | 

A . 

tK~ tare | o || 0 wn 
ae IRS NOO = re . 
No 1 AA [10 | A en) 

' 10 | wt I] OD d 
t t jj a 
t rd » 

—_ 

° 
Om MHOWO NIL n 
nN tet 00 | 10 || ra 
~ maim | © || + eG 

i ~ o a 5 . 
- . 

' N [oO XK 
. 

! uw a 2 
' Ps 

Kd came | © lie g 
rte OOD | S || a 
To) Heo | & |] uo a 

N Oo Y 3 
© li & = 

g 
ent itso | {le 3 . 
19g 1COOD |] a || N oO 
mo IBDNS | © Il n 

1 o« ~ o : 
: 

' co |-s || <i 3% : . 
i wo |] oO s 
' res 

z 
‘ LID GtO | wi |] 
' Boe N Ho Re 
rt Berit | OO || oO & 
+ - ~ - 3 

' © oo . : 
ro NBS x 
sot ° 

fe 

3 . 
= 00 oD on oO 

. 

CB inos |S ile Q, 
| . 

IAQIAISs | 16 |] Lo Ss . 
1 ~ - ~ - 

m VISia 2B 
' 5 , . 

Onm|ol}]o S | , | 
wd CO ved 

. 

S Come © Il £ 
= KeNO | © Il et fT - 

a | 09 le 8 . . 

Sit OD | a || O 
© HOO k= | 10 |] x ° 

IMAA | & | N 3 
1 om | - - 

. 

' OD | wate |l OS s 
. 

1 WwW eo Pa / 

' 3 

. re N BS Snes also], fs 
re NAA sl olla} BG 

. 

stm 4 
; 

STS » 
3 

1 | 16 |/ we % = NO 
© SSor 10d || O ° 

SING | A I] co & 

eo | & ilo fe 
bh N eo ~- 2 

- a - 

LD 6D OF Qo 
ENQaEo | a Ns eS 
Ql rari Ql) | cb || 0 a 

eo | oo il 8 
é- =e 

“| ¢ 
com 1m oO wo & 

Baa 100 © |i & 2 
_ oo 100 | 10 1 N sO 

1c ww || oO q 
t ct || 
i | re a 

t t 1 1 = 

: ' ‘ ' t t A i] ° 
rtetee ' ' a 
+ © ¢ € t 9 an a 3 

' 9 t 4 
. ' ‘ reat > > n 
oreo 3 3 ‘a 
»aeeete?tet 
ctaette 3 3 | 

on t 
toed ' ' 5 5 | 

pe — ' 1 1 a 
aw («ttl tg ' 8 z 3 
N \ 3 a 3 toaety ' 3 ® 
ao '! 'a@ am 2 og 

rey | t Q om Oo @® 
ae. (eS un z 

An 1 ig o Bilao 
Se , ‘ay a, 3S fet toed g 
Se 60g —. = eo 
— 8 int OO OD a oe Bae 
S2 855 »p #2 gEo 
"Sb ye oe © ° ESE 

on 8 Ba BE & 9 ag 

HAE aD EES 
ane 

ae 

°}



wo
n 

, 

a 

. 

~~ oO 

ee 

ga 
| 

ag 

MIN
 

| 

pi
s 

o
s
 

H 

° 

fa
ye
 

as
 

r 

ER.
 

2 

£3 

™ 
| 

= 

RAL
 

o 

% 

a 
RE 

SY
 

rv
] 

’ 

e
e
 

E 

ep 

iS 

7 

SE
AS
 

AR
 

. 

. 

po
de
 

BO
 

S
s
 

ed
. 

‘ 

' 

' 

} 

a
o
e
 

w
a
 

oO 

‘E
S 

eo 
en 

Sos
 

= 

K, 

38 

” 

Pi 
is 

3 
oe 

1970
 

3 

7 a
 

ee 
EZ
S 

= 

Gs 

© 

‘ 
’ 

\ 
| 

o
a
 

S 

a
 

= 

' 

! 
(| 

2 
an
 

ok
 

' 

tt 

i 
ij 

a 
me
 

a
g
e
 

1} 

' 
rt
 

t 
' 

ws 
iS 

12°
56 

tf 

' 
it
 

' 

‘ 

N 

co 

*t 

9 

i 

' 
' 

tt
 

1 

' 

a 
— 

are
n 

. 

t 

: 

' 
' 

4 
' 

t 

= 

= 

. 

a 

3S 

& 

t 

' 

of
 

a 

~ 

. 

a 

ra)
 

i 

it
 

' 
{ 

' 
' 

i 

YY)
 

o> 

a
k
 

it
 

14
 

t 

! 

\ 

' 
' 

a 

& 
00
 

: 

i 

1 
t 

E
>
 

= 

& 

~ 

© 

i 
' 

' 

4 

i 

i
 

14
 

' 

B
E
"
e
 

S 

< 

c/s
 

Hit
 re 

! 

i 
! 

Sn 
Be 

* 

i 
' 

1c
 

i 

' 

t 
tt
 

69
 
m
0
 

i 

e 

= 

o 

i 

it
d 

i 

Bo
 B

e 

8 

= 

' 

ee
 

t 

' 
@ 

' 
i
 

t 

5 

' 

a
 

O
s
 

oO 

ce 

1 

2
 

t 

i
o
n
 

' 

“ 

t 
t 

3 
l 

’ 

a
e
 

S
r
 

: 

wo 

Rod
 

‘ 
x 

1 
r 

i 

tot
 

! 
1D
 

4 

B
R
S
 

o 

mA 

i} 
= 

Po
r 

1 
—
 

ts 

| 
Ss
 

ww 

' 

ms 

' 

~ 
iS
 

' 

' 
' 

te
n 

' 
1
 

AN 

CS
 

t 

= 

‘
S
o
 

1 

t 
\ 

oo
 

1 
' 

‘ 
’ 

ro
r 

90
 

pa 

a 

S 

' 

i 
38
 

' 
, 

‘ 

= 

i 
' 

' 
ros 

i 

wo 

a 
' 

is
 

iN
 

a4 

i 
i 

' 

i 
i 

i4
 

& 

t 

160
 

ao 

o 

1 
ta
 

1’ 

5 

' 
t 

: 

a 

— 

So 

2 

nt 
‘ 

> 

t 

1 

td
 

i 
1 

t 

' 
tt
 

a 

o 

ms
 

AS 

' 
% 

1 
1 

1a 

oS 

to 

1 
1 

t 

’ 
1 

rt 
t 

' 

IQ 

2 

I! 

t 
on
 

' 

' 
' 

a 

1 

ia
 

t 
' 

1 
1
 

tt
 

' 
it
 

=
e
 

_ 
ow
 

a
 

oo 
‘ 

' 
' 

' 

i 

ia
 

i 

’ 

' 
\ 

' 

to
 

\ 
i 

.o 
= 

gi 

gS
 

1 

if
 

t 

14
 

' 

,t
 

' 

i 
4 

id
 

i
 

it
 

a 

3
s
 

oD
 

' 
fan

ny 

td
 

co 

’ 

' 

tt
 

~ 

23
3 

o 
' 

' 
} 

' 

' 
o> 

rot
 

ih
 

' 

i 
|| 

a 
' 

‘ 
1 

' 

to 

' 

’ 

oo 

gz 

o 

00
 

! 

i 

i 
oo
 

tt
 

tes
t 

iH
 

! 

i 
' 

’ 

rt
 

! 

ae 

v 

= 

1} 
8 

au
 

il
o 

vi 
18S 

w
u
n
 

a 
~ 

om 

i 

> 

' 
' 

os 

ro
 

ioe
 

2 

! 
1 

1%
 

1 
1 

i 

: 

3 

~ 
a 

a 
B 

oO 

a 

1 

aH
 
i 

i 
' 

xe
 

& 

' 
rt
 

ot 
i 

i 
' 

3
8
 

=H
 

‘ 

‘ 
i 

' 
' 

t 
: 

ro
ns
 

‘ 
i 

° 

eS 

g
3
3
 

' 

it
 

it
 

' 

t 

it
 

i4
 

ws 

i
 

\ 

' 

i
 

i 

S 

to 

' 

a 

O3
8 

t 

it
 

' 

1 

1 

' 

yo 

! 

| 

i
 

4 

,3
 

pe
e)
 

3 

O2
3 

' 

00
 

t 

t 

’ 

1 

' 
1 

1 
i
 

' 
\ 

' 

' 
i 

S 
wa
! 

eas 

i 
mew

) 

i
 

\ 
' 

' 

! 

i
 

t 
1
 

\ 
t 

' 

i
 

te
 

: 
‘ 

, 

° 

— 

: 

‘ 

it
 

i
 

1 

: 

i
 

o> 

1 
14
 

it
 

s. 

’ 

‘ 

oS 

a 

‘ 

i 
to
t 

' 

1 

! 

I 
' 

x 

i 
iN
 

t 

' 

1 

§ 

ot 
' 

1 

t 
' 

' i 

a 

it
 

S
S
 

ro 

' 

! 
' 

3 

' 

t 

Ha 

' 
' 

! 

3 

2 

a 

ho
r 

e
e
 

it
 

1] 

' 
ro 

3 

3
S
 

14
 

i
r
 

4 
' 

I 

‘ 
1
 

1 

. 

i
 

— 

1 

‘ 

t 
' 

5 

. 

2 

as
 

15
 

180
 

' 

' 

' 
1 

4 
' 

— 

! 

4 

tt
 

‘ 

4 
\ 

as
 

ge
e 

1 

tt 
be 

iy 

ie
 

ri 

‘ 

S 

2 

rt
 

‘ 

in
 

a
s
 

| 

ot 
aw
 

1 
t 

it
 

Ex
 

14
 

! 

im
 

m
e
 

' 

t 

to
a 

to
t 

; 

im
 

! 

‘ 

S2
4 

~ 

' 

' 

rl
 

' 

' 

' 

1 

2
 

\ 

' 
! 

‘ 

’ 

o
e
 

i 

i 

t 

. 
at 

= 

a 

' 

' 

' 

1 
} 

! 

= 

ot 
\ 

' 
iP
 

i 
| 

1 

' 
' 

' 

. 

$e
 

&S
 

; 

‘2
 

XC 
i 

12
 

ro 

' 

t 
1 

108
 

i 

i 
a 

it 
' 

S
2
3
 

S 

18
 
SF
 

{ 
co 

i
 

' 
! 

i
 

1 

\ 

g 

ro 

B5
8 

~m 
7 

Bs
 

|e 

a
s
 

a
 

i 

ao
 

7 

B 

$
3
5
 

0 

' 

’ 

t 

i
 

t
i
m
 

t 

' 

' 
io 

' 

¥ 

ro 

> 

o
a
 

ws 

a 

i
 

os
 

oO 

i 
' 

in”
 

! 

i 

’ 
' 

' 
' 

mt
 

' 

‘ 

5 

Z 

3 

oS 
- 

inn
 

* 
i 

I 
<2 

i 
Wu
 

1s 

=) 

$3
 

~ 

I>
 

i
 

oo 

‘ 
t 

' 

' 

>) 

' 

' 
' 

' 

ot 
t 

1 
~ 

1 
tre 

} 

Oo 
ZS 

nN 

nm
 

rz 

rt 

a 
tt 

rt 
oo 

11
 

ba 

2
3
5
 

' 

=
s
 

= 

’ 
' 

14
 

' 

' 

4 
t 

tt
 

tt
 

a 

it
 

t
S
 

i 
~ 

ra)
 

1 

' 
1 

' 
12
 

it
 

it
 

ro
t 

’ 

t 

t 

Qu
 

, 

° 

i 

rt
 

J 

i
e
 

“ 

1 

4 
i 

136
 

0 

i 
t 

' 

5 
; 

' 
! 

t 

i 

S 

i 

- 

i
 
© 

' 
' 

' 
to
 

—~ 

‘ 
i 

' 
i 

$ 
' 

' 
! 

' 

! 
t 

4 

of 

tr
es
 

on 

i 
' 

1 

‘ 

ag
 

: 
i 

i 
' 

' 

’ 
' 

i 
' 

-« 

i 
' 

‘ 

s 

4 

wD 

nae
 

1D
 

= 
a 

i)
 

14
 

-. 

14
 

1 
tt
 

tt
 

' 

rt
 

' 

@ 

&
 

i 

‘ 

= 

i 

oa 

; 

' 
t 

1 

: 

‘ 

a 

' 

15
 

Ton) 

it
 

it
 

1 

i 

1! 

‘ 

1 

Vv 

° 

' 

“AN 

t 

a 

i
 

t 

mg 

a 

a
 

! 

co 

im 

[ 

f) 

' 
i 

in
 

‘ 
1 

t 

' 
! 

t 
1 

i 

: 

' 

S 

' 
1S 

io
 

' 
1o
 

=
 

gS 

t 
' 

10
0 

i
 

1 

i
 

i
 

' 

' 

t 

Sou
l 

~ 

t 

oO 

te
a 

‘ 
1c
 

a 

i 
t 

nN 

it
 

1B
 

i 
i?
 

i 

. 

i 

Ss 

3 

i 

1
1
d
 

aq 

’ 

i 

a 

.
 

‘
3
S
 

rt
 

i 
‘ 

\ 
' 

a, 

a2 

8 
ov 

ai
i 

og
 

ad 

u
a
a
 

iif
 

3-3
 

12 
te 

| 
3 

iis
 

it 
1S 

rt 

tt 

. 

on
 

l 

18
 
SO
 

' 

K
 

! 
' 

im
 

, 

' 

i=
 

1 

‘ 

i 
' 

& 

! 

4 

i 
SS
 

i 

io
 

10
 

' 
' 

' 

10%
 

’ 

! 

mR 

' 
o° 

ix
 

S
S
a
 

oD
 

’ 

~ 

8 

t 

ro 

is 
' 

it
 

w 

a 

Oo 

, 

53
53
 

' 
' 

i
 

S 

' 
1 

‘ 
to 

i 

| 
2 

i 
tt
 

' 

oo 

‘ 
t 

im
 

t 

' 
i 

l 

' 

' 
t 

r=
 

e
S
 

N
 

oe 

vt
 

' 

~ 

' 
' 

' 

i 

a 

' 
‘ 

° 

as
 

' 

it 

Ss 
a 

’ 

it
 

x 

3 

yo 
1d 

' 

1 
a 

rt 
‘ 

© 

= 

' 

; 
' 

1 

o>
 

‘ 

' 
' 

' 

= 

t 
' 

' 
' 

i 

i 
' 

: 

© 

' 
‘ 

! 
' 

oO
 

i 

o
s
 

‘ 

ae
 

- 

! 

° 

' 

i 

t 
1 

> 

I 
i 

' 
t 

i 
' 
i
 

nN 

1 

' 

AN 

i 

a 

' 
o>
 

2 

' 

! 

a 

t 

yg 

3 

Hi
l 

Ha
s 

se
ss
 

8 

3 

3 

x 

4 

ig 

toi 

@ 

oo 
i
n
e
 

I 

12 

ia 

= 

go
 

= 

1 
tt
 

i” 
o> 

' 

i> 
= 

~ 

S
E
S
S
 

i 
nN 

- 

Drm
 

' 

is 

i 

nN 

i 
1S?

 

—_ 

a
e
 

t 

b
e
 

' 

a 

1S
 

1 

o>
 

t 
’ 

pa
o 

<
 

— 

1o
n 

= 

A
R
 

: 

° 

‘i
s 

1 

14
 

Han 

i 

12
 

ad 
RS
 

1 

| 

r 
= 

tt
 

I 
ne)

 

! 

' 

mh 

im
 

i 

a 
Si
s 

is
 

~ 

_ 

13 

i 

e 
S 

‘Se
 

ea 
co 

120 

wn 

aS 

1oD
 
i 

12 

' 
1 

i 

mm 
“3 

Sa
s 

ro}
 

i 

AN 

' 

1:0
0 

' 

t 

o 

' 

a
 

= 

' 
aa
p 

= 

' 

' 
“ 

' 
’ 

aa
 

Ton}
 

t 

‘ 

pat
er 

a 

‘ 

4 

' 

1
 

1 

yY 

eo
. 

CO
 

‘ 

~
e
 

’ 

' 
1 

! 

et
 

S
X
 

oO 

ws
 

' 

v— 

3S 
‘i
a 

' 
SE
 

' 

it
 
a 

' 

SS 

IA
 

‘ 

Mae
) 

a 
ri
an
 

' 

_ 

oa 

i 
tt
 

' 

acs
 

te
 

a3 

1D
 

3 

42> 

! 

os 

is
 

! 
1 

\ 
! 

' 

' 

11
22
S 

' 
oO
 

' 

'S
 

a 

2 

\ 
39 

' 

g 
160

 
© 

t 

1 
' 

Rs
s 

i 

a 

i 
' 

3 

' 
' 

a 

‘ 
1 

' 

H 

! 
i 

is
 

' 

it
 

R= 

' 
oo
 

! 

' 

— 

1 
$ 

’ 
' 

: 

oO 

i 
i
 

10
0 

' 

' 

1S
 

' 

i 

a
 

a 

' 

’ 

‘ 
! 

‘ 

' 

a
 

‘ 
1 

13
 

1 

a 
t 

1
I
S
2
 

’ 

ap
 

' 

A 

ad
 

H
y
 

8 

H
P
P
e
 

ti 

ies
 

a 

x 

7 

a
 

it 

8 

a
n
 

1 

Ay
 

i 

1 

it
 

' 
1 

i 
! 

' 

i 
' 
i
 

i 
i 

i 
rt
 

\ 

9 
|| 

i 
! 

i 

oO 

\ 
' 

' 

‘ 
'!
 

4 
' 

1 

' 
' 

! 
i!
 

I 

‘ 
1 

' 

4 

' 

a 

' 
' 

\ 

a 

' 
1 

t 

1 
' 

' 
1 

' 
i 

; 

t 
' 

' 
1
 

‘ 
1 

1 
1 

' 
’ 

1 

‘ 

a 

i!
 

a 

t 
' 

t 

a 

' 
' 

t 

1 

' 
' 

in
 

' 
Il 

t 

t 
i 

’ 
' 

' 

i 

a 

' 
‘ 

' 

x 

ro 

' 
' 

1 

1
 

tt
 

© 

1
 

vo
s 

' 

> 

oO 

i 
1 

S 

1 
t 

' 
1 

i 

io
 

i 
1 

= 

1 
; 

‘ 
in
 

i 
1 

i 
‘ 

t 

i) 

t 

— 

a
 

e3
02
 

a 

c
a
 

it
 

S 

' 

1 
a
 

' 

1 
' 

' 

SE
BS
 

i 
i 

i 

i 
' 

t 

i 

° 

' 
i 

! 
2
E
 

1 
to
a 

' 
i 

{ 

' 

S
8
5
8
 

i 

i 

' 
i 

i 

' 

I 
: 

OD 

i 
t 

i 

: 

i 
' 

‘ 
i 

i 

t 

S
A
R
 

1 

‘ 
1 

' 

t 

' 

rt
 

' 

a3
 

i 
to
t 

i 
' 

' 

‘ 

— 

KB 

! 
iy
 

' 
t 

i 
4 

t 

i 

1 

3 
tf
 

' 

aS
 

a 
tot 

’ 
\ 

1 

1 

g 

i 
i 

' 

rt
 
i 

' 

i 

i 

© 
i
 

' 
a
s
 

1
 

' 
i 

! 

! 
: 

a 

i 
oa
 

' 

‘ 
ra
 

1 

ro 

= 
' 

' 

' 

oO 
' 

! 
' 

1 
' 

‘ 

' 
' 

' 

= 

a 

! 
t 

‘ 
: 

\ 
‘ 

I 

“A 

' 
i 

' 

5 

| 

' 
c
e
e
 

' 
i]
 

i 

t 

i 
' 

ij
 

< 

i
 

' 
it
 

i
 

1 

eK 

i
 

t 

od 
' 

' 

o
e
s
 

' 
1 

' 

i 

‘ 
' 

! 
' 

t 

ps
s 

1 

' 
i 

' 
1 

' 

’ 
' 

I 

t 
' 

‘ 

as
 

' 

SS
 

rot
 

i 
' 

' 

i 

tt
 

t 

i 

' 
1 

‘ 

! 

‘ 
i 

E
E
E
 

' 

8 

3 
' 

1s
 

‘ 

i 

‘ 
' 

, 

' 
1 

rt
 

' 
' 

i
 

' 
te
d 

! 

: 

a
 

_!
 

a
3
<
 

' 
1s
 

i 

' 

' 
‘ 

tt
 

' 
' 

' 
it
 

tt
 

§ 
' 

' 

<
5
8
 

a 

2 
gx
 

i 
12
 

i 

' 

i
 

1 o
t 

i 
' 

t 

1 
! 

id
 

ta
 

' 

i 

;t
 

a
d
s
 

+ 

a
s
 

t 
1o
 

' 

! 

, 

' 
to 

t 

t 

i!
 
i
 

I 

i
 

' 

4 
is
s 

& 

= 

oO 

© 

3s 
i 

ae 
' 

' 

it
 

it
 

' 

1 

it
 

t 

’ 

t 

= 

i?
 

> 

E 

S
p
e
 

t 

' 

t 

I 
' 

14
 

' 
: 

' 

i 
' 

it
 

' 

1 

! 
io
 

z 

8 

o
g
 

' 

4 
ro
t 

t 
! 

t 

' 

, 

' 
i
 

1 

i4
 

a
a
 

ue
 

a

 

G
e
 

at
 

ti 

e
u
 

“H
al
: 

i
 

! 
ii
t 

B
E
 

i 

t
e
e
 

34
 

tot 

1 

i
 

5 

i
 

' 
it
 

tt
 

1 
' 

i 
i
 

Z 

eS
 

t 

it
 

I 
tt
 

i 

! 

tt
 

ct
 

4 

' 

rt
 

o 

a 
3.
6 

' 

1
 

4 

t 

t 

‘4
 

t 
! 

1 
i
 

! 

; 
ot 

' 

ob)
 

F
R
E
E
 

1 

| 
; 

4 
i 

' 

1 

' 
! 

14
 

I 
it
 

to
t 

' 

3 
' 

B
E
E
 

— 

oe 
' 

1 
! 

' 
1 

' 

1 

1 

' 
' 

1 
i 

I 
It 

' 
i 

s 

1 
t 

is
 

8 

8 
i
 

it
 

' 
i 

i 

\ 
\ 

4 
' 

4 
i 

1 

\ 

— 

' 

S 
2 
w
i
d
e
 

a
 

Bt
 

5-
5 

\ 
' 

14
 

' 

1 

t 
' 

: 
i 

\ 
! 

‘ 
i 

! 
! 

' 

wa 
iS
 

g&
 

\ 
' 

4 
I 

1 

ot
 

: 
it
 

' 
i
 

' 
' 

\ 

io
 

E
s
s
 

ir 

i]
 

! 

i
 

i 
i
 

i 
14
 

t 
' 

t 

' 

S
F
 

1S
 

i
 

' 

, 

' 
;4
 

\ 
, 

' 
t 

' 

Ls
 

=
2
3
 

' 

3
 

‘ 

l 
1 

i 
' 

1 

\ 

' 

' 
i 

1 

i 

te
e 

a
c
 

2
 

i=
 

' 

‘ 
' 

' 
i 

i 
t 

‘ 

1 
' 

i 

' 

‘ 

2 

S
A
S
 

1S
 

' 

' 
' 

i 
' 

, 
4 

' 

4 
' 

' 

ii
 

B 

S
2
2
5
 

' 
it
 

i 
tt
 

i 
tt
 

' 

t 

it
 

' 

s
e
s
 

— 

1+
 

i 
it
 

‘ 
1
 

I 

' 

i4
 

©
 

o 

| 
@ 

4 

t 

t 
i 

' 

i 

i 

5S
 

3 

vt
 

pot 

Han 

' 

i 
an 

a
S
 

2 

‘ 
ia
 
i
 

ti
 

’ 
i 

' 

i 

' 
it
 

> 
& 

7 

u
n
 

iit
 

1 
a> 

1 
i 

tt
 

3 
i
!
 

1 

i
 

' 

3 

ae
 

m 

i 

i 

1 

' 

' 

B
e
s
 

> 

‘ 
i 

ig
 

: 

$ 

i
 

\ 

a
l
e
 

! 
on 

a
 

§ 
1S
 

' 

os 

' 
t 

B
E
E
S
 

a
g
 

' 

i 

' 

' 

’ 

5 
‘1 

3 
i
d
l
e
r
 

ii 

s
i
a
n
 

iit
 

7,
 

Ba
t?
) 

> 

' 

t 
' 

s
e
 

4 r
e
y
 

t 

t 

rT
 

' 

g
u
e
 
§ 

' 

ot 
i 

g

a

e

s

 

-
 

' 

§ 

1 

= 

3 

oot 
i 

So
n 

~ 

Q 

i 
' 

° 
Bey

 

i 

m 
e 

us
 

1 

a
a
%
 

' 

=| 

i 

a
e
d
 

! 

2
2
3
 

i 

s
a
e
 

om
a 

S
s
 

° 

a 
4



CRUDE PETROLEUM AND PETROLEUM PRODUCTS 91 5 

So So ~~ NAS 0141 FE co re CO wf at? NON HD E= on OD ~~ CowsAaganrin ate N 

nw ~ ~ -~ ~ ~ wn ~ ~ n~ nw ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ on” n~ ~ 

: ~P ag wm oS Qa be =H ca Aw oF [fae wet CO CD af UD oat wo — =H OD GO oO 
wat od v= ~~ wy et wa eo oD at =H! SD est et DH) ~~ oa — ~ OD Pe © io] 

— eo - N N vm ow 

= 

tr er PE 4 to ) b 2 & Poe a to8 |) ro ire oo 8 tint Oat as : 
a ee | t Foe bot ft #£ F i 15 t = 1 oawho& oF aoe t pop tf ba OD fb oo 

tos 8 ‘ 1 © & & & 8 4 ' roa ‘ et ot ro to2 ‘ of to 10000 1 ™ 
§ a 4&2 f : ' v ' t 1 t t t ' ! g t ft i t , ! t a ' ' a ~ am |} “ 

to rtf ‘ y brobet pers ' ot ' aot oa ot ’ a | 7 | and 
1 t t ot * 4 ‘ ‘ r & e ’ t J ’ t t t 4 y A ' t 8 A t t t 

por F F ' rrr tt 8 t ro 1} @Q N 1O 2 8 = Sao aot beet tb eo ' 
hr t €ot t t ¢ &@ & Ff t t ao typ ass vw oimf ot 8 ’ mobo’ t t t t ¢t ' 

+ t © Ff ' t , I L Ff i i i] ' t pared wed ' ‘ 1 t I ' a t § t 1 t : 

t t ft i] t t a t t ’ ' 8 ' a a a t é a t i i ' a t i i] t 1 

s ft & ¢ a + ? t id a & i t t i] a ! : i t t ' ' 4 4 § i ‘ 4 

5 4 1 ? t t a t t t ’ a i t t $ . t t § t 1 i i t 4 | ! 1 ' . 

+ hore t eo 4: to a ft 8 eb ' | rip es COOummret 1 wo ot ws rt aoe rem N 
t & € ob 1 rs es ee 2 | i toe 1 oO m™ ~HM of ot ! oeoeopr to teeta = 
+ &* 0 t 1 rP 8 b @ 8 4 t toe 1 — wt oa lt ' etree Umi LN be oe . - 
4 bt tot ' hoy tbe be be t | ‘ yo 1 taobprosde t 
+ bore ' hoeretete 1 sos ‘ 4 ' es ee en ee | ‘ 
t bet r) tet bt @ & 8 1 | ‘ tot ‘ hoped t 4 4 

more r tae Pert toeee ’ to alo aor 1 i 3) bo a) Re 1 IO INOW ie 
ee © topb@ ttre t ied ea | CO reine 1 ik kX M1 IMO wed NX 

© ' : $ > : t # y 8 ' ’ ’ 1c of i) re oO oO unm ic a Hop ise INDO | & 
~ ‘ ~ te F 4 t t ' ' ow ~ ~ ¢ = low wn t Doan w« | w~ a 

wt or pt = trv pe vou 4 i QQ ao wt 8100 100 oO i 1m of oO ~ 
yore toetet te t t en aA t 1 aot ' = 

- i a a | ' haoet@ bos ' ~ 1 EX || = mow tt t wm - $ 4 10D 4 100 4 = 
' do be + torre e toa t t © Oise ai: zB sf age rp tO t 6 t | o& 
' oe bt toe f @ topes t ' é~ CON 1 i ea 1 ce op te opo4 ’ = 
' t bt ' rn ek ee i ee ee | 4 ’ « « re t proton tt i . 
e Bee ' *# ¢ $$ & # BF ’ ’ —H = toot ' parumiee ! N 
1 © boat t hoaotoeor@s ' ' aoa ' toot toa a 

> fF bt r Bet ¢ FP ee ‘ pot ' 2MOD Ibe AA wt ot rm poeoptaeaeot ’ 
foberee ' tr» fF a t Foo ' | ‘ Om 100 eo 1 oe topdeepebeeee ‘ 

rn ee ee | 1 aoe taut o#@ 46 t 1st t = Sea ie SH Nt N te ¢ to bo 4 8 i 
+, ft 4 3 t y Fe b & t € 8 : t ¢ 1 w~ ee ee ~ ¢ - yoeott @ ¢€ 4 3 i] 
t € 4 6 1 bo 4 Ff ¢ 8b tf 8 t » t ' ~~ ™ Ie OD m= 1 = rr es es | 1 
'oeoeret ‘ 'obt @ @ 8 t ‘ to. t i mt m4 aoeoet ot #@ @ 4 ‘ 

re ¢ + , * + FF & # @& 48 t oe ' = wewO (OOS o> m= eS aa@a@4 6 t ‘ : 
' € ft ft ' toaetoef tot 1 tot ‘ as Gast 10008 = ao ee ee | ' 
tara t re ee ee ee ee | ' oa rN = OD Fe CD co co toret @ 6 68 ‘ 
> ££ en ’ eotreberette t tot 1 « ~ toe * - poetortowee t 
t §& e@ 8 Ff i t @ § @ 6 @ 8 1 pon ' a> YQ tw ao CO @op# ps to bo eee 1 
bots ‘ roaodetbete ‘ ot ’ 4 'otetetettaot ’ 

yok ok t § OQ eet ae a toe t 10 | ef |) ae wart 1p wm ott ws Paoem@wWm ng 1] op 
1 bp be E | i a | NX Orr IN ~~ 4 =~ 1) @eep oo 1a 1 oO 
hor bf ho ptt bt & 8 ’ i) o g OQm~sy iret 1 ot temo 1k oo 
tet . hoeotuee t 8 4 t toe « « ~ « tow t rortiow low I « 

oe petr oe hb tot Fe ‘ iw we HS oD re agp ‘ an co 1 oO. 
roars toe t € t # bt foe i —T N tm ' bob iw ! ‘ N 

pt!eest hat eet ft 4 ' to oD |] + om tt 10 w® 1 a rst@miweee =) 
to bre a bt @ & & & a 1 in aN ios be 8 ot 1nd —s 1 s morse ot ag 8 ada 
' #¢ so et tose pr te ks 1 i = SG fo} ie ' oer b oa 1 f asd 
tea roheet fr bt ’ ' « ~ § Fo tia ! epetiwn to pint ~ 
to o)oe k haus t ta t t a> wa to 8 18 ' rarmmM waam”Til ~~ 
yobore te bo pt boe ‘ t nr | ‘ tore bo ‘ 

rem ~ oO Bert ori oR 1 w® [| = oc De Pe © SO en =H Ke © 1:OMOke 1090) S 
toe +O & co ia OG 1 4 DH ' = ONO rei BS = SH rctetOO 129360 oc 
' ' i) ae oO iia : # | asd ' oO OO we ~ co = m= oOo noew pate wt N 

tos - t l « ' - ~ ~ a a 8 a ~ Ft a ~ a ~ 
1a ae >» oof = Qn ke oj So 1 x ret NA oe 
+t ¢ ' moa ' oe S = ™ v= = 1 ond 16 a> oO 
' aoa a et o4 t <= = ‘ = 1 N 

Fone et & ee haute ’ aot rHN ee en corso tie tt 1Oo S 
bt ff 6 ) ethepeboa ' bo tic oO tttt = 1 = iaumdm ¢ 100 

oto aot a aorpebre- do de ’ aot 1] os om 'oraios wm 1 wD popeamNoro aimee oD 
' #@ el t ' @ # p t 8b ft ' 14 i ~ ~ t Fo tot ' op tw 8 tos ~ 

| ‘ took oer?t toes t ao ayaE me trait 1 oa is 6 1M oO 
te bo bob t ' @© € & t £ 4 ‘ toe ’ N YN ' de t a oe | ‘ot 

en | t Bot tboeret eb! et 1 eo vtles Smtr 18 = = eo Ics ANeHS | © 
»'ret ty poe toa tbo ‘ 14 + 1] 90 Now 1: ws ou] os Se mugQaonroc | ti 
! ' es a : poe ' peeba ' it 110 rmNS 10 oa i o> — 1S th DOD oo 

tot ' t ' t t 1 i] eet t “~ ~ own ' | ~ n ~ oe Om ~ 
toe at ‘ rm_u_ouetht ’ ios ' S ne re ‘ = = 1Oe am oY “= of 
poe t tort post $s t oe 1 ag — t ‘ ‘ N 

t bee a teevopete ‘ 18 1 {fag oS 1 th 6 ' at 1 amg for 10 | OD 
pao. ’ toatooet te 5 a | rte co ii ' es t on 1 1CON 2 gg 12H-7 © 
aaa s Ce er ee | i aot t oO os tt 4 wat = i= op 1 — 

> Pet ‘ eoaote at tee ' a | ‘ aoa t ' ar | a4 “ 
en ee ' 3 ' ot ‘ os ‘ 1 toa bop 4 rm 

to! te & . ett g¢ 86 0 & Ff i aoe i] toa 1 4 ‘ 4 1 og ot 

+ ot 3QQ toeyoeet te t 4 of} ONO 16 Nn 1 N oboe pe toby SH 
toto ive a re ee ee ee | ‘ | tho Saw atss 108 N 1 N oD 
to t twee =~ eaeebeet@poe t ao t = = oOo 1 1 oo tee tf 3 4 i 
1 ft 4 @oaetoaee#ot.4 a aoe ! a ~ ‘ t t |e | aoe it 
tot! etree ‘ rot a tlesd N ‘ t oro ty 1 8 
yor tetoeeere ‘ an) ' ' a tee) nr 

toe as ‘ yoykeppts ( os ’ ao NO + is © So tb 1 Oars o> 
(oto eob ‘J hate t tee ' oe ' So ee § ik = _ ot 1M HoOMwM oD on 
ho baa ' rteetetesg ' rot rye wired 8 oH oO 1 co ot (Orne N asd 
'obtaoee ‘ tebe .w4 ‘ | ’ . ~ ro t ee « « ~ 

| 3 eo @ag¢44 1 rot ’ N N an | ' a | ™~™ = “ 
eb boo ‘ 'etepetve t ou 1HN N io ’ | N N 

SD WH wt 1 =} Ow « INC S — ot ws fj at ese ISO co 1 ec aooetrrtt aga in) 
on oo iam) wN + Ore ao 1 m= CO teip amo an t)eueete t tO ot co 
BOAS oO CO 1 10CO Cope | OD yg 1 nN — SS im & N 1 (an i ! ' ‘ ! iN ' N 

~~ * “ ~ 5 tow em ow «~ » 1 w w ~ es bie aw ~ | nw i ' 
Quang N wv 1 100m N ' =x [=~] t oD wm it ad teeputews ' 

| —t oO ‘ iain oO SS 1 SS —_ Se IQS Fo = es ee ee ee | 1 
oo ‘ Le] N ‘ = N 1 N eotrrtrte : 

ee e hb © bb toa ' toe ry ‘ 'oeottos os ' + © ao toproaat a 
boven ’ 'evpveaustes t m4 ! ‘ eetaa too. ’  teeetapete ' 

to 8 ¢ ' 6 @ &@ 84 ‘ aot 8 ‘ eto oe i obo boro'out ot ' 
ee oe | t heetetkba t mot ‘ f @ aobtpeoot ‘ot ‘ ett eo to e tet t 
'oeoait ‘ rs a | ' tot ’ ‘ es ee ee ee | io ' rs es Oe Pe ' 

ypobee?t ‘ haoenrsat 4s ’ 14 t ‘ ipeete ee ‘ t ton reerpee ' 
! 5 t > i t i] 4 i] i i] ! i i 4 t i i ! ‘ a ! a e ' I a} t i J ' t t 

oes ‘ aie to bot 4 ‘4 roa 1 1 areas oo t pre rrr ' 
4 i t ‘ t i] ' ' t ! ' ' i] ' ' t i 1 ! i i t i] ' ' 1 's t t t ' 1 4 

# to eo ‘ toeebeet!ete ‘ tt ' ' teenete soa i ss 9 4 bt be tt t 
ne ! rr ! io ! t tres +4 1 Grim arent 1 a 
' 4 a a ’ ‘ i] A t ‘ i ‘ J i t i t a t i i 1 t t i t t— 4 t ' a t i) — 

oboe ' toot t 4 ’ ta t ' aera tot t io ot poet 4 2 
horoee ' es ee Oe ry ‘ | t ' baoeea to. ‘ ‘ 3 oetoavett \ 3 
so oboyos ‘ roretrat#pyg 1 tot t bee § 8b toe oo ' LQ 1 rn i ~” 
roayoes ‘ poo ob bob tees t toa ' 1% atta aot 1 “se aot | ' Came 

a ee oe | a pop) ' tt tg t ao. 1 'S tee uw an | ' a3! ie 1» Wn ' Oo 
rn el ' tet ee iy ‘ 1 t ’ a 4 ' OQ! ia @ a1Wis t 
rose 1 Tn ee ee ‘ | t "he a to tore 1 ' tigi tt eR i igo} 
rot t a 1+ > = oo ° 1 14 rrr rn eg ’ ro 1 prt bt tes toa ‘ co ' 8 bo4 ‘ oS 

en | ‘ 8 © to eet 4 toe ‘ BBiyts = to ' a! ie + iB a ' @ 
Viens t ato: tl Ty ' 1 » BD ty tot too ' a: S14 wa ' eS 
109 184 ' ee | ' a | ' ° oy io aot ot : ' tery ' wes ‘ a 

1a Bt Pig trot Pio BQ re yet ot gtitE teoge  : 
1Oo 1 ‘ ri 1rQrirs ‘ ioe 1 ge tee, ! ioe i o'rrugsyg load ' m2 
1S is ( ri 1s! a ' gs! ‘ FS Sori 1 iy BOS ifs “a ' 2 

Ss it oS ot tT) 3 — 'R vm met SPePwpwp “KR a Cm SSepls gH “a °o 
3S s Bis Say SB ' “@ BSpoeooo 08S S$ SEESREE OC & 
SSsco 5 BSSPShS 5 £8 FS SHRRSER 82 S causatbe Ss 8 SSS & SSSePee & Oh HF Reaeesan <5 FH US8esgs be a = So Sa ee a o°.5 [=] z a B.2.2.24.2.2 3 ® a a00 0 @ Sh. Sone 

MAO 8<4<O SF 4AZpD aS BAAAAA 808 EQ AS ae 2 
-B 2 o ke & ae 
= a g 5 s



B 

3 
° 

S
 

B 

a 

b 

os
 

e 

£¢
 

3 3
3S
 

M 

oO 

22
8 

Sa
 

MI
 

a
E
 

a
e
 

N 

| 

.™ 

4 

So 

E 

B
 

8

8

 

—

 

-
R
 

2 

= 

a 

A 

Q 

m2 

a
 

g 

L 

3 

r 

8 
pe 

S 

a 

= 

ri 

z 

© 

Y 

: 

= 

ih 
! 

3 

ed 

EA 

3 

aan
 

, 

28 

R 

: 

a.
 

i 

1 

1 

1 

ao 

oS
 

Bn 

i 

_ 
| 

BE
RR
 

BO 

2
 

' 
' 

\ 
' 

! 

a
s
 

° 

38
 

1 

R
B
Z
 

O 

> 

a 

rt 

8 
Be
s 

K 

‘Oo 

° 

1 
WO
 

~ 
33
 ©

 

’ 

wv 

' 
te
 

' 

on
 
we
 

19
 

*]
 

e 

' 

aa
 

' 

' 

B
E
S
 

q 

wY 

=
s
 

' 

' 

' 

Jen
) 

' 

' 

1 

o
e
 

0 

fal
 

= 

i
 

i 

— 

‘ 
i 

4 

E
e
.
 

1 

= 

i 

I 

os
 

5
2
 

\ 
it
 

tt
 

tt
 

o 

"
3
 

> 

a 

' 

! 

' 

' 

‘ 

i 

’ 

ss
 

g 

2
S
 

' 
1 

j 
i 

! 

1 
i 

‘ 
i 

s 

S 

ti
 

rot 

1 

* 

~ 

se 

1 

1 
! 

1 

} 
ro 

\ 

4 
1 

© 

99
 

A 

s 

\ 
! 

' 
j 

i 

' 

5 
: 

4 
\ 

t 

s
f
 

vo 

1
 

’ 

i 

' 

ae 
i 

ro 

i 

oo
 o
8 

om
 

a,
 

‘ 
i 

1e
 

1 

' 

' 
1 

! 
1 

\ 
t 

1 

on
 

a
e
 

a 

2 

’ 
i 

'S
 

' 

nN
 

| 
i 

ro 

\ 
\ 

o
o
t
 

20
 b
= 

. 

—
 

¢ 

' 

t 

i
e
s
 

' 

‘ 

t 

I 

1 

1 

\ 

' 

S
a
s
 

* 

4 

4 

! 

4 
14
 

\ 

e
s
 

o 

@ 

i 

1 
¢ 

= 

to 

! 
tot

 
{ 

1 

CO
D 

oD
 

6 

é 

' 
' 

eS 

o>
 

ro 

tt
 

' 

i 

4 

as
 

~ 

3 

\ 
ta
 

' 
' 
i 

rt
 

' 

1 

I 

eo 

~~
 

' 

i 

o
 

; 

i 

1 

‘ 

l 

1 

' 

' 

Co
 

0
 

> 

a 

{|
 

12
 

7 

© 

OO 

l 

1
 

. 

1 

! 

' 

1 

1 

1 

! 

' 

‘ 

: 

o
S
 

pi
al
 

© 

i 

’ 

1
 

/ 

\ 

i“
 

I 

' 

1 

' 

I 

i 

' 

\ 

R
S
 

of 

g 

i
a
t
 

ii
s 

a
e
 

! 

a
e
 

S5
85
 

aS 

' 
' 

( 

£ 

i 
pe
 

1 

' 
tt
 

' 

t 

! 
It
 

n
N
 

ww 

oF
 

' 

. 

' 

! 

} 

' 

t 

, 

' 

t 

t 

pal
 

~ 

3 

it
 

' 

rt
 

rt
 

tt
 

~ 
gS 

S 

a 

v
a
l
e
 

a

 

~ 

Se
al
 

na
e 
|e
 

; 

Ls 

is
 

a
e
 

Pi 

| 
68
 

MN 

&
 

' 

1
 

i
d
 

i 

' 

1 

l 

' 

1 

t 

t 
iy 

; 

1 

ro
 

a
s
 

: 
1
 

it
 

we 

, 

| 
' 

' 

tot
 

i 
1 

it
 

! 
' 

\ 

eS 

“0 

E
s
s
 

! 
ros 

RQ
) 

i 
\ 

t 
169

 
it
 

! 

! 

4 
' 

\ 

' 

= 

g
e
 

x
 

5
-
5
2
 

t 

} 
‘i 

t 

' 

10
0 

' 

t 

! 

: 

' 

' 

i 

I 

t 

1 

1 

1 

I 

o
w
 

. 

=
 

1 

4 

i 

i
h
 

: 

' 

t 

1 

1 

“1
 

t 

! 

' 

It 

I 

4 

1 

[ 

1 

r
i
 

= 

hh
 

Il 

] 

i
 

} 

t 

} 

i 

' 

1s
 

i 

' 

1 

' 

1 

ry 

i 

u
d
 

= 
3 

2 

is
 

Mi
 

a 
i
 

: 
pu
 

6 

~ 
- 

a8
 

i 

Ss 

7
 

i
 

i
 

it
 

1 

a 

mB 

S
3
8
8
 

' 

i 

' 

oS
 

| 

V 

\ 

i
a
 

t 

' 

' 

' 

‘ 

' 

' 

‘ 

\ 

i 

' 

1 

' 

' 

2 
3 

BE
 

| 

a

 

| 

na
 

an 

! 

. 

3 

' 
! 

4 

;4
 

‘ 

eo
 

I 

rt
 

ot 

’ 

ta 

' 

! 

a 

' 

' 

' 
1 

3 

j 
I
E
S
 

t 

! 

i 

t 

i 

' 

: 
3 

iS
 

H
U
M
E
 

iss
 

! 

an
 

7: 

© 

a 

3 

i 

i 
ir
 

> 

i 
rt
 

' 

1 
' 

i 

+
 

> 

i 

! 

13
 

, 

~ 

3 

3
S
 

\ 
' 

1o
D 

R 

i 
i 

t 
t 

| 
I 

| 
! 

' 

S
|
 

- 

' 

‘ 

' 

5
 

So 

e 
3 

i 
' 

1 

! 
i 

} 
tf
 

i 

ot 

ro
t 

’ 

= 

i 

1
 

t 

to 

wt
 

g
e
r
 

4 

i 

t 

co
 

i 

t 

J 

t 

i 

t 

7 

t 

1 

1 

ay
 

4 

I 

1 

' 

\ 

= 

l* 

“A 

' 
t 

t 

! 

aA 

1 

' 

1 

1 

i 

—-
 

} 

' 

‘ 

' 

io
n 

=
 

=
 

! 

$ 

! 

a
 

‘ 

° 

‘ 

' 

1 

! 

' 

' 

c 

~ 

i
S
 

= 

HE
 

Pi
t 

= 

7 

i 

Ha
Re
 

AV
A 

at
t 

EA
D 

4 

e 

33
 

e
e
e
 

e

e

 

i
i
d
 

a
y
 

7
 

a 

se
s 

1 

o 

} 
hs
 

' 
} 

14
 

i 

i 
i 

‘ 

; 

' 

i 

i 

tot
 

' 

° 

S
2
3
8
 

1@
 o
o 

: 

i 
160

 

' 
it
 

if
 

1 
' 

' 

! 

\ 

i 

Ou
 

2
3
 

wD 
or.

 

a
 

o 

' 
j 

= 

! 
I 

14
 

! 

' 

i 
' 

' 

1 

' 

pe
 

oo
 

) 

im
 

! 

tt
 

1 

1 

i 

! 

1 

po 

i 

S 

4 

e
s
 

! 

= 

a 

4 

ros 

\ 

' 

i 
1 

' 
; 

1 

‘ 

to 

; 
' 

° 

aS 

a 

i 

eo
 

‘ 

ros 

( 

1 
' 

1 
1 

1 

' 

' 
- 

to 

gO
 

23
8 

i 

=|
 < 

S
e
e
 

—
 

iS 

n
t
 

7 

2 

$
5
 

i 
' 

\ 

fo 
| 

os 

\ 
t 

1 
' 

' 
i 

i 
i 

1! 

' 
{ 

' 
' 

5 

ss 

r=
 

\ 
: 

ro 

aS 

g 

' 
i 

' 
t 

i 

co
 

t 

' 

rot
 

! 
\ 

i 

°o 

tt
 

' 
Vr 

“A 

a
s
 

i
 

4 

x8 

i; 
4 

! 
' 

S 

tt
 

t 
! 

! 
1
 

I 
i] 

Vr
s 

a

 

t 

i 

i 

1 

i) 

1 

i 

’ 

=
 

f) 

t 

1 

1 

1 H
D 

i 

‘ 

= 

& 

1 

' 
ne
 

~ 

: 

e
n
 

te 

t 
i 

I 
t 

' 

a
 

J 
' 

! 
i 

N 

' 

! 

\ 

' 
1s
 

a,
 

5 

' 
‘ 

Le 

- 

=
 

B
R
 

; 

} 
1 

l=
 

t 
1 

' 

i 

' 
1 

‘ 

’ 

' 

S
a
 

' 

'
S
 

fo
nt
 

©
 

a
s
 

' 

1 

‘ 

i
n
 

' 

' 

1 

I 

{ 

1 

' 

“a 

SF
 

eo 

e
S
 

' 
i 

S 

B
g
 

1 
i 

' 

' 

S 

' 

© 
8 

ut
 

' 

B
S
e
e
 

N 

! 
oO
 

' 

' 

' 

i 
' 

{ 

=a 

' 

ae
 

' 

~ 

B
B
 

' 

1 

' 

i 

I}
 

' 

eS 

1 
i 

| 

5 

as
 

” 

i 

- 
9 3
8 

1 

it
 

' 
' 

xt 

t 
i 

' 

v 

on
t 

‘ 

« 

oS 

' 

\ 

' 

Kt 

ce 

1 

! 

( 

1 

. 

t 

AN 

1 

i 

1 

_— 

@ 

to
t 

— 

co
 

1 

‘Ss
 

= 

iS
 

' 
' 

a 

‘ 

' 

' 

‘ 

° 

B
e
 

\ 
t 

N 

~~
 

t 
\ 

1 8
 

— 

1s
 

' 
i 

oe 

t 
\ 

J 
' 

to 

x 

a 

1 

_ 

1 

1S
 

oo 

= 

g 

rt
 

1 
| 

' 

~~ 

g 

' 
! 

' 
10
 

a 

nN 

1 

1 

9 

' 

' 

— 

1!
 

' 
i 

' 

2 

' 

ne 

wt
 

1 

1 

' 

; 

oy 

' 

' 
' 

' 

! 

' 
t 

' 

Qu
 

b
g
 

' 

! 
' 

oe 

\ 
ie
 

it
 

ot 

o
o
 

hi 

i 

~ 

' 
1
 

! 
! 

I 

} 

cS 

S
s
 

' 

' 
1a
 

14
 

i@
 

\ 
' 

o 

1 

rt
 

' 

i 
' 

1 

] 

' 

on
 

1 

1 

1 

t 

3
 

! 

=
 

i 

' 

t 

1 

i 

S 

° 

' 
to
 

' 
! 

in
 

rot
 

Ibe
 &
 

\ 

\ 
' 
1 

\ 

ti
 

a 

r 

' 

I 

n
e
 

i
=
 

10
0 

1 

1 

a
 

i 

~
 

1 

i 

I 

1 

t 

i 

1 

t 

i 

i 

1 3
8 

B 

1 

i 

1
 

' 

ia 

it
 

i 
os) 

S 

1 

it
 

1 

1 
‘ 

wa
 

a
 

i 

: 

i
n
 

1
 

' 

t 

i

 

' 

t
e
 

1 

! 

i 

\ 

i 

( 

j 

1 

} 

35
 

A)
 

b
o
y
 

1 

a 

~ 

e
y
 

bi 

: 

S
r
a
 

t 

| 

5 

AQ 

4
 

‘i 

' 

! 

t 

1 

‘ 

' 

i
 

! 

t 

1 

1 

t 

' 

Y 

&
e
 

rt
 

1 

ro
t 

it
 

i
 

ro
t 

i 

> 

\ 
tf
 

i 

' 

' 

1 

cS 

°o 

,t
 

4 
10
0 

_
 

i
 

\ 
to 

I 
4 

<t
 

po
t 

= 

' 
1
 

' 

1 

1
 

it
 

\ 
109

 

' 

rs
 

rt
 

‘ 

oS 

' 
' 

| 

oO 

tt
 

' 

rt
 

ms
 

' 

i 

‘ 

1 

' 

' 

t 

' 

: 

=
 

{ 

t 

@
r
 

: 

t 

i 

\ 

t 

ww
 

‘ 

' 

' 

' 

' 

i 

@
 

' 

' 

1 

i 

ia
l 

iH
 

to
 

Pe)
 

' 
\ 

' 
, 

3 
1e
 

+ 

' 
t 

t 

~
e
 

' 
{ 

! 

i 

OO 

\ 

oO 

it
 

4 
100

 

on
 

ri
 

it
 

X
S
 

' 

1 

4 

16
2 

1 

= 

' 
; 

' 
' 

V4
 

' 

' 

' 
} 

t 

S
s
 

i 

! 
\ 

169 

1 
| 

i 

4 

| 

S|
 

nm 

' 

ea
 

\ 

' 
t 

} 
’ 

' 

S 

I 
| 

' 

' 

1 

‘ 

\ 
im
 

t 

' 

oa 

‘ 

i 

t 

1 

1 

i
x
 

1 

©
 

t 

1 

~~ 

1 
3 

4 

1 
rt
 

: 

i 
it
 

' 

‘ 

~~ 

1 
sO
 

tt
 

2 

' 

im
 

en
 

tt
 

\ 
1 

' 
\ 

yt
 

4 

\ 

nN 

. 

1 

S 

i 
¢ 

Y 

s 

1 

' 
~ 

H 

i 
\ 

tt
 

C4
 

it
 

' 
‘ 

i 

' 

‘|
 

=
 

wD
 

5 
i) 

o
 

30
 

t 

' 

1 

oA
 

' 

1 

' 

i 

1 

t 

t 

| 

! 

t 

' 

—
 

6
 

1 

2 

3 

7 
! 

3 

i 

Mi 

it 
7 

| 

i 

3 

a 

Q 

! 
' 

! 
i 

So 

1 

t 
' 

! 

' 
' 

\ 

t 
' 

t 

i 

i 

! 
' 

1 
} 

i 

' 

é 

A 

H
e
 

H
O
 

! 

aa
 

! 
TH
 

7 

i 

ot 
14
 

it
 

' 
tt
 

} 

i 
if
 

’ 

a 

ty
 

SS 

t 
' 

Ay
 

i 
i
 

1
 

' 

it
 

' 

' 
14
 

i 

! 

i 

i 

I 
\ 

t 
' 

' 

5 

' 

' 

! 

( 

‘ 

' 

t 

' 

1 

| 

' 

' 

' 

! 

1 

rm 

t 

' 

zz 

1 
tt 

1 
tI 

' 
1 

1 

- 

tt 

e 

' 
i 

\ 
i 

‘ 

\ 

' 
1 

: 
1 

\ 

} 
1 

oo
 

1 
'2
 

' 
' 

' 
t 

' 

' 

. 

a 

i 
it
 

i
 

t 

! 

1 
| 
i
 

! 

' 
1
 

' 

\ 

1 
i!
 

! 

iy
 

>,
 

' 
rot 

ot 

1 

4 
14
 

it
 

' 

‘ 

it
 

' 

i 

Ly
 

i 

é 

I 
‘ 

2 

' 
to 

14
 

' 

4 

' 
to 

i 

1 

14
 

1 

14
 

' 
SS 

to 

' 

a 

' 

' 
1 

! 

: 

1 
' 

\ 

i 
‘ 

' 
tt
 

' 

! 
' 

' 
1 

tt
 

AN 

' 
‘ 

! 

3 

14
 

i]
 

i 

' 

1 
i 

4 
i 

' 
' 

I 
t 

! 

\ 
1 

eo 

1 
' 

{ 

t 

' 
; 

3 

1 
i 

‘ 
! 

1 

1 

' 
i 
i
 

i 

: 
\ 

! 

i 
' 

\ 
\ 

oS 

i 
i 

\ 
\ 

4 

. 

' 
' 

' 
' 

' 

! 

i 
! 

i 
! 

! 

i 
1 

\ 

i 
' 

' 

' 

‘ 
\ 

' 
' 

' 

' 

a
 

c

e

 

ai
 

a 

im
 

g
s
 

t 
' 

i 
' 

' 

i 
' 

i 
' 

{ 
' 

i 
' 

' 

| 

! 
! 

i 
! 

' 

{ 
' 

! 

\ 
’ 

a8
 

ro 

t 

it
 

it
 

1 

3 

' 

' 

1 

1 

1 

1 

' 

= 

rt
 

! 

\ 
\ 

1 

' 

\ 

‘ 

& 

' 

‘ 

t 

1 

1 

1 

1 

1 

’ 

' 

i 

4 

t 

o
 

' 

1 

I 

5 

; 

1 

1 

' 

P

s

 

‘ 

' 

' 

' 

1 

‘ 

1 

' 

t 

' 

1 

' 

t 

' 

i
x
 

t 

’ 

1 

i 

i 

l 

! 

\ 

aS
 

ta
 

1 

I 

i 
rot

 
rt
 

pos
 

ts
 

a 

rc
 

\ 

i 

14
 

ry
 

' 

l

a

d

 

} 

' 
it
 

4 
i
 

4 

' 

al
 

im
 

‘ 

or
 

t 
1 

‘ 

2
8
3
5
 

“e
o 

\ 

' 
! 

i 
! 

‘ 
! 

t 
! 

' 

' 

! 

62 

' 

' 

' 
‘ 

' 

\ 
‘ 

' 

S
g
e
s
 

' 

' 

i 

‘ 

tt
 

i 

n
s
 

\ 

! 

' 
‘ 

' 

14
 

s
 

' 

J 

U 

' 

1 

i 

! 

‘ 

3 

e
n
e
:
 

' 

i 

' 

1 

' 

1 

' 

i 

' 

1 

al
 

“a
D 

i 

' 

i 

! 

' 

1 

| 

1 

wT 

B
e
s
 

\ 

! 

td
 

4 

ot 

' 

1 
' 

NX
 

AN 

1 

4 

! 

‘ 

14
 

o
e
 

—
 

' 

1
!
 

' 

1 

t 

i 

’ 

1 

' 

t 

a
t
 

a
 

' 

t 

' 

i 

\ 

3
.
8
 

8 

' 
12
 

' 
‘ 

td
 

14
 

\ 

' 
} 

re 

oO 

' 
! 

\ 
' 

! 

i 

S 

° 

; 
12
 
i
 

14
 

ot 

' 

' 
14
 

1 

' 
' 

' 

eS
 

‘ 

i
=
 

I 

\ 

' 

} 

‘ 

1 

I 

t 

' 

’ 

' 

“
 

os
 

1 

1 

1 

1 

1 

1 

¢ 
t 

1 
' 

1 
! 

! 

1 

it
 

' 
to 

v=)
 

o 

' 
i 

i 

' 
' 

' 

5 

to
r 

' 
,4
 

} 
’ 

! 

1 

\ 
i 

' 
' 

' 

S 

1
 

i 
' 

' 

1 
i 

\ 

B
s
 

1 

ros
 

rt
 

! 

\ 
rt
 

ro 

we 
1 

i 

' 

1}
 

. 

m
y
 

Be 

' 

ta
 

' 

\ 

4 

4 

' 

18
 

i 

1 

a
 

2
8
 

eS 

: 

'
§
 

1 

' 

t 

1 

. 

E
E
 

1S
 

' 
! 

6 

i 

3 
' 

1 
! 

t 

' 

g
s
 

! 

\ 

t 

5 

S
&
 

g.
3 

a=
} 

' 

i 
it
 

tt
 

' 

i>
 

g 

ty
 

= 

u
s
e
 

' 

1 

' 

( 

t 

t 

o
t
 

1°
 

i 

1 

f
Q
 

b
u
s
!
 

‘ 

1&
0 

’ 

' 

‘ 

' 

' 

\ 

1 

' 

S
e
 

a4
 

! 

1 

‘ 

B
e
e
 

1 
|=
 

1 

ot 

1 

\ 

to
 

1 

‘ 

Fas
e 

I a
t
h
 

1 

t 

i 

i 

1 

i 

' 

oD
 

i 

1 

a
8
 

<i
 

1 

1 

\ 

! 

1 
\ 

' 

it
 

3 
5 
ae
 

' 

1 
' 

i 
' 

’ 

1 

' 
t 

\ 

i 

E
e
 

33S
 

} 

to
t 

; 

! 
- 

i 

+ 

’ 

' 

S
a
n
e
 

' 

' 

‘ 

J 

' 

1 

' 

1! 

! 

' 

1
S
 

wh
 

2 

t 

} 
I 

to
t 

' 

' 

' 
' 

' 
‘ 

' 

ie
s 

3
8
 

_!
 

1 
' 

t 
i 

i 

1 

i 

\ 

1 

' 

' 

~ 

S 

a 

i
 

' 

i 

' 

' 

t 

\ 

‘ 

1 

~~ 

3 
i 

iy
 

' 

I 

i 
_ 

' 
i 

' 

hae
 

| 

3S 
$3 

to 

' 

to
 

in
 

— 

Ss 
\ 
i
 

' 

t 

i 

i 

\ 

' 

a
d
 

A
 

iB 

a 

i 
ig
 

1 

' 
! 

' 
\ 

i 

1 

| 
' 

‘ 

d
i
g
s
 

o
e
 

i
 

2
2
 

ie
 

' 

' 
ro 

t 
! 

‘ 

' 
ho 

. 

a

e

 

' 

1 

' 

' 

l
e
 

1 

' 

1 

\ 

=“ 

~
 

1 

! 

t 

wo
e 

‘ 

t 

' 

= 

a
e
 

t 

14
 

\ 
1 

i 

rs
 

ER
E 

a 

i 
1 
1B 

ti 

3 
8 

ie
 

1 & 

t 

1 

TK 

o 

‘ 

' 

1
3
 

‘ 

} 

' 

a 

'3
 

' 
Ha=

} 

' 

4 
t 

1 

, 
4 

' 

i 
' 

' 

it
e)
 

‘ 

' 

I 

' 

gs
? 

i 

1 

Ep
s 

ran 

i 

j

u

e

 

' 

' 
I 

\ 

g

i

 

' 

t 

' 

1 

& 
B
e
 

Hi
! 

<
 

B
a
e
 

t 

' 

1 

S25
 

po 
7 

o 

a4
 

ra
 

i 

- 

es
 

: 
an
 

1s
 

' 

de
 

a
é
 

' 

$
3
3
 

a

 

3s 

a 
23
 

<
 

a
 

=



CRUDE PETROLEUM AND PETROLEUM PRODUCTS 917 

Sm) rN aQ wWmaNeeR 

= Ooo nWoOmrc 
Silt mmroo 

AN = C2 OO NOU 

N Os a 
— 

3 i is} road io6a : 
tof ' oo 1 103 § 5 

rad otde™s boatman 1 « « 
' a ' al omg © ot 
io 5 Hoa 14 . 

tos J m= a= 16 ' 1 

oe imot 
soa i 1 m4 

| ’ ' 14 
1 i i) . 1 J i 

1. J =t widDoas 1 | 
io 1 NX - So 1 3 

“ros ! N N to . 

raft 4 1 ot 
sot | 1 ot 

tof nN vd mw 1% sh @ 
it acd so N tet iN ea 
:} OQ Qe is o 
i wn nw n 

aos o So 1 100 = 
po oD oO 1 i: & 

° 
tou 1 m ow fit © 
ro blo OSs Get 
rad rd ® SR ya ° 
1 ' co co pao ~ 
toy j tora & 7 

5 
ii} (8 SS IRA] & 

. toy i ~~ woe stl o 

14 Pye + 2 

if] ris SS8S8 . 
,oi ) = aN =H CO co - 
t 1 1 - n~ Ow ~ © , 

wet a> rod 
rat}? Ss | 

ed 

Dilolnarnr Noam ico e ~ 
sm Fl a li coo =O COON 1D wn mor | ws |] cp SOR le 3 . 

1 ~ rey ray 5 
' — . , tr 3 

£ 

rit StS Sri is g . 
to o4 oS mor oy pad ° 
rot oe ‘~ ot ' bois & 
toa ~ ee | ms ‘ 

oy ‘ »otod 3 
— 

100 | co |ham Pe re OD "S. 
= oD we 

' Sisco SRS"E g 
1 « “ew owe “ . 
1 Ii Oth es ue © 
1 2D Ot wn 
' as ws Sad 

po4 ~ 1411 8 23 
i] | So SOS 1) 1t Sa 

4 i Om kk 4 : } ' Bg 

i ' ' aa ue } Poaeod. “ 0 
a0 rN NAN paes So : . 

as 

‘i{7)8 sxaigl $e | 
14 aS BA Io a 
: oc SNK In| Sy 
' } ds sh ' 2 &% 

ES 
1 rile Oo 1 1 IN o & 
} | rjjado Ha &a& 
it pips Ob bes ge 
t 1 - ™ 1 tot eS 
1 | 1 = yo olf ~*~ 

an) I pot as 
oo 

ri} alla @egnooe 5 
oo i re oO reo ‘ss 
{ } me t' N "cs 
! i ~ > Cat 
; od i N = og 
1 i ‘ 3 

Ba . 
, 1 ; So Cra ii 1S @ 

an) (1a SS sist Ba . 
to if}o 6S rin a2 
t ~ s oa 
' \ \ = = aot AP o : 
a4 1 N N tot ae 2 

— . 

4 © we Map 109 on a 
cr tT RTO Oe ino ph @ 

Si}eo eas iro DH (ry) eg maine] 88 ¢§ 
4 +r Ne tos 

22 +2 
4 ' ' taeoret So a 

1 ' i ’ { | im a — 
i ) ’ 1b fa fy 
too 1 ’ toyota ee 
to 1 ' tora Ta bt 
ta i ’ tueets o> : 
! ' i 1 1 i] i] ' wa 
ta 4 yp tap SEs 
sot i I proypa a om 

4 ' I tore } mo he 
it l 1 bead) oma os 8 
too 1 i harass Aw Oo 

a ' ) popo4uy ; CE het ey 
pot i ‘ 1oaao coos 
fn) ‘ Poe Fog } ot 5 a5 
yo i 1 m4 aoa ag“ 8 
a4 ' ‘SH ohapea CT. © 

| ‘ en so a » 2 
tot ’ Mh 1 ' I eosgZgas So 
so ' ae ee ee —=a6 
mo) 1 Bei yo oss 
1 t tees tie tos Wy to 
to t io) sy ' 4a 2 S16 

| > BQ 1 it! “3 ata 
18 ' <a Ie! | BOS ~ 
3H 1 5 Pvisalenlanlenlet os oS 

om oom 

22 8 SpSSS8s |2233 8 
go 6 OQ RRR RG Snuvses 

Sa & Heuzeenze |sasss 
RS sRAAAAA |f Ee as 

Pa Prat pnt pod pred Pd 
An a oo TF 5 

=



— 

“ 

S 
< 

, 

8 
& | 

MINE
RA 

a 

HH 
: 

62 

AL 

° 

nm 
ox 

S 

9 

ee | 
32 

YEA 

|. 
|e
 

oat 

RBOO
 

2 

wr 

N 
~ 

UD
 

K 

Bux 

a 
" 

09 

B58
 | S5

88
 

0 

a 
; 

ge] 
xe 

nBz
SRe

ES5
 

So 

, 

m 

7 
os 

el 
a 

or
 

RE
ES
E 

eH 

g 

“ 
On 

Cc 
eo 

= | 
2 

oud 

eS
 

Qo
 

N 

NO
D 

re 

mB
 
e
o
 

we 

<4 

a 

3 

sl 

Cl
ee
 

f=) 

oe 

yl 
OO 

a 

2 
nu 

4 
12 

© 

fes
se 

<a 

oa 

& 
&© 

Oo 
S 

sa
e 

os 
Or 

Y 

O 

rod 

o 

Sos
 

aa
 

rm 
- 

eS 

5 

” 

. 

AA
A 

ZB
EI
BS
ES
 

© | 

S 

Soke
 

> 

. 

. 

” 

wl
 

«~ 

we
e 

co 

. 

= 

‘ 
% 

as 

ae
 

2 | x 

gq} 
© 

& 

a 

co 

thi
e 

eo 

a 

- 

be 
< 

oR
 

v 

. 

ee
 

a 
Oo 

N 

~ 
i 

oN
 

o 

& 
. 

o 
© 60 

- Aa
B 

|e 
© 

nN 
ROL

 

oy 

on
 

vm 
FS
BA
Si
 

so 
~ 

~ 

62 
CIO

 

om 

sf 
. 

too
 

nq 

- 
1 a Sh 

© 
10 

aS 

N 

~~ 

& 

= 
x 

ae
 

_ 
[a5

 

x 
12 

© 

a 

<q 
we 

oo 

NS 
=i 

2
 

nm 
1S 

op 1
0 

i” 

wd 

me 

‘ 

3 
= 

a3] 
& 

1 neS
een

8 
ell

 2 

a2g 

"? 

> 

' 

tp 
de 

~ 
oo 

~ 
lo 

oe 
é 

. ' 

~ 

co 
5°
 

= 

of 
< 

we
 

& 

t 
00
 

oD 
ON
 

N 

wo 
rm 

NS
 

" 

No
 

- 
ON
O 

>
 

1 

ml
 

1B 10
 © 

_ 

LO S
O 

~ 
an
a 

ad 
~ 

1 

co
e 

@ 

N 
10 

1 BI S
LD 

ye) 

t 

| 

— 

5 
dq 

12 
Fw 

mn 
SS
as
e 

t 

ts 

= 

8 

ms 

Ba
e 

co 

ow
 

S1
5 

' 

C2
 

Dr 

ot 

ola
 10 6 

nN 
Sim

 

3 

° 
a 

N 
Sa
w 

om Il 
— 

~ 
00 60 

3 

“ 
St 

ot 
Bis

 
03! 

oO 
~ 

a 

00 SO rs
 

a 
2 

a 

{a5
 

oO 

8 So
s 

I 

ae 

= 
= 

6 
© 

EN
 

o 

et 
NR
E 

te
 

om 
2 

o 
Ss 

= 

at
 

E
S
S
 

Ol 
4 

qs 
i 

nN 
© 

min 
Cx 

aon
 

1D 

ES 

—<
 

mo 
o 

So
 

si 
oS 

o 
N00 

v 

" 
Bo 

: 
- 

mwa
s 

© 
~ 

Se
x 

° 
Tv 

Oo 

~ 
oO 

Yo} 

- 

D 

= 
oO 

oi 

e 

N 

rN 
re 

a 

to 

rm 

ge 
= 

la 

“ 
co 

mt 
Naa

 
2 

S 

* 

a 
1s 

S 

She
e 

0369
 OE

 

en 
| 9 

5 

a 

© 
. 

Dr 
a] 

a | 
9 

ep
s 

< 

tr 

me 
Be
e 

ao
a 

wil
e 

" 
3% 

2 
f 

a 
—_ 

ZR
AI
RE
 

~ 
% 

| 

in 
one

 

as
] 

nwo 

FR
GI
S 

& 
le 

° 

eda 

: 

e 

v= 
red 

oO 

g
a
s
 

<t 

bt 

oO
 

oR
 

a 
<o 

19o
 

et 
WO
N 

a 

8 

Ce
s 

x 
OS 

Sa 

; 

a 
m4 

R 

ct 
ae
 

00 

st | 
29 

z 

= 

1D 
= 

- 

bo 

5 

agli 

gaeg 
SPB 

le 18 
23) 

3 

es
o 

ao
 

i 

re 

o> 

co 

al 
ot 

! 

oO 
a 

4 

. 

me 
1 

Re
aa
se
 

pm f
i 

i 

a 

ce 

Q 
o 

1 

re 
YS
SA
S 

' 

to < 

® 

Ql
 

mt
 

: 

” 
oN
 

co
t 

z 

ey 
nN 

Ne 
© 

4 

Si
s 

; 

O10
 

v 

nN 

I 
© 19 

2 
2 || 

20 

S 

= 

oe 

- 
RI
BS
S 

© 
S | 

S 

ga
s 

5 

73
 

re 

3S
 S

O 

~ 

oO 

oN
 

. |] 

N 

té 

. 
N 

So
e 

Ne]
 

oO 

= 

iat 

3 

! 

aS
 

R
E
O
 

S 

Yo)
 

4 

on 
=) 

a 

© 

= 

vod 
t 

m 

oo 

= 

oS 

' 

° 

é 
bio

 

_ 

20 HI x 

+ 

= 

' 

ae
s 

mo 

tX 

N 
CO 

mo 

. 

oS 

4 

of
 

oe
 

. 
N
B
S
 

- 
co
 

oO 

_ 

oe
 

‘ 

Ves) 

= 
09 

13 
S 

te 
> 

= 

SA
D 

@ 

o 

> ow
 

xt 

bt 

on 

' 

Tm 

qo
 

Ve) 

Co
N 

1D 

~ 

i 

' 

NS
O 

CO
 

4 

-~ 

Oo 

re 
ig
 

5 

t 

' 
i 

B
E
S
 

re 

re 

LO
 

a
 

' 

rs 
rt 

> OB
OE
 

4 
nN 

; 

nN 
a¥2

 

SS 

i 

' ‘ 
' ‘ 

rm 

B ota
 6 

i) 
|| 

i 

oO o> 

ns 

1 

I 
‘ 

j 
' 

tot
 

“- 
O
E
 

co 

i 

/ 

on 
1 

° 

1 
I 

t 
‘ 

i 

i 

r= 

mt 

eo 

mt 

o 

' 

it 

4 

ri 

Se
 

‘ 

moe
 

. 

' 

i 
i 

\ 
’ 

t 

4 

' 
\ 

4 

<< 
oa
 

| 

‘ 

2 
ar
e 

= 

! 

\ 

1 

ri
g 

i ' 

S 

‘ 

al 

1 

I 

i 

' 

' 

N 

oO 

' 

14 
' ' 

ta
d 

i 
to
d 

oO 
oS 

AIG
 

op is 

3 

! 
mihi

 
ET
 

ey 
8 

298 

® 

n 

; 

rt 
' 

‘ 

4 
' 

i 
| 

' 
ra 

' 
pou

 

LO 
? 

a 

On
 

> 

2 

! 

it 
i 

4 ' 
tt
 

tn
t 
1
 

ta 

wo 

| 
on 

eo
 

© 

8 

' 

' 
' 

\ 
' 

1 
! 

' 
‘ 

\ 
I 

\ 
\ 

' 
' 

rq 
\ 

1 
\ 

SS
 

2 

oO 

' 

' 
‘ 

' 
t 

! 
' 

' 
' 

1 
i 

\ 
ios

 
1 

ii 

' 

CO
O 

v 

3 

ri
od
 

S
E
E
D
 

Dee 

pu 
2 /g 

| 
hit

s 

e
e
 

. 

gi) 
se 

3 
© 

i 

it 

ot 

' 
tot

 
i 

\ 
ii 

1 
a4 

t 
tot

 
' 

1 

1 

83
a 

| 

ao 
t 

14 

' 

t 
1 

1 
i 

ta 
‘ 

4 
1 

io 

! 
t 

t 

Si
s 

ere) 

a 
at
 

ro 
rt 

1 

ti
d 

ton 
ra
s 

rot 
' 

' 

‘ 

| 

10 

® 

t 

to 

1 

\ 
0 

tt 
1 

‘ot
 

\ 
io 

i 
tt 

1 
\ 

' 

i 
' 

, 

ae) 

wi 

1 

mo 

ios 

4 ' 
' 

, 4 
ra 

po
l 

i 
' 

' 

' 
vs 

' 

14 

1 

1 
i! 

, 
it 

ri
g 

ti 

i 

t 
i 

i 

ya 

i 

= 

' 

rt 

> 

' 
1 

' 
\ 

' 
' 

' 
ro 

s 
to 

' 
' 

! 

' 
1 

' 
1 

! 

' 

tt 
! 

if 
' 

nN 

4 
ra
d 

yi 

' 
' 

1 

' 

a 

14 
\ 

2 

1 

1 
o & 

18 
@ 

' 
i 

1 

' 

t 
\ 

\ 

t 

1 

3 

i 

4 
AD
 

' ia 
n 

' 
4 ' 

4 ,a 
' 

t 
1 

\ 

i 
tt 

tt. 
; 

~~ 

: 

tot
 

a4
 

I 
i& 

s 
' 

t 
1! 

\ 
! 

' 
t 

14 

! 
1 

! 

' 
\ 

' 
\ 

\ 
roa

 

§ 
n 

ri! 
gs 

; ,@ 

to 
i! 

ta
d 

43 
' 

{ 

i 

4 
1 

ti
t 

5 
» 

1 
oS 

4 
a 

io 
1 

ra 
po 

' 
’ 

' 

1 

\ 

cu
t 

@ 
© 

1s 
bo 

' i& 
® 

4d 

4 
ra 

' 
' 

i 

it 
to 

ror 

> 
3. 

a]
 

Sa 
Bot

 
8 

C 
mot 

;2 
| 

4d 
i 

' 
1 

' 

14 
ii 

roi 

© 
By
ss
 

= 

o 
\ 

; Se 

1 
12 

4 
io 

' 

' 
1 

1 

14 

rt 

ro 

he 

S
O
s
 

a
 

a 

1°
 

7] 
1 

ot 
iD
 

' 
i 

aod
 

' 
| 

1 

t 

I 

14
 

11
 

1 
' 

i 

~~ 

S
S
S
 

8 

od 
' 

1 & 

3 
1!
 

3 
} 

i 
to 

1 
t 

1 

1 

1 

io 

tt
 

i 
i 

1 

® 
his

t 
5 

oe
 

go
es
 
a
 

rot 
i 

i 
1 

Ty 

\ 

1 

' 

i 
i 

a 
Re
e 

oo 

ge
d 

= 

a 
8 

; 
! 

rt 
tt 

\ 
> 

3 
i 

i 

' 
! 

' 
1 

{ 

@ 
3 

B 
< 

= 
ae) 

ge
 

~~ 
t— 

aa
 

4 
io 

' 
' 

S 
a 

1 

' 
! 

t 
! 

‘ 
1 

' 

oO 
3 

g 
38 

S65 
3 

1@ 
= 

4 11
4 

' 
ce 

Oo 
! 

4 
! ' 

' \ ‘ 

= 
c 

3 
es 

I 
= 

=!
 

\ 
toa 

i 
i 

oD 
~ 

i 
1 

t 

' 
1 

s 
gO 

Ban 
so
4 

@o
Sx
 

1 

So
 

' 

i 

' 
; 

he 
a 

Sa
de
 

° 
i 

go
s 

I 
rot 

' 
1 

1 
2 

a 
' 

14 

io 

i 
ta 

0 
® 

> 
= 

A, 
4 

2 
e
e
d
 

ta
d 

' 
1 

3 

’ 

it 

ot 

1 
io 

mK 

Ss 
S 

i3
55
 

aoe
 

in 
so 

S 

' 

rot
 

ot 

( 
1! 

ie 

s
2
g
8
F
e
 

! 
| 

® 
we 

! 

to 

~ 

' 
it 

ga
23
 

= 

‘ 
'o 

' 

to 

@ 

i 
1! 

o's
 

sa
s 

rr 1
8 

& 
o 

’ 

ri 
vo
 

i tye 

Em
 

§.
8.
2 

rot
 

1s
 

; 

i 

! 
c 

i 
Va pa

nt 

Ba
s 

om 
I 

~ 

o 
3 

' 

! 

. 
Sy 

\ 
1 

Ss 
gB
oS
 

ie 
8 

he 

I 

i 
5 

cmt
 +9 

1s 

ry
ee
es
ea
l 

~ 
5 

§ 
. 

, 4 
Se 

rt 

2 
BA
 
ei
t 

46
3 

n 
i 

os
 

i 
12 

ne
 

oO 

~~ 

= 
~ 

l 
| 

aS
 

5 
1 

SS 
aS 

5 
8 

2 
8 4

s 
ss 

1g
 

54
3 

E 
ec 

z 
Epa

 

- a 
gi
is
 

ce 

bs 

yo
 

qe
 

, 2 

o 
29
5 

S& 
2 

5 

Es 
2 

of 
gat

ed 

a 
a9
 

< 

en
d 

® 
3 

3 

3 
aa
a 

Oo 
5S 

5 
2s 

S 5 

cm 
5° 

“ 
ae 

eS 

oe
 

2 
3, 

Ea 

ee 

me 
5



CRUDE PETROLEUM AND PETROLEUM PRODUCTS 919 

COMO OO HOW 4 N of 
1D 0169 00 COIN Si0 OE | 16 |} + 
CO mt > By BH 10 © 0010 © N N , 

a DMrtOoOado wr | a |! 
: wm rt 6} ce mH . 

odtHAOOr SOUS So Je) 
1D” LOGIE COTO | tH || 00 
tit © OD et =H ed <i = re 

N vw N oO ao . 

ID DCO AD ODM ctl 4 | OO |! =H 
re ODD AHOONLK oS N 
t OA a edo co || a 

mon © || . . 

OHNO AMONAS | a || a mo 
CO vet rad SH 1 <H HED A <H 00 So ile) 

er ANNO t& 1] 0 

= re oO EY oO 

DIODE NOANOALE | 00 |] 0 : 
N C AAAS 10 O O38 N N . 

~ 00 XH rt a i C9 rt [lr 

Nn m oN 00 {1 0 

HOR MONAAAA Ho | od || 
tX NO NAO rm = = 

vl rm N “oo © . 

NEWSOM MOOOMNO SY | &4 |] 00 
CO AE CON OAD ri ANO | © |/ 10 . . 
C HEAT AO NI |} 9 

m= to | N oo a 

HOWAMOnATOD | wy || co 
N wt Ook co HA | LD ia 
t- OMrarN wt | dH lit 

x ro} rm [Pe | 

SOWVAOCHONOMH | 10 |] 10 
OrtOMDore Or 100% SH oo Oo 
C6 ALAA HE = ie . 

rm ma S| t {bt , ao 

AN MIDE AAO MIO | 10 [lo 
vat wed OD BD 10 1 SD CO XH <HOOD © oO 

Oo rt 09 LO est A eet oH oO © 

a ee | re iS , 

10 © HOD 09 6 160 SH tO oO oe 

Oo etetet teri od ori | AN |] oO . 

vad r= rs N bt ~ 

C~ CO Cd & vat De 1910 Be 16 0 re - 

© ret red et ed ed mt NWN . 

nN an ht it 

HOA HEOMOAG | & Ilo 3 
~ OI & Od rt 6 0) LO 1 OO Ww 10 os 
So HA Ht A SO ico} t 25 . 

re re cet oe © lle ge 

° 
' 4 1 i) ’ t i 1 1 ! 1 t 1 g 
rirptettetea ‘ t O° 
teepetaeteeet t t OM 
rtet!tttt@etadte 4 t 2 
,4a8 © t ft pent i ! Ss 
Deetetdettdteeda t t 
mrett@'t @ t at t I of 
titrant toedtet t 1 oi 
Daeiutoetetaet i 1 ov 
1teretett treet t t a & 

. 

1ttetttaoeo t t Bs 
itetertette#ed 1 ' ne 
1tetoeddtetee t ' ee 

i] t 1 t t t t t 1 t t 1 1 Ae 
' i i] i] 1 t 1 1 1 8 ! t ( ® 
1tepttteterpada ' ' o 
(repute teonpea i ' Ae 
'foerrtetutee ' ' 8 
1 1toaeta4s 4 bt tee ‘ ‘ n= 

gitiirittry to ty ag i t i 

g te eeeernes 1 3 cS 
eit 12 terete 1 od wa O09 
vn is ' [| on 

mews tt raves 1 3s 
Birergperererees 1 @ ak 
Oi: a irrset 1 & uo 

; Hs t 4 'poreete tw on 
Ort «Oy rrad ' © 
= To © B totrrt 4, : ® & 
a 1o°o' Ss retty, wg s ms 
= ies BP oot 4 1 @ ® g°9 
< 1OG Sa a4 13 qs 7 N 
3 15 5-6 |! r'16 gg ¥g -o¢ 

Sefege i118 S 5) pas 
SeoSsnagnetisk§ § Sl agh 
Hesasci a ' 1X8 cz aisgda 

mem DO gO ‘ — es 8 oe) 

RQ == vey Oem *et ! 1 Sq » ~~ gad 

Sagsegesee & (Ses 
7 o MAtRMIeOds ces 

OR 
wt on



oS 

ALS 

S 

sss
 

YEA
R 

BH 
HG 

BO 

E 

SSu
e 

t 

OK 

© 
ES 

~ || 
3 

» 1970 

= 

sa 
~|% 

SEs
 

g 
S Bn 

47 
3 

B&O 
HS OR 

S 

g38
Ss 

3 | 
a 

en
s 

2 

uv 

gga
 

co 

w | 
N 

us 
S| 

to 

& 

aan
 

ON 
Nl 

Sen
s 

5. 

aas 
© 

js 
SSS 

03 409
 

om 

roi 

@ 
r= 

4 
- 

BS
R 

eS
 

x 

oa 

a 
| 

LO 

ral
 

« 
353

 9 19
 50 

i 

SPR
 

one}
 

é 
51s

 

an 

Sea
ts 

S 
mi00 

0 

on
 

12 
| 16 

Sa
SO
8 

- 

al 
Pn 

N 
- 

oO 
tO 

= 

% 
a 

a 

a 
WOH

 

nN 
00. 

S || 

9) 

vod 
© 

= 

N 

of 

Ss 

bt 
oo 

as
a 

© 
SN
S 

o 

od 
WON

 

Ses
 

, 
al 

BAS
 

om 

° 

1c 

wd 

r~ 

= 

tL 

ww 

oO 

is 

1 

oO 

oO 

= 

CO 
wt 

ri 

& 

1d 
i 

‘bi
a 

CON
 

0 

S 

ie 
i 

> 

Sio
osa

 

iD 

é 

SB 
SE] 8 

S25 2°
ES 

sn 

wa 

* 

~ 
1a 

© 
Sage

 

rit 

v 

3 

on 
TT
S 

oma
 

on 

— 

a=) 

Se 

en 

aA
 

t 

nm” 
|S 

x 

RO’
 

! 
pore 

S| 
3s 

o | 
to 

= 

Qua
 

Sig
 

1 
“ 

s8ea
e8 

nN 
“N 

~ 

© 
$ 

cis
 

1D 
rt 

WBR
SSa

n 

ail 

. 

Bg EES 

gos
 

4 
mie

 10 

ae 

mn 

BSh
s3 

© 

Sa 
iis 

me 
mao 

lo 

~ 

3 

a 
38 

See
 

q 

eo 
tx 

Qe
 

CA
D 

oo 

AQ 

re4 o
Y 

t 
we 

Ss 

bo 
es 

maha
 

od 

a 
1 

<1 

+ 
re 

fee) 

1 
ite) 

N 

s 
BD 

t 
10 

a
N
 

t 
N 

oOo 

ro 

. 

9 § 
= 

att
e 

apt 

NEA
TAR

SS 
of 

S] 
Fig 

om 

<i 

i 
oO 

ga
 

' 
= 

= OD
 

cf 

io 

BS 
g 

“58 

i> {Eq 

2) “3 
tos 

~~ 

~~ 

' 

g 

aay 
3 

0 

; 
‘*. 

ain 

Be 
|S 

a)
 

a 

Y 

m= 

o~ 

100 

eo 

on 

a 
o> 

Oo 

00 

Y Ra 
eo 

o 

Lee
 1 

1o 

3 
5am 

2 
a 

ce 
i? iON 

= 

Sy 
233 

Sc 
oe 

ie eS 
= 

L 

s 

aR 

oS 

~~” 
o 

poo 
o> 

; 

“Ase 

© 

et 
~ 

CL 
~ 

ef 

' 
! 

rm | 
No 

“8 

ma
me
 

S 
rt 

t 

“~ 

A 

c= 

<0 
t 

co 

a) 
tH 

4 
' 

fo 

o> 8 
ey 

o 
is 

|S 
oo t= 

ro o
D 

7~ 13 

“~~ 

“~ 

si
s 

a 

oo 
Sa
k 

AS 

a 
men 

tot 

iio 

BBE 
8 3° 

oo 

BATS
 [8 

ai| 7 

| 

523
 

m 

BOM 
id 

" 
a 1% 

0 xt 

_ 

o & 

cor
e 

a 

ol 
aed 

BAD
R 

4 
teas 

Ze% 
ae 

ai 
|s 

gH ig 

RRBA
VG LA 

is 

a 
aes

 

° 
an 

‘en 

SRN
 

~ 

= 

uw 

vm 

N 
oO 

re 
ite) 

5 ° 

Do 
ig 

le 

SIO 
oe 

, 

Sea
 

ow 
iN oO 

! 

1 
SS 

on 
NA 

5 

Ba
t 

aa 
D 

i 
oO 

a13
 

< 

S 
! 

wt
 

5 
' 

i =a 
we 

‘ 
Son

 

wn 

oo 

1 
” 

por
te 

i“
 

= 
Io 

CO vd
 

BR 

3+ 
Bs 

; 
ia 

rit 
wo 

@Im
gN 

ny 

2 OIE 

os
 

aa 

noe
 

rw 
tt 

S75
 

en 
= 

mo 
- 

Sa 
} 

ir 

tl 

' 
toe

 

on 

! 

‘ 

re 

oD 

ag
 

N 

$ Qu 

' 
> 

rs 

1 Sa 

nN 
mem

 
SZ 

be 

' 

' 
= 

aN
 

o> 

~ 
re 

o 

10 

1 

' 

i> 
ca o

> 
tot 

<i 

ft 

bd 

i 

1 

t= 

alo
t 

| pad 

. 
' 

ug 

5 
83 

Ho 

aim 

! 
img | 

18 

rg 

25 

ai
e 

1 

' 

rg 
a1 

112
 

w 
¢ 

Mar 

imo
 

i 
a 

\ 
oO 

14 
' ra 

Sp 

1 1a 

8 

teed 

too
 

+ 

I 
1 

=~ 

roa
 

‘ 
N 

oO 
} 

yet 

1 

! 
\ 

or 

11 

‘ 

3 

; 
~ 

3 

a
 

— 
2 

8 

1 

! 
ay 

1 

= 

to 

rt 

1 109 

s 

re} 

' 

‘ 

ro 
ie 

ror 
1o9 

rt 

loi 

o 

a8 

\ 

tad
 

I 

uo 
10D 

rs) 

' 

ro 

as 

< 

‘ 
' 

I 

tat
 

~ 

an 

2, 

Ze? 

te 

rag
 

i—~ 
N 

ro 
1 = 

10 
i 

to 

7 

gong |s
 ii ie} | 

i 
HE Pel

PL le | 
7 

1 

t 
i 

¢ 

+) 
2 

<H 

1 

' 
! i tot 

i 

= 

i 

= 

| 

rru
d 

rtd
 

! 

ay 

w 

9 

gris
 

rit
a t 

it 
8 

' 

160 

n 

Ql 
< 

' 
' 

ii 
oO 

co 

1 

oe 

<! 

ql 
to 

14 
10 

4d 
as 

t 

€ 

oie
 

Ql 

~~ 

5 
I 

oD 
oO 

BA
S 

a 

10 

tot 
io 

oo 

' 

=| 

So 
1D 

N 
12 00

 © 

ms 

rot 

' 

o 

aa 
tt 

ewe
s 

rtd 

— 

01 

a 
¥ 

NaN
 

con 

rr 
' 

14 

a 
oO 

ten 

No
 

CO 
= 

' 
ior 

! 

tot 
1 

Z 
ee 

, 
ao) 

oe |* 
= 2 (8 

Hn 

“~~ 

' 
' 

a, 
0 a~ 

S7S
 | 

1 = 
~ 

~ 
fo 

IO 09 
tid 

t 
N 

' inl 

! 

~ 
Sen

 

4 

“ 
5 

© 

1 

t 
uw 

aS
 

ak
 

~ 

a 
N 

eS 

‘ 

i 
N 

t 
a4 

— 
sa
ra
 

Ko
 

z 

= 

' 

' to 
to 

co 
~L
® 

o 

a)
 

bet 

4 
i 

rad
 te 

~ 

= 

O 

; 1 it 

| 
i tt 

ta 
‘ 

' 

~ 

& 

| 

4 
4 

I 
ti 

tt 
} 

1 

~ 
~ 

iN 
A 

tat
 rt 

1 
\ 

rai
d 

1 
~ 

! ru 

Sa 
= 

in 
4 

S 

to 

4 t 
' 

\ it 

i 
' 

a 
on] 

ot 
ot 

t 
= 

10 

S 

acc 
Mrtnn

 
Peet

 iS 
! 

- 

ia 
toa 

' 
ter

t 
ra 

t 

it 
it 

it 
SR 

its
 

' 

Oe
 

wv 

1 ' ra 

i 
| t ' ' ' 1 

I 

' 
4 ' 1 ' t 

\ 
on 

; 

" 

3 

higt 
| Pitt

 
FE
ET
? 

i 

3 

o 
tot 

18 
1 

' 
rs 

tt 
vs 

! 
to 

ts 
tort

 
' 

| 
vs 

\ 
' 

fa 

res 
rot 

' 
' 

t 
: t 4 ie 

' 
t 

t to 
to. 

toa 
tot 

toa 
1 

roe 

eS 
4 

Oo 
4 

i 
rut

 rid
 

1 
tad

 cru
e 

iad
 

| 
; 

4 
i 

‘ ne 

4 
Ie 

Per
it!

 

P
E
E
 

rift
 

11k 

So! 
119

 1 
\ 

to 
Pat

t 
' 

1! 
tra

d 
ria

 
' 

14 
' 

rt 

Sa 
I is 

I 
' 

to 
Prodi

 
t 

bo ! tra
d 

tru.
 

t 
raid

 

i ae 

Qa 
! le 

t 
1 

Vo 
tao 

' 
. ! ria

 
trou

 
i 

tad
 

' 

' 

co 
I 

' 
! 

1 
rt 

rt 
\ 

3! 
ttt

 
toad

 
1 

Dt 
' 

' 

og.
8 

i!
 

tow
 

ro
ad
 

‘ 
i 

o 
! po 

bot 
so4 

it 
' 

tot 
‘ 

! 

t io 

§ 
Sos

 
\ 

1 
6 at tru

e 
t 

‘ 
2 

'! 
rt 

rt
d 

1 
it 

| 
' 

tid
 

Ea
so
e 

\ — 
Ss 

' 
i 

I 
‘ 

raf
 to

d 
pot 

1 
1O 

| 
' 

ri 

gi
ne
 

3 
os 

! 
pro 

\ 

ty!
 rn

s 
4 

' 
re 

' 
1 

ra 

3 
xo 

et 
» 

erm 
| 1s 

to 
t 

O10
 

4 
i 

1 
' 

tot 

a g
as
ce
 

O 
or 

bomt 
! 

\ 
bd 

o 
i to 

; ! 
' 

= 
1 

\ 

1 

» 
Os 

oD 
es 

a or 
12!

 ' 
I 

3 
Ne 

blo
nd 

1s 
' 

i 
12 

! 
1 

toa
 

te 

eB 

a's
 

1 

t 
t 

aa 
1 

rol 

| 
4 

1 
i 

| 
1 

1 

ot 
! 

3} 

© 
< 

aa 
i. 

; 
ia! 

a 
' 

os 

pre 

Z 

BO 8 aS
 

i,t 
§ 

i 
. 0d 

11 
4 

' 
2 

' 
\ 

rho 

4 B
ies

 5S 
» 

Se
as
 

Ug
 

t 
So 

| 
! 

rad
 

san
 

ahS
 

° 
ig! 

Pr 
et 

Bee 

rnd 

3 
Oo 

ov 
EX 

Bos
 

Ss 
1 

Gs 
' 

! 

to 

HO 

mS 
iE!

 
Md 

' 

Se 
1 

i 

© 

mek
 ea 

mG | 

ae 
| 

1 
tid 

TN 

Ja
bi
zs
ig
es
 

! Z 
£9 

| 
1 

' ’ ' 

cei u
gebe

tes 
E ge: 

ma 

: ggsse2
 © get 

ig! 

f=] 

Sa
s 

es
 

° 
' 

_ 

to 
} 

r=) 

St 
t 

oe 
1g 

: 

° 
_g5e

 3 
“Bt 

aoa 
5 

388 

a} 
HMO

 

s&
&§
 

fo 

"oO 
s 

a 

cue 
a

e

 

z



| LEUM PRODUCTS 921 CRUDE PETROLEUM AND PETRO i 

© WYIASH [Ol Caowmos t~ NOAIte | co Hoa ls 1D S 9 Hod 
|] wrans | wo} x Saalo el a SSISR]| S| SEAGSS |i] LVVsssS 

Nod | oO Sen 6 Il oo woos | A St > mon one - = <i wed ed O19 C3 1D 

OO | © tN ~ {f+ ilonN 19 NANA 3 | N a 1a qx “is “ 00 ae o 
WN 

fe he 

19 6) OO ~<H 4 19g) 00 | 16 62 OH QICD OO | MeN 

. oo1a<t | 0 & 100 1 SS @ 3 ' 3 aq ASr a S ~ N nN ' l 
“—~ oO ~ fe 

rare | we oS =! = a a 1 
t 

: 

! t . i ‘ ‘ 
| QB AAYAL IAW KHANTAIN Si LCEsss 

o 10 Ilo Om 11 wD = Wo N | md rian 
seis] 2° leis) Scie | gS 7g © | } mi Bp a] lS Si) Vw BS oo ‘ oD 

i 

io |e WSOWYNS 
; 

ANNO Wilh Y ' <i SHE MOS 
wll qritrifoella Bri; e ty mm a cri AS-i isis woOrSS 

; ie trp wmow na Oo 1 6 | OD Oo eo- Xt a 5 ? 
, i= 1s = 1 aft ipo to ! > ~ ~ oot Nror 
as © ~ ttt - | ' mn oo on 4 
to = toe on tt 1 N 
a4 a tad Qy tet 

wtacooor 

ot 

NOOO Dra | 10 
o mie t lollies hey t+ | oN n C2 De wt rt rc Nt it oo n TAN S 0 x S = wore 1] © | es aa ,ipe © a N m+ => vo \ \ . 1 “ Vw 

: 4 

ret ed et OD ' ei oa mii nt!nN ar ' 
: 

1|o oOo oO AOn i's a ' N m~ 4 

io fei OI S]ey Se ij8 ey] 2 ese sig] 2.7118 St 
an ra ~ rs . ~ - ~~ ' 

11g | uo a « ‘ nN co we 1 . t 

# Ine 
Q 4 v= ' 

: 

tos 
vd ! 

AMSA 

oo 

Co -, wat be N Oo N LON re N ~ “~~ 

ma ow [ol nm reo | 19 |] eis ik ay & YO 1S 
= 

mia = ' ~~ a 
-_ = 

t a 
— 

' 

4 

on | ANIA | a HPOORSA 
ow (0 ~ Oost OS 69 60 G2 COL 

Bee |e OMION Sig Ban = Bi NONOH | gt 3 00.0 ale 0 ret IHD woo |e NHS N oS 4 ni - nN 
9 ho ° oS © rm} be 

" sigl ers |g 5° gs: 00S 1 Kk oe 
rath § 10 ° KS 1m | = = An | A N Dor : 

t Nr 62 || & 1 |e 9 ~ tb Aad HDS = tm ~ t 
' ' « wy Pi ' oO OO rt ' 
i nN hie ' mt 

, 

: it 
oO oo OA i& | a toi 1a | 1 7 SNS | iis} iSiisish ssg/e sy es essiel|spo iis Sons | ris ye im titel Ss Oo)o OF & be = 

ot 
~ 

: 1 
t rot 

vd re 
ro ' i Port y ys : ' ee 7 oo | oo st et ted | & Ag iNT? “ “i 

10 oD 1 | oO {| = ' we So ! ~ m_ =a ' 
eT 18 NAP STS a oy “7 Ss ~~ ~~ 

‘ _ 
ew | ~ 

' 

i 

1 ~~ 
i 

' 1 | 
{ 1 ' 

1obt tous re Potted bb} ety riue ; 
i |] rout | & 68 Oe i} rut vu Prrbtre 

t 1@ | oO tot \ ' rila PINT N ! oS ' oy ont ' i teeeus 
1 1 Oo tind 1 on the 1e ' On i a td tot tert ee 

‘ote | 1 pois ~ t 1 it rete tut 

ot rit ' tie} i 1 prot 
6 

1 i m4 pare ; 

DAWN DOrr xt 1 wt OO 5 

-~-- 
~ aie mo a oo ' 4 nN 

' 

Ge 6 00 00 mo ri N é 
Oo wt CO N 00 NS © DOR! D Of} & RO © ~ = oo <> 

t= |i} no Lis Ol/o wi m~ |< Ro = a aye Cm - na 
— | 

re ‘ 

' 

titan I it \ t rt \ co 100 1D 11 N tirade t tt 
1ealw treet | \ ' I ' oF ON 1S ' gS torres ! ' \ \ ‘ i ‘ 

rel. preg || of thot I \ = cD CO 1 1 ~ peotrre ' trtttae 
ir1ele tt \ ' ~~ te t t - “ imal (ota ' ' \ ratteoe 
rit rad |i pout tot mt ' \ tere aa a re eee rr ee tot 1 1 port tat t prete ' te oaoten ‘ pirtitrirg 
ee 

ee rit tt ig 
rod ' ee ' i tas mo: Os rat i ' tit tort ' iat tere 

tse 1 a ‘ ' 8 tra thot Gf reed 1 prot titi ' frrrow 

Dt \ tive 1 1 peitat rot "4 pope i rn ' toa ob kb tea 

ia t rbot ! ; @ tad mt tom! prog 1 mired ' ‘itt raise 

a ' sre : ' § tas ido t wee pry 1 tates ' ee ee ee | 

rr raid ot ot Bm itt ik Bg prety to} rerbeut oo Si irr 1d 

on or mii ot t get: ig: 88 a 
er Sirti ig 

boat i t i =” @O@ 1 tt 'o 3 1erS 4 i | \ 1 rt te. 
het ob ieee tb Be ert igs am fii i tbat | gigiiis 

weed ’ 
. pepo mrt ot t BQ vg GgQ tii tht tne 4 219! i tg 

P44 ' t te ‘ 1 8 ' ro its @6e res 1 i 1abtereee ' 5 ze 1,2 ' 

tag t eo ' ' 3 ey ig 1 3) t 22S ' ' S i ee \ tore ' ' { ~ ' a ia 19 

rit ot  vgagt a 8 g8ogi ig: aS gitigs | Sgiiig ii | LiPia ss 
‘ ~~ . ' ' o 

. feet gy 
ara 

Bii i gigi | 5 g8eai iG) FO ge tis: @ BEI Si) Be Ess ERs 
Bo sae! B@ BE Eom. @sa 84 gk&usu, $ geno 8 Sebagee 
aR ' } SGN 8 a NS5phn weg ~~ 8 tas | ° oN— a fe sort RS 00 

on, +» i © fon Bn 6S ot @ O wm © aeanx fia 60 Sai oo x, od ® rf 

SES & gege8 & § #EsBE SSE Seages “ SEESS SS AMHKOMLAn 
ot eo OF S.ap YC SQOSRO asadQoomw Oo 

aes San EeArPO §5 2S 3 5 
Aa EX © Ee <t fy Oo 

o,2 fut = 
ss as o 3 } 5] 
® 

3+ * 
~N 

© E~) fg Zz So n :



3 
~ 

oe on 

F 

E839 

_ MI 

a 

ml 
c 

3 

NER 

a 

43 

‘ 
& || 

A 

. 

S 

32 

~ 

NS 

LS 

gS 

; 
Bod 

YE) 

vy 

oo 

= 

E 

2e 
4 

Dao 
10 

A 

& 

2o% 

Yo) 

nN 

oS 

RB 

2, 

ge55 

00 

=H 
° 

OO} 

- 

om 

BaF 

oN 

« 

SBsn 

K 

ra 

nN 
10 | 

x 
a 

Howe 

, 1970 

Dn 

J 

co 

. 

- 
eo 

NO 

°'¢ 

N 
na 

a 
HS 

yet 

rg 

ve 
aot 

ys 

LO 

oO 
6 

| 

; 

; 

. 

= 

$25 

= 
00 

ai 

nN 

> | 
12 

tO 4 

: 

s2538 

00 4 

S 

N 
~ | 

Nos 

, 

R 

enn 

oO 

| 

Hed 
et 

¢ 

n 

N 

a) 

O10 

ei 

Nu 

. 

N 

= 
tk 

rd 

g 

. 

= 
ei 

Goi 

BS 

‘3 

x 

; 

ae 

mm | 
aD 

a 
* 

nN 

S 

2 
0 

oS 
oO 

ay 

cA 
1 

oO 

2° 

oO 

, 

ro 
Hl 

N 

Ve 

= 

SS 

enss 

“ 

mn 

it 

Ss 
o 

00 

] 

10 
4 

' 

a 

. | % 
ON 

o 

oo 

oS 

am 

' 
oN 

7 

N 

tc 

vl 

. 

SS 

bd 

1c 

= 

1 
ww 

© 

. 

A 

3s 

‘Ss 

00 

t 

© 

4 
$ 

° 

ue 

1 

< 

16 
iH 

; 

1 

oO 

iD 

. 

t 

N 

oO 

oO 
I 

1 

=> 
j 

N 

nN 

1 

so 

12 

t 
1 

<H 

wa 
1 

re 

/ 

2 

G3 
¢ 

tS 
nN 

iS 
1 1 

i 
1 | 

st 

~ 
wo 

io) 

co 

! 

' 

I 

< 

= 

BSEES 

es 

a 

iad 
i 

100 
94) 

' 
t 

le 

4 

! 

wa 

S 

c 
=} 

£2333 

1 

en 

os 

' 
© 

© 

‘ 

- 

he 
| 

| 

; 

~ 
g 

2 
© 

& 

' 
oo 

N 

14 

~ 

oO 
' 

oo 

i 

-t 

5 

= bo 
Ie 

_ 
an 

1 
tS 

S| 
tile 

1A 

5 
~~ 

IaN& 

or) 

on) 

aa 

1 
to 

a 

\ 
qq 

. 

, 
=| 

) 

1 
= 

Yo) 

eo 

bi 

© || 

> 

3s 

” 
o7 

16 

i 
8 || i 

<S 
© 

ze 

a 

, 

~ 

= 
3 

i 

ip 

ei 
& 

a, 

a 

_ 

Pony 

a 

t 

> 
; 

a 

~ 

| 

oo 

oe 

a 

g 

oO 

yo 

in 

n 

ei 

a 

= 

' 

co 

oa 

< 

oD 

x 

_ 
; 

oO 

1 
on 

° 

_ 

1 

: 

S'S 

a 

mit 

a 

' 
i 

eo 

i 

8 

! 
' 

1 

t 

A 
A 

5am 

. 

00 

Lig 

‘ 

x 

; 

v 

3S 

oo 

© 

' 
ix 

ri 

~ 

\ 

- 

oO 

' 

1O 

rs 
QD. 

as° 

G2. 
2 

re 

I 
; 

oO 

= 

a” 

© 

{ 

o 

s 
S 

| 

NSS 

c 

arise 

> 
2 

w 

Se 
oon 

oO 

omt 

“a 

rg 

~ 

; 

= 

1a 

- 

n 

a's 
@| 

3 

wo 

~ 

oO 

© 

i) 

2 
n'a 

SOS 

3 

rar) 

S 

a 
& 

gs 

=H 

° 

oe 
4 

i 
re 

a 

o 

OO 

oO 

es 
2 | 

Sok” 
: 

B/E) 
3 

| 
Hic 

o: 

ar 
“i 

~~ 

. 

ao 

=” 

a 

GO 20 
> bx 

¢ 

“ 

i 
[a 

n 

~ 
Et 

oO 

4 

. 

a> 

oO 
Son 

o 

j 

“Eg 

Be 

= 
les 

169 

Ress 

o 

g 

13 

gS 
3 

BRS 

oe 

a 

it 

i 

na 
is | 

oa: 
' 

co 

lot 

a 

EES 

az* 

33 
fo 

2) 

ale 
gus 

| oa 

o 

a 
es 

J 

‘ 
io 

oo 

t 

iH 

co 

N 
ao 

| 

' 
N 

~ 

3 
cS 

i 
als 

1% 

lS 

Y 

tr 

© 

10 
rT 

SN 

rte 

bt 

Y 

oo 

1 

I 

Il 

~:! 

_ 

oo 

aa 

—_ 
g 

5 

1 
' 

oe 

1 

WN 

kK 

! 

1d 

5 
© 

oe 

' 

rss 

I 
S 

en 

~ 

eg 

, 
& 

= 

“a 

\ 
lx 

rot 

' 

ra} 

Ye) 

Baa 

a 

rn 

4 
> 

\ 

\ 
oO 

S 
,; 

\ 

ols 

6 

' 
' 

o> 

tt 

~ 

i 
no 

: 

i 

oO 
wo 

@) 
an 

4 
= 

= 

rin 

' 

i | 
oO 

. 

oo 

ww 

i 
4 

— 

1 
i= 

1 
nO 

I 
i 

a 

4 

o 

w 
onl 

BO 

cl 

10 

I 
! 

1 
' 

o 

1 
1 

oO 

B 

wo 

So 

23 

“~ 

i 
1 

1 
t 

S| 

I 
1 

6O 

@ 

- 
2, 

3 

= 

co 

1 

t 
' 

‘ 

i 

~) 

= 

Ie 

~ 

i 
1 

red 

a 

: 

oO 

{ 
' 

.. 

= 
4 

' 
! 

t 

! 

~o 

\ 

— 

ret 
' 

cS) 

oS 
o 

1 
; 

ote 

11S 

a 
to 

tit 

1 
19 

6s 

! 

' 
i= 

t 
im 

' 

1 
| 

N 

' 
' 

: 

4 

rn] 

iw 

: 

: 
1 

1 

1 
oO 

1 
1 

oO 

~ 

1 
1 

1 

' 
rs 

a 
& 

a8 

tos 

i 

tt 
1a 

oD 

4 

oD 

rs 

e 

< 

ss 

LO 

to 
it 

4 
va 

od 

_ 
ne 

ma 

© 

No 

= 

1 

~ 

- 

¢3 

“lel 
oe inert 

2 | 93" 
a] 

“788 
: 

« 

on 

N 

! 
' 

| 

' 
' 

to 

\ 
t 

=H 

wo 
© 

' 

= 

j 
I 

' 
' 

t 

S 

os 
© 

N 

i 

i 
t 

t 
! 

' 

00 

o 

oo 

cn 

rad 

! 

I 

4 

= 

, 
g 

88 

3 oO 

tt 
rie 

1 

~ 

~ 
a 

» 

Om 

a 

m4 

rat 
IDlS 

; 

“ne 

4 
00 

YY 

aan 

‘ 

. 

kX 

nN 

‘ 
\ 

a 

\ 
1 

; 

' 

° 

a 
- 

oO 

Q 

1 
1 

! 

i 

© 

= 

@ 

- 

san 

; 
' 

1 
! 

ide 

\ 

o 

oo 

~ 

mug 

a” 

i 

4 , i 
' 

8 

' 

' 
Ss 

v 

gag 

14d 
6 

fo | is 

er 

I 
N 

2, 

~ +} 

’ 

0 

1D 

\ 
1 

| 

1 

t 
- 

53a 

to 

1 

< 

19 

4 
o 

; 

v 

a= 

| it 

eo 
8 

{Ans 

S 
| 

o 

tote 

1} 
oO 

1 

en 

3 

Ie 

S 

j ' 
t 

ao 

re 

a 

00 

\ 
>» 1 

| 

S 

I 
' 

i 
aa 

a 

- 

Y~ 
AQ 

i 
N 

" 
’ 

on 

UO 

! 

' 

' 

=> 

10 

8 

Qi 

' 

as 

| 

i 
tou 

is 

= 

- 

«© 0 

! 

S 

hii 

‘SS 
|S 

3 

as | 

‘}} 

a 

I 

| 
1 

1 

i 

~ 

1 

—~* 

\ 

i 
a | 

w 

1 
to 

1 
\ 

a 

I 
io 

= 
~! 

oO 

| 

t 
iN 

a) 

rig 

1 
1 

\ 

rin 

1 

a 

oO 

\ 

re 

yy 

ri 

i 
' 

3 

io 

;it 

' 

a 

1 

S 

10 

, 
= 

rat 

‘ 
' 

14 
; 

ot 
i,t 

on 

\ 

= 

i 

oO 

ao} 

rat 

' 
1 

4 ' 
\ 

tt 

td 

nN 

‘ 

2 

n 

ue 

rit 
1 

it 

to 
ts 

Qi 

_ 

oo = 

> 

& 

ta 

! 
\ 

ete 

' 

1 

' 
\ 

rt 
\ 

2x 

wi 

~ 

1 
toe 

1 

I 

1° 

' 

1 

1 
to 

tou 

i 

itd 
| 

Si 

Pi 

iid 

a 

iE! 
! 

ei 

eddy 

iid 
We 

a! 

, 

3 
1g 

i 
' 

19 
' 

rt 
tat 

! 
, 

4 i! 

ti 

I 
99 

B 

Bite! 

! 
AB 

! 
rE! 

i 
abe 

, 

‘| 
& 

& 

Ae 

fai 

EERE 

ete 

bat 

ee 

3 

Ss 
1 

6 
' 

! 
a0 

' 
' 

ae 

iy 

i 

vo 
to 

rot 
‘ 

1 
| 

et 

: 
| 

1 
1 

a 

I 
' 

I 
14 

I 
1 

! 

14 
' 

1 

1 
1 

\ 

O 
' 

Md 

\ 

{ 

j 
! 

1 

1 
i! 

' 

1 
\ 

' 

° 

is 

! 
1 

ne 

1 
' 

rot 
\ 

tot 
’ 

I 

a 
ro 

' 

} 
1 

I 
' 

' 

| 2.23 

' 
\ 

zs 
1 

' 

.4 
' it 

t 
' 

i 
, ! 

' 
: 

' ! 
1 

\ 
x 

3 

[ese 

a 
Be 

! 
rn 

! 
hits 

i ot g 
a i oi 

Se 
3 

[esis 
& ge 

EEE 

aa 

‘|B 

S BES 
S 

4 
! 

riba 

! 
Bh 

ro 
gn 

0h) 
no 

“i 
5 

5 

-O 

ES 

S 

! 

Pt 

; 
’ 

1 

1s 
; ! 

\ 
} 

ae 
\ ! ' 

ett 

fo 

2 

Bors 

i 
— 

I 

t 

1 

1 

a 

\ 
1 

iT 

‘ 

c 

1 
1 

| 50 

t 

& 

bors 

& 

3 

I 
I 

| 
1 

i 

nS 

I 

i 

. 

© 

os 

o 
~ 

8 
12 

4 ! 
' 

1 22 
1! 

\ 
! 

2! 
i 

lem 
| 

1 

£ 

53s 

5 

"a 
, 2 

i 
1 

' 

|e 
1! 

i 
' 

@ 
2 

' 
1 

\ 
i2 

I 
£ 

‘ 

= 

goad 

eH 

,@ 
& 

' 
' 

' 

10 
i! 

1 
! 

ro 

' 
14 

to 
\ 

oO 
' 

gone 

ieee. 

! 
Mad 1 

! Sg 
Bia 

¢ 

< 

seaee 

; 

va 
& 

' 
1 

! 
58 

rie 

's 
1 

\ 

< 

oe 

Be 

1 
—— 

3 

i 

J 

' 

°° 
t 

1 

i 

t 
n 

' 

mn 

eee 

ke 
3 

ies 

| 
1 

28! 

| 
2 

s 
Esees 

8 
gag 

| 
1 § gait! 

iS 
= 

4 

a 

ras 

5 

aot 

' 
1 

Ss 
~ 

ytd 

3 
1 

5 @ 

c 

< 

EO 

2 
EN 

: 
7 

> 
= 3 

‘a 

Sc 

£ 

gees 

a = 
gos 

‘Si 
En 

a 

Ban25 

S$ 
& 

aga 
| 

eB! 
a 

Hp 

a 

ZO 

a 
fo 

& 
wn 

is 
' 

ac 

o 

© 

ns 

i 
' 

t 
@ 

5 

} 

o 
222 

a 
a 

35 

wa 

cep 
ES 

28) 
a5 

KE 

S§ 

S25 

po 

R 

= 

as 
ae) 

Eas 

2s 
dH 

wn 

$e 
c- 

Bee 

) 

53 
5 Bs 

Oo 

2 3ae 

es 

SAE N



CRUDE PETROLEUM AND PETROLEUM PRODUCTS 923 

Table 60.—Crude petroleum: World production, by countries 
(Thousand 42-gallon barrels) . 

/ Country 1968 1969 1970 > 

North America: - . — 
Canada_______..---.------2---------------+-------- 379 , 396 410,814 461,177 
Cuba ¢____1-__.---.._----------------+------------ 1,062 _ F821 800 
Mexico.____.________--------+--------------------- 142,257 149 ,661 156,530 
Trinidad and Tobago____._..i_--.--2---- 21 t . 66,904 - 57,418 51,047 
United States____.___...-.---2----.---------------- 3,829,042 8,371,751 8,517,450 

South America: =. 
Argentina. _.____.----------------------+--+------- r 125,492 130 , 086 143 ,428 
Bolivia___._..._.----++---------------------------- 14,974 14,759 8,820 
Brazil___2.-____._--------2------------------+----- 58,785 63 , 969 60 , 923 
Chile. _____-__-______ ieee eee ee r 13,696 13 ,350 12,482 
Colombia_.___._-._----.--------------------------- 63 , 435 76,776 79,594 
Eeuador___._______._2-_-----.-----_---L------+---- 1,815 1,567 1,444 
Peru_______- eee ee 527,056 . 26,330 26 ,272 

.  Wenezuela___2_.-_-_---i-.-----------L------------- 1,319,340 1,311, 832 1,353 , 420 
Europe: | . , 

Albania ____._.__...-------+--------------+-----+-- 7,578 8,767 | 9,995 
Austria_._...___...--2----------------------------- r18,999 19,236 19,515 
Bulgaria_______..._--..---------------1------------ 3,468 2,373 2,438 
Czechoslovakia___.._....-----2+1------------------- r1,390 1,424 e 1,424 
France____._.___._---.-------------+--1------------ 119,528 18,207 16,825 
Germany, Hast______---------+----------------+---+-- _ 219 365 . 488 
Germany, West_______----------------------------- r 57,652 56 , 886 54,427 
Hungary_____-.----------------------------------- r13,787 13 ,383 14,780 
Italy_____._____-_ lie e-e ee-e- r 10,260 9,309 9,575 
Netherlands_____..-..------L-2---+--------+-----+---- 114,645 13 , 792 13 , 080 

Poland______....-...--------1-----2--------------- 3,524 8,257 3,146 
. Romania____...-------------------i+----------+--- r 101,059 101, 067 102,067 © 

Spain... eee eee eee r 925 1,386 1,457 
U.S.S.R____ ee eee eee ete eel ee eee «= 2,272,158 2,412 ,899 2,594,550 
United Kingdom___________-__-----i1----1-------+- _ 5691 562 . 607 

- Yugoslavia... --..- ----- eel ee eb e + -- 18,473 19,991 21,140 
Africa: . . 

Algeria__.....-_--.---------1--1------------------- r 330,922 845 , 436 371,767 
Angola _-_.-__.---.--------+--eeee ee-- 5,401 17,456 36 , 499 
Congo (Brazzaville).__.......-...-------------------- r 342 173 - 137 
Gabon_________-__-_---_----- eee ene eee eee -e -83 , 630 36,421 39,292 
Libya_______2_---_-- een ee eee ---e 951,345 1,184,452 1,209,314 — 
Morocco. _____.--_--------- ~~ eee een ee . 674 438 335 
Nigeria_........._._..------.--------1----------- +e 51,907 197,204 395, 836 

. Tunisia________-__-_.--i-----.1------ Le --------- 24,539 27,942 .84,296 
Asi United Arab Republic 1___-_-.-----------------+-+-- 762,208 89,601 119,165 

sia: “ “ 
Bahrain________.___----_--------- eh - +--+ -- 27,598 27,774 27,973 
Brunei____________--------- eee ee r 44,653 45,624 50 ;233 
Burma... _.___--__------ 2-1 --a eee eee 5,634 6 , 433 6,388 
China, mainland e¢_____..-_...---------.-------1---- r 72,000 106,000 146 , 000 
India__________----____------- eet ee i -------- 43 ,552 51,726 52,596 
_Imdonesia_._____.__-__1---.-------2--u.- +--+ -- r 219,864 271,001 311,628 
Jran__________~-L---_ eee eee eee) 5 1,039,367 1,232,155 1,397,460 

- Traq.__---- eee eee r 548,705 555,241 569,726 
Israel ¢1_____ eee eee eee r 14,689 18 , 042 31,798 
Japan_____-__-_._--._--------2-------------- +--+ r 5,490 5, 538 5,656. 
Kuwait 2_____.._--.-._----------------------------- 964 , 069 1,021,615 1,090,040 
Malaysia (Sarawak)_____._.-.------------------1--- r1,557 3,278 6,299 
Mongolia ¢______--.-..----.--_--------------------- 90 90 90 
Oman___________-. eee ene eee eee eee 87,854 119,710 121,210 
Pakistan_______________ ee eee eee eee eee nee 3,305 3,460 3,400 
Qatar____.._._.- ~~ ee -eee- --e 1 124,266 129 , 746 132,456 
Saudia Arabia 2_________________--__--.----------e- 2) 1, 118, 717 1,173 ,896 1,387,266 
Syrian Arab Republic__._..._...........---.-------- 79,955 16,771 29,356 
Taiwan________-._-.___--_-_ eee eee A421 581 638 
Thailand____.-__._..._.-__-.--__------------------ 26 16 70 
Trucial States: 

Abu Dhabi_______.___-__.____.___-_.._---------- 181,756 218,798 252,179 
Dubai______._____-_ eee eee ee eee eee eee eee ee eee eee 3,800 31,321 

Turkey__.__.__.-----_----------------------------- 22,235 25,774 24,776 
Oceania: 

Australia___._._..--__-.-._---_------- eee ----- 18,877 15,805 65,149 
New Zealand______.-_-_-_------.--.-------------- 2 3 467 

Total. ____._-__.---------------------_---------- '14, 093,150 15,214, 038 16,689,617 
nn»; nen eee er etter 

e Estimate. P Preliminary. r Revised. . 
1 Estimates of Israeli production from Sinai peninsula oilfields included with Israel rather than with United 

Arab Republic. . 
2 Data for both Kuwait and Saudi Arabia include those countries’ half share of production from the former 

Kuwait-Saudi Arabia Neutral Zone.
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7 By Richard W. Lewis! 

| The domestic phosphate rock industry 1970 resulted in a substantial reduction in 
| continued to pare costs in 1970, by im- phosphate rock demand for industrial pur- 

proving operational efficiencies. Some of poses. The producers in the Western 
the more cos tly opera tions were closed, and States, reported an 8- percent decrease in 

output was increased at the more efficient sock sold or used for industrial use. 
facilities. Most producers annual reports Tennessee producers cut production by 3 
showed some financial improvement over | 

. percent, but managed to sell or use essen- 
that of 1969, and the outlook was optimis- . } . . 

. ; , tially the same quantity as in 1969. 
tic. However, the financial gains resulted Florid d North Caroli fered 
from the sales of phosphatic fertilizers and or a ang NOL . od ina . sulere d 
not from phosphate rock, which had the decline of 17 percent in in ustrial demand, 

lowest average value per ton on record. In but this was offset by an increase of il | 
1970 domestic sales of phosphate rock for percent for agricultural uses. In 1970 agri- 
agricultural use recorded an 11-percent in- cultural use represented 98 percent of the 

crease over that for 1969. However, cur- total domestic demand for Florida and 

tailed use of phosphorus in detergents in North Carolina phosphate rock. | 

: Table 1.—Salient phosphate rock statistics 

(Thousand short tons and thousand dollars) 

1966 1967 1968 1969 1970 

United States: 
Mine production_____.-_--.---------------- 112,960 128,973 148,386 121,712 125,514 
Marketable production___._.._...._.._...... 389,044 39,770 41,251 37,725 38 , 739 

Value_____.--------------------------- $261,092 $265,947 $250,692 $208,689 $203,218 
Average per ton________ 22 eee $6.69 $6.69 $6.08 $5.53 $5.25 

Sold or used by producers_._____.____.----.-_ 36,448 37,835 37,319 36 , 730 37 , 923 
Value_______-----------_-------------- $245,182 $251,163 $228,347 $204,409 $199,629 

Average per ton______________-_---_ $6.73 $6.64 $6.12 $5.57 $5.26 
Imports for consumption_______._-.--__------ 178 139 116 140 136 

Value_______--_-_------.-------------. $4,256 $3,261 $2,679 $3 , 554 $3 , 790 
Average per ton______________..____ $28.91 $238 .46 $23 .09 $25.42 $27.87 

Exports !___._-_.-.---_-------------------- 9,248 10,072 12,099 11,336 10,895 
P20; content_._.._____-----.---.-------- 2 , 803 3,290 3,917 3,685 3,528 
Value___.___._------------------------ $65,952 $69,479 $75,653 $62,288 $55, 799 

Average per ton______________-----_- $7.13 $6.90 $6.25 $5.49 $5.12 
Consumption, apparent ?_____________.---.__. 27,3738 27,902 25,336 25,534 27,164 

World: Production___........_...._.---._-..---. 83,194 85,914 92,577 90,063 93 , 858 

1 From table 6. | 
2 Measured by sold or used plus imports minus exports. 

DOMESTIC PRODUCTION 

Phosphate rock producers, expecting a nearly 81 percent of the total domestic 
greater demand in 1970, increased their output; the Western States, 11 percent; 
output of marketable rock 3 percent. How- and Tennessee, including a small quantity 
ever, the value of production decreased 3 from Alabama, 8 percent. 
percent from that of 1969, and averaged Phosphate rock was produced in nine 
only $5.25 per ton. Production from Flor- TW Physical scienti Divisi oe talli 

ida and North Carolina accounted for wiremi oS Division of Nonmetaine 

925
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States in 1970, and Florida continued to Stauffer Chemical Co.; in Montana, by 
produce more than the combined output Cominco American, Inc.; in North Caro- 

| of the other eight States. Land-pebble lina, by Texas Gulf Sulphur Co.; in Ten- 
phosphate rock was produced in Florida nessee, by Hooker Chemical Corp., Mobil 
by Agrico Chemical Co., American Cy- Chemical Co., Monsanto Co., Stauffer 
anamid Co., Borden Chemical Division of | Chemical Co., Tennessee Valley Authority 
Borden Inc., Cities Service Co., W. R. (IVA), and M. C. West, Inc.; and in 

Grace & Co., International Minerals & Utah and Wyoming, by Stauffer Chemical 
Chemical Corp. (IMC), Mobil Chemical Co. 
Co., Occidental Chemical Co., Swift Agri- American Cyanamid Co. increased the | 
cultural Chemicals Inc., and U.S.S. Agri- capacity of its Chicora mine to 3.0 million 
Chemicals. Soft phosphate rock was pro- tons per year, and later in the year, 
duced in Florida by Howard Phosphate changed the name to the Haynsworth 
Co., Kellogg Co., Loncala Phosphate Co., mine. The washer and flotation plants 

Soil Builders, Inc., and Sun Phosphate Co. were enlarged to handle the increased 

Other phosphate rock was produced in Al- mine production. | 
abama by Monsanto Co.; in California, by CF Chemicals, Inc., at Bonnie, Fla. con- 

‘Cuyama Phosphate Corp.; in Idaho, by verted a triple superphosphate unit to a 
Monsanto Co., J. R. Simplot Co. and third diammonium phosphate (DAP) pro- 
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Figure 1.—Phosphate rock (sold or used), apparent consumption, and exports.
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duction facility. The firm also constructed 3-year capital expenditure program to 
a fully automated 50,000-ton-capacity DAP combat pollution at its U.S. plants was un- 
warehouse. dertaken. During 1970, $12 million went 

Continental Oil Co. began operating its into capital expenditures for pollution con- 
new soluble silicofluorides plant in April, trol, and a similar amount was spent in 
at South Pierce, Fla. The plant has an _ the operation of already installed antipol- 
output capacity of 4,500 tons per year of lution equipment. 
magnesium, zinc, and ammonium silico- Occidental Chemical Co. (Oxychem) , to- 
fluorides for use in the chemical detergent, gether with The Garrett Research and De- 
glass, and building materials industries. velopment Co., both subsidiaries of - 
The plant replaced two smaller, less Occidental Petroleum Corp., continued de- 

efficient plants. velopment work on a process for the dis- 
_ Plans for a major expansion of phos- posal of slimes after additional phosphate 

| phoric acid facilities at Green Bay, Fla., recovery. Garrett was developing a process 
| were announced by Farmland Industries, for recovering anhydrous hydrofluoric acid 

Inc. The new facility will include two from the fluorine waste from Oxychem’s 
large sulfuric acid units and a Swenson north Florida phosphate operations. In 

: phosphoric acid reactor. November Oxychem completed a new facil- 
Mobil Oil Corp. had a new washer ity for producing defluorinated phosphate 

- under construction near Nichols, Fla. The feed supplements. The plant at White 
—_ new operation will permit the firm to Springs, Fla., has an annual capacity of 

fully use its existing processing facilities 100,000 tons and replaces a 25,000-ton de- 
and raise phosphate rock production ca- fluorination plant in Houston, Tex., which 
pacity from 3.2 million tons to 4.4 million was closed in January. | 
tons per year. The company closed two Olin Corp.’s new multimillion dollar de- 
economically marginal phosphorus fur-  fluorination plant in Pasadena, Tex., 
naces, one at Mt. Pleasant, Tenn., and the _ started production. Fhe plant uses an 

other at Charleston, S.C. Sharply rising Olin-developed process and has an annual 
costs for electrical power and other raw capacity of over 75,000 tons. The total out- : 
materials were stated as the causes for the put will be used as an additive in the 
closure. | manufacture of animal and poultry feed. 
Monsanto -Co. continued to be the lead- Stauffer Chemical Co. shut down two of 

ing producer of elemental phosphorus. A five electric furnaces at its elemental phos- 
multimillion dollar phosphoric acid unit phorus plant at Mt. Pleasant, Tenn. The 
under construction in St. Louis, Mo., was closure reduces the production capacity of 
near completion. This was to be a replace- the plant by about 30 percent. Stauffer in- 
ment for an obsolete unit at the same lo- creased production at its surface mine at 
cation. According to Monsanto’s annual re- __Leefe, Wyo. 
port, the initial phase of a $55 million, Swift Agricultural Chemicals Inc. ac- 

Table 2.—Production of phosphate rock in the United States, by States 
(Thousand short tons and thousand dollars) 

| Mine production . 
State Mine production used directly Washer production Marketable production 

Rock P20s Rock P205 Rock P205 Rock P20s Value 
content content content content . 

1969 : | | 
Florida !__...... 111,178 15,711 92 28 29,838 9,575 29,930 9,603 $160,777 
Tennessee?____._ 5,648 1,080 533 128 2,741 ' 730 3,274 858 18 , 888 
Western States3_ 4,886 1,253 3, 539 905 982 318 4,521 1,223 29,024 

Total__.. 121,712 18,044 4,164 1,061 33,561 10,623 37,725 11,684 208,689 

1970 = 
Florida !___._.__ 114,923 16,238 28 6 31,250 9,966 31,278 9,972 158,972 
Tennessee?_____ 5,565 1,126 182 42 2,981 812 3,163 854 15,457 
Western States?_ 5,026 1,275 3 , 282 849 1,015 323 4,297 1,172 28,789 

Total ‘¢__. 125,514 18,634 3, 492 896 35,247 11,101 38,739 11,998 203,218 

1 Includes North Carolina. | . 
* Includes Alabama. 
3 Includes California, Idaho, Montana, Utah, and Wyoming. 
4 Data may not add to totals shown because of independent rounding.
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quired a major portion of the assets of the bined its potash and phosphate operations 
Agricultural Chemicals Division of Mobil to form an Agricultural Division, which is 
Oil Corp. The marketing and administra- headquartered in Raleigh, N.C. Superphos- 
tive organizations of the two companies phoric acid production at the TGS Lee 
were integrated to open new sales territo- Creek mine in North Carolina was ex- 
ries in the Northeast and west Texas. panded upon the completion of a new 

Texas Gulf Sulphur Co. (TGS) com- plant. 

7 CONSUMPTION AND USES 

Apparent consumption of phosphate spectively. The decline in the use of phos- 
rock was 6 percent greater in 1970, acceler- phate rock for electric-furnace elemental 
ating the upward trend that started in phosphorus was believed to be due to de- | 

1969, after the exceptionally low demand creasing demands for phosphorus deter- 
in 1968. gents and increasing power costs. Cutbacks : 

The quantity of phosphate rock sold or in triple superphosphate production were 
used by producers in the United States for attributed to the large stock inventories 

| the production of phosphoric acid (wet held over from 1968 and 1969, the years 
process) increased 22 percent; for ordinary when the demand for fertilizers was de- 
superphosphate the increase was 18 per- pressed. 
cent. However, the quantities of marketa- The total quantity of phosphate rock 
ble rock used in the production of elemen- (PO, content) sold or used by producers 
tal phosphorus, triple superphosphate, and _ for agricultural uses increased 10 percent, 
for direct application to the soil decreased but a 4-percent decline was reported for 
4 percent, 21 percent, and 27 percent, re- industrial uses. 

Table 3.—Florida phosphate rock sold or used by producers, by kinds 
(Thousand short tons and thousand dollars) 

‘Value Value 
Year Rock P2:0s = ——_—_—_—_—_———____ Rock P05 

content Total Average content Total Average 
per ton per ton 

. ’ +, Hard rock ' Soft rock 

1966_...-.------ _ 49 17 $437 $8 . 92 45 9 $293 $6.51 
1967____.------- --------  --------  --------  -------- 36 7 266 77.39 
1968____---.---- =-------  --------  --------  -------- 30 6 224 7.47 
1969____-.------ --------  --------  -----+--) -------- 30 6 221 7.37 
1970____-.------ --------  --------  --------) -------- | 24 5 168 7.00 

Land pebble Total 1 

1966 2__-_..------ 28,048 9,077 $184,075 $6.56 28,137 9,103 $184,805 $6.57 
1967 2___..-.---. 29,796 9,646 193,283 6.49 29 , 832 9,654 198,548 6.49 
1968 2___..-.---. 29,571 9,504 173,190 5.86 29,601 9,510 173,413 5.86 
1969 2___..------ 28,835 9,307 155,197 5.38 28 , 865 9,813 155,418 5.38 
1970 2___-_--_--- 30,268 9,713 153,471 8.07 30 , 292 9,717 153,639 5.07 

r Revised. 
1 Data may not add to totals shown because of independent rounding. 
2 Includes North Carolina. 

Table 4.—Tennessee phosphate rock sold or 
used by producers 

(Thousand short tons and thousand dollars) 

| Value 
Year Rock P2005 =. —_—_—______—— 

° content Total Average 
per ton 

1966___.-. 3,076 799 $23,497 $7.64 
1967____-. 3,032 808 22,494 7.42 
1968____-.- 3,065 807 23 , 646 7.71 
1969 !_____ 3,193 851 18,192 5.70 
19701_____ 3,184 864 15,606 4.90 

1 Includes Alabama.
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Table 5.—Phosphate rock sold or used by producers in the United States, 
by grades and States | 

(Thousand short tons) 

Florida 2 Tennessee 3 Western States Total 4 
Year and grade United States 
B.P.L. content } ——__ —§ Ss OS 

(percent) Rock P20; Rock P2205 Rock P20s5 Rock P2205 
content content content content 

. 1969 . 
Below 60___..._- 48 11 2,261 582 2,856 697 5,165 1,291 
60 to 66___-.___- 1,570 472 880 253 261 75 2,710 799 
66 to 70_--..__.. 11,827 3,694 44 14 572 176 12 ,443 3,884 
70 to 72___... 2. 1,822 590 8 3 799 256 2,629 848 
72 to 74._..____. 8,101 2,682 LL.---- LLL eee 184 62 8,285 2,744 
Plus 74_._._.__--- 5,497 1,864 -.u.-2- lle eee eee eee eee ti AT 1,864 

Total4___.. 28,865 9,313 3,193 851 4,672 1,266 36,730 11,431 

1970 
Below 60_...---- 38 8 1,828 464 2,865 719 4,731 1,192 
60 to 66__...-.__ 1,735 497 1,240 365 231 69 3,206 932 
66 to 70_........ 12,442 3,861 114 35 418 131 12,974 4,027 
70 to 72_..-..--- 3,155 1,016 2 1 933 297 4,090 1,318 
72 to 74__._____- 8,377 2,781) o-oo eee Lee 8,377 2,781 
Plus 74_.__..__.- 4,544 1,554 Lip Lele Le 4,544 1,554 

Total4_._. 30,292 9,717 3,184 864 4,447 1,217 37,923 11,798 . 

_ 1 Bone phosphate of lime, Ca; (PO.)>. 
2 Includes North Carolina. 
3 Includes Alabama. 
4 Data may not add to totals shown because of independent rounding. 

Table 6.—Phosphate rock sold or used by producers, by uses and States 

(Thousand short tons) . 

Florida ! Tennessee 2 Western States Total 
United States 3 

Use —_.——— SS —————————————- Ss 
Rock P205 Rock P20; Rock P2Os Rock P20s 

content _ content content content 

1969 
Domestic: 

Agricultural__._..... 17,501 5,629 2-2 Lee ee 1,089 328 18,540 5,958 
Industrial. __.......- 553 166 3,193 851 3,107 172 6,853 1,789 

Total.........._._ 18,054 5,795 3,193 851 4,146 1,100 25,393 7,747 
Exports_.......-...----. 10,811 5) 525 166 11,336 3,685 

Total’__.__...___. 28,865 9,318 3,193 851 4,672 1,266 36,7380 11,431 

1970 
Domestic: 

Agricultural..._._..... 19,511 6 , 232 30 9 1,021 318 20,562 6,559 
Industrial__.....---- 461 138 3,153 855 2,851 719 6,465 1,712 

Total 3__.......... 19,972 6,370 3,184 864 3,871 1,036 27,027 8,270 
Exports..............--. 10,319 3,347 22-2. Leelee 576 180 810,895 3,528 

Total $__.......... 30,292 9,717 3,184 864 4,447 1,217 37,923 11,798 

1 Includes North Carolina. 
2 Includes Alabama. 
3 Data may not add to totals shown because of independent rounding.
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Table 7.—Phosphate rock sold or used by producers in the United States, by uses 
(Thousand short tons and thousand dollars) | 

, 1969 1970 
Use $$ 

Rock P20s Value Rock P205 Value 
content content 

Domestic: _ 
Phosphoric acid (wet process)_____...-.._.... 9,839 3,113 $53,081 11,992 8,772 $63,151 
Electric furnace phosphorus__-._..-_---_.._:.. 6,758 1,759 39,794 6,456 1,709 34,097 
driple superphosphate. - ------------------- 3,934 1,289 21,970 3,090 995 817,515 
Ordinary superphosphate__._._._._-_.-_...... 8,524 1,150 18,799 4,154 1,866 20,877 
Direct application to the soil______._________. 157 44 848 114 30 596 
Nitraphosphate_________...--_..._--- 2 __L__ . . 
Stock and poultry feed.______-.___.__.______ | 
Fertilizer filler___._...--.--------._.-.___._} 1,181 392 7,630 1,222 899 7,595 

_ Other fertilizers___-...--------..2---- _ 
. Other uses_______~_----s--2-2-- ee eee 

Total_______.-------------------2--22--- 25,393 7,747 142,122 27,028 8,271 143,831 
Exports___.__...------.-----+--------------.-_ 11,886 3,685 62,288 10,895 3,528 55,799 

Grand total !___________.-___.-.____..... 36,730 11,481 204,409 37,923 11,798. 199 , 629 

1 Data may not add to totals shown bécause of independent rounding. 

STOCKS 

Yearend stocks of marketable phosphate cause of numerous inventory adjustments, 
rock as reported by producers showed an however, data are not comparable with 

| increase of 6 percent over that of 1969. Be- _ those of 1969. | 

| Table 8.—Producer stocks of marketable phosphate rock, December 3] | 
(Thousand short tons) 

1969 1970 
Source — ~ 

Rock P20s Rock P:20s 
. content content 

Florida }____...___-----------------+-----+------------_-__------ 11,626 38,653 12,995 4,071 
Tennessee 2____________- 2-1 eee eee 218 49 210 43 
Western States_____..-____-----_-------- eeu ---- = 1,858 574 1,361 352 

Total___-_-_---_--------------------------------e-_-_-_-_ 18,697 4,276 14,566 4,466 

1 Includes North Carolina. 
2 Includes Alabama. 

~ PRICES 

Prices for various grades of Florida continued during the year and the average 

land-pebble phosphate rock as quoted by value reported by producers dropped to a 
the Oil, Paint and Drug Reporter are record low of $5.07 per ton. 
shown in table 9. There were no changes 
from those quoted for 1969. There were no Table 9.—Prices of Florida land-pebble, 
published prices for marketable rock pro- unground, washed and dried phosphate 
duced in the other States because their rock, in bulk, carlots, at mine, in 197€ 
production is not generally marketed, but (Per short ton) 
is used captively by the producers. ee 

Actual prices of Florida and North Caro- Grade, percent B.P.L.1! Price 
lina phosphate rock are not quoted be- 66 to 68_______--_--2 2-22 ---------- $6.50 

cause they are usually agreed upon 7% to 12. 8.15 
through direct negotiation between buyer 4 to 15... ~~ ~-----------2--2-2------ 2:29 
and seller. The published prices are used O A At nace res 
as a basis for negotiation; the final selling 11.0 percent B.P.L. (bone phosphate of lime also 

. : . known as tricalcium phosphate) = 0.458 percent 
price is generally somewhat lower. Price  p,o,. 

cutting and special discounts on contracts Source: Oil, Paint and Drug Reporter.
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FOREIGN TRADE 

According to the Bureau of Census, the phosphate rock (table 10) and super phos- 
total quantity of phosphate rock exported phates (table 11), the United States also 
increased 3 percent over that of 1969. This exported ammonium phosphates, reported 
quantity was 843,000 tons more than that in table 5 of the Nitrogen chapter, and 
reported by the producers. This would in- mixed fertilizers containing phosphates. 
dicate considerable foreign trade activity Data on the latter are not available. 
by other than producers. The average ex- Phosphate rock imported chiefly for use a 
port value per ton for Florida phosphate as animal feed supplement came from the 
rock dropped to a new low of $5.12 f.0.b. Netherlands Antilles, 73 percent; Mexico, 
plant, more than 6 percent less than in 23 percent; and Canada, 4 percent. Mexico 
1969. Japan, Canada, West Germany, and began shipping triple superphosphate to 
Italy were the major importers of U.S. Gulf Coast ports in an effort to tap the 
phosphate rock. : U.S. market. Fertilizantes Fosfatados Mexi- 

In addition to the exports of marketable canos, S.A. (FFM) purchases Florida phos- 

Table 10.—U.S. exports of phosphate rock, by grades and countries 
(Thousand short tons and thousand dollars) . 

: 1969 1970 
Grade and destination — OO 

Quantity Value Quantity Value 

Florida phosphate rock: 
Australia___.___.-_---_-2- eee 112 $1,011) ..2-L-Le LL iee 
Austria____..-2 ~~ 139 974 81 $579 
Belgium-Luxembourg_________.______.-______________. 414 3,116 396 2,516 
Brazil_._.____-.---------2.---- eee _ 259 2,312 — 464 3,933 
Canada_____-____-__-.- ee eee 1,713 13 , 967 1,674 12,474 
Chile____________ ee eee 7 42 44 339 
Colombia...____-__-.--------22 eee 20 120 41 263 
El Salvador._.__._--__--.----- 22 13 83 15 92 
France_____~_-------------- 2-2 eee 312 2,174 376 2,518 
Germany, West______________________________ 1,189 8,005 1,430 9,060 India_______ 2 eee eee 307 2,254 494 3,212 
Italy__-__--- eee 1,359 9,305 1,407 9,840 
Japan____-_._-- eee 2,048 17,259 2,083 17,696 
Korea, Republic of_____.____._________.__. 8. 604 4,131 537 3,707 Mexico_____.___--- +e eee 766 5,010 794 4,608 
Netherlands_________-___--- 2-2 eee 319 2,097 507 3, 428 
New Zealand. _______-_-__--_-__ eee 16 161 13 95 
Norway__..-_._----_-__-- ee 17 184 __.ole ee LL LLL 
Peru______-------- eee eee. 8 55 9 74 
Philippines. _________-__.-_ eee 183 1,280 113 744 
Spain_______.--- eee 345 2,567 133 950 Taiwan________._____- eee 78 524 182 1,029 United Kingdom_______._.._- 22 e eee 119 1,151 34 321 
Uruguay. _____--__--- 22 eee 11 99 26 262 Yugoslavia______.------ eee eee eee eee 22 982 
Other__--__-_- 22 -- eee 49 358 98 763 

Total. _____ eee 10,407 78,189 10,928 79 ,480 

Other phosphate rock: ! 
Afghanistan. ____________ 22 eee 5 863) ____.---  -------- 
Belgium-Luxembourg_____.___._______..._._______.... (2) 20 1 56 
Brazil____---.--2-- 2-2 (2) 22 (2) 29 Canada_____ 2-2-2 eee 726 6,301 563 7,646 
Colombia__________ 2. (2) 11 1 67 Costa Rica________--------2 2 eee eee eee eee 13 1 27 France_____--___.-- eee eee (2) 6 (?) 7 Germany, West____________.-.-.--2-- 22k 46 385 33 261 Tran___--- ~~ ~~ eee 6 553 1 440 Japan___-._2 2. 2 20 6 81 Mexico_______-___--_____- eee 56 439 108 843 Netherlands________ 2222 eee 21 167 4 27 
Norway___._-._-__--_-__-_.___________._ 89 711 89 641 
Paraguay__________.-_-- 2 eee eee 3 180 0 li 218 5 113 

Total____-_-___- eee 962 9,229 815 10,418 

Grand total. .____-_____-- 2 11,369 87,418 11,738 89 , 898 
Sr reine nS venesansnnsapanease> 

1 Includes colloidal matrix, sintered matrix, soft phosphate rock, and Tennessee, Idaho, and Montana rock. 
2 Less than 1% unit.



932 MINERALS YEARBOOK, 1970 

phate rock and converts it into triple su- There was an 87-percent increase in 
perphosphate using Mexican sulfur. Most quantity of ammonium phosphate im- 

of the production is for export. FFM has ported for fertilizer use. All imported am- 
an advantage of backhaul transportation onium phosphate came from Canada. 
cost to the United States because the same Th i § dj . hosoh 

vessels that carry phosphate rock from | “7 quantity o icalcium phosphate 
Florida to its plant at Coatzacoalcos, Vera- imported in 1970 was more than double 

cruz, take triple superphosphate to New that in 1969; 91 percent of the total came 

Orleans. | from Belgium-Luxembourg. 

Table 11.—U.S. exports of superphosphates (acid phosphates), by countries 

. (Thousand short tons and thousand dollars) 

1969 1970 
Destination ——$. 

Quantity Value Quantity Value 

en 
Argentina____.-.-.-------_..---------------------------- 6 - $260 15 $664 
Australia__._______._-.-.-------------------------------- 5 179 (4) 5 
Belgium-Luxembourg.__....-_---------------------------- 11 350 21 748 
Brazil._____._.__________--_____-_------- eee eee 138 5,917 192 6,993 . 
Canada____________-______-----.---------- +--+ +--+ ------ 50 2,706 90 4,177 
Chile. ____.._.-.-_-..--_-------------------------------- 127 4,270 132 4,313 
Colombia_.__._._._.__-...-----------.--------------------- 48 1,796 31 1,198 
Costa Rica___________-_____----__-_-_-------------------- 5 226 5 176 
Dominican Republic________...--------------------------- 7 271 5 189 
Eeuador____....____-_-_-___--------------_---------------- 4 258 © 4 183 
France____..._-_-__--_--____-----_-- +--+ eee 38 1,385 23 676 
Germany, West____________.----------------------------- 20 713 2 93 
Hong Kong__________---_--_----------------------------- --------  -------- 2 115 
Indonesia__.___._____--------_----------_-----+----------- 33 1,397 1 55 
Jran____ eee eee eee eee wee eee eee =e 12 414 
Italy__.._----_-__-__-__ _-_ eee ee 20 729 13 427 
Jemaica_______________-___-____ eee eee 4 93 5 267 
Japan_.___.___________.--------------------------------- 30 1,148 50 1,549 
Korea, Republic of. __.___-..-_--------------------------- 2 181 _L--_-_.-2) LL ---- 
Malaysia_....-_..__._-____._---------------~------------- 18 823 (4) 1 
Mexico______.-________------1 eee eee 1 101 12 100 
Nansei and Nanpo Islands___..__...-__..------------------ 1 36 ___----. --------- 
Netherlands. ___......._-_.-.-.-------------------------- gt 3,871 18 652 
Nicaragua.______._.__--_-_-_--..-----__------------------ 6 328 1 20 
Pakistan____________________--.u--_ eee 20 899 39 1,838 
Poland and Danzig_______________----._---.--------------- 24 866 52 1,674 
Singapore____........--_._---__--------+------------------ 11 516 3 158 
Spain. ___-_--._.- e+ +--+ 29 1,176 -.__---.) LL Lee 
Turkey___...___-____. ~~ -- +--+ _---- e+ -- 34 1,150  -____-.. _-------- 
Uruguay_____-._____--_----------_---- ee +--+ ---- 35 1,244 __.----. _-------- 
Venezuela____________________-_ eee eee 3 119 3 103 
Vietnam, South__________-__-____-_----___------ -_--------- -------- ) +------- 24 1,156 
Yugoslavia_________-_-----_-- eee 11 886 _____--. _.--.---- 
Other____-_____-__-_______ eee eee 15 578 19 701 

Total____________-_-_ eee 847 33 , 922 174 28,645 
a 

1 Less than 14 unit. 

Table 12.—U.S. imports for consumption of phosphate rock and phosphatic fertilizers 

(Thousand short tons and thousand dollars) 

a 
1969 1970 

Fertilizer — 
Quantity Value Quantity Value 

a 
Phosphates, crude and apatite_____._.-__------------------ 140 $3 , 554 136 $3 , 790 
Phosphatic fertilizers and fertilizer materials______.._---_-_-_- 83 3,976 110 5,679 
Ammonium phosphates, used as fertilizers__________--__----- 245 16,625 457 25,086 
Bone ash, bone dust, bone meal and bones ground, crude, or 

steamed____________.-_..------------------------- + -- 4 298 7 451 
Manures, including guano_____-_-----.--.-_-_-__----------_ --------  -------- (1) 3 
Basic slag______.______--__------------------------------ (1) eo) pene eee ee eee eee 
Dicalcium phosphate____._._...__-----_-_--_-___--------_-_- 14 605 33 1,534 
a 

1 Less than 1% unit.
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WORLD REVIEW 

The addition of new phosphoric acid plants came on stream and the productive 
production facilities throughout the world capacity of 38 established plants was in- 
in 1968-70 was detailed in a two-part arti- creased. An additional 15 new plants were 
cle published in 1970. The first part2 scheduled to come on stream in 1970. 
dealt with increased capacity in Europe 
and the Americas; the second part 3 dealt 

with expansion in the rest of the world. Neg ournal of World Phosphorus and Potassium. 

. World phosphoric acid production capac- Februar, 1070 op T-The 0. 45, January- 
ity, in terms of P»2Os content, totaled 3 Journal of World Phosphorus and Potassium. 

12,957,000 tons. During 1968-69, 42 new  yqg, osPuoric Acid Capacity. No. 47, May-June | 

Table 13.—Phosphate rock: World production, by countries 
(Thousand short tons) 

Country ! 1968 1969 1970 p 

North America: 
United States____._..___._.. 2.2222 lee eee eee. )=— 41,251 37,725 38,739 
Mexico____.....__---- 2-2 ee eee eee 29 36 52 
Netherlands Antilles 2___._________- 2 ee eee eee ee 103 125 e120 

South America: | 
Argentina (guano)________._-._.--- eee ee eee eee CO) 1 NA 
Brazil: . 

Apatite______. ~~ eee eee 159 e165 e165 
Phosphate rock__.__-____--_____~_-__- eee ee 3 e3 e3 

Chile (guano)___._.._-_-________--_____-_____---_--------------ee 25 19 e19 
Colombia_________-___--__-- ee eee eee eee eee 13 e17 

_ Peru (guano)____._-______-_-_-__-- ~~ ee eee eee 85 e 22° e 20 
Venezuela______ eee eee e 66 © 66 | 34 

Europe: 
France (phosphatic chalk)____...________-_-____-_-- eee 26 34 e 34 
Poland ¢______2._-- 2-2 eee eee eee 105 110 110 
U.S.S.R.: . 

Apatite (marketable concentrate, 39 percent PoOs)__.-__..._..--. 110,700 11,600 12,000 
Atri Sedimentary rock (marketable concentrate, 19 to 25 percent P20s5)_ *'8,800 9,650. 10,470 | 

rica: 
Algeria__.._..___.._- 22-2 eee t 404 463 © 630 
Moroceo________ eee eee 11, 587. 11,753 12,565 

_ Senegal: . 
Aluminum phosphate______________-_---- eee r177 181 144 
Calcium phosphate_____..________---------- eee): 1,224 1,141 1,100 

Seychelles Islands (guano) ?__._._..______..-------------------- eee _) 12 e12 
South Africa, Republic of________..__.----- 2 eee eee 71,725 1,851 1,857 
Togo____.-_.-_-_- eee 1,515 1,624 1,662 
Tunisia_______._-- eee eee eee 3,796 2,960 3,325 
Uganda (apatite)_____________-____-___-__-_---_------__--- eee eee 157 e 160 241 

Asi United Arab Republic_____..------_ eee 1,588 728 e 770 
sia: 

China, mainland e____________________-_____---_-- eee eee ee 1,100 1,200 1,300 
Christmas Island (Indian Ocean) 2._____--_-.-.--_---------------- 1,247 1,297 e 1,300 
ndia: 

Apatite_____________ eee 7 10 17 
Phosphate rock______________._______-___-___-__-_---- eee eee Lee 76 165 

Israel_________-______________ ee 856 1,088 1,102 
Jordan_____________-_________ eee 71,281 1,198 1,323 
Korea, North (apatite) e_______.__________-__________--__ eee r 330 330 330 
Turkey__..-_.-.-__.__-_____ eee Lee 2 ___.----- 
Vietnam, North: 

Apatite e._____ 2 eee 1,100 1,300 1,100 
Phosphate rock ¢_______________-__----__---_---------_-__-e- 55 55 55 

Oceania: 
Australia. _______---_ 2 eee 6 20 e 22 
Nauru Island 2____________.___________-_- ee 2,485 2,423 e2,425 
Ocean Island 2__________.___.-__--_----_---- eee eee 582 622 e 630 

Total____._. 22 5 92,577 90,063 93 , 858 

e Estimate. P Preliminary. r Revised. NA Not available. 
1 In addition to the countries listed, Belgium, Cambodia, Indonesia, Southern Rhodesia, and Tanzania pro- 

duce phosphate rock, and the Philippines and South-West Africa produce guano, but information is inadequate 
to make estimates of output levels. 

2 Exports. . 
3 Less than 14 unit.
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Angola—The Companhia dos Fosfatos increased production and imports will be 
de Angola, S.A.R.L. (COFAN) confirmed necessary to meet the additional require- 
the existence of high-quality phosphate de- ments. | an i 
posits in commercial quantities. Reserves at A new plant for the production of com- 

the firm’s Cabinda concession have been plex fertilizers was under construction at 

estimated at 15 million tons. Before the Manali.6 The facility, owned by Madras 
deposits can be developed, however, an Fertilizers, Ltd., was designed to produce 
economic method of transportation must 634,000 tons of complex fertilizers from im- 
be found. Cabinda has no deep water har- _ ported raw materials. 
bors and the Continental Shelf is shallow Japan.—Nippon Chemical Industrial 
and wide. ° Company was negotiating a long-term sup- 

| _ Australia.—A press release on November ply contract with Albright and Wilson, 
19, 1970 announced that a new fertilizer Ltd., a British chemical group, for bulk 

company, Consolidated Fertilizer Ltd., had phosphorus. The phosphorus would be 
been formed and registered in Brisbane. shipped from Long Harbour, Newfound- 
The new firm is jointly owned by Imperial land, to Japan in special phosphorus bulk 
Chemica] Industries of Australia and New carrier ships. Albright and Wilson owns 

: Zealand, Ltd. (ICIANZ), The Dow Chemi- two such ships, each capable of carrying 
cal Co., and Swift and Co. and was formed 5,000 tons of molten phosphorus.? 
to be a vehicle for the proposed. merger of Mexico.—-The Government-owned Guanos 
these three companies’ investments in the _ y Fertilizantes de Mexico, S.A. (Guanomex), 
fertilizer industry.4 absorbed two smaller fertilizer companies, 

Broken Hill South Ltd. confirmed the Montrose Mexicana and Lerma Industrial, 

existence of substantial phosphate rock at S.A., and thus strengthened its domination 

four new sites in Northwest Queensland.5 of the domestic market. Guanomex, in an 
Samples of previously discovered deposits agreement with the Government of Guate- 

| were obtained for beneficiation testing at a mala, will build a fertilizer plant at San 
pilot plant at the Australian Minera] De- Marios, on the Mexican border. About half 

velopment Laboratories. | the output of this plant will be exported | 

Colombia.—A new plant to process about to southern Mexico. - 
9.6 million tons of phosphate rock per Fertilizantes Fosfatados Mexicanos, S.A. 
year was scheduled to go on stream in (FFM) continued developing export mar- 

mid-1971. Located at Turmeque in the De- kets for its production of phosphoric acid 

partment of Boyaca, the plant is a project and granulated triple superphosphate. 

of the Institute of Industrial Development. Contracts were reported to have been 
The experience gained there will aid the signed with firms in Australia, India, Ecua- 

Institute with similar projects at four 40t, and Chile. Storage tank terminals for 
other locations. : phosphoric acid were being designed for 

Hungary.—A cofitract was awarded to installation at Santos, Brazil, and Rijeka, 

Wellman-Lord, Inc., to construct a large Yugoslavia. Late in 1969, FFM signed | a 

nitrophosphate fertilizer plant in Hungary. contract to deliver an undisclosed quantity 
The plant is reported to be the largest of of each of its products to Guanomex. . 
its kind in the world and the first in East- Morocco.— The phosphate industry . mn 

ern Europe to use the Norsk-Hydro nitro- Morocco continued to suffer from high 
| phosphate process, production costs and increasing competi- 

India.—Production of phosphate rock tion from major world producers. ‘To pe- 
continued to accelerate, but the output (a pee etitive, the Office Cher , ° a . P fien des Phosphates (OCP) invested 
was still well below engineering capacity. heavily ; ; d d d “ys y in new equipment and conducte 
Imports of PLO, fertilizers reached a peak studies of current processing operations to 
in 1967-68 and have declined since Indian P 8 OP 

production began to supply a larger share 4U.S. Embassy, Melbourne, Australia. State De- 
of the home market. Large-scale mining partment (Airgram A134, Nov. 27, 1970, pp, * 
and production operations have been pro- ang Projects. No. tT Mar-june 1970, D. 14. 
posed that could raise annual production * Phosphorus & Potassium (London). Madras 
of phosphate rock considerably in the next 1970 a Manali Complex. No. 48, July-August 
few years. If long-range goals for the utili- ; Oil, Paint and Drug Reporter. bosphowus for 
zation of phosphatic fertilizer are realized, yapan 1970, pp. 3, 30. ache Me Be NON
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resolve major technical problems. In spite to accommodate deep draft cargo vessels of 
of the competition, phosphate exports rose 100,000 deadweight tons has been com- 
substantially. pleted. Fosfatos du Bu Craa, S.A., of Ma- 

The development of the phosphate re- drid has been formed to Operate the 
sources at Ben Guerir reportedly was aban- _venture.9 . 
doned, and instead, OCP planned to con- Tunisia—A major expansion program 
centrate on Grand  Daoui, a newly for the phosphate rock industry in Tunisia 
rhouibes mining: seoosits. West Get ane envisions an a mining capacity to 

, posits. erma million tons in and to 8 million | - credits (amounting to about $12 million) tons in 1976.10 The program calls for 
wy be used {0 une 30,. Pe ak h three new mines, a new phosphoric acid 

Nauru.—On June 30, 1970, the Britis and fertilizer complex, and major new fa- 
Phosphate Commissioners (BPC) formally cilities at Gabes for shipping rock and de- 
transferred its phosphate operations on rived products. Reserves of phosphate rock 
“ee to the “aura P nosphate Corp. eee in Tunisia exceed 1.2 billion tons, approxi- 
will continue to sell most of the phos- mately one-third of which is minable. 
P nate. Nauru nas exported pany a of its Turkey.—Geologists of the Turkish 
P | son a ustralia and New : ealand, Mineral Research and Prospection Institute 
hoe ' . “ some to Japan. an it 1s reported the discovery of a large high- 
Jopetu’ OF gaining a share of the large grade phosphate deposit at Yayladag, near Japanese market. Antakya , 
Senegal——Compagnie Sénégalaise des . . | , 

Phosphates de Taiba completed important United Arab Republic . OAR) n 
modifications of its calcium phosphate pro- ne oslie. an, he Sa the Snitet ih ce 
duction facilities near Thiés and added PUPHC and e € heeoh en or t Kenn, 

_ new equipment. Production capacity was veing Ine ° bre P he *s sk ant at “hed : 
raised to about 1.5 million short tons per no Oans Prods c U. “ee che 4 ed e 
year. An article describing the Taiba phos- he . oor ‘Wh. ction call scheduled’ . to 
phate mine and beneficiation operation epi by. . en in full operation, ca- 
was published.8 pacity will be 120,000 tons per year, half 

Spanish Sahara.—Construction of a of which wa be exported to the U.S.S.R. 

phosphate preparation plant to treat the to repay t © oans. . a ; 
production from the deposit at Bu-Craa _ Exploration of phosphate rock ceponts | 
should be completed in 1971. The plant in the Abu Tartour Mountains and _be- | 
initially will treat 5 million tons per year tween Kharga and Dukhla is continuing. 
of phosphate rock containing about 65 per- According to reports, under construction 
cent tricalcium phosphate to produce was an elemental phosphorus plant that 
about 3.3 million tons of concentrate con- will use electric power from the new 
taining 75 to 80 percent tricalcium phos- Aswan Dam of Upper Egypt. The plant is 
phate. Expansion plans for the future call being built with Soviet aid and will have 
for an annual production of 10 million Soviet furnaces and other equipment. It is 
tons of concentrate. The concentrate will expected that over 50 percent of the phos- 
be transported to the Atlantic port of El phorus output will be shipped to Soviet 
Aiun by a conveyor belt system, the long- Black Sea ports in repayment for the 
est of its kind in the world. A pier built _ financing.11 

TECHNOLOGY 

Beneficiation techniques used to process ~—* Phosphorus & Potassium (London). The Taiba 
Florida phosphate rock were described in Phosphate Rock Mine. No. 47, September—October ~ . . 1970, pp. . an article which noted that zlthough the O76 Mining journal, Spanish Sahara Project. V. 

. : » INO. ’ - O, » Pp. . pasic weet has ees nearly un- 10 Phosphorua & Potassium. (London). Major Ex- 
t pansion Planne unisian osphate Industry. 

been many refinements of the process in re. NG Ei y March-April at NER: 257 S's R. Aids * uropean emica ews. .0.Ne 1 

cent years.12 The principal changes have 30. ini P poshate Project. V. 18, No. 456, Oct. 
been an increase in the size of plants and 12 Aparo, S. j. Improving Techniques Get More 
equipment, the use of cyclones to facilitate Mae Sond ee Thosphate. Min. Eng. v. 22, No. 5,
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| the removal of slimes, improvement of flo- the manufacture of phosphoric acid which 

tation reagents, and innovations to the flo- promised to lower capital, operating, and 

tation of coarse phosphate. | maintenance costs.19 This process, called 

A ‘process to produce totally water-solu- the Kellogg-Lopker process, is supposed to 

ble POs from phosphate rock, using only reduce rock grinding requirements, scaling, , 

nitric acid for digestion, was described.13 and sludge buildup and to increase the 

The process successfully uses solvent ex- rate of filtration. 

traction to remove calcium present in the Swift Agricultural Chemicals Inc. of Chi- 
form of calcium nitrate, and produces PgOs; cago developed a process for the produc- 
in the form of pure crystalline monoam- tion of monoammonium phosphate that 
monium phosphate, instead of phosphoric was said to reduce both investment and. 
acid. | operating costs.20 

Hot briquetting of phosphate ore for use The Bureau of Mines Tuscaloosa Metal- 
as furnace feed in the production of ele-  lurgy Research Laboratory continued re- 

7 mental phosphorus and phosphoric acid search on developing a beneficiation proc- 
was described in an article that detailed ess for the economic recovery of phosphate 
the various methods used and the compar- values from Florida pebble containing 

ative costs involved.14 | excessive silica and dolomite. Flotation 

A new method for production of phos- concentrates, containing 32 to 33 percent : 
phoric acid for the food industries was in- P.O; were obtained with about 80-percent 

| troduced by Toyo Soda Manufacturing Co., phosphate recovery. Additional study is re- 
| _ Ltd., Tokyo, Japan.1s The new process quired to improve the method and to re- 

employs a unique extraction technology cover more of the fine phosphate lost 
that is flexible enough to economically when the pebble (plus 14 mesh) is ground 

produce either food-grade or technical- to 28 to 35 mesh for flotation. Research to 

grade phosphoric acid. develop new or to improve current benefi- 

| Modifications of the wet process for ciation methods for recovering phosphate 
‘manufacturing phosphoric acid by Japa- concentrates from low-grade siliceous and 
nese manufacturers were detailed.16 Two calcareous Tennessee phosphates was con- 

of the modifications outlined resulted in a tinued. The Laboratory scientists were also 
higher phosphoric acid yield and a higher studying possibilities of improving the dis- 
quality gypsum byproduct. posal of Florida phosphate slimes. 

A process was developed by The Garrett The Albany Metallurgy Research Center | 

Research and Development Co., subsidiary of the Bureau of Mines directed research ~ 

. of Occidental Petroleum Corp., Los Ange- toward improving the flotation of carbon- 
les, Calif, to reduce problems encountered ate gangue from unaltered phosphate rock. 

in producing superphosphoric acid.17 The Liberation of the phosphate was the major 

process reportedly produces a high-quality problem encountered in the treatment. 
superphosphoric acid with a 55- to 
59-percent conversion (the ratio of poly-  ————_— 

phosphoric acids to the total P2O;5 content) 18 Phosphorus & Potassium (London). Produc- 
at 71 to 74 percent P2Os. A submerged tion of Water-Soluble P:Os by Nitric Acid Attack. 

: . No. 46, March—April 1970, pp. 32-34. 

combustion dip-tube arrangement (U.S. 14 Phosphorus & Postassium (London). Hot 

Patent 3,276,443) and a scrubbing train Briquetting of Phosphorus Furnace Feed. No. 48, 
.., July-August 1970, pp. 19-21. 

(US. Patent 3,276,510) are two significant 18 Japan Chemical Review. Phosphoric Acid 
units in the design that distinguishes the Purification Process. June 1970, p. 57. 

Japan Chemical Review. NKK Process Phos- 

system from others. phoric Acid Plant. June 1970, p. 56. | 

The wet process incorporating an i80- gyre py ene Genet Pravon process Tune 1940, 
thermal reactor for the production of phos- pp, 64. 

° . . “ge 17 i i - 

phoric acid was described.1® The addition 1.0. parca Yor dupesphosphorie ‘Acid: Chem. Eng 
of the reactor was designed to reduce capi- vy. 77 No. 6, Mar. 23, 1970, pp. 98-101. 

tal and operational costs, permit the use of #8 Rushton, W. E. Isothermal Reactor Improves 

coarser rock grinds, improve P2Os5 recovery Phosphoric acid yO pen ee Eng. v. 1%, 
efficiency, and produce more uniform gyp- 19 Bostwick, L. E. Loop System Slashes Costs for 

sum crystals. Making Phosphoric Acid. Chem. Eng. v. 77, No. 
, Apr. 20, 1970, pp. 100-103. 

Another article described the use of a 20 Chemical Age. Swift Develops Low Cost Proc- 

special reactor unit in the wet-process for >. or MAP. V. 109, No. 2645, Mar. 27, 1970,
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The process involves fluosilicic acid depres- ing a two-stage acidulation process for 

sion of the phosphate minerals and a fatty treating phosphate rock to produce phos- 

acid emulsion flotation of the carbonate phoric acid. It would allow for the recov- 

gangue minerals. At the Albany Research ery of a fluorine product and a high-pu- 

Center, scientists were engaged in develop- rity gypsum product.





Plati G Metal: 

By Francis C. Mitko 1 

The platinum shortage of the late 1960’s materialize. Canadian production increased 
reversed itself sharply in 1970, and a mar- from the low levels caused by strikes in 
ket oversupply was reflected in falling 1969. US. production declined 19 percent, 
prices and consumption. Prices of all plati- although refinery output of new metal — 
num-group metals, except osmium and wasup. . 
ruthenium, continued the slide begun in U.S. exports declined 17 percent; imports 
1969, and platinum dealer prices fell below were up 16 percent. Stocks declined 29 per- 

| producer prices in the third quarter for cent, and production of secondary metal . 
the first time. Dealer’s prices of all plati- was down 6 percent. - 
num-group metals except osmium were Legislation and Government Programs. 
below producer’s prices at yearend. Con- ——The Clean Air Act of 1970 set automo- 

sumption, measured by sales to consuming tive emission standards for 1975 and 1980 
industries, declined 2 percent for plati- as follows (based on cold start) in maxi- 

-- - Num-group metals. mum permissible grams per mile: 
Of particular importance to long-run de@—=_ ———— 

mand, was the passage of the Clean Air carbon, — Biydro. Nitrogen 
Act of 1970 which set strict standards for is 
automobile exhaust emissions in 1975. If 1980_____. 4.7 °° 145 
the automobile manufacturers decide to These standards were OO0.percent below 

meet the 1975 emission standards by using These standards were ae Percent be A 
platinum catalysts, the sales of platinum in ‘™USsion levels common ot automobiles 4 | 
the United States would be boosted consid- 1970. Automobile manu acturers state 
erably. : that technology did not exist to meet the | 
World output of the metals increased 23 hydrocarbon and nitrogen oxide standards 

percent as production in the Republic of Simultaneously. Two companies, oes 
South Africa expanded in anticipation of Ol Products Corp. (UOP) and Engelhar 
large sales to the automotive industry par- Minerals & Chemicals Corp. announced ae 
ticularly in the United States, and perhaps Velopment of platinum-based catalytic atoll 
worldwide. However, the major South Afri- fiers in 1970 that would at least contro. 
can producers cut back expansion plans in the hydrocarbon and carbon monoxide 
late ‘1970 when the market was slow to 1 Economist, Division of Nonferrous Metals. 

Table 1.—Salient platinum-group metals statistics 
‘(Troy ounces) — 

1966 1967 1968 1969 1970 

United States: 
Mine production !._.__.--....---- 2. 51,423 16,365 14,793 21,586 17,885 

Value____--.--.-.---------------- $3,106,993 $1,428,868 $1,500,603 $2,094,607 $1,520 , 958 
Refinery production: " 

New metal_--_-_..-.-.-.----_.-.- 73,615 29 , 663 12,305 17,875 21,895 
Secondary metal____.._..._.2___-. 108 ,321 365,799 329 , 455 371,659 349 , 126 

Exports (except manufactures) _________- 205,456 279 , 852 395,157 501,064 413,766 
Imports for consumption. ___......._.-. 1,852,256 1,821,278 1,773,984 1,225,851 1,423,090 
Stocks Dec. 31: Refiner, importer, dealer. 1,129,604 869,211 802,711 1,077,478 765,986 
Consumption... -_-..-...-------------- 1,675,795 1,334,296 1,376,911 1,857,344 1,335,467 

World: Production__-_.-._.......-.---..... 3,089,449 3,175,309 8,393,749 3,481,155 4,215,922 
i 

1 From crude platinum placers and byproduct platinum-group metals recovered largely from domestic gold 
and copper ores. . 
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emissions. Both mufflers require nonleaded At yearend, the national stockpile con- 

gasoline. It is interesting to note that nine tained 502,152 ounces of palladium, an in- 

cars met the 1975 emission standards in crease of 167,883 ounces over stocks at 

the Clean Air Race of 1970 from Cam- yearend 1969. Out of an original 200,000- 

bridge, Mass., to Pasadena, Calif. (spon- ounce contract for upgrading the platinum 

sored by Wayne State University, Detroit, in the stockpile, entered March 17, 1969, 

Mich.) , and one, using nonleaded gasoline all but 32,006 ounces had been upgraded 

and four platinum catalytic mufflers, even by the close of the year. There is no 

met the 1980 standards. longer an objective for ruthenium; disposal , 
of 2,500 ounces of ruthenium from the 

Table 2.—Government inventory of supplemental stockpile was completed in 

platinum-group metals, December 31, 1970 1970. ; 
(Troy ounces) The Bureau of Mines began a study of 

| y secondary recovery of platinum-group met- 

als in the United States. Although the 
National Supplemental . . . . 

Metal _— stockpile stockpile © Objective main. purpose is to find areas in which 

Iridium. 117.072 ......... 17,000. 17072 platinum is lost and which might be re- 
ridium__... 117, one ee 17,000 :; | wes ee 
Palladium... 502°152 747,680 1,800,000 covered with further research, it is antici 

Platinum_._ ? 400,036 49,999 555,000 pated that the final report will be a com- | 

| ———  ———_————————__ plete and detailed study of the secondary 
1 Excludes 184 ounces nonstockpile grade. ind 
2 Includes 32,006 ounces reserved for upgrading. recovery industry. 

DOMESTIC PRODUCTION | 

Refinery output of new platinum metals for 84 percent of toll refining, and the bal- 

increased 20 percent, but production of the ance was _ virgin materials. The total - 

secondary metals declined 6 percent. Do- amounts in troy ounces treated on toll 

mestic output is derived as a byproduct of in 1970 were as follows, with the corres- 

copper refining and from the dredging of ponding 1969 amounts in parentheses: 

Alaskan placers. Platinum, 1,079,736 (1,207,559); __—palia- 

- Toll refining of platinum-group metals dium 569,711 (945,106) ; rhodium, 56,746 

decreased 23 percent in 1970 to a total of (73,139) ; iridium, 5,659 (9,186) ; osmium, 

1,721,870 ounces. Used materials accounted 958 (2,197); and ruthenium, 9,060 (8,609) . 

Table 3.-New platium-group metals recovered by refiners in the United States by sources 

(Troy ounces) | 

Plati- Palla- §Irid- Os- Rho- Ruthe- Total 

Year and source num dium ium mium dium nium 
mr 

1966___._--------------eeeee------------ 80,048 31,367 8,979 1,533 5,650 1,038 73,615 

1967_____------------------------------- 20,296 8,262 754 151 189 11 29,663 

1968_____..--_-------------------------- 6,802 5,358 454 95 | 90 6 12,305 

1969: . . 

From domestic sources: Crude platinum; 
gold and copper refining__...-------- 8,702 8,224 570 135 70 11 17,712 

From foreign crude platinum____-----.  ------ 163 __._-- -eeeee Lette eee 163 

Total. ________---.---------------- 8,702 8,387 570 135 70 11 17,875 

1970: 7 
From domestic sources: Crude platinum; 

gold and copper refining--.---------- 8,036 11,851 1,261 149 64 10 21,371 

From foreign crude platinum____.--.-. ------ 24 __.o8w Lee eee eee eee eee 24 

Total..__....--------------------- 8,036 11,875 1,261 149 64 10 21,395 
ae 

Table 4.—Secondary platinum-group metals recovered in the United States 

(Troy ounces) 
a 

Year Platinum Palladium Iridium Osmium Rhodium Ruthenium Total 
OO Olle eee 

1966____.....------ 49,563 50,009 402 728 2,434 185 103 ,321 

1967____.-__------- 126,377 215,162 7,748 2,377 11,505 2,630 365, 799 

1968______._-.----- 115,587 195,620 2,127 672 12,176 3,273 329,455 

1969____.___..----- 126,822 227,763 2,250 208 11,743 2,873 371,659 

1970____..._------- 118,221 207 , 582 1,927 121 13,394 7,881 349 , 126 
oe Werrrrrr rr eee ee



PLATINUM-GROUP METALS 941 

CONSUMPTION AND USES 

Overall sales of platinum-group metals to volatilization in the nitric acid manu- 

| cent to 1385467 ounces. The chemical, pe- and Engelhard. formed 2 new organization 
troleum, and electrical industries accounted Metal Anode Associates, to produce and 

for 82 percent of the total platinum-group market platinum-coated titanium anodes 
metals consumed in 1970, compared with for the electrolysis of brine.2 

"Ftnom aes incresed sight co gmoenbtte® Steen a pales 
516,008 ounces owing entirely to a three- wa the . ¢ latinas by he w oe lca 

| fold increase in purchases by the petro- nd ' ae Me P vobosed Yt i pe evince 
leum industry. Platinum sales to all other for controlling Breese me dnt enn 

in 1970 were distributed smong petroleum apn,ged"e unleaded gasoline, Because 
refiners (35.1 percent) manufacturers of tis “of Oeeenines| ‘evel without the 
organic and inorganic chemicals (285 per- netroleum feed tock, erlatinum usage 

cent)» ane facture (171 clectronic equip- —_ petroleum refining increased in 1970. How- 

Palladium sales declined 3 Sorcent de- ium eeiyst te vefining, veeuiting much 
spite substantial increases in sales to the  Jégg platinum, is expected to offset the de- 
petroleum and glass industries, and slight mand for this purpose. The city of Chi- 
increases in sales for dental and medical cago had UOP platinum-based Purzaust 

uses. Market declines were in sales of pal- converters installed on 50 of the city’s au- 
Oe bOT oe . a) chemical cctrical industry tomobiles as part on 18-month clean air | 

(down 11,169 ounces) ‘and for miscella- Mri edt in nen are renee ae ae | 
neous uses (down 11,739 ounces). Most oon on Ko ot Chicace ee nam based ” 
palladium sales however, were to the eiec- More uses vere foun d for platinum- 

trical industry (56.9 percent), and the iridium allovs in crucibles fo P owin 
chemical industry (25.3 percent) . Is £ ”, cal d ‘i prowl 5 

Iridium sales declined 23 percent, despite erie Ss for fe. oP tea’ moon ato *S, ant | 

slight increases in sales for glass, electrical, other scientilic apP lications. Platinum 1s . 

and dental and medical uses. There were also used for fiberglas spinnerettes. 
no sales of iridium to the petroleum in- Platinum and palladium alloy pastes | 
dustry, and sales for chemical, jewelry, and Were used increasingly in ceramic hybrid 
miscellaneous uses declined 620, 1,109, and microcircuits, and surface coatings on elec- 

447 ounces, respectively. Sales of osmium ‘fronic components. The platinum, espe- 
increased 16 percent, and sales of ruthen- cially In combination with gold, produces 

ium increased 24 percent; sales of rhodium 2 highly conductive film that resists high 
declined 2 percent, compared with those in ‘temperatures. Platinum and palladium 
1969. Rhodium, iridium, and ruthenium W€re also used in furnace windings, ther- 

are used primarily as alloys with platinum ™0couples, and many other electrical ap- 
or palladium. plications. Engelhard produced a fuel cell 

In the chemical industry one of the Using a platinum metal catalyst to produce 
, major uses for platinum (alloyed with 10 electrical energy in the 20- to” 2,000-watt 

percent rhodium) is as a catalyst in nitric POwer range by the electrochemical combi- 
acid production for use in fertilizers and ation of atmospheric oxygen and hydro- | 
explosives. In 1970, Engelhard Minerals an- 8€ from ammonia. Platinum and chro- 
nounced a new precious-metal catalyst sys- ™ium were used to give razor blades a 
tem referred to as “Random Pack” for the hard, corrosion-resistant edge. The Pace- 

production of nitric acid by oxidation of | ™aker, developed by Medtronic, Inc., used 
ammonia. The Random Pack system appar- platinum electrodes to stimulate the heart 

ently uses 60-percent less platinum with no 
loss in catalyst efficiency. It can be used , ; 

with a Degussa palladium-gold alloy catch- yynA™grican, Metal, Market. New, Forms of Plath 
ment gauze, or “getter”, which could cap- Sept. 8, 190. Pe v7 . he Attack Aut 

ture 27 to 29 percent of the platinum lost gxhaust. V. 41, No. 39, Sepr 28, 1970, p. 22.
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muscle.4 Testing continued on the pre- compounds to inhibit leukemia and _ sar- 
viously unrecognized ability of platinum coma malignancies in mice.5 

Table 5.—Platinum-group metals sold to consuming industries in the United States 
(Troy ounces) 

. - Plati- Palla- Irid- .Os- Rho Ruthe- 
| Year and industry num dium ium mium dium nium Total 

1966_______...---------------------- 690,787 894,212 10,993 1,836 69,688 8,279 1,675,795 
1967___._.._..-_------.---.--------- 633,864 621,141 12,086 1,823 54,952 10,430 1,334,296 
1968__...__....-.--..-----------=---- 580,155 721,479 9,443 1,612 44,776 10,446 1,367,911 

1969: | | 
Chemical... ........-.----.------. 175,486 214,508 6,171 878 18,060 8,696 423,744 
Petroleum. _.....-..-.----------. 58,602 1,387 1,828 _.... 2,341 9 63,617 
Glass___.....-.----------------- 63,350 3,891 232 ....- 10,839 —_.__-. 78,312 

| Electrical_._.........-.......-.-- 112,589 430,258 2,154 5 10,788 2,057 557,851 
Dental and medical___._._......:.- 22,266 52,326 . 709 555 339 218 76,413 
Jewelry and decorative__......_.-. 36,161 21,837 2,941 -.... 5,622 1,915 68 ,476 
Miscellaneous__._-.-...-.-------- | 47,174 34,581 683 89 2,155 4,299 88,931 

Total__--..---:--------------- 515,578 758,788 14,218 1,472 50,144 17,194 1,857,344 

1970: | | | | | 
Chemical._._...........-.-.----. 147,029 186,001 5,551 992 26,445 13,825 379 , 843 
Petroleum_._._..-..........----. 181,014 15,494 -_._..  =---- 69 156 196 , 723 
Glass_.__..-.-------.--.-------- 34,577 21,147 408 -.._-_ 17,188 —_-.-- 63,270 
Electrical...............--...---. 88,146 419,089 2,224 2 9,054 2,554 521,069 
Dental and medical__.__.._...-.--- 19,794 54,426 |= 717 661 ‘51 260 75,909 
Jewelry and decorative_._._...-.---. 30,093 17,507 1,832 -_... 65,843 93,115 57,890 
Miscellaneous........-.---------- 15,355 22,842 236 52 805 1,473 40,763 

Total. ._---------------------- 516,008 736,506 10,968 1,707 48,895 21,383 1,385,467 

| Table 6.—Refiner, importer, and dealer stocks of platinum-group metals 
in the United States, December 31 | 

(Troy ounces) 

_ Year Platinum Palladium Iridium Osmium Rhodium Ruthenium Total — 

1966._-.--..----.-.-.. 459,669 574,651 20,677 2,559 57, 737 14,311 1,129,604 
1967_.......--.-.----- 327,919 460 , 624 17,410 2,802 47,275 13,181 869,211 
1968___..----..------. 322,932 393 , 882 15,127 2,402 55,097 13,271 802,711 
1969-__.2.-.----------. 370,675 608 , 716 14,505 2,873 55, 833 24,876 1,077 ,478 
1970___.-------------- 346,935, 333,256 13,330 1,868 47,766 22,781 = 765, 936 

STOCKS 

During the year, stocks of all platinum- Yearend stocks of platinum and _palla- 
group metals held by refiners, importers, dium held in the New York Mercantile Ex- 
and dealers declined, a total of 29 percent. change depositories totaled 19,550 and 
Individual declines in percent were as fol- 32,700 ounces, respectively. This is an in- 
lows: Platinum, 6; palladium, 45; iridium, crease of 12,450 ounces of platinum but a 

8; osmium, 35; rhodium, 14; and ruthen- decrease of 84,800 ounces of palladium 
ium, 8. during the year. 

PRICES 

The producer’s price remained at $130 Declines in dealer's prices more clearly 
to $135 per ounce throughout the year for reflected the general slump in the nation’s 
platinum, $200 to $225 per ounce for os- economy. The dealer’s prices for all plati- 
mium, and $50 to $55 per ounce for ruthe- =§————____ 
nium. Palladium prices fell $1 to $36— 4 American Metal Market. New Forms of Plati- 
38 | : dk . . li ; ig num Flow From Researchers. V. 77, No. 39, 

$38 per ounce; iridium prices declined, $ Sept. 28, 1970, pp. 5A, 7A. 7 
to $150—$155 per ounce; and rhodium ' 5 Platinum Metals Review. Some. Biologic Aue. 

: ts t . V. 15, No. 2, : dropped $15 to $205—$210 per ounce. TOT, pode Compoun
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hum-group metals except osmium were per ounce and ruthenium stayed at $45 
below producer’s prices at the end of 1970. per ounce. | 
Platinum fell from between $177 and $179 The future market for platinum declined, 
per ounce to between $122 and $125 per with the Mercantile Exchange quotations 
ounce during the year. Palladium fell from for April delivery of platinum falling from 
between $35.50 and $36 per ounce to $35 between $165 and $167.50 per ounce on 
and $35.50 per ounce. Rhodium fell from January 5, 1970, to between $121.50 and 
between $215 and $220 per ounce to be- $122 per ounce at yearend, but March 
tween $202 and $205 per ounce, and irid- quotes for delivery of palladium rose from | 
ium fell from between $160 and $162 per between $32.50 and $33.50 per ounce to 
ounce to between $145 and $148 per between $33.40 and $33.75 per ounce dur- 
ounce. Osmium remained at $220 to $225 ing the same period. 

FOREIGN TRADE 

Exports of platinum increased 21 per- U.S. imports of platinum-group metals 
cent, but those of the remaining plati- increased 16 percent in quantity to 
num-group metals decreased 48 percent. 1,423,090 troy ounces and 12 percent in 
Platinum accounted for 65 percent of plat- value to $104,871,000. 

| inum-group exports in 1970. Exports to Imports from most countries dropped. 
West Germany accounted for 34 percent of Those from Belgium-Luxembourg were 
the platinum, and 44 percent of the re- down by 66,353 ounces and those from 

maining group metal exports in 1970; Canada, by 49,796 ounces. However, higher 
Japan received 19 percent of the platinum imports from the Republic of South Af- | 
and 14 percent of the remaining 8rOuP rica, up 108,839 ounces, the U.SS.R.; up 
metals, and the United Kingdom received 204,259 ounces, the United Kingdom, up 

23 p ercent of the platinum and 2 percent 44,225 ounces; Mexico, up 1,436 ounces; 
of the remaining group metals. The total 4 14.860 lted in a 
export values for platinum and remaining *” Japan, up i ounces; resulted in a 
group metals were $32,978,000 and et increase in total group metal imports 

$10,034,000 respectively, for a grand total in 1970. The United Kingdom accounted 
of $43,012,000 in 1970. This compared with for 45.8 percent of total imports of plati- 
$46,711,000 in 1969. New export classifica- num-group metals, the U.SS.R. for 34.7 
tions, established January 1, 1970, were percent, and the Republic of South Africa 

used in compiling table 7. for 8.1 percent.
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| Table 8.—U.S. imports for consumption | 
| of platinum-group metals 

Troy - Value . 
Year ounces (thousands) 

1968________-...._--. 1,773,984 $125,692 
1969 1r_______-_.__--. 1,225,851 93 , 899 
1970________..._--.. 1,423,090 104,871 

r Revised. |



M 

o 

IN
E 

q 
32
3 

RA
L 

2 
ae
 

S 

° 

s 

5 
oO 

1 

R 

a 

RB 

| 
for

t 
t 

in
 

O 

2 

t 

i 
\ 

Oo 

3 

Bi 
Lis 

| 

K, 19
 

® 

i 
1 1e80

8 ' 

3 

tt
 

vs 

‘S
Ne
 

ts 
' 

' 
18
 

t 

Oo 
' 

11
0 

1 

t 

Ve}
 

' 
. 

' 
tx!

 
‘ 

‘ 
a"
 

i 
a 

© 

a 
an 

1 
100 

‘ 
© 

! 

g 
g 3 

of 
igs

 

t | 06 
Net 

. 

322
 

Vi 
s3
e 

to 

3 
age 

Phe 

Sf 
3g 

! SSE 
| 

wn 

or
 

1S 

‘ 

re 

‘ 

rt 
14 

, 

o 

Ss 

Cs 

‘B
S 

AID
 

' 

owd 

m 

mn 

io
e 

' 

' 
Se
 

' 

ti
 

' 

& 

Z 

' 
Q 

t 
160

 16
 

! 
Ne
s 

' 
~ 

. 

' 

' 
iD
 

no
 

' w 
t te 

x 
; 

' 
ot
 

° 

i 
iw 

eon
 

3 

si 
2 be 

silg
 

\ 
Wn 

SN 

, 
2S
 

i 
' 

I 
wd 

§ 
oO 

23
° 

' 

' 
> OD

 
t 

~~ 

S 

rg 

on 
1 1 

° 

SSS
 

i 
ar: 

He
 

te 

tee
 

' 
1D
 

t 

oN
 

' 

' 

ep 

° 

a 
<i 

$ 

i] 
\
B
B
S
S
 

t 
eo
 

ad
s 

t 
it
 

i 
~ 

, 

a 

ie
 

’ 

1! 
oa
n 

~ 
ify

 
ee 

oe 
1 

10 

at 

o 

, 
fd 

ted 

oe 

' 

2 
i 

od 

5 

- 

= 
| 

! 
1! 

it 
1 xf

 

= 

® 

i 
& 

! 
top 

1e 

ad 

< 

' 

to 
rt 

1s 
ap 

CS 

3 
[L-~

 

On 
ra
t 

or
t 
O
n
 

. 

oO 

_ t
et
 

' 
‘ 

1
s
 

} 

oo 

B
a
a
 

i 
le
 

. 
i
g
 

' 

3 

i 
a 

t) 

1 
« 

' 
(Te)

 

oO 

=o
 

yo
 

ii 

1 
© 

f 

1a 

o> 
~ 

na 

g 

. 
23 

io 
1 {Oe

 

* 

' 
100 

4 

. 
m 

~. 

oS 

Ss 

1! 

A
 

@ 

es
 

a 
; 

. 

eS 

:;2 

N 

B
E
S
S
 

' 

‘ 
0 

a 
e 

° 
rig 

tt 

Use
s 

2 

: 
nso

 

°° 

5 
2 

git
 

joer
 

8 

es 
3 

) 

n 

' 
He 

aN 
ror 

a
 

ist 

' 

38
 

‘ 

bb 

2 

Ss 

4 
ia 

bd
 

rm 

oO 

int
e 

aa
 

(|
& 

; 

© 

i 3 
' 

tt 

<H 

;Ao
 

' 

a 

° 

6a
 

' 
re 

i! 

A 

ia
 

is 

ae
 

oO 

g 
F 

ae 
Oo 

HE
S 

| 
! | Be 

ae 

“g 

° 

i 
to 

4 

ft 
1! 

t 

1 

' 
N 

' 
1 

ae 

' 
oo 

& 

oO 
' 

‘ 

i!
 

i®
 

1A]
 

Ne
e 

5 

~ 

ig
 

tt 

th
 

itk
 

in 
Tade

o 

' 
' 

‘ 

1 
a 

' 

QT
 

= 

A, 

4 rt 
' 

iwi 

De 

i|
° 

169 

Le
 

8 

a| 3 

dt . 

my 
| 

~ 

eo sdb
 eg 

as
 

4 

a“ 

5 
' 

' 

! 

4 

t 
ea
 

no
 

00
 

ei
 C
O 

' 

a, 

9 
38
0 

' 

' 

' 
1 

t 

o> 

- 

t 
= 

ni 

Ss 

= 2
3 

ie 
ra
t 

! 

! 
to 

Ko
 

' 
oD 

so
 

Ss 

tK 

rt 
' 

' 

io 
! 

' 

SD
 

»|™
 

o 

0,
8 

as
 

Py
 

‘ 
' 

tt 
1}
 

1@ 

t 

' 
tt
y 

0 
' 

gs
 

2S
 

© B
is
a 

| 
' 
i 

ig 
: 

i 
ri
d 

i 

rf 
' 

o 

¢ 

a 

30 0
9.0

8 

' 
Do
t 

Lo 

wt
 

= 

eo 

z 
« 

et
 

wr 

ii
f 

i=
 

' 
00 

i 
' 

te 
‘ 

if
 

a 

2
 

a
)
 

ri
 

~
 

00
 

t 
, 

’ 
n” 

b 

cA
 

{ 

i 

6 p
y 

. 

mt
 

r
 

“ 

<
o
 

>
 

i 

oO 

co
 

1 

1 

t 
5 

is
 

2, 

o 
> B 

~ 
HOS

 

das 

; 

1 
ot 

it 

B 
o 8 

aa 
ix 

|? 

2 

vi 
= 

118
 

z 

ae 
oust 

mh
 

Sit
! 

mo 
es 

: 

qj
 

t 

t 
1 

w- 
i 

' 

‘ 
vs 

a 

8 
NSS

ee 
| 

1 188 

TS
 

| 

ye 

5 

ee
e 

° 

' 
1 

o5 
aq 

ti 
' 

‘i
g 

° 

eBe
 o
h 

ra 
~ 

BU
SS
 

| 

@ 

nN 
~8
Sé
 

m4 

im
 

5 

= 
25
a 

“ 
~ 

Rio
 

109 

re 
19 
a 

ta 
rr) 

a 

el 

of 
Be
d 

an 
2 

iS 

aa
h 

' 
ivf

 
16 

oe 
sa
g 

. 

Bie
 

8 

25
78
 

no 
~ 

. 

8 

B.
S 

+ 

E1
0 

' 
. 

! 
' 

1 cD
 

He
t 

os
s 

5 

it 

a2 

& 

the 
4 

Bi
t 

Bs
 

BN
 

1} 
° 

°o 

ww” 

iS
Eg
S 

' 
' 
‘O
s 

oO 

"4 

1x8 

. 

8 

E
S
e
S
 

‘ 
if 

So 
io 

= 

16 

2.
 

Q,
 

1 

~ 

o>
 

! 

$ 
' 

-~ 
oO 

ig
 
oe 

' 

ws 

ar
e 

10 
’ 

te 

‘ 
co 

Ow
 

‘ 

igi
 

> 
2 

' 
im
e 

bt 

> 

; 

00 
2 

° 

oo 

it 
0 

BO
B 

' 

oe 
90 

og 

en
 

nN 

2S
Ne
 

' 

- 

wo 

a8
 

' 

ro 

1S 

mo 
to 
BA
SS
 

' 

10D 

2 

3 

1h 
x 

‘ 

183 
100 

- 

Ne 
NA
LS
 

; 

‘i 

52
5 

I <H 
‘ 

nm 

Too 
100 

| 

> 

1 
S
e
s
 

: 

‘ 

r] 

© 

Oo 
> 

is
a 

6o
 

“3
 

1 

100 
s© 

se
 

is 

, 

bo 

' 

- 

0 
;|2

% 

10> 

Fn 

© 

° 

a 
it 

in 
’ 

i 

Ive
r 

a 

bo
 

t 

S
e
 

' 
' 

10
 

« 

a 

ico
 

106
 
& 

v 

ao
 

33
8 

3 
a8 

ca 

|e 

160. 

' 

im 
& 

vt 

= & 
2o
% 

10 
or
 

oe) 

im 
in 

ie 

@ 

2 

52 
SS 

x 

rt 
at 

135 

S 
INS

 

1 
© S 

} 

c 

a
g
 

ao
s 

' 
we 

io
 

ho
 

t 

in
s 

1 

' 

oO 

sen
 

+s
 

$3.
00 

xt 
5 

' 

' 
oQ 

i 

an
 

f= 

en
 

i 

oS
 

rs 
ed 

' 

t 

to
w 

© 

3 

oa 
Yn} 

icp 
1c 

rit
a 

4 
aay

 
13D 

1S 
A 

26, 

Di
e 

, 

109 
160, 

' o> 

' 
N 

, 

a 
> 

a 
i 

iB!
 

Ye 
it 

11 
18s

 

| 

be 

8 

t 

' 

100 

N 
' 

1 

Ire 

N 
1 t 

S 

° 

t 
eo 

a 

2 

w 

* 

oo 

Oo 

ne 

io
 

ia 
' 

é 

1001
8 

ag 

2S 
a 

EB 
13 = 

+ 
iti 

St 
B 88 

is 
le 

° 

Sa
 oid

 

i 
' 

\ 
i 

$3 
04 

' 
ot 

yo
o 

Is
o 

o> 

Bw
 

rou
 

‘ 
<a
 

ie
 

100
 

8 

on 

ao
 

1S 

\ 
' 

vd 
el 

f 
~ 

14 
60 

4 
' 

iN 
if 

‘ 

= 

no 
- 

14 

CO 
aa
 

if
 

‘ 

‘ 

«~ 
i) 

in
s 

ert 
1 

' 
110 

o 

’ 
1 yea 

co 
' 

1i=
3 

{ 

5 

‘ 

<= 
' 

t 
Gi
s 

a 
; 

we 
oO 

‘ 
' 

‘ 

100 
i!
 

. 
$ 

' 
Do
S 

5 
1S
 

- 
Ss 

>, 

yt 
14 

t 
' 

i! 
109 

4 
oo
o 

iS 

m7 

t 
’ 

| 
1 

109
 

i!
 

09
S 

‘ 
' 

~ 

ow 

al 

- 

5 

ie
 

ess
 

oe 
£019 

$ 

: 
st
 

ASE)
 

23 
s 

3 

' 
' 

1 
' 

1 
' 

’ 
' 

i 
' 

i 
° 

vs 

. 

re 
t 

te
 

5 

| 80
 

tot
 

' 
' 

ia
 

i 
I 

<j 

5 

’ 
oo
 

ti 

| 
1 

1 
to 

i 
1 

>| 
' 

~ 

! 
'0O

 

' 
iw 

a 

iD 
ta
t 

tao 
14 

1b 
' 

© 

\ 
iS
 

1 

ny 

fe 

oO 
14
 

' 
‘ 

tot
 

1 
1 

1 
! 

i 
' 

‘ 
in
oe
 

st 

: 

N 

5 

14 
to 

it 
‘ 

1 
Vee 

‘ 
} 

\ 
! 

4 
Ro
 

tX 

' 

oe 

i 

1 

t 
t 

t 

4 
'o
 

t 
é 

1 

1 

{| 

' 
! 

S
u
a
 

- 

Le 

is 
pa
d 

Vt 
J 

ry 
th
y 

’ 

' 
oO 

mn 
ae
 

ad 

3 

f

a

e

 

' 

o 
~ 

23
 

ws 

i 
ros 

hyo 
' 

i! 
1 

' 
i 

t 
' 

' 

' 
1 

oe
 

ro 

v4 
1B 

ro 
ri
p 

is 
;! 

' 
1 

rt 
i 

Pt
 

{ 
1o
e 

at
 

\ 
1 

® 
i 

1 
1 

1B,
 

1 
1 

' 
1 it 

i 

j 
' 

5 
' 

et 
t 
'O
n 

d
a
d
a
 

aau
ne 

185
 /8

 

= 
' 

tot 
qe)

 
tt 

rt 

' 

4 i 
ras

 

i 
- 

oO 

a
g
 

' 
a 
i 

t 
! 

5 
1 t 

1! 

t 

' 
tf
 

' 
tu 

' 
\ 

io 

i) 

B
S
E
 

~> 
! 

ing
 

I 
is 

' 
' 

' 
' 

t 

' 

! 
' 

' 
' 

io 

‘ 
‘ 

' 

ey 

pa
ce
: 

rt 
1s 

rt 
igi

 
' 

1 be tt 
ra
 

ro 

4 

xs 

d
a
d
e
,
 

! 

gy
 

“ 

© 
A
U
L
O
e
 

co 

| 
i 

c

a

 

oO 
a5
 
ae
 

<q 
a 

; 20 
' 

1 

1O 
1 

it 
' 

! 
‘Ss 

' 

o 
oe 

bee
s 

6 
Si
e!
 

2 
a
n
 

a 

sa
ss
 

BS 
ie 

thal 
! 

: 

! 
rt 

td 
tha

 
1 

ry 
' 

= 
S&
S 

eo
 

' 

iff
 

1 | rho 
5 

1 
rt 

' 

= 
° 

& 

! 
, 

10 

iat 
' 

fot 
ia 

tt 
st 

' 

2 gc h
udy 

! 
is 

ah! 
Zi! 

! 

38
 

118
 

i 
143

 
14 

i 

o 

3e
a8
 

j3
h 

ome
 

12 
1 

1 @ 

' 
' 

' 

1 
A 

as
us
 

oo 

1 nd 

it 
iB!

 
rat

 
; 

oN 
aS
 

» 

38 
! 
i 

4 
to 

12 
ro 

si 
! 

se
e 

3 

mt 
7 

! 
it 

1 
1m 

i! 
1 

i 
8 

56
 

es 

=&
 

1 
. 

1 
rat

 

1]
 

1! 

t 

L
E
E
 
E 

[ 
ng
 

a 
i 

ig
 

' 
ba 

B
e
Q
 

gi 
i 

' 

ia
 

' 
{ 

' 

i 

3 

pe
a 

Se 
! \& 

(8a
 

ig 
1 

. 
Ba
 

& 

1 
18 

oy
 

ro 
' 

oS 

Pr
. 
a
l
e
e
 

i 
§ 

kK 

u

g

h

!

 

le
 

l 

‘ 

Q 

o 
ie
ti
ee
e 

5s
 

| 
rs
 

= 

55
3 

a 

1 
8 

H
e
y
 

1 
9 

S3
54
 

h, 
m= 

2 

Ba
us
 

ws 

wD
 as 

S 
2 

55 
2 

8 ° 
“ 
o 
wT



» 
I 

Be
a 

LAT
 

3 
SS 

ag 

IN 

» 

Ss
 

a 
K] 

U 

3 

3 

Re
es
 

M 

BH 

Be
es
 

G 

BS
iS
Se
 

RO
 

1p
 
SS
S 

U 

™ 

Ss
8 

P 

RS
RE
SE
 

P ME 

re
 

cum
 

T 

as
 

bre
 

™ 

Oe
 

Ss 

2 

qi 
6 

SR
e 

. 

% 

. 

5 

S8
25
" 

a 
2 

| 

5 

§ 

B2
85
55
 

mS
 

& 
| 

5 

ye
 

S3
2 

-~ 
12
 wa 

bo 

Q 

‘ 

as
 

@ 

i o
 

~ 
ae
s 

| 

Ss
 

ei 

2 
oe 

52
2 

re
p 

So
o 

3 & 
0 

xg 

o
u
 

wa
 

- 

aie
 

m 

So
S 

Se
 

sa
e 

: 

ev
ae
s 

ee
 

et 
Sa
t 

me 

3 

tte
 

Be
ss
e 

06 
or
a 

3 

Ss 

~ 

, 
(ee 

B o9 
0 
Bo
E 

eo 
ra
s 

] 

o 
mS
 

& 

ta 

' 

cB
OD
 

or
a 

CS
 
8 

5 
aa
 

rt 
rt 

6 
~~ 

ro
 

oo 
SB
S 

g 
3 

Sh
 

Dy 

Mt 
tt 

i 

ox
o 

© 
= 

BS
S 

. 

ae
 

a
”
 

>
 

’ 

t 
| 

i 
‘ 

S
t
 

1D
 

4 

S
o
w
 

9 

rn 
5 

eg
 

W
h
 

g5
° 

ia 
| 

ei 
© B

S 

4 

“ 

8 

as
 

’ 

' 
1 

it
 

a 
1 

3 

) 

oo 

“o 
90
 50 

7 

3 

x 

. 

i 
te
 

‘ 
t 

‘ 
\ 

’ 
t 

‘1 

Ye}
 

| 

e
S
8
 

- 

© 

- 

a 

Oo 

’ 
1a
 

‘ 
ao
t 

i 
t 

t 
? 

, 

N 

B
o
t
 

WN 

>
 

K 

tt 

' 

' 
i 

tot
 

tet
 

nN 

- 
ao
 

10 

oO 

8 
g 

g 

@ 

ai
t 

P
u
s
 

~ 
Sa
ea
R8
 

‘6 

~ 

Elz
 

gs 
i 

bits
 

LE
S 

: 
an
ae
s 

< 

ele
 5 

333 

He
t 

7 
! 5 | 

aes
 S8

ee 

= 

Bl 
2 

ss 
‘a 

PEE
LE 

ey 
Bee

eee
e 

4 
is 

ee 
eet

 

EEE
 

TY
 

: 

SER
ESE

 

mm 

' 
rt 

' 

Ha 
ea
t 

100
 0

 

ri
e 

or
e 

Or
 

8 

>, 
2 

‘ 

‘ 
’ 

‘ 
’ 

$ 
‘4
 

\ 
\ 

0 

| 

’ 

' 
' 

or
 

Br
 

; 

® 

ft 
tt
 

' 

ti
d 

tN
 

' 

ta
t 

it 

a 
<t 

> 
° 

ee 

o
8
 

t 
‘ 

t 
( 

‘ 
t 

a 
t 

i) 
on
 

ll 

t 
6 

‘ 
1 

<= 

Si
a 

~ 

o> 

S 

ae
 

\ 

tt 
4 

vt 

' 

1} 
6 

' 

' 
ot
 

& 1
S = 

° 

ae 

ae
 

t 
' 

‘ 
' 

' 
\ 

’ 

L 

<i
 

' 
\ 

’ 

rt
 

t 
i) 

oO 

eo 

Q, 

° 

’ 
vs 

ra 
iy 

Pe
t 

i 
: 

1 

' 

' 
i 

to 

a 

s 

‘ 
cet

 

H
i
t
s
 

- 

tit
 

Pad
 

~< 

| 

8 

g 

@ 

i 
‘ 

t 
‘ 

ti
t 

' 
4 

' 
' 

{ 

! 
rt 

os 
tx 

- 

2 

2 
: 

rt 
tt 

' 

Pi
d 
i
 

! 

it 
ri
 

1 
he 

1 oD 

m 

= 

32
3 

it
 

ra 
ty 

vt
 

| 
x 

ti 

4 
O 

roa 

io 
' 

3 
aes

 

i 

a 

iid 
S| 

Sy 
| gy 

| 

os 

5
 

' 
' 

i 
1 

t 
‘ 

ry 
a4
 

i 

y 

{ 
i 

' 

oO
 

’ 
1 

i 

i) 

= 

a8
 

rt 

EE
E 

os 

a 

to 

~ 

é 
g 

itt
 
H
s
 

! 
7 

mn 
: 

wa
 

i 
1 

t 
t 

1 
8 

t 
i 

16
0 

st
 

1 
t 

( 

i 
t 

t 
a
 

iA
 

. 

e 

b,
 

Li 

i] 
{ 

( 

o
x
 

t 
‘ 

im
 

‘ 

8 

it
 

‘ 
( 

oO 

i 
l 

: 

‘ 

' 

' 
i 

im
 

Pc
 

' 

2 

> 
O 

H
e
s
 

a
n
 

me 

ER
S 

to 

169 
1 

a 

\ 

tt 
ee 

ii
m 

160 
1 | 

&© 

' 
it 

ot
 

t 
' 

© 

wat
 

gi
 

‘ 
’ 

i 
‘ 

‘ 
o> 

1 

‘ 
co
 

st
 

N 
i 

' 

1a 
' 

oO 

2. 

° 

tt 
1 

‘ 

is
a 

- 

‘ 
r! 

i 
ita 

mt
 

- 

Set
 

‘ 
it 

o4 

tt 
Bo
gs
 

“ 

1 

rt 
™ 

on
 

oO 

° 

E 

® 

et 
it
 

y 
ic 

' 

Oo
 

1 
1 

1 

rt 
' 

t 
i2 

3 

3 
‘ 

t 
’ 

’ 
t 

1D
 

1 

~ 

' 

‘ 
' 

it 

1 
t 

t 

rt
 

1 

si 

B2
3 

i 
t 

1 
tt 

‘ 

- 
! 

S 

1 
1 

iS 

1 

' 
let

 
! 

S 

a) 

Eo
s 

1 

4 
‘ 

, 
12 

an
 

1 |
 %

 

ta 
' 

8 
Be 

i 

_! 
' 

0: 

& 

3 

SS
 

ix 

ii
 

PL
N 

tt 

oi
! 

ta 
‘1
g 

= 

o 

Sa
 

ne
 

4 
1 

1% 
1c 

‘ 

1 

- 
11
9 

1 

1} 
~ 

Qu 

a, 

§ 

> 
| 

vt 
i 
BS
 

' 
~ 

S
D
s
 

Ax
 

’ 

' 
110

 

' 
1a
 
S
A
S
S
 

r= 

\ 
i 

‘ 

' 
‘ 

lr
 

rt
 

b,
 

a 

! 
is
 

te 
\ 
N
S
S
 

‘ 
; 

1 

' 
a 

t 
1‘@

 

»8 

hig 

Sci 
3 | 

EE
 

7 
iB
 

a 

og
 

' 
t 

t 
100

 

rl 
_ 

9 

t 
i! 

' 
ra
 

1 
1 

1 
© 

gid
 

ist 

' 
\ 

133
8 

ON
 

| 
@ 

ri
d 

i 
ts 

tt 
11 

6 

a 

s
e
 

; 
1 

i
q
*
 

AQ 

t 

io 

1 
' 
i
c
e
 

t 

1 

Oo 

£ 

io
) 

‘ 

kX 

4 

4 

‘ 

ri
e 

1 

- 

' 

t 
t 

1 

' 

~ 

n 

' 
Ve)

 

\ 

t 

im
c 

N 

tt 

i 
Qa
B 

’ 
<i 

bat 

"3 
@ 

, 

te 

' 

‘ 
Ca
 

8 

tt
 

ta
t 

ae
 

3S 

£8 
gs 

iin
 is

 

EM 
. 

P
s
 

18 6a 68
 

Smt 

Se
 

33
g 

' 

in 
no 

i 
at
 

' 
a 

i 

= 
to 

ee
e 

nN 

; 

a 
|3 

ae 
Sas

 
x 

wo 
igs 

tle 

BL
ES
 

ees 
3 

<q 

st 

2s
 

Pa
t:
 

in
g 

13 

~ 

' 

' 
11
8s
 

S 
bo 

BS 

2 

' 
IDO

 

lay 
1 RO

 

00 

19 

| I
RS
SE
 

KL 

3 
se
 

t 
tH
S 

| 

iN 
(B
SE
 

188 
60 

Si
me
 

wo 

& 

Qe 

ro
e 

>» 
3 

' 
bri

o 
ri 

‘ 
Qn
 

‘ 
NS
 o

s 
‘ 
ar
 

oO 

P 
5”
 

aes
 

' 

i 
' 

' 
tt
 

1 
63 

03.
63 

par
t 

3 
is
 

e 

3 

of
 

‘ 

t 

a 
' 

‘ 
oO 

~ 
t 

a 
| 

’ 

Ss
 

os 
a 

N 

. 

| 

Es 

100 
! 
18
 

Ss}
 

= 

at 

Be 
| & 

a 

5 

10 

l 

‘ 
‘ 

Pe) 

= 
1 

N 

! 
io
 

BO
 

oO
 

ale
 

3 
2 ig 

7 

ne 
| 

18 

ig 
ate 

= 

' 
So
 

ot 

ia 

2 

iDo
S 

U8
 

IS
e 

oD 

£ 

t 

g
s
 

r 

‘ 

‘ 

0 

we 

1B
 
O
S
 

t 

! 

n
e
 

S 

E 
@ 

ae 
i 

3 
ise 

St 
i 

eae
 

3 

| 

5 
33
3 

a
e
 

‘ 
io.

 
© 

' 
So
S 

3 

20 

: 

a 

® 

aa
 

’ 

\ 

t 
109

 t 

t 

oO 

nw 

= 
' 

' 

10
 o> 

’ 
8 

SS 

S&§
 

' 
' 

‘ 
t 

1 3 20 

‘ 

© 

ni
t 

t 
im 

1|
% 

| 

v 

D 

+
3
 

1 
t 

' 

1 
1 

a 
1c
 

.. 

it
 

< 

i
 

1 

! 

oaa
et 

3 

a 

t 
1 

‘ 
1 

; 
‘ 

1
 

- 

1 

ri
 

‘ 
it
 

i=
 

{ 

‘oo
 

as) 

fa
 

t 
tt
 

' 
oa
 

‘ 

oD 
1 

160
. 

le
d 

et
 6 

62 

Ss 

a 

>, 

1 
it 

rt 

‘ 
‘i
se
 

‘ 
N 

ix 

ta
n 

11
9 

> 
8 

it 
tt 

, 
it 

ie 
IA
G 

‘ 

1 

' 
3 

' 

b= 

os
 

' 
' 

' 
‘ 

to 

' 

t 

' 
= 

N 

t 

’ 

' 

9 SO
 

’ 
t 

ay
 

' 

t 
‘ 

i 

| 
t 

' 

1D
 

oO 

i 

t 
1
 

OQ 

~ 
1 

Ps
 

§ 

’ 
' 

‘ 
' 

1s
 

t 
t 

’ 

' 

© 

\ 

' 
io 

' 

ow
 

' 
CO 

, 

5 

' 
1 

’ 

L 
td
 

' 
i 

I 
‘ 

7 

1°
 

t 

' 
1 

ot 

1 

‘ 

aH 
i 

ti
t 

ri 
ro 

+ 

‘S
x 

ar
 

tt 

‘ 
~ 

t 
' 

t 
‘ 

tet 

if
 

aH
 

‘ 
te
 

= 

mo
e 

! 
1 

ot 
‘ 

t 

i= 

\ 
i 

mt 
i 

I 
ta 

ig
” 

to
r 

io 

to 

i=
 

ike 

N 

HE
LE
 

iti
s 

SA 
IE 

ey 
|s 

a 
1 

t 

: 
' 

a 
l 

tw
 

r4
 

i 

' 

i} 

’ 

i; 

‘ 
10
 

' 

tt 
1 

;! 

ot 

oO 

' 
it 

1 
' 

1 
t 

i 
\ 

' 
' 

i 
' 

' 

‘ 

oo 

ie
 

t 
a 

' 

\ 

t 
aD 

>, 

\ 
it 

,;
it
 

rt 

i 

1 

t 
it 

' 
\ 

\ 

’ 
= 

be 

‘ 
‘ 

t 
i] 

to
t 

t 
A 

t 
a 

' 

‘4 
{ 

‘ 
rt
 

io
 

' 

+ 

t 
ta 

‘ 
tot

 

3 
it 

' 
1© 

i 
i 

i 
4 

' 
' 

\ 
1© 

& 

tt 
i 

tt
t 

tt 
rt 

‘S
a 

‘ 
tt 

‘ 

Dt 

' 
1D 

3 

rT 
t 

i] 
1 

at
 

' 

t 
i 

‘ 
ho
 

’ 
4 

‘ 
‘ 

‘ 

! 
t 

ta
 

t 

° 

m
e
 

rad
 

ae
 

<0 

at
e 

to 

ir} 
a 

3 

| me 
tt 

rt 
ti
d 

' 

‘ 
ib 

© 

it 
tt 

ta 

1. 
i|m™ 

<a 

ie
 

tt 
1 

an 
i 

' 

' 

Ye 

tt 
tt 

ty
 

ie 
ii
n 

3 
i 

1 
vt 

4 
\} 

- 

' 

it 
' 

an 
1 

1o 

i 

5 

19
 

\ 
' 

t 
’ 

t 
’ 

t 
’ 

' 
' 

' 
I 

é 

‘ 
' 

\ 

t 
I 

’ 
1 

toy
 

; 

t 
oO 

i 

c
a
e
 

Pit
ty 

a 
a 

s 

i
o
 

ll 
EL
E 

vt 
1o 

| 
~ 

iw 

i
 

t 
' 

' 
re 

' 
t 

We
 

t 
' 

' 
' 

1 

' 

r 
: 

r 
' 

' 
\ 

' 

t 

1 

0 

io 
it 

143
 

' 
rt 

iS 
i 

to 
' 

' 

t 
’ 

vo 
vi 

‘ 

11 

1 ped
 

vt 
ie 

4 
t 

tt 
' 

‘ 
‘ 

' 

vt 

ti 
ro
s 

{ 

&¢
 

it 
e 

tt 
‘ 

ia 
ta
 

i 
rt
 

' 

it 

ta
t 

an 
If 

' 

l

o

g

 

ttt
 

Hi
se
 

5 
ne
 

! 
it
 

' 
is 

it
 

i 
! 

' 

ra
t 

i 

14 
: 

162
 

! 

Wa
dd
: 

ig
 

EE
 

' 
Bil

e 

i
e
 

ai
g 

HH
L 

1S 
m= 

S
e
a
r
s
 

\ 
16
 

10
 

1 
, 

' 

' 

1 

t 
' 

' 

4 
ta
 

Q 
t 

3 
eas

e 

E
L
E
 

ae
 

ils
 

a 

a
o
r
 

si
ne
 

' 

t 

‘ 

t 

(& 
‘ 

' 
t 

tt
 

tt
 

1 
rt
 

o 

la
k,
 

3 
c
e
 

S 

Be
es
 

Bi
g:
 

a

 

a
i
i
 

' 

F

a

e

 

SS
 5
3%
 

Sa
in
 

' 
‘ 

's 
' 

i 
t 

it 
14 

t 
i. 

’ 
1 

es
at
e 

' 
' 

i 
H

s

 

4
 

' 

H
h
 

; 

o
k
,
 

a
9
5
0
i
i
 

= 

1s 
11
3 

' 
i 

1-2
 

rt 

an 

mM 

5
5
2
 

3S 

\ pe
d 

' 
1@
 

‘ 
1 

4 
2
 

' 
! 

' 
’ 

r] 

ae
s 

2 
Ss 
a

l

g

 

‘ 

BS 
& 
l
a
y
.
 

os 
a

 

e
d
d
i
e
 

Z 

t
e
 

3 
1 

.&
 

i 

' 
1o
 

s
i
d
e
s
,
 

= 
ao
 

© 
Es
 

St
 

' 

u
p
e
e
r
 

' 

' 

2 

bi
 
be
et
 

& 
a 

' 
2 

" 

h
u
n
 

= 

SE
58
 

4 oy 
' 

‘ 

3 

ce
 

_! 
x 

Bea
es 

3 
5
 

° 
ia
 

~ 

e 

3s 

© 

os
 

a
r
 

38 
23
 
— 

n
o



948 MINERALS YEARBOOK, 1970 

| WORLD REVIEW. 

Total world production of platinum- Port Colborne, Ontario, and the precious- 
group metals was up 23 percent in 1970, metal sludges shipped to the company re- 
primarily as a result of completion of 1970 finery at Acton, England, for processing. | 
expansion plans by Rustenburg Platinum INCO was developing four mines near 
Mines Ltd., and by Impala Platinum Ltd., Sudbury, and a fifth at Shebandowan, On- 

both of the Republic of South Africa. Pro- tario, in 1970. Falconbridge Nickel Mines 
duction by the U.S.S.R. was also assumed Ltd. operated eight mines, four mills, and 

to have risen. Canadian production re- one smelter in the Sudbury area. Nickel- 
covered from the long strike in 1969. Co- copper matte containing precious metals 
lumbia, Ethiopia, and Japan each produced was shipped from the smelter to the com- 
small amounts of the platinum metals. pany refinery at Kristiansand, Norway, for 

| Drilling during the year indicated fairly refining. Precious-metal sludges were 
high platinum values on the Northwest shipped to the United States for refining 
Oil and Minerals Co. property in western by Engelhard Minerals. 
Australia and on the Georgia-Kaolin Co. Consolidated Canadian Faraday Ltd. at 
property near Kerikeri, North Auckland, Gordon Lake, Ontario, shipped nickel-cop- 
New Zealand, but the sampling has been per concentrates to INCO at Sudbury for 
insufficient to support the elaborate claims treatment. Dumbarton Mines, in the Bird 
that were made for the finds. River area of Manitoba started production 
Canada.—The Canadian output of plati- in 1969 and shipped ore to the mill of 

num-group metals increased by 49 percent Consolidated Canadian Faraday. Renzy 
to 461,200 ounces, The production in 1969 Mines in Hainault Township, - Quebec, 
was low because of a 130-day strike at the started production from its mine and mill 
International Nickel Co. of Canada Ltd. in 1969 and shipped its concentrates to 
(INCO). The effects of the strike were Falconbridge for smelting.é 
still being felt in early 1970. Most of Can- Colombia.—Production of  platinum- 
ada’s production comes as a byproduct of group metals by Colombia decreased 5 per- 
nickel mining and refining in the Sudbury cent to 26,358 ounces. The largest producer 

7 district of Ontario. Canada is the world’s in the country, International Mining 
third largest producer of platinum-group  Corp., operated five dredges in the Choco 

metals. INCO operated 12 mines, four district and a newly acquired, 8-cubic-foot 
mills, and two smelters for the treatment dredge in the Narifio district. 

. of platinum-bearing nickel-copper ores in =—-H-W~—— 
rea. Matte from the smelters 6 Northern Mines (Toronto). Platinoids Surplus 

the Sudbury area. Matte for a While With Expanding Production. No. 37, 
was refined at the company refinery at Dec. 3, 1970, p. 11. 

Table 10.—Platinum-group metals: World production, by countries 

(Troy ounces) 

Country 1 1968 1969 1970 P 

Canada: . 
Platinum and platinum-group metals_____________--_____ 485,891 310,404 461,200 

Colombia: . 
Placer platinum.______.__-.__.-.-._-_-___- eee 22 ,280 27,805 26,358 

Ethiopia: 
Placer platinum.___._._.-...----.--_-_------- ee 349 343 273 

Japan: 
Palladium from refineries__.__.____._.._----------------- 3,651 3,877 4,610 
Platinum from refineries__-___.._.......---------------- 2,785 3,140 3,296 

South Africa, Republic of: 
Platinum-group metals from platinum ores ¢______________ 850,000 950 , 000 1,500,000 
Osmiridium from gold ores (Sales) e___________._-_________ 14,000 14,000 2,800 

U.S.S.R.: 
Placer platinum and from platinum-nickel copper orese____ 2,000,000 2,100,000 2,200,000 

United States: 
Crude placer platinum and byproduct metals recovered 

largely from domestic gold and copper refining. weno eee 14,793 21,586 17,385 

Total. ___..---._------_--_-- eee i--_-----. 3,393,749 8,481,155 4,215,922. 
nn 

e Estimate. »P Preliminary. . 
1 In addition to the countries listed, New Guinea also produces platinum but production is less than 14 unit. |
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South Africa, Republic of—For the open two mines in the Merensky Reef. | 
eighth consecutive year, output of plati- One mine at Middelkraal was developed to | | 

- num-group metals expanded. Certain an inclined depth of 1,810 feet in 1970 and 
phases of the expansion plans announced was expected to produce 50,000 to 60,000 
in earlier years by Rustenburg Platinum ounces per year. The first concentrator was 
and Impala Platinum were completed in near completion with a capacity of 60,000 
1970, and output increased 56 percent to ounces per year. Milling was scheduled to 
1,502,800. However, when dealer’s prices begin in April 1971. : 
began to drop below producer’s prices in Western Platinum’s second mine, at | 
late 1970, further expansion plans were Wonderkop, was planned for a depth of 
curtailed. Rustenburg announced plans in 2,000 to 4,000 feet and an output initially 
early 1970 to increase its production from set at 200,000 ounces per year. Later plans 
the anticipated 1.1-million-ounce annual _ called for a combined target of 430,000 
rate in 1970, to about 1.3 million ounces ounces per year by 1974-75 from the two 
per year by mid 1972. Part of this expan- mines and for 20 percent of their revenue 
sion was to come from opening the compa-. to come from sales of nickel. Western Plat- 
ny’s Union Section on Middellaagte and inum planned to send the matte. to Fal- 
Amandebult farms at a cost of $28 million. conbridge Nickel’s refinery at Kristiansand, 

By yearend these plans had been deferred, Norway, for recovery of the copper and 
with the new north section only prepared nickel. The precious-metals-bearing resi- 
to the pre-shaft-sinking stage. dues would then be returned to South Af- 

Impala announced in early 1970 that its rica for refining. 
Bafokeng mine, which was then producing — Atok Investments, (Pty) Ltd., continued 
approximately 150,000 ounces per year and . work on its Middlepunt farm property in 
expected to produce at 180,000 ounces per the Lydenburg area. The company, owned : 
year at yearend, would be developed to by Anglo-Transvaal Consolidated Invest- : 
250,000 ounces per year in 1971, and ment Co., Ltd., United States Steel Corp., 

300,000 ounces per year in 1972. Late in and Middle Witwatersrand Ltd. contracted : 
1970, Impala announced that it had al- to sell through their exclusive sales agent, 

ready reached an annual rate of 250,000 Leonard J. Buck, Inc., of New York. 

ounces and were deferring further expan- Other areas with active exploration in 
sion plans. Impala sells platinum-group 1970 were on the Der Brochen farm in the . 
metals through Ayreton Metals, a subsidi- Rustenburg area (by the Rand Mines 
ary, and sells copper and nickel on the group, Anglo-American, and General Min- 

free market. ing) and an open pit mine in the Grob- 
Western Platinum Ltd. (Lonrho Ltd. of — lersdal District of Transvaal (by a corsor- 

London, 51 percent; Falconbridge Nickel tium led by Klockner-Werke of West 
Mines of Toronto, 24.5 percent; and Supe- Germany, with an 11.7-percent interest 

rior Oil Co. of Houston, Tex., 24.5 per- held by Sherritt Gordon Mines Ltd. of 

cent) announced in 1970 that they would Canada). 

TECHNOLOGY 

The Chemical and Metallurgical Divi- of corrosion in metal, chemical, petroleum, 
sion of Sylvania Electrical Products, Inc. sewage disposal, and water supply indus- 
marketed a coated molybdenum heating tries. Of particular interest was its use in 
coil that is supposed to provide cost sav- protecting the world’s largest floating dry- 
ings of 40 percent over platinum and plat- dock, built at Bethlehem Steel’s San Fran- 
inum-rhodium coils. The coils were de- cisco shipyard. The drydock was designed 
signed for use in an oxidizing environment to hold 150,000-ton tankers, and uses a 

where high-temperature heat sources are Capac cathodic protection system.® 

required, such as in sealing of glass diodes Expanded platinum-clad tantalum an- 
and for home and industrial gas dryers.7 odes, trademarked PermanodeR, for gold 
Permanent cathodic protection systems 7 American Metal Market. Coated Moly Coils 

using platinized electrodes developed by 102 Jone o teV0 platinum: Type. V. 77, No. 
Engelhard Minerals over 15 years ago 8 ‘American Metal Market. Platinum-Columbium 

found significant new uses in the control $a0%%° One. Dry-Dock. V. 77, No. 24,
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| and rhodium electroplating were intro- lection of gold.10 The resin is further de- 

duced by Sel-Rex Corp. The new anodes scribed in a Bureau of Mines publication.11 
reportedly offer the same performance and = A new concept was used to develop a 
life, at lower cost, as the solid platinum miniaturized gas chromatograph-maégs spec- 

| anodes they are to replace.9 - tromieter-computer system measuring 7 by 

a An ion-exchange resin capable of re- 9 by 1 inches for use on the Viking Lan- 

covering up to 100 percent of the gold and der Mars Probe, which is expected to land 

other precious metals dissolved in acid so- on Mars in 1975. The concept uses the 

lution was described in Haifa, Israel, by Selective permeability of, hydrogen through 

Herbert Bernstein, . Technical , Director of a palladium transmodulator. _The concept 

the Technion Research and Development could potentially be used to make an inte- 

Foundation, Ltd. The resin, known as Sra- grated-circuit gas chromatograph in which 

fion NMRR, was first discdvered in 1964 all components could be laid down on a | 

by Gabriella Schmuckler of Technion’s De- small chip 1 by 2 centimeters-12 | 

partment of Chemistry and has since been ~* American Metal Market, Platinum-Clad_Tan- 
developed further by her. The resin has talum Mesh Anodes Available. Vv. 77, No. 25, 

the ability to discriminate between noble  “w'secondary Raw Materials. New Process to Re- 
and. base metals. The gold, platinum, and cover Precious Metals’ Developed by - Technion 

related metals collect on the resin, from ‘Research. v. 8, No. ‘12, December 1970, PP. 51, 

| which they may be removed by roasting or 11 Green, Thomas E., and S. L. Law. Properties 
; . -, re ye of an Ion Exchange Resin With. High: Selectivity 

eluting, while the common metals pass for Gold. BuMine Rept. of Inv. 7385, 1970, 9 pp. 

throug. the lon-exchange column without Chemis, ragnch, SS™ yh 
| collecting or seriously interfering with col- 35 "aap 94, 1970, p. 33. e GO. V. 49, No.



By Donald E. Eilertsen + | 

A hike of $5 per ton in average sales of potassium chloride or muriate of potash 
value, record apparent consumption and which may be_ imported into the United 
import tonnages, and sharp declines in States; (2) $.2883 and (3) H.R. 14941, 
sales and export tonnages were some. of identical bills to provide for the imposi- 
the highlights for potash materials in the tion of a duty on excessive imports of po- 
United States in 1970. World production, of — tassium chloride or muriate of potash. 
potash (KsO) exceeded 20 million tons for eye be ns os 
the first time. No special dumping duties were assessed 

Legislation and Government Programs. during 1970 on Canadian, French, and 
—No action was taken by the 9Ist Con- West German potassium chloride which, 
gress, 2d Session, on three bills conceming according to findings of the U.S. Depart- 
the imports of potassium chloride. The ment of the Treasury and US. Tariff 
legislative proposals were: (1) $.344, a bill Commission late in 1969, had been sold in 
to impose annual quotas on the quantity the United States at less than fair prices. 

Table 1.Salient potash statistics 
. . +. (Thousand short tons and thousand dollars) . 

. _ . 1966 1967. | 1968 1969 . 1970 

United. States: 
Production of potassium salts, mar- = Bos 

ketable___...--_--------------- 5,701 - §,649 4,769 4,918 4,853 
Approximate K20O equivalent__ 3,320 3,299 | 2,722 - 2,804 , 2,729 - 

.... Walue_/...-------------.---- $122,210 $105,313 $75, 664 $73 , 572 $98 , 123 
Sales of potassium salts by pro- 

ducers___-.------.------------- 5,377 5,363 5,091 5,340 4,703 
Approximate K2O equivalent. - 3,133 - 3,126 2,913 3,069 2,669 
Value at plant__....----.---- $116,340 $100, 566 $81 ,620 $78 , 062 $92 ,373 

. Average value per ton______.-- $21.64 $18.75 $16.03 $14.62 $19.64 
Imports for consumption of potash 
materials___._.-...--.---------- 2,544 2,929 3,658 3,978 4,418 

Approximate K20 equivalent _ -_ 1,491 1,708 2,172 2,340 2,612 
Value___...----------------- $71,821 $73 ,649 $78 , O77 $67 , 094 $101 , 337 

Exports of potash materials____._-_- 1,053 1,175 1,336 1,259 1,047 
Approximate K20 equivalent. - 621 693 748 709 572 
Value__-_------------------- $88,159 $39 , 896 $43 , 467 $37 , 773. $36 ,940 

Apparent consumption of potassium 
salts 1__._-_.----_--------------- 6,868 7,117 7,413 8,059 8,074 

Approximate K:O equivalent _ -_ 4,003 4,141 4,337 4,700 4,709 
World: Production, marketable: 

_ Approximate K2O equivalent. __ ~~~ 16 ,059 17,353 17 , 867 18,810 Pp 20,443 
ee Eee ee 

P Preliminary. 
1 Measured by sold or used plus imports minus exports. 

DOMESTIC PRODUCTION | 

Production of marketable potassium in production since 1966 has been attrib- 
salts, potassium monoxide (KO) equiva- uted mostly to the large quantities of po- 
lent, was 2.7 percent less than in 1969 and. tassium muriate imported from Canada. 
17.8 percent below the record established New Mexico accounted for 87.6 percent of 
in 1966. The decline from 1969 was caused the national output of K2O equivalent. 
mainly by reduced outputs of potash in Physical scienti Divisi § Nonmetalli 

Michigan and Utah. The general decline yfinep Oo ision. or Nome’ 

951
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The average grade of crude potassium salts drawn through drilled wells. Solar evapo- | 
mined in New Mexico was 18.1 percent ration of the brine in specially constructed 
KO, compared with 18.4 percent in 1969. ponds will concentrate the salts, which will 

| Thirteen firms in five States produced be processed in the existing facilities. 
marketable potassium salts. They were The new facilities of GSL for producing 

: Duval Corp., International Minerals & 2 Variety of products from solar-evaporated 
Chemical Corp., Kerr-McGee Corp., Na- brine from the North Arm of Great Salt 

tional Potash Co., Potash Co. of America, Lake came on stream about October. The 

Potash & Chemical Co., all in New Mex- iS scheduled to produce 240,000 tons of po- 
ico; Kerr-McGee Corp., formerly American tassium sulfate, 150,000 tons of sodium sul- 

Potash & Chemical Corp., in California; fate, and up to 500,000 tons of magnesium 
Marquette Cement Manufacturing Co. in Chloride annually. Approximately 2 years 
Maryland; The Dow Chemical Co. in are required for the brine to pass through 
Michigan; and Texas Gulf Sulfur Co. the vast complex of solar evaporation 

Kaiser Aluminum & Chemical Corp., and ponds covering 20 square miles. Each year 
Great Salt Lake Minerals & Chemicals 10 million tons of salts will be precip1- 
Corp. (GSL), all in Utah. | tated, of which approximately 2.5 million 

The Dow Chemical Co. discontinued the '"S will be processed into marketable 
recovery of potassium salts from brine in P roducts.? oe : 
oe) po’ Searles Lake Chemical Co., a subsidiary 

Michigan at midyear. . } 
. of Occidental Petroleum Corp., was con- 

Texas Gulf Sulphur Co. announced in structing facilities to produce potassium 
July that it was discontinuing conventional —gyjfate, borax, sodium borate, and soda ash 
underground mining of potash at its Cane from Searles Lake (California) brines. Pro- 
Creek mine near Moab, Utah, and convert- ‘duction is expected in the latter part of | 
ing to solution mining, the conversion to 4979 

be completed by mid-1971. The mine will _ 
be flooded with water, and brine contain- 7 Engineering ind, Mining Journal. eh Gom: 
. ° . ' pany ers Oo ap inera ea 0. Tea 

ing both potash and salt will be with- gai’ Lake. V. 171, No. 4, April 1970, pp. 67-70. 

Table 2.—Marketable potassium salts produced and sold or used in the United States, 
| in 1970, by product | | 

7 (Thousand short tons and thousand dollars) 

Production Sold or used 
Muriate of potash, 60 percent —=£————____________—__ —_————— 

— KeO minimum Gross K20 Gross K20 
weight equivalent Value! weight equivalent Value 

January—June 1970: 
Standard_._-__---2-_ 22 ie 813 496 $12,887 960 585 $14,661 
Coarse____-.-..-.-----.---.- 595 364 11,333 583 357 11,280 
Granular__._.---_----_- eee 441 268 9,057 396 241 8,078 

Total ?______-_-_.--_----.. 1,848 1,128 33,277 1,939 1,182 34,018 . 
Other potassium salts 3________ 662 279 15,765 672 292 15,703 

Total 2____-_---- leet.) 2,511 1,407 49 ,043 2,611 1,475 49 ,722 

July-December 1970: 
Standard______..--__________ 753 459 13,603 818 498 14,337 
Coarse____..---------------- 540 330 10,851 482 295 9,699 
Granular._.....----------_-- 462 281 10 ,037 332 202 7,153 

Total ?______.------------. 1,755 1,071 34,491 1,632 995 31,189 
Other potassium salts 3________ 587 252 14,589 460 200 11,463 

Total_______.-------._.-.. 2,342 1,323 49,080 2,092 1,195 42,652 

Grand total2__.--..__._..... 4,853 2,729 98,123 4,703 2,669 92 ,373 

1 Derived from reported value of ‘‘Sold or used.” 
2 Data may not add to totals shown because of independent rounding. 
3 Figures for refined muriate and manure salts are included with potassium sulfate and potassium-magnesium 

sulfate to avoid disclosure of company confidential data.
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Figure 1.—Marketable production, apparent consumption, exports, and imports of 
potassium salts measured in K,O equivalent.
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Table 3.—Crude potassium salts produced, and marketable salts produced 

and sold or used in New Mexico 
(Thousand short tons and thousand dollars) 

ee __ e_ 

Marketable potassium salts 
Crude salts 1 eS 

(mine production) Production Sold or used 

Period ——— 1.1. 00" 
K:20 K:20 . K20 

Gross equiv- Gross equiv- Value2  - Gross equiv- Value 
weight alent weight alent weight alent - 

re 

1969: 
January—June_-__-_- 7,962 1,472 2,117 1,194° $31,742 2,591 1,466 $37,641 

July=December__-- 7,558 1,389 2,014 1,133 30,293 1,842 1,055 27 , 222 

Total 3___.._._._ 15,519 2,861 4,131 2,327 62 ,034 4,433 2,521 64 , 863 

1970: 
January—June_._.. 8,096 1,476 2,164 1,198 42 ,260 2,192 1,224 42,377. 

July-December__.. 8,150 1,459 2,123 1,192 43,617 1,774 1,003 35,922 

“Total 3__.....-. 16,246 2,935 4,286 2,390 85,877 3,966 2,227 78,299 

1 Sylvite and langbeinite. 
2 Derived from reported value of “Sold or used.” 
3 Data may not add to totals shown because of independent rounding. 

CONSUMPTION AND USES 

Apparent consumption of potassium salts _ricultura] purposes accoun ted for 95.5 per- 

| in the United States, measured by the cent of the total. Illinois, Iowa, Indiana, 

quantity sold or used by domestic produc- and Ohio received 33 percent of the deliv- 

ers plus imports minus exports (K20 _ eries for agriculture, while New York con- 

equivalent) , was the largest ever reported. tinued to be the leading recipient of pot- 

Deliveries of domestic and imported pot- ash for chemical purposes. 

ash salts for agricultural and chemical pur- Potassium chemicals have a_ large 

poses in the United States, totaling 45 number of uses, including applications in 

million tons of KyO equivalent, were the ceramics, explosives, glass, medicines, pho- 

second largest ever reported, or 2.8 percent tography, gold and silver recovery, scintil- 

below the record of 1969. Deliveries for ag- lation, and textiles. 

Table 4.—Deliveries of potash salts in 1970, by State of destination _ 
(Short tons K20 equivalent) 

Agricultural Chemical Agrieultural Chemical 

Destination potash potash Destination potash potash — 

Alabama. -__.-.___------- 106,879 29,478 Nebraska__...----------- 33 , 502 376 

Arizona_.__.-.---.------ 1,089 17 Nevada_______---------- ne 692 

Arkansas._.....-.------- 66,044 471 New Hampshire_.__.-..-- 253 161 

California. __.....-.----- 46,877 4,909 New Jersey__..--.------- 10,776 1,198 

Colorado. _-----.-------- 9,066 84 New Mexico____---.----- 1,439 341 

Connecticut____.._------ 4,057 200 New York____----------- 712,878 71,816 

Delaware_______--------- 15,281 10,654 North Carolina______-.--- 141,359 70 
District of Columbia _-- ~~ - 298 _.._.-. North Dakota_____------ 9,794 anne an 

Florida__._....---------- 260,307 1,152 Ohio__.___-.------~----- 247 ,468 7,231 

Georgia_...------------- 199 ,648 744 Oklahoma-_-_.__----------- 28,900 359 

Hawaii____...----.------ 22,816 _-.---. Oregon__.__..----------- 10,995 1,036 

Idaho___._-------------- 8,027 _...--- Pennsylvania____.------- 42,782 8,853 

Iilinois__.._._..----------- 467,623 26,088 Rhode Island__.-__------ 1,831 696 

Indiana_...._...-------- 332,109 5,011 South Carolina_..._-_.--- 87,838 140 

Jowa____.---_----------- 371,684 1,414 South Dakota_.____.----- 9,147 32 

Kansas__.______--------- 30,229 1,986 Tennessee_________-.----- 93 , 720 54 

Kentucky___.___--------- 77,958 11,746 Texas______--___-------- 231,631 12,072 

Louisiana_____-..-------- 68 430 650 Utah_____-_____--------- 523 93 

Maine________---------- 16 ,248 48 Vermont______.__-----=- 4,848 16 

Maryland____--.-------- 98,739 1,143 Virginia_.____._.__------ 131 , 033 398 

Massachusetts______----- 3,079 251 Washington____._____---- 23,102 992 

Michigan_.______-------- 118 , 848 1,589 West Virginia_.__..___---. 8,689 1,581 

Minnesota_______-------- 325; 001 517 Wisconsin______.__.----- 188 ,672 651 

Mississippi____.--------- 110,750 7 Wyoming____._.-.------- 2,178 170 

Missouri. ___.._._------- 163 , 594 1,536 -—— 

Montana________.------- 2,016 eee ee Total____..._----- 14,295,005 2203,673 

1 Distribution of K2O—1, 435,002 tons as standard muriate, 1,504,932 tons as coarse muriate, 865, 239 tons 

as granular muriate, 280,210 tons as soluble muriate, and 209,622 tons as sulfates. 
2 Distribution of Kx0—180,570 tons as muriate, 18,169 tons as soluble muriate, and 4,934 tons as sulfates. 

Source: Potash Institute of North America, Atlanta, Ga.
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STOCKS | 
Producers’ yearend stocks of potassium Table 5.—Yearend stocks of marketable 

salts, K2O equivalent, were 15.8 percent potassium salts in the United States , 
larger than those in 1969. Yearend stocks (Thousand short tons) 
of imported potash were not available. _—:”—~CS””” SR GS, Dee. 81 

Number ———____ 
Year of K:0 

producers Gross weight equivalent 

- 1966__-.---. 12 1,215 690 
1967_______- 12 1,501 863 
1968______-- 13 1,175 . 676 
1969_______. 12 723 392 
1970_.--.--- 18 875 454 

PRICES | 

The downward trend in prices of potas- corresponding to $20.25 (US $18.75) per ton 
sium muriate from 1966 to 1969 was re- of muriate containing 60 percent KO. 
versed in 1970, as a result of the Saskatch- Quoted prices of various potash mate- 
ewan government invoking its Potash  Tials for 1970 are shown in tables 6, 7, and 

Conservation Regulations of 1969, effective 8. - | | 
January 1, 1970. The unusually low prices The influence of the Saskatchewan be 
of muriate in 1969 were mostly attributed lations on domestic muriate prices may be 

: ‘cularlv in North Amer- illustrated as follows: The average sales 
to oversupp ly > P articular y i NOE m value of domestic standard, coarse, and 

1Ca. Competitors bidding for markets con- granular muriate, f.o.b. plants, was $12.76 
tinually slashed prices. Saskatchewan not per ton in 1969, compared with $18.26 per 
only put quantitative controls on its tre- ton in 1970. Imports for consumption of 

mendous potash output potential, but also muriate from Canada were valued at an 
established a minimum price on Saskatche- average of $14.72 per ton at Canadian | 

wan standard muriate at 33.75 cents (Ca- shipping points in 1969, compared with 

nadian) per unit of K,O equivalent, $20.77 per ton in 1970. |
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Table 7.—Bulk prices for potash in 19701 Table 8.—Bulk prices for California potash 1 

(U.S. cents per unit K20) (Cents per unit K:0) 

Sept.——_—————ml—_—T.  SH1OERTH”~«~*S 
1970 

| | Product Jan.1 Aug. Dee. Product 

Muriate, 60 percent K20 Jan. July Dec. 

Carlsbad, N. Mex.: Muriate, 60 percent K:O mini- 

Standard__-_.-_--.- . mum. : 
Standard...--.--- 39 33 377 Standard.____.....------ 42 48 48 
Granular__.....-.. 39 39 41 Coarse__--------.-------- 46 47 47 

. Potasco, Saskatchewan: Sulfate, 52 percent K2O mini- 

‘Standard____--.-- 31.4 . mum. 
Coarse 35 32 33 a Standard___-------------- 98 _- 98 . 

Granular__...----- 37 39 41 Granular__--.------------ 108 — -- 108 

ulfate of potash, 50 percent 1 Kerr-McGee Chemical Corp., formerly American 

Carlsbad, N, Mex.: Potash & Chemical Corp.—carlots f.o.b. Trona, 

Regular______..--- 80 80 _ Calif. Muriate quotations from price schedules dated 

Granular._.____... 90 90 _ Jan. 1, 1970, and July 1, 1970. Sulfate quotations 

Mine-fun salts, 20 percent oF from price schedule dated Dee. 1, 1969. 

KO minimum, Carlsbad, , 
N. Mex_.____.---------- 17.65 17.65 —- 

1 Carlots, f.o.b. cars. 

Source: Potash Company of America, Division of 
Ideal Basic Industries, Inc. 

FOREIGN TRADE 

Exports of 1.05 million tons of potash Imports for consumption of potash 

materials for fertilizer and chemical pur- materials, totaling 4.42 million tons, were 

poses in 1970 were 21.7 percent below the 11.1 percent above the record of 1969; the 

peak of 1968, and 16.9 percent below the gain was mostly in muriate from Canada. 
level of 1969. The declines were largely at- Muriate continued to be the major im- 

tributed to sma exports fo varloUS  horted potash material (96.3 percent) , and 

countries, particular y Japan, or more pre- Canada, which supplied 4.14 million tons 
cisely, to loss of business to foreign pot- . ge 

. . ; of muriate, was the largest individual sup- 
ash-producing countries. Four countmies re- ; he eich ; Th 

ceived 52.8 percent of the total exports of plier for t 1 eighth consecutive tC © | 

potash materials for fertilizer purposes. average dec ared value per ton of Gana- 

They were Japan, 24.5 percent; Brazil, 10 dian muriate (unspecified grade) at Cana- 

percent; Taiwan, 9.4 percent; and Aus- dian shipping points was $20.77 per ton in 

tralia, 8.9 percent. Brazil received 581 per- 1970, compared with $14.72 per ton in 

cent of the total exports of potash mate- 1969, $19.11 per ton in 1968, $23 per ton 

rials for chemical purposes. in 1967, and $25.36 per ton in 1966.
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| WORLD REVIEW | 

World production of potash smashed all the fourth quarter, totaling 3.383 million 
previous records, and Congo (Brazzaville) tons. The regulations were slightly revised 

: also became a major producer of potash. effective July 1, 1970. The section dealing 
Canada.—There were 10 potash mines in with licenses for potash disposal was re- 

Saskatchewan in 1970. At yearend, eight scinded. Licenses to produce potash were is- 
were active, one (Cominco, Ltd.) was sued on an annual basis, but subject to 
being dewatered as a result of a serious quarterly review. 
mine. flood in August, and another one Potash production quotas for the portion 
(Sylvite of Canada, Ltd.) was almost ready of the industry on stream in 1970 totaled 
to go on stream. The companies and their 3.45 million tons of KgO equivalent (in- 

potash capacities are as follows: cluding allowances of 91,895 tons for stor- 
oe age purposes) and represented 45.5 percent 

Annual of the total rated capacity. By companies 
apilion and in terms of KyO equivalent, the pro- 

6 Locati tons) duction quotas were as follows: IMC, 

| ompany ecanen K,0 1,130,952 tons (48.5 percent capacity) ; Kal- 
| KCI equiv- ium, 383,226 tons (40.9 percent capacity) ; 

: a OE CA, 237,644 tons (51.7 percent capacity) ; 
International Minerals APM Operators, 479,699 tons (52.6 percent 

& Chemical Corp., , . . 
(Canada) Ltd. (IMC): capacity) ; Alwinsal, 235,926 tons (39.3 per- 
Kel __-.--------- Esterhazy--- 2.10 1.28 cent capacity); Duval, 303,664 tons (41.5 

i ne ©) {© SES . . ° ° 

Kalium Chemicals, Ltd. Belle Plaine 1.50 194 percent capacity) ; Cominco, 317,808 tons 
otash Co. of America 44.1 perce acity) ; and Central Can- 
(PCA)___.____.__._. Saskatoon ___ 16 .46 ( P ne cap a y) 3 and © ral 

APM Operators, Ltd. ada Potash, 364,776 tons (40.5 percent 
(formerly Allan Pot- i 3 
ash Mines, Ltd.)..-. Allan....... 1.50 .91  @Pacity) - ; . 

| Alwinsal Potash of Can- Cominco, Ltd.’s potash mine at Vanscoy 
ada, Ltd________._.___ Lanigan_____ 1.00 .60 i i 

Duval Corp. of Canada_ Saskatoon... 1.20  .73 was accidentally flooded’ with water, the 
Cominco, Ltd___.._.-_ Vanseoy__.__ 1.20 .72 breakthrough reportedly occurring in the 

Central Canada Potash shaft during routine grouting operations to 
Co., Ltd. (formerl 
Potash Division of stop seepage well below the water-laden 
Noranda Mines, i i 4 
Ltd)-......-..-. Vieount..... 1.50 .99  Blairmore Formation. ; 

Sylvite of Canada, Ltd_ Rocanville... 1.20  .73 Allan Potash Mines changed its name to 
a ea aap APM Operators, Ltd., effective January 1. 

Total______.-----__.._______- 18.68 8.32 .. , . . 
—_——_ $$ The new firm is owned by Swift Canadian 

The Saskatchewan Government’s Potash Co., Ltd. (20 P ercent), Texas Gulf Potash 
. . . Co., a subsidiary of Texas Gulf Sulphur 

Conservation Regulations of 1969 which re- 
- ae Co. (40 percent), and U.S. Borax & Chem- 

quire producers to obtain licenses for pot-  . 
. . . ical Corp. (40 percent) . 

ash production and disposal went into ef- 1 - as 
os Noranda Potash Division of Noranda 

fect January 1, 1970. The Minister of . . 
. : : Mines, Ltd., also changed its name to Cen- 

Mineral Resources, with guidance from a 
. tral Canada Potash Co., Ltd.; Noranda 

three-member Potash Conservation Board, 
; . we owns 51 percent of the new firm, and Cen- 

determines productive capacities, rates of wy: 
; . tral Farmers Fertilizer Co. owns the re- 

production and disposal, prices, and other mainder 

matters concerning potash. Specific regula- , - 
; . 5 potash. specie t gula Germany, East.—VEB Kombinat Kali’s 

tions were issued for each mine. The mini- wyecs wae 
mum sale price for potassium muriate was new potash facilities near Zielitz in the 

. . Wolmirstedt district are scheduled to start 
set at 33.75 cents (Canadian) per unit of . . r production early in 1972. The Calvérde-1 
KO equivalent, corresponding to $20.25 . ; . refinery will process potash ore from a 
(US $18.75) per ton of muriate containing . . 

, nearby mine. Two shafts are being sunk to 
60 percent K,O. The Board’s quarterly . 

. a depth of 800 meters to permit the ex- 
market allotments of potash for the indus- traction of svlvinite from the Rénnenber 
try in 1970, based on KO equivalent, were “y B 

f — 
965,000 tons for the first quarter, 948,000 3 Koepke, W. E. Potash. Canadian Min. J., Vv. 
tons for the second quarter, 665,000 tons 92, February 1971, Pp. 145-147. 4 9 

' ining in Canada. Potas roduction Quotas for the third quarter, and 805,000 tons for assured. October 1970, p. 7.
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Table 13.—Marketable potash: World The remainder ef the West German out- | production, by countries put of potash is produced by Kali-Chemie 
(Thousand short tons K20 equivalent) A.G. of Hanover.6 
Country? 1968 1969 1970» Israel.—Dead Sea Works, Ltd., has ca- | Canada_____......_.... 2,971 8.492 8.424 pacity to preduce ever Ld million short 

Congo (Brazzaville)..... _..__ 45 e269 tons of potassium chloride (KCI) annually 
France__------.-------- 2,047 2,186 ©2,110 at Sodom. The company has three refiner- Germany: : . “ Hast__-._-_-..-.... "2,528 2,586 ©2600 les: Plant A, built in 1953 and subse- 

Israelsnn so swwii7 74537888. 2-818 quently expanded, has a capacity of - Italy___..__._____.____ rr 955 230 251 220,000 tons of KCI; plant B, on stream 
USSR TTT 38983 ASE 4,888 since 1964 has a capacity of 441,000 tons of United States___..___.. 2,722 2,804 2/729 K€}; and plant C, finished in October | TP one ao - ~=s'1: 969, has a capacity of 441,000 tons of nnn B67 18,810 20-448 KC)" An additional 220,000 tons of KCl \ Chile als produase potash-bearing nitrate com- S*PACitY can be obtained with a moderate pounds, but data on K2O equivalent are not available investment for expansion of facilities.7 : and quantity is relatively small. __ Poland.—Poland recently became Eastern 
horizon. Reserves of 16 to 17 percent K,0 Europe's largest consumer of potash salts, | ore in the district are estimated at 77 mil- using about 1 million short tons of K,O 
lion short tons. The company is also sink- equivalent annually. This large consump- 
ing new shafts at Kaiseroda, Himbach, tion of potash may expedite the develop- 
and a site near Bad Salzungen to supple- ment of domestic deep-lying potash depos- 
ment production from its existing mines. its discovered in 1963 near Gdansk. The 
Output of marketable potash salts is ex- Zechstein Formation near there contains a 
pected to exceed 3.3 million tons of KsO0 zone of polyhalite up to 39 meters in 
equivalent by 1975.5 | | : thickness analyzing 7 to 12 percent KO. 

Germany, West.—Badische Anilin & Soda Drilling showed the existence of more than | Fabrik A.G. (BASF) purchased a 95-per- 350 million tons of potash ore; the potash 
cent interest in  Wintershall A.G., minerals are believed to be kieserite, car- 
Celle /Kassel, which produces half of the  nallite, and sylvite. The formation also ex- 
West German output of potash. BASF also tends under the Baltic Sea. A ground 
acquired a 25-percent interest in Salzdet- product suitable for direct application to 
furth A.G. of Hanover, which supplies 35 soils will be produced initially, Output is 
percent of the country’s potash output. expected to begin in 1973.8 

| TECHNOLOGY 
Potash was suspected to exist in the proximately 13,600 square miles of the 

thick salt beds of the Michigan Basin in Michigan Basin.10 
the lower peninsula of Michigan for many In one of the studies, 120 samples of 
years. A strong hunch, a few clues, and 30 core were taken between the depths of 
years of persistence led Raymond J. Ander- 8,287 and 8,392 feet from a well at Mid- 
son, 2 Dow Chemical Co. engineer, and a land in Midland County, and were ana- 
team of other Dow specialists to the dis- 
covery of that potash. Although the depos- ] 

its are lower grade and deeper than those, Ehosphorus and Potassium, New Plants, and mined in New Mexico, Utah, and Sas- 60. 
katchewan, they add substantially to the 67, Noa) ot 1970: pp 3a aa. Trade Notes. V 

_ world resource of potash which may even- * Phosphorus and Potassium. Dead Sea Works 
tually become commercial.® Now Among World’s Largest Potash Producers. . . . No. 46, March-April 1970, pp. 45-47. Considerable geologic and drill-hole data * Industrial Minerals (London). Poland—Potash 
were studied in the search for potash. The 10, Be Mined On Large Scale. No. 31, April 
deposits, consisting of bedded sylvinite, a SBow. Diamond. A Geologic Detective Story— 
mixture of sylvite (KCl) and halite Dow Scientists Identify Potash Deposits. The Dow . . Chemical Co,, v. 33, Fall 1970, pp. 28-30. (NaCl) , were found to exist near the mid- % Matthews, R. David (The Dow Chemical 
dle of the A-1l basal salt member of the Co.). The Distribution of Silurian Potash in the 
Silurian age Salina Group and underlie ap- Min oF Se, 6th Forum on Geol. of Ind.
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lyzed for potassium and also bromine. used with extraction at about 35 percent. 

High bromine content had been known to The machine is 39 feet long, weighs 250 

indicate the presence of potassium. The tons, and is the largest of its kind. It is ca- 

samples ranged from less than 50 parts per pable of cutting and loading 11.5 tons of 

million to 1,600 parts per million in bro- ore per minute, cutting to a height of 8 

. mine and from less than 0.5 percent to feet, advancing a full face of 180 square 

more than 40 percent K2O. The 92-foot in- feet at the rate of 1 foot per minute, and 

terval of core between the depth of 8,295 towing an extensible conveyor composed of 

and 8,387 feet was found to average ap- 200-foot sections. The broken ore will be 

proximately 4 percent K,O. Three 5- to transported from the rear of the boring 

15-foot sections within the interval con- machine to the extensible conveyor for de- 

tained appreciably higher grade material. livery to the panel conveyor, and then in 

The sylvite occurrence is unusual in that turn to the main conveyor for delivery to 

magnesium and potassium sulfate were not — the storage silos at the shaft.18 

present in appreciable quantities.11 A well The Bureau of Mines published a report 

drilled in Kent County was found to con- _ that reviews the development of the world 

tain a 62-foot bed averaging 7.3 percent potash industry, analyzes trends leading to 

KCl at a depth of 5,045 feet. The thickness potash oversupply and low prices, and 

of this deposit was calculated from data on compares the economics of United States 

potassium analyses of the drill fluid and and Canadian potash production,14 

the rates of drilling and pumping. The re- “Anderson, Raymond J., and G. GC, Eeleson, 

sults were later confirmed by gamma ray Discovery of Potash in the A-1 Salina Salt in 

log, an inexpensive method for detecting Michigan. 6th Forum on Geol. of Ind. Min., 

potassium materials.12 12 Anderson, Raymond J., and E. C, Majeske. 

| Canada’s newest potash producer, Sylvite Detection of pe otash Zones by Drilling miuid 

of Canada, Ltd., a Division of Hudson Bay 3 pp. th Forum on Geol. of Ind. Min., 197°, 

Mining & Smelting Co., Ltd., will use a 13 Benson, Norman. Sylvite of Canada Newest 

| Marietta four-rotor, crawler-mounted, self- \Qa8 Producer. Western Miner., v. 43, No, 11, 
’ ? ovember 1970, pp. 30-38. 

propelled mining machine to mine potash 0 . Bureau ci Mines Staif (Cntermountain eited 

| when the mine, 10 miles from Rocanville, states Position and Outlook in Potash. BuMines 
Saskatchewan, comes on stream in 1971. Inf. Cir. 8487, 1970, 47 pp. (For sale at USS. 

Room-and-pillar method of mining will be 50402 at 0 cane ony” Washington, D.C, 

| |



Pumi 

By Arthur C. Meisinger + 

A slump in US. construction activity in tively. Production was the lowest in 6 
1970 was reflected in the sales and con- years and represented a 13-percent decrease 
sumption of pumice. The quantity and in quantity and a 7-percent decrease in | 
value of pumice sold and used was 3.1 value compared with that in 1969. 
million short tons and $4.7 million, respec- 

DOMESTIC PRODUCTION 

| Domestic production of pumice, pumi- was from one mine operated by the Sa- 
cite, and volcanic cinder in 1970 was moan Government. . 
475,000 short tons and $355,000 lower than Oregon with a 2l-percent increase in 
in 1969. The decrease of 13 percent in output over that of 1969 replaced Arizona 
quantity and 7 percent in value was pri- as the leading producer. The combined : 
marily a result of the decline in U.S. con- output of both States accounted for 60 
struction activity, particularly in the area percent of the national total. California, 
of road construction and maintenance. Hawaii, and New Mexico had significant 

_ Volcanic cinder comprised 85 percent of output; however, the quantity produced in 
U.S. output. each State was lower than that of 1969, . 

A more pronounced economic measure particularly for California. California had 
of the state of the pumice industry in the largest number of active operations 
1970 was reflected in the decline in the (33), followed by Arizona with 24, and . 
number of operators and operations—46 Hawaii with 19. Only volcanic cinder was 
fewer operators and 48 fewer operations produced in Arziona, Kansas, North Da- 
than in 1969. Domestic output came from kota, Texas, and American Samoa. 
96 firms, individuals, and governmental . 

encies pr ing from 123 operations in . 
agenc P oduc S . 2 P 1 Industry economist, Division of Nonmetallic 15 States. Production in American Samoa _ yyinerals. 

Table 1.—Pumice, pumicite, and volcanic cinder sold or used by producers in the 
United States 1 

(Thousand short tons and thousand dollars) 

eee 

Yy Pumice and pumicite Volcanic cinder Total 
ear OO  — 

Quantity Value Quantity Value Quantity Value 
rene 

1966_...-..--..-_- 549 $2,629 2,669 $4,136 3,218 $6, 765 
1967..-__.------- 776 1,446 2,670 3,685 8,446 5,131 
1968. _._.2-- 2-2 8. 481 1,360 3,049 4,210 3, 530 5,570 
1969___-_ 22 598 1,349 3,011 3,701 3,609 5,050 
1970__._-22 ee 478 1,222 2,656 3,473 3,184 4,695 | ae 
11966 value f.o.b. mine or grinding plant; 1967—70 values f.o.b. mine. 

965
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Figure 1.—Pumice sold or used by producers in the United States, by uses.
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Table 2.—Pumice, pumicite, and volcanic cinder sold or used by producers in the : 
United States, by States 

(Thousand short tons and thousand dollars) 
pean 

1969 1970 
State —_ SS eee 

Quantity © Value Quantity Value. 
er 

Arizona... ....---.---2----- 22k 910 $814 824 $627 California_....20-2---___ 866 1,229 491 841 Colorado___....2-0.----_.- 42 232 | WwW WwW Hawaii__.--.22222 403 783 350 933 Idaho____--. 2-2-2 21 62 41 83 Montana_-__... 22-22 134 102 a ----- Nevada... ---...------------- ene 83 188 80 191 New Mexico....-__-_____-_o 226 415 208 442 Oregon ...2-2.-2-..--..--- 875 1,139 1,061 1,252 Utah__i2..-2.2220 0 10 21 W W Other States1__.__. 2 39 66 85 325. 

Total?____... 22-22 --2--------. 8, 609 5,050 3,134 4,695 American Samoa... ___._-_-___._______ 2 5 2 6 
e ; " . . ° a e . e 

~ W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
1 Colorado (1970), Kansas, Nebraska, North Dakota (1970), Oklahoma, Texas, Utah (1970), Washington, 

and Wyoming (1969). 
2 Data may not add to totals shown because of independent rounding. 

| CONSUMPTION AND USES 

Road construction accounted for 53 per- 7 percent. Compared with consumption the 
cent of U.S. consumption of pumiceous previous year, use in road construction de- 
materials, the Same percentage as in 1969; creased 13 percent; use in concrete, 4 per- 
concrete admixtures and aggregates, 29 cent; and use in railroad ballast, 22 per- 
percent; railroad ballast, 11 percent; and _ cent. 
abrasive materials and miscellaneous uses, 

Table 3.~Pumice, pumicite, and volcanic cinder sold or used by producers in the 
United States, by uses 

(Thousand short tons and thousand dollars) 
$$ 

1969 1970 
Use TT — 

Quantity Value Quantity Value 

Abrasive—Cleaning and scouring compounds. 14 $19 17 $22 Concrete admixture and concrete aggregate__ 937 1,852 898 1,954 
Railroad ballast._..._.____. 2... __ 463 377 362 192 
Road construction (includes ice control and 

maintenance) _____.__.-___._____=_-20 0] 1,912 1,910 1,666 1,688 
Other uses!__.- ee 283 892 192 844 

ee ee 
Total 2.2. eee 3,609 5,050 3,134 4,695 

" — - “. e e . _ 1 Includes miscellaneous abrasive uses, asphalt, heat- or cold-insulating medium, landscaping, roofing, and 
miscellaneous uses. | 

2 Data may not add to totals shown because of independent rounding. 

PRICES 

The average value for both crude and 1969 price; for concrete admixtures and 
prepared pumice sold and used increased aggregates, $2.18, a $0.20 increase; for rail- 

in 1970. Crude pumice was $1.14 per ton road ballast, $0.53, a $0.28 decrease; for 
compared on vl 1 in 1969, and prepares road construction, $1.01, a $0.01 increase: . e : . . . pumice was $ per ton compared wi and for other uses, including landscaping $1.85 in 1969. The weighted average value d roofing, $4.39, a $1.24 i 
of pumice and volcanic cinder increased 770 TOOUNB, 94.94, a $1. increase. . 
from $1 40 per ton in 1969 to $1 50. The Prices were quoted nominally in trade 

average 1970 price per ton for pumice publications. Quotations in Oil, Paint and 
used in cleaning and scouring compounds Drug Reporter remained unchanged from 
was $1.33, a decrease of $0.08 from the 1969, and are as follows per pound, bags,
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‘in ton lots: Domestic, fine, $0.0460 to ‘The American Paint Journal quoted the 

$0.0487; domestic, medium, $0.0510; domes- following prices at yearend for pumice 

tic, coarse, $0.0460; imported (Italian), silk stone per pound, in barrels f.o.b. New 

screened, coarse, $0.06 to $0.076; fine, im- York or Chicago: Powdered, $0.0445 to 

ported, $0.05; and bagged, imported (Ital- $0.08, and lump, $0.0665 to $0.09. These 

ian), sun-dried, fine and coarse, $91 per prices are slightly higher than those in 

ton. 1969. 

FOREIGN TRADE 

Pumice exports to 13 countries were sub- was again reduced on January 1, 1971. Du- 

stantially less (43 percent) than exports in ties were as follows: TSUS No. 510.11, 

1969; however, total value of exports de- crude or crushed pumice, value not over 

, creased only 9 percent. $15 per ton, 0.025 cent per pound; TSUS 

Pumice imports of more than 365,000 No. 519.14, crude or crushed pumice, value 

short tons were 5 percent less than those. over $15 per ton, 0.045 cent per pound; 

in 1969, owing primarily to a decrease in TSUS No. 519.31, grains or ground, pulver- 

pumice used in the manufacture of con- ized or refined, 0.21 cent per pound; and 

crete masonry. Most of the imports contin- TSUS Nos. 519.93 and 523.61, millstones, 

ued to come from Greece and Italy. Im- abrasive wheels, and abrasive articles, 

ports classed as crude or unmanufactured n.s.p.f., and articles, n.s.p.f., 8 percent ad 

increased 26 percent from 8,424 tons in 1969 valorem. 

to 10,639 tons, and pumice classed as 

wholly or partly manufactured increased . 

134 percent to 2,931 tons. Pumice imports Table 4.-U.S. exports of pumice 

used in the manufacture of concrete ma- || ————————______——- 

sonry products declined 6 percent from Value 

374,606 tons in 1969 to 351,750 tons. Year Short tons (thousands) 

_ Pumice stone, TSUS No. 519.05, for use ogg 343 $64 | 

in concrete products, continued to be ad-  1968___.-------- 624. 54 

mitted into the United States duty-free. In  1969------------ 533 mea 
: a , 1970_____------- 304 70 | 

accordance with the “Kennedy round” agree- 

ments, the duty on other pumice products 1 Adjusted by Bureau of Mines. 

Table 5.—U.S. imports for consumption of pumice, by class and countries 

Tm Used in the manufacture Manu- 

Crude or Wholly or partly of concrete masonry factured 

unmanufactured manufactured products n.s.p.f., 

Country np 
Value Value Value -—— Value 

Short tons (thou- Short tons (thou- Short tons (thou- (thou- 

sands) sands) sands) sands) 

1969: 
Austria__-....-. ------- _-- 4 $15 -o-e--- _-- $19 

Greece__------- ------- --- ------- --- 203 , 977 $381 --- 

Italy._..------- 8,424 r $60 1,250 34 170,629 388 20 

Other coun- 
tries!.....--- ------- --- 1 1 ~------ --- 22 

Cormac 
Total___----- 8,424 60 1,255 50 374,606 769 61 

nn 

1970: 
Greece__------- 22 1 ------- --- 203 , 066 423 --- 

Italy._.-------- 8,776 63 2,929 126 147,784 350 24 

Leeward and 
Windward 
Islands_-..--- 1,841 10 ------- --- 900 3 --- 

Other coun- 
tries2____----  ------- --- 2 (3) w----ee --- 5 

Coors 
Total___._.-. 10,6389 74 2,931 126 351,750 776 29 

tT Revised. 
1 Canada, Hong Kong, Japan, Malagasy Republic, Mexico, and West Germany. 

2 Canada, Hong Kong, United Kingdom, and West Germany. 

3 Less than 1% unit.
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| WORLD PRODUCTION 

Table 6.—Pumice and related volcanic materials: World production, by countries 
(Thousand short tons) 

ee 
Country ! 1968 1969 1970 P 

Argentina ?________..-.-------------------------------- 14 33 e 33 
Austria: Pozzolan______--.---.------------------------- 20 20 22 
Cape Verde Islands: Pozzolan__.-....--.----------------- 9 20 26 
Chile: Pozzolan._._.._-__..------------------------+------ 172 193 179 
Dominica.___._.._..-.._------------------~------------- e 60 61 e 60 
France: 

Pumice__________..._.------------------~----------- 1 1 el] 
Pozzolan and lapilli____....---...--------------~----- r 800 e 800 e 800 

Germany, West (marketable). __-.--_-------------------- 8,926 4,410 ‘4,644 
Greece: 

Pumice_______.._-_---_-------_------ +--+ -- 312 425 445 
Pozzolan__..._--..------.----~--------------------- 524 617 599 

Guadeloupe: Tuff (pozzolanic) 3__._._..------------------ 35 39 e 40 
Guatemala: Voleanic ash (for cement)____..-..-._--..--_-- 46 50 e 50 
taly: 

Pumice______._.-...--_-~---------- ++ eee 702 2 837 e 840 
Pumicite ¢___._..._---..-----.---------~----------- 100 110 110 
Pozzolan__.-..--.-------.---.-----------~--------- 4,727 4,756 e 4,760 

Martinique: Pumice 3 4___.___.._-------.~----------------- 17 20 e 20 
New Zealand_____..--.--.---~---~--------------------- 18 21 21 
Spain 5______.----_-------------------~-----+---------+--- 187 255 e 250 
United Arab Republic___.__..._..-.-..--.--------------- r9 ©) (8) 
United States (sold or used by producers): 

Pumice and pumicite______---._..--.-.------------- 481 598 478 
Voleanic cinder 7____.._.-.---------.-------+------- 8,070 3,013 2,658 

Total._..___---__---_.---____-_----_--------------- 715,230 16,279 16,036 
en Nt 

e Estimate. P Preliminary. r Revised. - 
1 Pumice is also produced in Iceland, Iran, Japan, Mexico, Turkey, and the U.S.S.R. (sizable quantity), 

but data on production are not available. japan’s last available output figure was 110,000 tons in 1958. 
2 Unspecified voleanic materials produced mainly for use in construction products. 
3 Data converted from cubic meters on basis of estimated specific gravity of 1.0 for pumice and tuff. 
4 Output of material previously reported as tuff may actually represent calcareous tufa, and has been omit- 

ted pending clarification by source. 
5 Includes Canary Islands. 
6 Less than }% unit. 
7 Includes American Samoa.
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R art ta are-Earth Minerals and Metals 

By Robert F. Griffith 2 

Rare-earth oxide (REO) contained in Sales of yttrium oxide and europium oxide 
1970 output of bastnaesite and monazite for use in color television phosphors ac- 
concentrates fell about 24 percent below counted for about 20 percent of the value. 
that of 1969. Bastnaesite production de- Legislation and Government Programs. 
creased 26 percent while production of —Rare-earth elements were removed from 
monazite concentrate increased 6 percent. the list of strategic and critical materials 
Rest-of-the-world production of monazite jin March 1970. Plans were formulated to 
concentrate, about 7,660 tons of contained offer for sale, the resultant surplus Govern- 

| REO, approached the record-high 1962 ment stocks at an annual rate not to ex- 
level. Domestic consumption of rare-earth (eeq | 250 short tons of REO equivalent; 

minerals and concentrates was 11,500 tons 625 tons each in July and December. As of 
of contained REO. Shipments of rare-earth December 31. Gor k ‘sted 

. . . ecembDer , Government stocks consiste 
products to domestic consumers, including f 13.337 to £ REO ‘valent in th | 
reprocessed material from intracompany sec- ° _ ns O81 . equivatent i the 
ondary plants, from the principal rare- following forms: Monazite, 5,088; bastnae- 
earth processors was about 7,500 tons REO _ Site, 3,243; sodium sulphate, 4,249; chlorides, 

valued at $12.7 million, compared with 653. During the year, General Services Ad- 
8,820 tons worth nearly $19 million in ministration (GSA) sold 184 short dry 

1969. Use in petroleum cracking catalysts tons of contained REO in rare-earth so- 
accounted for 45 percent of the volume. dium sulphate. 

DOMESTIC PRODUCTION: 

Concentrate.—The Mountain Pass, Calif. Nemours & Co., Inc., near Folkston, Ga. 

bastnaesite operation of Molybdenum Cor- Under the firms land restoration program, 
poration of America (Molycorp) , operating more than 300 acres of mined land have 
at about 45 percent of the yearly through- been replanted or converted to recreation 
put capacity of 450,000 tons of ore, pro- lakes and water storage areas. Production 
duced 10,037 tons of REO in flotation con- (shipments) was 6 percent greater than in 
centrate from 204,400 tons of ore. Output 1969. On the other hand, minor production 

was at a lower rate than in 1969 to corre- of low-grade monazite concentrate by Cli- 
spond with lower sales.2 The company an- max Molybdenum Co. from molybdenum 
nounced that a drilling program in 1970 in- mining at Climax, Colo., was discontinued. 

creased proven ore reserves from 3.3 million Titanium Enterprises, a joint venture of 
tons averaging 8.2 percent REO to 65 mil- American Cyanamid Co. and Union Camp 
lion tons containing 8.6 percent REO. Corp., continued construction of mining 
Probable reserves were stated to be much and milling facilities to exploit a large 
larger. The firm continued studies on the heavy mineral sand deposit near Green 

feasability of recovering yttrium and the Cove Springs, Fla. Production of titanium 
heavy rare earths from tailings at the iron minerals, zircon, and monazite is scheduled 
Ore property of Republic Steel Corp. at to begin in July 1972. Mining plans in- 
Mineville, N.Y. Humphreys Mining Co. re- 
covered monazite, containing about 55 per- §§=——————__ 

cent REO, as a byproduct of titanium 1 Physical scientist, Division of Nonferrous Met- 
minerals and zircon from an ancient beach als. Molybd C i f America. 1970 

deposit controlled by E. I. du Pont de annual Report. Mar. 26, 1971, 12 pp. 

971
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| clude a land reclamation program to im- Other major rare-earth processors in- 

prove the aesthetics of the area by creation cluded Lindsay Rare Earths, Kerr-McGee 
of man-made lakes, by land grading and Chemical Corp., West Chicago, Ill., and W. 
contouring, and by replacement of trees R. Grace & Co., Davison Chemical Divi- 

and topsoil. / sion, Chattanooga, Tenn., and Pompton 
Kerr-McGee Chemical Corp., a subsidiary Plains, N.J. The former company received 

of Kerr-McGee Corp., conducted pilot plant the President’s Award for Safety in 1970, 
tests on a large heavy-mineral placer de- under the corporate safety program. Con- 
posit in Western Tennessee. The minerals sumption of monazite at the Chattanooga 
of economic interest are rutile, ilmenite, plant of W. R. Grace & Co., currently the 
monazite, and zircon. largest domestic processor of monazite, in- 

Compounds and Metals.—Production of creased 50 percent in 1970. Smaller produ- 
rare-earth compounds at the solvent ex- cers of rare-earth compounds and metals 

traction plant of Molycorp at Mountain were: Atomergic Chemetals Co., Division 

Pass increased 13 percent in terms of con- of Gallard-Schlesinger Chemical Manufac- 

tained REO. Value of production declined turing Corp., Carle Place, N.Y.; Michigan 
because of the drop in output of euro- Chemical Corp., St. Louis, Mich; Research 

pium oxide used in color television phos- Chemicals, Division of Nuclear Corporation 
, . of America, Phoenix, Ariz.; Ronson Metals 

phors. The company’s solvent extraction 
. . Corp., Newark, N.J.; and Transelco, Inc., 

plant at Louviers, Colo., continued to pro- 5 Yan. NY. Besides the Mol Lou- 
. . | enn Yan, N.Y. Besides the Molcorp Lou 

duce high-purity yttrium, lanthanum, and viers Colo. plant, other producers of yt- 

gadolinium oxides, while plants at York  tyium oxide and metal were! W. R. Grace, 
and Washington, Pa., produced rare-earth Kerr-McGee, Michigan Chemical, Gallard- 
compounds for petroleum cracking catalysts Schlesinger, and Nuclear Corp. 

and rare-earth silicide for steel manufac- Ronson Metals and American Metallurg- 

ture, respectively. Large-scale output of cal Products were the only two domestic 
99.9 percent cerium oxide began in 1970 producers of mischmetal and other pyro-— 
from a new unit at the York, Pa., plant. phoric alloys. 

CONSUMPTION AND USES | 

Consumption of REO contained in raw value, decreased by more than 50 percent 
materials as reported by domestic chemical and ‘represented considerably less than 1 
processors in 1970 was about 11,500 short percent of total weight of shipments. 
tons. Bastnaesite consumption by chemical The manufacture of petroleum cracking 

processors decreased 28 percent while con- catalysts containing rare-earth zeolite (tio- 
sumption of monazite concentrate doubled lecular sieve) as the active compound con- 

_ for the second consecutive year. tinued as the largest use, although declin- 
Shipments of rare-earth products from ing in 1970 as most petroleum refineries 

primary processing plants to domestic con- completed the conversion to rare-earth cat- 
sumers totaled about 6,270 tons REO val- _alysts. 
ued at $11 million. This quantity includes The decline in use of rare-earth oxides 

intracompany shipments but does not in- for polishing plate glass was offset by an 

clude products derived from reprocessed increase in demand for polishing eye- 

shipments at secondary plants. The follow- glasses, television tubes, camera lenses and 

ing estimated quantitative percent distribu- mirrors. Glass additive applications in- 

tion of uses of rare-earth products in all creased, largely because of commerciali- 

forms (REO equivalent) is based on ship- zation of an economical method of using 

ment information supplied by primary cerium as a decolorizer of glass containers. 

processors: Petroleum catalysts, 45; glass Metallurgical applications of rare-earth 

polishing, 25; ductile iron and steel, other elements increased significantly in 1970. 

alloys, and lighter flints, 15; arc light car- Mischmetal and rare-earth silicides were 

bons, 7; glass additives, 6; research and de- the forms most commonly used to add the 

velopment and other uses, 2. Shipments of rare earths to ductile iron and steel to 

yttrium and europium oxides, although ac- promote ductility, to improve impact and 

counting for about 20 percent of total yield strength and formability, and for the
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: deoxidation and desulfurization of contin- yttrium were used in the manufacture of 
uously cast and high-strength steels. Ferro- high-energy-product high-coercive-force per- 
cerium lighter flints containing as much as manent magnets for magnetic circuit appli- 
25 percent iron accounted for the largest cations replacing Alnico and _ platinum- 
use of mischmetal. Because ferrous and cobalt magnets. 
nonferrous alloys ore increasingly impor- Cubic crystals of yttrium aluminum gar- 
tant markets for rare-earth elements, dis- net (YAG) because of transparency, hard- 

| cussions of applications, technology, and ness, and high refractive index were used 
| effects of rare earths in these alloys were as gem stones subsituting for diamonds in 

published in 1970.8 The results of a study jewelry. YAG, partially replaced (doped) 
on present and future uses of rare earths with small quantities of neodymium or er- 
was also published in 1970.4 bium to control wave lengths, was used as 

Binary alloys of cobalt with cerium, laser rod material in manufacturing, med- 
praseodymium, samarium, lanthanum,.or ical, military, and scientific applications. 

- STOCKS 

Bastnaesite concentrate held at yearend eight firms increased 53 percent, while 

by the sole producer and by the principal stocks of europium oxide reported by two 

processors, although increasing by about companies remained at the 1969 level. 
900 tons of REO, represented less than 2 -Mischmetal stocks held by the two pro- 
months supply at the 1970 consumption . 
rate, Monazite concentrate, held mostly by ducers and stocks of high-purity metal held 

two chemical processors, decreased 17 per- by five firms, in all, showed little change 

cent in 1970. Yttrium oxide stocks held by in 1970. 

PRICES 

The unit value of domestic monazite Cerium oxide, 99.9 percent purity, be- | 
| concentrate production remained firm at came available in truckload lots at a re- 

$180 per short ton while monazite sand duced price of about $1.25 per pound f.0.b. 
was quoted in Metals Week at $180 to plant. Quoted prices per pound f.o.b. plant | 
$200 per long ton, nominal. Prices for Aus- on certain rare-earth compounds (commer- 
tralian monazite, minimum 60 percent cial grade) were as_ follow: Mixed 

REO plus ThOs, quoted in Metal Bulle- - rare-earth oxides, 88 to 92 percent REO, 
tin (London) remained at £75 to £85 $0.45; chlorides, $0.29; fluorides, $0.90; car- 
($180 to $204) c.f. per long ton through bonates, $0.55; nitrates, $0.48; hydrates, 
mid-October, then rose to £80 to £90 $0.50. 
($192 to $216) for the remainder of the Prices quoted by the principal producers 
year. The average declared value of im- for individual rare-earth oxides and metals 
ported monazite concentrate ranged from are shown in table 1. 
$13] to $142 per long ton. Compounds of didymium, a_ natural 

BRastnaesite Concentrate-—Unleached, mixture of rare-earth elements less cerium, 

leached, and calcined bastnaesite contain- were quoted by one producer in 100-pound 

ing 55 to 60, 68 to 72, and 85 to 90 per- lots per pound as follow: Oxide, $1.30; 

cent REO, was quoted at 30, 35, and 40 chloride, $0.36; fluoride, $1.00; carbonate, 

cents per pound of REO, respectively, f.o.b. $0.85; and hydrate, $1.25. 

Mountain Pass, Calif (truck) » OF Nip ton, 8 Hirschhorn, I S. Recent Applications of the 
Calif. (rail), in 100-pound paper bags or Rare Earth Metals in Nonferrous Metallurgy. J. 
55-gallon steel drums in truckload or car- Metals, v. 22, No. 10, October 1970, PP. 40-435 
load lots. Malaysian xenotime concentrate Teen Metals ne ateels’ Molybdenum 
with a minimum of 25 percent Y,O, was Corp: of America, ainstitute 70% ' Atomic Re- 

quoted throughout the year in Industrial a National Materials Advisory Board. ‘Trends in 
Minerals (London) at $2 to $3 per pound Usage _ of Rare Earths. NMAB-266, National 

Technical Information Service. Springfield, Va., 
of Y,O.,. October 1970, 67 pp.
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Prices for yttrium products of 99.9 per- Cerium metal, 99 percent pure, delivered : 
cent purity in commercial quantities were in the United Kingdom, remained at £7 
quoted per pound as follow: Oxalate, ($16.80) per pound, nominal. : 
$13.00; nitrate, $10.00; chloride, $19.00; and | 

garnet, $32.00. Yttrium phosphor of 99.99. 
percent purity was quoted at $36.00 per Table 1.—Prices of high-purity oxides and 
pound, refractory yttrium (95 percent) metals in 19701 
$30.00 and yttrium crystal (99.999 percent) _ 
$200. 

Oxide? Metal $ 
- Quoted prices on 1-pound ingots in 50- Element price: (price, 
to 100-pound lots of 99.9 percent pure per pound) per pound) 

mischmetal and cerium-free mischmetal re-—=§_ _—————————————_________ | 
mained at $3 and $5, respectively, while a Cerium ~—=-------7->-~ $1.30 $80.00 

mixture of praseodymium and neodymium  prgseodymium....--. ~—«82-.00 175.00 
metal of 97 percent purity was quoted at Neodymium_______.__-- 13.00 110.00 : 
$15 per pound. Rare-earth silicide contain- Rania TTT Ai 0 ue Oo 
ing 30 to 35 percent rare earths was Gadolinium_-_-_._._._._- 45.00 2,200.00 

quoted $0.44 per pound f.0.b. plant. Dysprosiuti.=--l-v-s-. "68:00 140.00 
Prices for rare-earth-cobalt permanent Holmium______-______-- 140.00 285.00 

. ore Erbium____....._------- 60.00 310.00 
magnet alloys in quantities of 10 to 100 Thulium_________.__._.. 1,200.00 2,750.00 

pounds mere quoted tn 1970, per pound of Tatetium, 222222222222 2,800:00 6,800.00 
single phase alloy, as follow: Cerium, $58.50; Yttrium. 722777777777 7’"30°00 145.00 
lanthanum, $60.25; praseodymium, $82.40; ©§_ ———————————_________________ 
and samarium, $95.36. Substantially re- 1 Lower prices are available for contract quantities 

duced forecast prices based on contract WD Minbeum of 99. percent purity in 25- to 50- 
quantities for delivery within specified pe- pound containers. j | | 
riods were quoted by a leading producer. Minimum 1 pound. 

| FOREIGN TRADE 

Exports of ferrocerium and other pyro-. from the total of more than 22,000 pounds 
phoric alloys to 19 countries totaled 77,523 imported in 1969. Imports of cerium chlo- | 
pounds valued at $274,682, a quantitative ride from West Germany and Austria to- 

decrease of 25 percent. Shipments to the  taled 800 pounds valued at $1,029, while 
_ United Kingdom-and Canada accounted for imports of other cerium compounds, 

70 percent of the total. The unit value for ns.p.f., from West Germany decreased to 
exports of these materials ranged from 500 pounds worth $1,788. 
$1.85 to $11.60 per pound. The increase in Substantial quantities of mixed rare-earth 
unit value of 30 cents to $3.70 per pound chlorides resulting from the processing of 
for these exports, compared with 1969, was monazite for thorium removal were im- 
caused in part by the higher value as- ported from India and Brazil. This mate- 
signed to many smali shipments. Exports rial is included in a basket category, mix- 
of bastnaesite concentrate are included in ture of two or more inorganic compounds, 
a basket category, nonmetallic minerals other (TSUS No. 423.9600); hence, ac- 

ne.c. (PSUS No. 276.9800). According to curate quantitative data are not avail- 
the sole domestic producer, Molycorp, able. It is estimated that 580 short tons of 
about 2.250 tons (REO content) was ex- REO equivalent was imported in this form 
ported in 1970. in 1970. 

Imports of monazite sand, mostly from Imports of rare-earth metals are shown 
Australia and Malaysia, decreased 19 per- in table 3. These are high-value, specialty 
cent from the previous year, while a small items with the exception of the imports 
quantity from Thailand equaled imports from West Germany, which are believed to 
reported from Hong Kong in 1969. be shipments of didymium metal. The 

Cerium oxide imports from France to- quantity and value of ferrocerium and 
taled 1,102 pounds valued at $2,351 and other pyrophoric alloys decreased to 9,373 

from Switzerland, 11 pounds of high-purity pounds worth $53,885 compared with 1969 
material worth $1,029, a significant drop receipts of 17,328 pounds valued at
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$91,288. Japan supplied 81 percent of the pounds, $1,527), Sweden 170 pounds, 
quantity and value, followed by West $418), France (36 pounds, $930), and the 
Germany (1,022 pounds, $3,852), Austria United Kingdom (18 pounds, $1,560) . 
(320 pounds, $1,700), Hong Kong (236 

Table 2.—U.S. imports for consumption of monazite, by countries 

1966 1967 1968 1969 1970 7 
Country Value Value -- Value -Value Value - 

Short . (thou- Short (thou- Short (thou- Short (thou- Short (thou- 
tons sands) tons sands) tons sands) tons sands) tons’ sands) 

Australia_____._._.._.___._.. 1,542 $176 1,540 $195 2,810 $369 2,478 $300 1,977 $251 
Germany, West_____.-.---.  -.--. ----- 24 4 24 A Loe Lee eee eee 
Hong Kong_______--------- eee eee eee eee eee eee 167 20 _---. Lule 
Indonesia____.__.__.-----.- ----- ----- 72 1B eee eee eee eee eee 
Korea, Republic of____..... ...-. ----- 49 
Malaysia_._..--__.__--- -- 785 92 273 38 1,514 188 1,561 174 1,307: 157 
Nigeria__._.........-.-_--.-... ----- ---.- 133 13 19 2. eee eee eee nee 
South Africa, Republic of __-- 115 9 Lone, eee nee ee eee ee eee eee eens --- =e 
Thailand_____________----- eee eee eee eee eee eee eee 164 19 

Total____._..__...._. 2,442 277 +2,091 270 4,367 563 4,206 494 3,448 A27 
REO content e¢_____.____._.. 1,340 XX 1,150 XX 2,400 XX 2,310 xX 41,900 xx 

SE LE 

e Estimate. XX Not applicable. 

| Table 3.—U.S. imports for consumption of rare-earth metals | 
(Including scandium and yttrium) 

ee 
1968 1969 1970 

Country eee 
Pounds Value Pounds Value Pounds Value 

Australia__.._-_.--_- Le a _-u--e --- __ ue 1 $704 
Germany, West_____.._...... $3,355 $18 , 516 _-- ~oe anne 843 5,150 
Japan____.._.......-----.--- 5 1,070 254 $22 ,916 25 2,005 
U.S.S.R__- eee q 5,952 r 54 r17,324 89 9,183 
United Kingdom___._.._.__-- qT 5,131 rq 66,724 16 3,731 

Total._._.___--------_ 3,874 25,669 r 315 t 46,964 ATA 20,778 

r Revised. . 

WORLD REVIEW 

Australia.—Production of monazite con- Table 4.—Monazite concentrates: World 

centrate with an average grade of 90 per- production, by countries’ 
cent monazite continued at the record (Short tons) 
level set in 1969 of more than 4,000 short Country ! 1968 1969 1970p 

tons. Based on production data for coprod- Australia.._._....-.--- *3,590 4,397 ¢ 4,400 

uct heavy minerals through October, outs Glyiog 2 | ie gs 
i ongo (Kinshasa) -------. . put of monazite concentrate for the year Congo (Kinshasa)------- 5 Me 9 708 ¢3.800 

is estimated at 4,400 short tons. Consoli- Malagasy Republic__---- 2 2 ___- 54 
e i 3 a 9 dated Goldfields (Australia) Pty. Ltd., Malaysia’..----------- " er md * +10 

; ; i Thailand__.__._.------- through beneficial in terests in Wes tern Uhitel States 22777777 W WwW W 

Titanium N.L., and Associated Minerals Total i689 11.919 12,582 
e e . eee eee en ewe eee r 9 ’ , 

Consolidated Ltd., was the principal pro- __Total------------ “7. eee’ 
ducer eEstimate. > Preliminary. _« Revised. . 

° NA Ne ot available. W_ Withheld to avoid disclosing 
di.—Pr i i n- _ individual company confidenti ta. . 

Burundi Pi od uction of bastnaesite co 1 In addition to the countries listed, Indonesia and 
centrate containing 68 to 70 percent rare- North Korea produce monazite, but information is in- 

earth oxide was an estimated 330 short sufficient to eee of output levels. 

tons in 1970, about half the 1969 output. $ Exports. 
Fhe concentrate was exported to France 5 Statistical, Bulletin ( Canberra, i iustralia) . 

° Minerals and Mineral Products. No. .19, Octo- 
for processing. ber 1970, 25 pp.
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Canada.—Although production of yt- products. The Japanese company, which 
trium oxide from uranium milling by Deni- operates a plant at Takefu in Fukui 
son Mines Ltd. declined to 73,000 pounds _ perfecture, received a substantial quantity 
in 1970 from 86,100 pounds in 1969, the of its rare-earth raw material from 
value increased to $657,000 from $625,000. Molycorp.? 
The yttrium product was shipped to Mauritania.—Mining of a heavy rare- | 
chemical processors in the United States. earth-yttrium deposit at Bou Naga was 

Finland.—Production of rare-earth con- suspended because of surplus stocks held 
centrate from the Korsnas mine of Outok- by the consuming company and majority 
umpu Oy declined to 11,150 short tons in Owner, Produits Chimiques  Peéchiney- 
1969 from 13,400 tons in 1968.6 Based on Saint-Gobain, Paris. The mine, started in 
the reported grade of 3.58 percent REO October 1968, produced 1,400 metric tons 
and 322 grams of europium oxide (EugO;) of ore containing 4.4 percent yttrium oxide 
per ton, output in 1969 and 1968 was 400 and 6 to 8 percent heavy rare-earth oxides, 
short tons of REO plus 3.25 tons of EuzO, of which 600 tons of hand-cobbed concen- 
and 480 tons of REO plus 4.9 tons of trates was shipped to France. Operations 
Eu,O,, respectively. The concentrate was are not expected to resume for at least a 

produced for sale to Typpi, Oy., Oulu, year.’ | 
which reported an output of 208 short Norway.—A new company, A/S Megon, 
tons of rare-earth compounds in 1969 and was established to investigate the feasibility 
64 tons in 1968. | of separation and production of rare-earth 
India—The Alwaye plant, Kerala State, oxides and metals on a commercial scale 

owned by Indian Rare Earths Ltd. (IRE), from local carbonatite and apatite de- 
Bombay, processed 3,300 short tons of Posits.? 
monazite and produced 3,850 tons of rare- U.S.S.R.—The apatite deposits of the 

earth chloride for the year ending March Kola Peninsula, U.S.S.R., mined for phos- 
31, 1970, according to the firms annual re- phate, contain about 1 percent’ rare-earth 
port. Small quantities of rare-earth fluoride oxide. This large-scale mining complex—27 
and oxide were also produced. The heavy million metric tons in 1967—constitutes 
minerals and plant of IRE at Manavalak- the most important potential supply of 
urichi produced slightly more than 2,700 the rare-earth elements in Europe.10 
short tons of monazite for processing at Kolon Trading Co., Inc., New York, was 

Alwaye. ' named U.S. sales agent for rare-earth met- 
Sales of rare-earth chloride increased als exported by Techsnabexport, Moscow, 

substantially, particularly to Europe where’ U.S.S.R.11 
the demand was nearly double that of the “SIndustial Minerals (London). Outokumpu 
previous fiscal year. Sales totaled 4,690 Oy’s Higher Pyrite Production. No. °33, June 

short tons valued at $1,125,000. MT strial Minerals (London). Ketjen May 
M/s. Union Carbide India Ltd. was the Manufacture Rare Earths. No. 30, March 1970, 

distributor for IRE rare-earth compounds P. >. dustrial Minerals (London). Somirema Sus- 
an a commission of 7.5 percent. pends Rare Earth Mining Operation. No. 30, 

Japan.—Shin-Etsu Chemical Industry Co. Ma eck Minerals (London). Rare Earths 
Ltd., the largest producer of yttrium and Industry Initiated. No. 30, March 1970, p. 37. 
heavv rare-earth oxides in Japan. named Mining Magazine. Kola Apatite Mine. V. 122, 

y s in Japan, No. 4, April 1970, p. 329. 
Ketjen N.V., Amsterdam, exclusive sales 11 American Metal Market. Kolon Trading Will 

agent in Western Europe for its rare-earth Sa"*§5 TOHOe Tae Metallics. V- 67, No. 201, 

WORLD RESERVES 

A review of world resources of rare-earth Thorium, A Materials Survey.” Table 5, 
elements was compiled by John W. Adams taken from this publication, lists some of 
of the U.S. Geological Survey and pub- the more important rare-earth deposits of 
lished in 1971 as chapter 3 of Bureau of the world and their potential resources by 
Mines Information Circular 8476, titled, countries. 

“The Rare-Earth Elements, Yttrium and
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RARE-EARTH MINERALS AND METALS 979 

TECHNOLOGY 

Concentration of monazite and associated doped phosphor, Ba (PO4)2 and a phos- 
heavy minerals by conventional] wet-gravity phor made from oxysulfides of lanthanum 
methods becomes progressively less efficient and gadolinium containing small quanti- 
as grain size decreased below 200 mesh. A __ ties of terbium.17 

patent was issued describing a large capac- The discovery, development, properties 
ity, high-bulk-density, wet-gravity concen- and applications of rare-earth cobalt mag- 

_ trator designed for the concentration of nets were reviewed18 
finely divided material.12 _ Rare-earth fluorides research studies in- , 

Mixtures of monazite and columbite-tan- dicated potential applications as solid lubri- 
talite obtained as the residue from the  cants at temperatures above 1,800° F.19 

: concentration of African cassiterite are Three new isotopes of rare-earth 
often discarded because of the difficulty in elements, erbium-151, ytterbium-151 and | 
separating the two minerals. A flotation 157, were discovered by scientists working 
process was described capable of producing with the Oak Ridge, Tenn. isochronous 
clean concentrates of monazite and of co-  cyclotron.20 
lumbite-tantalite without producing a mid- A research grant from the National Sci- 
dling product.13 _ ence Foundation was given to the Colo- 

The demand for high-purity, individual rado School of Mines for a 2 year study of 
| rare earths or special mixtures of com- “Rare Earths in Rock Suites and Rock 

pounds is increasing at a faster rate than Forming Mineral Systems.” The rare-earth 
the demand for natural mixtures. The cost elements are trace elements indicators of 
of separating the rare earths from each geologic processes. 
other accounts for a large part of the cost | 
of the final product. Research by industry * Tomlinson, W. B. (assigned to Carpco Re- 

; search & Engineering, Inc.). Improved Laminar 
and Government was therefore directed to- Flow Sluice Concentrator and Method of Using it 
ward lower cost individual rare earths for Concentration of Values in Monazite Ore or 
h . : . Other Finely Divided Ores Containing Values and 
through improvements in separation tech- Gangue Minerals of Similar Specific Gravities. 
niques in order to better the competitive U.S. Pat. 3,509,997, May 5, 1970. 

oe . 13 Salatic, D., and P. Moiset Flotation of Mona- 
position of the plentiful rare-earth ele- zite. Min. Mag., v. 122, No. 4, April 1971, p. 
ments compared with less abundant alter- 323. : 

. ials.14 i Millsap, W. A., and H. D. Peterson (as- 
. nate materials. signed to Molybdenum Corp. of America). Sol- | 

Research on the use of rare-earth metals vent Extraction Separation of Europium Values 
. . . . From _ Bastnaesite Ore Leach Solutions or the 
in nodular iron, in high-strength, low-alloy Like. U.S. Pat. 3,524,723, Aug. 18, 1970. 
(HSLA) structural steels, in continuous Rosenbaum, Joe B., D. R. George, and Joan 

ine’ of . h 1 di T. May. Metallurgical Application of Solvent Ex- 
casting or certain other steels, and in re- traction (in Two Parts). 2. Practice and Trends.. 
fractory ferrous alloys received increasing BuMines Inf. Circ. 8502, January 1971, 19 pp. 

ft . . 15 Greene, A. M. What Rare Earths Add to 
attention in 1970. Improved analytical  gteel, Iron’ Age, v. 207, No. 8, Feb. 25, 1971, 3 
methods were developed for measuring and pp. Nucl Science Abstracts, Abstract N 
controlling the results of rare-earth metals 12673. V. 24, No. 7, “April 1970, D 1267, nae °- 
introduced to ferrous melts as mischmetal xR Farth Information (RIC) srews: Speedy 
or as rare-earth silicide.15 “ye Brighter X-Rays, Vv. 6. No. 1, March | 

The fabrication, composition, and use of 197)? 2 LJP oM ts. Scientifi 
: . ecker, . . ermanen agnets. cientinc 

rare-earth chromites as high-temperature American, v. 223, No. 6, December 1970, pp. 

electrodes for magnetohydrodynamic (MHD) 92 Week. Studi ¢ Rare Earth Fl 

power generation was described.16 ides. V. 166, No. 25, June 22,1970, p. 20. 
Two improved phosphors for taking X- 20 Chemical and Engineering News. Three New 

_ ray pictures were developed; a europium covered. V. 48,.No. Il. Mar 16, 1970, p31)
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Salt 

By Robert T. MacMillan ! 

Domestic salt production increased 3.5 ard was “to establish, as a standard of 
percent in 1970, slightly below the average practice in. production, distribution, and 
annual growth of 4.8 percent established use, the types of packages for various kinds 
by the industry in the past 10 years. of salt and the quantities in which such 

| The average value rose 5.5 percent in salt is packaged.” The Product Standard 
1970. The largest percentage increases were __was a revision of Simplified Practice R70—54 
in the production (5.8 percent) and value and reflects the current needs of the salt in- 
(10 percent) of rock salt. Most of the in- dustry as well as the desires of the con- 
creased output was consumed by the chem- sumer. Although adoption of the standard 
ical industry in the manufacture of chlo- is voluntary, widespread conformance to the 
rine and caustic soda and for deicing standard will benefit both producers and 
streets and highways. Imports increased 7 consumers of salt. Copies may be _ pur- 
percent in quantity and 1] percent in chased from the Superintendent of Docu- 
value. ments, U.S. Government Printing Office, 

Legislation and Government Programs. Washington, D.C. 20402. The price is $0.10 
—The U.S. Department of Commerce, Na- per copy. 
tional Bureau of. Standards, released a 
Product Standard PS 14-69 on Salt in May + Phvsi 1 entist. Divisi of N tallic 

1970. The purpose of the Product Stand- wines onmena 

Table 1,—Salient salt statistics 
(Thousand short tons and thousand dollars) 

1966 ~ 1967 1968 1969 1970 

United States: } 
Production _.__-..-....---------_ ee eee NA NA NA NA 46 ,672 
Sold or used by producers____________.-.-_-_- 36, 463 38 ,946 41,274 44,245 45,804 

Value______--------------------------- $229,985 $251,210 $272,275 $287,680 $303,523 
Exports____....-.----- 2 eee 662 678 728 716 423 

Value____.---------------------------- $4,472 $4, 583 $4,650 $4,486 $3,657 
Imports for consumption. _______.---..--_--- 2,479 2,848 3,456 3,302 3,536 

Value_____._-.--_--------------------- $6 , 464 $8,541 $11,487 $11,990 $13,329 
Consumption, apparent________.-_.-.-..---- 38,280 41,111 44,002 46,831 48,917 

World: Production_______..._...-.----.-------- 122,274 181,092 188,426 148,789 156,365 

NA Not available. 

DOMESTIC PRODUCTION 

Seventeen States recorded salt production total U.S. salt output. Fifteen companies 
in 1970. The two leading States, Louisiana with a production of less than 1 million 
and Texas, produced 52 percent of the tons but greater than 100,000 tons oper- 
total output. New York, Ohio, and Michi- ated 27 plants and accounted for 10 per- 
gan contributed 35 percent. Salt was pro- cent of the total production. Twenty-seven 
duced by 54 companies at 99 plants in the other companies whose individual produc- 
United States and Puerto Rico in 1970. tion was less than 100,000 tons operated 28 
T'welve companies, each producing more plants and supplied the remaining 2 
than 1 million tons in 1970, operated 44 percent of the total salt output. Twelve 
plants and accounted for 88 percent of the plants, each with a production of over 1 

981



982 MINERALS YEARBOOK, 1970 

million tons, accounted for 58 percent of 1970. Milford Hall produced solar-evapo- 
the total domestic salt production. Thir- rated salt near Springerville, N. Mex., and 

teen plants, producing between 500,000 ihe Great Salt Lake Minerals and Chemical 
and 1 million tons, accounted for 20 per- Cor roduced solar-evaporated salt and 
cent of the total output. The remaining 22 P- prom’ porated s | 
percent was supplied by 74 plants. Two other chemicals from the brines of the 

new salt companies reported production in Great Salt Lake. 

7 Table 2.—Salt sold or used by producers in the United States, by methods of recovery 
(Thousand short tons and thousand dollars) . 

. 1969 1970 
Recovery method ——— 

Quantity Value Quantity Value 

Evaporated: . | 
Bulk: 

Open pans or grainers____.__.--------------------- 332 $8 , 827 348 $10 , 253 
Vacuum pans__________--------------------------. 3,055 73,100 3,114 78,052 
Solar__.-._-..--___-----_--- eee 1,907 13,004 1,589 13 , 698 

Pressed blocks__.._....--._----.--------------_------ 369 9,622 365 10,021 

Total !________________------ eee eee 5,668 104,553 5,415 112 ,024 

Rock: | oo 
Bulk___._--___---- 1 --__- ee -------- =: 18,314 84,100 14,090 - 98,023 
Pressed blocks____....____-_____--_-_---.-.----------- 83 2,352 19 2,269 

Total ?______________ eee ------ =: 18,397 86,452. 14,170 95,291 
Salt in brine (sold or used as such)_______.__---------.----- 25,185 96 ,675 26,220 96,208 

Grand total! 88 eee eee eee eee 44,245 287, 680 45,804 $03 , 523 

1 Data may not add to totals shown because of independent rounding. 

Table 3.—Salt sold or used by producers in the United States | 

(Thousand short tons and thousand dollars) . 

1969 1970 
State ee 

Quantity Value Quantity. Value - 

California____....--_._______i-__-__ eee 1,895 WwW 1,656 $14,407 
Kansas 1_____.-______ ee eee eee ee 1,270 $17,090 1,230 18,206 
Louisiana_________-_--._.-___-- 2 eee eee -e---------- = 12, 485 61,102 13 , 584 64,854 
Michigan____________._____---.-------------------------- 4,819 45,961 4,899 49,963. 
New York_________________---------------------------- ++ 5, 582 45,561 5,990 47,254 
Ohio_______.______-------------------------- +--+ +--+ --- 5, 844 43,519 5,329 47,498 
Oklahoma__________----_-.--_-_-------------------------- 9 51 WwW WwW 
Texas______________--__-__------ +e --e 9,261 43,012 10,184 45,000 
Utah_____._-_______-____-_-- ee ee 481 4,439 366 3,638 
West Virginia___._____-_____----.------------------------- 1,309 4,978 1,190 5,171 
Other States 2______.._.._____--_------------------------- 1,340 21,967 1,376 7,532 

Total________---------.--------------------------- 44,245 287,680 45,804 303 , 523 
Puerto Rico_______--------------,----------------------- 32 395 32 395 

W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other States.”’ 
1 Quantity and value of brine included with ‘‘Other States.”’ 
2 Includes Alabama, Colorado, Hawaii, Kansas (brine only), Nevada, New Mexico, North Dakota, Virginia, 

and States indicated by symbol W. |
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Table 4.—Evaporated salt sold or used by producers in the United States | 

(Thousand short tons and thousand dollars) . 

- 1969 1970 
State ——. 

Quantity Value Quantity . Value 

Kansas__._._-.----2---- ee ne eee eee eee 623 $13,810 670 $15,178 
Louisigna_____. 2 ee eee ee eee ee 277 7,598 270 7,888 
Michigan____-- eee eee 1,137 27,552 1,186 28 ,948 
New York. ______._....-.-------- ~~ ae WwW 17,143 628 18,087 
Ohio-_- 22 ee eee 774 WwW — TT WwW ~ 
Oklahoma___.._..-.---------------222------- ee eee ee 5 42 WwW WwW . 
Utah. ______--- oe ee eee Ww WwW 350 3,543 
Other States !_....-__-----------.----------- +--+ ---- 2,847 38 , 408 1,540 38,379 

Total__.__________-----____-- eee ee eee 5,663 104,553 §,415 2112,024 
Puerto Rico. ___._._.-----+-----------------+------------ 32 395 32 395 

W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other States.” 
w. Includes California, Hawaii, Nevada, New Mexico, North Dakota, Texas, and States indicated by symbol 

2 Data may not add to totals shown because of independent rounding. 

Table 5.~—Rock salt sold by producers 
in the United States — . | 

(Thousand short tons and thousand dollars) . 

Year Quantity Value . 

1966___._-_------- eee 10,080 $61,118 
1967___.--..--- Lee 11,661 71,953 
1968__.__---------2--- eee 12,461 79,867 
1969_____-.--.-..-----...-. 18,897 86 ,452 

. 1970___.___--__ eee 14,170 95,291 

Table 6.—Pressed-salt blocks sold by original producers of salt in the United States 
(Thousand short tons and thousand dollars) _ 

y From evaporated salt From rock salt Total 
ear oS 

| | Quantity Value Quantity 7 Value Quantity | Value 

1966_____.________.._.....--...----. 828 —- $8, 529 60 = $1, 682 $88 = $10,211 | 
1967___-_--- ee eee 344 8,367 63 1,853 407 10,220 
1968____.---------.-_-_----------_-- 357 9,246 85 2,821 442 11,567 
1969____ eee 369 9,622 83 2,352 452 11,974 
1970____...--------------+---------- . 365 10,021 79 2,269 444 12,290
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: CONSUMPTION AND USES 

The chemical manufacturing industry use; however, the total quantity of salt 

continued to consume nearly two-thirds of used for food and food-related uses also 

the domestic salt production. The chlor-al- includes uses by meat packers, tanners, and 

kali industry consumed 47 percent and casing manufacturers, and in the fishing, 

, soda ash production required 14 percent. dairy, canning, baking, flour, and other 

Other chemicals required 3 percent. food industries. These uses totaled 2.6 mil- 

The second largest consuming use (17 lion tons in 1970 and represented 5.6 per- 

percent of the total output in 1970) was cent of the total salt output. Of the total 

for snow and ice removal and road base salt production in 1970, 57 percent was 

stabilization. About 2 percent of the total produced and consumed as brine, 31 per- 

salt output was sold to grocery stores and cent as rock salt, and 12 percent as evapo- 

may be assumed to have been for table rated salt. 

Table 7.—Salt sold or used by producers in the United States, by classes and 
consumers or uses . 

(Thousand short tons) 

i
 

1969 1970 
Consumer or use ee 

Evap- Rock’ Brine Total! Evap- Rock Brine Total! 
orated a orated 

A i Shs SL 

Chlorine__....------------------- 802 1,546 17,089 18,937 262 2,629 18,354 21,245 
Soda ash____...----------------- WwW W 6,658 6,659 (2) (2) 6,445 6,445 
Soap (including detergents) -__-_--_-- 29 WwW WwW 36 (8) (3) (3) 3) 

All other chemicals__..____.------ Wi 1,815 W 2,641 335 579 495 1,409 

Textile and dyeing___..____-_--_-- 130 80 ___.-- 210 115 82 _..--- 197 

Meatpackers, tanners, and casing . 
manufacturers. __......-------- 262 356 __---- 618 266 370 -.---- 636 

Fishing_._.....---.-.------------ 14 4 ue 18 25 5 30 

Dairy__.---..-...--------------- 45 5 ___uue 50 51 8 ___uLe 60 

Canning-__....-.-..-------------- 155 WwW WwW 213 159 63 (2) 222 

Baking__--..-------------------- 101 5 ----- 106 107 8 (2) 116 | 

Flour processors (including cereal) -_ 60 WwW WwW 68 - 68 11 (2) 79 

Other food processing__.....------ 145 WwW WwW 177 440 43 (2) 483 

Ice manufacturers and cold storage 
companies____.______._-------- WwW 6 WwW 11 (4) (4) (4) (4) 

Feed dealers__.......-.--.------- 765 415 __._.-. 1,180 822 548 _.-_-. 1,365 

Feed mixers______.___--..------- 342 192 _____- 534 330 216 _____- 546 

Metals_____________------.------ WwW 137 WwW 210 63 WwW WwW 252 
Ceramics (including glass)___._.--- 5 110 _LLL ee 16 (4) (4) wou ee (4) 
Rubber___.-.--_---------------- 44 38 713 155 71 WwW WwW 206 

Oil__-_-_-- eee eee -- 48 49 83 180 51 78 85 214 

Paper and pulp_____---.--------- 157 WwW WwW 341 61 135 183 380 

Water softener manufacturers and 
service companies______..------ 390 401 8 799 447 WwW WwW 691 

Grocery stores______.__.--------- 634 447 __..-_. 1,081 642 294 _____- 936 

Railroads_..____.-_...._--------- 5 25 _----- 30 (4) (4) ------ (4) 

Bus and transit companies_____---- 1 12 _____. 13 (4) (4) _----e (4) 

States, counties, and other political 
subdivisions (except Federal) - - _ - 344 6,561 4 6,909 160 7,586 4 7,750 

U.S. Government___________._-.-- WwW 32 WwW 55 30 77 (2) 107 

Miscellaneous 5__________.__.-_---- 1,232 1,020 746 2,998 690 972 608 2,270 
OE a :S ET ee $_O SI 

Total!.__._____________._.. 5,663 13,397 25,185 44,245 65,319 614,180 626,140 745,639 
nn 

W Withheld to avoid disclosing individual company confidential data; included with “Total.” 
1 Data may not add to totals shown because of independent rounding. 
2 Less than 14 unit. 
3 Included with all other chemicals. 
4 Included with miscellaneous. 
5 Includes some exports and consumption in overseas areas administered by the United States. 

6 Differs from totals in tables 2, 4, and 5 because of difference at the point in which the data were recorded. 

7 Differs from totals in tables 1, 2, and 3 because of difference at the point in which the data were recorded.
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Table 8.—Distribution (shipments) of evaporated and rock salt 
in the United States, by destination 

(Thousand short tons) 

' 1969 1970 
Destination — 

Evaporated Rock Evaporated Rock 

Alabama. _________- eee eee 54 444 51 417 
Alaska____...---------_ ieee eee 18. _L LL. 5 WwW 
Arizona____ 22 eee eee eee eee WwW 7 13 WwW 
Arkansas_____--__------------ 2 eee 19 83 23 109 
California____.....------- ~~~ 955 WwW 852 89 - 
Colorado_____..-.-.--------~ eee eee 123 | 32 100 46 
Connecticut_____._.-.-------s_------_--------- + - eee 26 WwW 27 Ww 
Delaware__________-.-.---.--____-_-------------- eee q WwW 7 WwW 
District of Columbia____._.-.-._._.-._---------_----__-_____ 3 1 4 WwW 
Florida_.____.__._.-------------------------------------- 31 103 41 130 

. Georgia_____________-------- ee eee 53 W 65 260 
Hawaii______________-----.-------- oe eee W _____--e WwW ee nen ene 
Idaho______________----------- +e 52 WwW 37 WwW 
Illinois__._........----------+---------------------------- 296 875 325 729 
Indiana_____________---.------------- +--+ ee 142 387 159 480 

| Jowa__.___-_.. i +--+ ++ -- eee eee 178 311 191 288 
Kansas___.__..____-------------------------- eee 79 234 80 166 
Kentucky__________--.---------------- + eee 39 481 47 534 
Louisiana________._____------------~------ +22 $1 - 3808 41 288 
Maine__________________----- eee ee WwW 155 9 WwW 
Maryland_________________-_-.-------------- ++ ee WwW WwW 47 W 
Massachusetts___.____.__._-.---------------_-- eee 82 472 44 544 
Michigan___________.______-.--------------- eee 172 685 192 W 
Minnesota_________-______-.---------------------- +--+ -- 130 499 144 352 
Mississippi_____.__.____.______-------------.-------------- ' 26 73 25 97 
Missouri. _______.-_---_-_------------- eee eee eee 93 265 99 356 
Montana___________-____--_-_- ee eee eee 43 1 30. 1 
Nebraska_____________-_______-____-- ee eee eee 87 91 98 75 
Nevada______________________.__------------ eee WwW WwW 28 ‘W 
New Hampshire.____._____._._._._.L--------------------- WwW W 7 WwW 
New Jersey__________-----.----__~-------------eee- ee 185 WwW 161 614 
New Mexico_____________.--__-_--_---------- eee 16 84 21 89. 
New York____________--~___-_--____---- eee eee 353 2,008 331 WwW 
North Carolina_____.__._-___-_--___------- eee eee 111 143 120 171 
North Dakota________-____.__--_----_---------- eee 85 6 58 6 
Ohio______________--_------ eee eee ee 307 952 335 1,388 
Oklahoma_____._______-------------- ee eee eee 43 51 48 68 
Oregon______________-_-_-_-------------- eee eee 23 WwW 7 | OW 
Pennsylvania_______.__.__---------------- eee 200 867 184 1,105 
Rhode Island_________._____-__--__---------------------- 10 WwW 10 - WwW 
South Carolina__..__.___._.___-_--_-__---------_-_---_------ 34 22 44 25 
South Dakota_______________------ eee eee 62 27 49 26 
Tennessee__________________--- eee eee eee 116 WwW 124 WwW 
Texas_______________ eee eee eee 115 «441 118 319 
Utah_________ eee eee 122 WwW 119 Ww 
Vermont. __________________---_----------- eee eee 6 WwW 4 Ww 

. Virginia____...__.__-___-_.--.---------_------------------- | 100 95 96 Ww 
Washington______________________-_----_---- eee eee ee WwW WwW WwW WwW 
West Virginia__._._______________---_-------- eee -e eee -- 21 113 24 178 
Wisconsin. _____________________-_ eee eee eee eee 151 576 170 488 
Wyoming___________________ eee eee 23 3 20 2 
Other !1______________________ eee eee eee 896 2,507 480 4,740 

Total___.____________ eee eee 5,663 13,397 235,319 314,180 

W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other.”’ 
1 Includes shipments to Puerto Rico and States indicated by symhol W and exports. 
2 Data may not add to totals shown because of independent rounding. 
3 Differs from totals in tables 2, 4, and 5 because of difference at the point in which the data were recorded.
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| PRICES 

Prices per 100 pounds quoted in Oil, ‘The average value of evaporated salt re- 

Paint and Drug Reporter for various ported by producers to the Bureau of 

grades of salt in 1970 were as follows: Mines in 1970 was $20.69 per ton. On the 
same basis, the average value of rock salt 

January March April December Was $6.72, and that of brine was $3.67. 

Salt, evaporated, | | . 
common, in 

- bags, carlots, 
or truck lots, 
works__._.--. $1.14 $1.24 $1.29 $1.29 

Salt, chemical 
grade, same 
basis__...._... 1.25 1.35 1.40 1.40 

Salt, rock, med- 
. dium, coarse, . 
same basis_ . —- . 82 82 87 87 

Salt, rock, extra . 
coarse, same 
basis___..---- 87 . 87 .92 .92 

FOREIGN TRADE | 

Slightly less than 1 percent of the U.S. Table 10.—U.S. exports of salt, by countries | 
total salt output. was exported to 65 coun- (Thousand short tons and thousand dollars) 

tries in 1970. Salt exports were considera- ©—©§_———————_____——_ 
| a 1969 1970 

_ bly less than in 1969, when 1.6 percent of Destination = ——————___—- —_____—__ 
Quan- Value Quan- Value 

the total salt sold or used was exported. : tity 7 tity 

Most of the salt exports went to Canada Australia... -.—- oot 5 $71 oot ' 07 
anaqga__._..-- ’ ’ 

and Japan. y. ost Hiea------ (96 1 795 187 908 s apan.._.-_.... ’ " Imports of salt in 1970 were 7 percent Mexico... 3 19 3 98 

greater than in 1969 and were nearly 8  SaudiArabia--. () 31 2 180 
. ‘ South Africa, . 

percent of the 1970 domestic production. Republic of - - -. 3 16) 14 
. Other___._----- 16 489 8 508 

Canada, Mexico, and the Bahamas were —_—— 
. . Total____- 716 4,486 423 8,657 

the source of 83 percent of the salt im- 9. eESeSSSSSSSsSSsSSSSSssSsSssSSsSsssssssesesesesesesé 
. 4 uni 

ports. Newly developed solar-salt-producing * Less than 72 unit. 
areas in the Bahamas contributed to the Table 11.—U.S. imports for consumption 

increase in salt imports. of salt, by countries ! | 
(Thousand short tons and thousand dollars) 

Table 9.—Salt shipped to the Common- 1969 ~- 1970 | 
wealth of Puerto Rico and overseas —_—_——————_- 

areas administered by the United States Country Quan- Value Quan- Value 
ity tity 

TO m0 ——=*“W@Bahhamas___.... 595 $2,872 706 $2,817 
1969 1970 Canada_____._-. 1,008 4,587 1,383 6,560 

————————_—- Chile._.__...__- 557 2,112 293 1,145 
Area Short Value Short Value Mexico____.-.__ 754 1,425 858 1,816 

tons (thou- _— tons (thou- Romania__._.... --.--- ---.-- 19 177 
sands) sands) Spain___-_-__-2__ 37 264 17 AT 

mo Tunisia__.______ 187 469 134 357 

American United Arab 39 130 epublic______ wen eee ee 
Ganmoa.------ BR Se? wh? United Kingdom. 16 66 49 138 
Puerto Rico.___ 18,857 1,154 15,504 943 Gonezuela.------ 71 ie @ 266 
Virgin Islands__ 168 22 230 13 we eee _ 

 nnnn‘j‘ Total___.. 3,302 11,990 3,586 138,329 
\ . een ee eee ae ess 
Effective Jan. 1, 1970 data no longer available. t Includes salt brine from West Germany through 

the New York City customs district for 1969, 601 
short tons ($5,912). 

2 Less than 14 unit.
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Table 12.—U.S. imports for consumption Table 14.—U.S. imports for consumption | of salt, by classes _ Of salt, by uses 
(Thousand short tons and thousand dollars) SS 

eee Use Thousand In bags, sacks, 
short tons barrels, or Bulk TT 

other packages (dutiable) ! Government (highway use)___.______-__ 2,285 Year (dutiable) Chemical industry____________________ 228 EL ee eee Water conditioning service companies___ 204 Quantity Value Quantity Value Other__________________._ 196 eee or 1968__________ 27 $467 3,429 $11,020 Total_______-_------- ----------. 12,918 . 1969__________ 11 316 3,291 11,674 __  -re er Oo 0 a ee 1970____.---_-- 45 625 3,491 12,704 Does not agree with totals in tables 11 and 13 
eer ee’ because of incomplete data on the uses of imported 1Includes salt brine from Canada through salt. . Detroit customs district for 1968, 800,596 short tons 

($89,187); 1969, West Germany through the New . 
York City customs district, 601 short tons ($5,912). 

Table 13.—U.S. imports for consumption | of salt, by customs district 1 : 
(Thousand short tons and thousand dollars) : | eee 

1969 1970 
Customs distriet ————_- 

Quan- Value Quan- Value 
- tity tity 

. ee EE Ne 

Baltimore, Md_____. 224 $717 304 $1,048 Boston, Mass______. 128 401 207 755 . Bridgeport, Conn____ 172 671 154 525 . Buffalo, N.Y________ 17 72 13 62 
Chicago, Tl]. ___-____. 76 334 295 1,327 
Cleveland, Ohio.____ 143 617 191 853 

; Detroit, Mich_______ 551 2 , 526 642 3,199 
Duluth, Minn_______ 35 155 33 159 
Juneau, Alaska______ 2 i ‘ Los Angeles, Calif_._ 198 448 227 471 
Milwaukee, Wis____. 158 691 138 604 
New York City____.. 174 761 141 552 
Norfolk, Va_________ 35 171 9 36 
Ogdensburg, N.Y ____ 9 - 43 (2) (2) 
Philadelphia, Pa_____ 51 140 __-.. LLL. 
Portland, Maine.____ 371 1 , 765 296 1,405 
Portland, Oreg_____. 133 166 149 207 
Providence, R.I_____. 138 400 87 318 

—_ St. Albans, Vt_______ 16 66 (2) 3 
San Juan, Puerto Rico 6 32 12 72 
Savannah, Ga________ 224 830 222 822 
Seattle, Wash_______ 429 884 -888 844 
Wilmington, N.C____ 12 30 28 67 
Other____..--._____ (2) (2) (2) (2) 

Total__..._.._ 3,302 11,990 3,536 138,329 —- 
1 Includes salt brine from West Germany through 

the New York City customs district for 1969, 601 
short tons ($5,912). 

2 Less than 14 unit. 
, 

WORLD REVIEW 

Australia.—Salt production in Australia Italy.—A_ new 1-million-ton-per-year eva- 
increased as production from several new ported salt plant is nearing completion 
solar salt fields became available. Condi- at Ciro Marina, Italy. Salt will be pro- 
tions for producing solar salt in Australia duced by solution mining methods at a 
are claimed to be among the best in the new mine in Tempa del Salto in the Prov- 
world. These include low rainfall, high ince of Catanzaro and transferred 26 miles 
evaporation rate, high salinity of oceans by pipeline to the evaporating plant. The 
and natural brines, and suitable topo- salt will be used mainly in the chlor-alkali 
graphical features and harbors. Most of industry.2 
the increased salt-producing capacity is for | —————— k P nl e P y 2 Industrial Minerals. Montedison Rock Salt the export market, mainly for Japan. Mine. No. 37, October 1970, p. 33. 

\
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, Table 15.—Salt: World production, by countries p y 
; (Thousand short tons) 

OA 

Country ! 1968 1969 1970 > 

North America: ~ 
Canada_____-_------------------------------------ 0-0 r crc 4,864 4,657 5,052 

Bahamas. —-----2~--n nnn 
e 880 70 68° 

artinique_.___-------------------------------------
--r error 5 35 e 

Honduras. ____.----------------------------- 9-2 - ore 25 31 e 30 

Costa Rica. ___-.--------------------------- oe rre 13 10 8 

El Salvador_..--------------727 nooo n r27 30 3° 

exico_..______-_------------------ ----- 22 en rrr 3,966 4,287 4,57 

United States (including Puerto Rico): 

Rock Balt ————— =~ --- nen na nnn ne neon rere 12,461 18,397 14,170 

er Salt; 

United States.----.-----------2000007 700777 28,813 30,848 31, 638 

uerto Rico.___..-_-_-------------------+----------------- 
32 

South America: 
Argentina______.__------------------------------------ 0-9-0 -00007 r 814 520 e 550 

Brazil... ___________ eee eee ee ee r1,376 1,796 2,010 

oa 940 1,467 569 
olombia: 

. 

er salt_________-__-_------------ ee ee  ne nr e 207 

Dominican Republic. __--------------------------+------------0077- 
18 e 20 e 20 

Peru.._____. 2 ee eee ee ee nee nn nnn rents r 128 102s ee 105 

. E Venezuela___________------------------- een ennn eee 139 188 293 

urope: . 
Tk: 

t 443 4st 5ee 

7 ulgaria__________.--------------------------------- 22 oor errr 130 e 130 

— Czechoslovakia...__.____-------------------- n-ne nnn 1177 183 e 200 

Denmark 2 eee eee ne en nnn eee eens 165 271 376 

rance: 
Rock salt and brine salt__.___._-------------------------------- r 3,795 4,318 4,502 

G Marine salt_____._------=---------+------------------------77- 1,102 1,064 ¢1,100 

ermany: 
East.__________------

 ee en nn ne ne nnn 2,172 2,174 ¢2,300 

West (marketable): 
Rock salt__._.___--------------------------- een r 7,610 8,430 10,126 

Marine salt and other_____.___----------------------------- r 721 184 822 

Groote. —— nana oon n noo ennnn enone nnn 109 83 e 90 

taly: 
Rock salt and brine salt_____..-_.-.---------------------------- 2,895 3,086 3,165 

Marine salt________-_---_------------------
- ee nnn ne r1,424 1,264 1,650 

Netherlands. ..--- --- --~-------0------2nencoconnnscn cee errne eco 2,660 2,942 3,163 

oland: 
Rock salt__.____.-----------------------------------

- e202 e 1,068 1,285 1,349 

. P {Other galt_.__-_----------------------- <= - nner r1,834 1,820 1,851 

. ortugal: 
Rock salt__._..____------------------------

- 2-2 enn 167 183 214 

Marine salt___.__.----_--------------------------------------- 290 157 e 220 

Romania --—— ~~ —-~---2---27-7 22 -oon conn nn ones nnn 2,610 ¢2,600 3,155 

pain: 
Rock salt__..__.__-_---------------------

- een nee r1,005 1,186 ¢1,200 

; Marine salt 3__._____._---------------------------------------- 1,002 850 e 880 

Switzerland.________-----------------------------------------
---7-- 281 294 368 

WBS Re osam 
12,125 18,228 ¢ 14,300 

nite ingdom: 

Rock salt______-_-----------------------------
---------- 2000-7 r1,119 1,558 1,778 

Other salt......-.-.-.---22020-2noneneeen en eeeeeneneeeneenene> 76,782 7,276 7, BRS 
At _ Yugoslavia __.-_----------------------------4---- 22 ncn rre rrr 197 234 231 

rica: 
Algeria. __.----------22200200 00072 e 132 168 19 

ngola__.__._-------------------------
---------- 9-2 -e rrr 80 

Ethiopia (including Eritrea) 4__...._-------------------------------- r 257 258 287 

Ghana —--——-----2-2- 022 e 30 “0 18 

enya_________ -------------- ------ = - 2 een nnn nner r 32 4 

Malagasy Republic___..._.---------------------------------------- 19 24 24 

ali ..___________--- eee ee ne ne ne ee nn nn nnn nee 3 3 e 

Mauritania. __________--.-_---------------------------------
------ r} 1 el 

Mauritius_____.__-_-_--------------------------------------
------ r5 4 e4 

Morocco________--------------- = ee nnn nner eee 545 74 63 

Mozambique... -------2--------77777 7077772 r 34 6 i ° 32 

iger @._._..__-----------------------------------------------
--7- 4 

Senegal_________-_-----------------------------------------
------ 92 88 e 130 

Somali Republic___.____-.------------------------------------------ el 2 e2 

South Africa, Republic of__..--------------------------------------- 377 A417 463 

South-West Africa, marine salt ¢_.---------------------------------- 121 121 126 

udan___._________ eee eee en enn ne ee nn nnn nen 55 56 

Tanzania_.__._______--_----- eee eee ee eee nnn ene eee 33 37 46 

Tunisia... ---~------ = 2222 nn 922 397 312 331 

ganda___________-------------------------------
--- 2-22-02 ------ 4 

United Arab Republic_____.---------------------------------------- r 685 424 e 550 

See footnotes at end of table.
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Table 15.—Salt: World production, by countries—Continued 
(Thousand short tons) 

Country ! 1968 1969 1970 P 
See 

Asia: 
Afghanistan_____________-- 22 ee. r41 41 e 40 
Burma_-_-____-.-22 2-2 r 143 194 173 
Ceylon_________-.. 22 ee 108 125 71 
China, mainland ¢_____________________._________. 16,500 16,500 17,600 
Cyprus.__-_.--__22 eet T5 6 8 _ India (including Goa)_____.-.._--_-2 ee. 5,560 7,033. 6,160 
Indonesia ¢_________.__-- eet r 90 200 200 
Tran 4. oe r 236 260 278 
Traq_._----- 2-2-2 eee TAT 55 e 50 
Israel___.___.._-_-2-_ eee 12 T4 e 70 
Japan_____.-.-_ 22-2 eee ™1,065 1,082 1,060 
Jordan______._.2. eee eet r19 21 28 
Korea: 

North ¢______2 eee eee ee r 600 600 600 
Republic of___..._._._.-----2 2 ee, 618 319 446 

Kuwait... ___. 2-22 eee r5 4 e4 
Laos ¢___.___2 eet r4 3 1 
Lebanon ¢______..-_._-_ 2 33° 31 30 
Mongolia e._____.___.---2- 22 ee. 9 9 9 
Pakistan: 

Rock salt__-_-__--.---.------ ee r 361 393 349 
Other salt________2_2 eee 629 612 491 

Philippines_.___-_-_. 2-2 eee 239 255 232 
Ryukyu Islands ¢_..___._..___-_-_-____ it 7 7 7 
Southern Yemen______________________...______.____..._........... 87 er 66 e 55 
Syrian Arab Republic ¢_________________.___._.___....._............. | 22 24 24 
Taiwan..______- eee 343 422 590 
Thailand e___.____-__-__-___ ee 165 220 e 220 
Turkey___...-._--.----_---__-- 626 e 630 640 
Vietnam: 

. North ¢____2 22 eee 165 165 165 
South. ____._ ee ri1v74 130 e 130 

Yemen ¢____._2 ee r 90 120 110 
Oceania: , 
Australia______-__-_---2- eee eee ______ 1,008 1,852 ¢1,900 
New Zealand______-__.-----_- eee 62 54 58 

Total___.__--_--- ee e_ 188,426 148,789 156,365 
eae nen 

e Estimate. p Preliminary. * Revised. _. 
1 Salt is produced in many other countries, including Libya and Cape Verde Islands, but quantities are 

relatively insignificant or reliable data are not available. 
21969 and 1970 data are sales. . 
3 Includes an average annual production in the Canary Islands of 15,000 metric tons of marine salt. 
4 Year beginning March 21 of year stated. 
5 Rock salt only. 
6 Marine salt only. , 

Morocco.—A_ large rock salt deposit be about 22,000 short tons and will be 
about 15 miles north of Casablanca has used in producing caustic soda and chlo- 
been delineated by close drilling. The part rine for the chemicals market.4 
of the deposit that was drilled contained United Arab Republic.—Solar salt pro- 
800 million tons of 97.5 to 98 percent duced from salinas along the coast of the 

NaCl. The deposit, which ranges from Mediterranean Sea is the chief source of 
1,200 to 1,500 feet in depth, is 260 feet Egyptian salt. The procedure and equip- 
thick and may contain 2 billion tons of | ment used for producing a purified salt 
salt.3 product was published.5 
Nicaragua.—A new salt plant, Salines | 

Nicaraguenses S.A. (SANISA) , was inaugu- 3 Mining Magazine. Moroccan Rock Salt. V. 
rated by the President of Nicaragua. The 123, No. 5, November 1970, p. HI. de Notes. V 
plant, which is on the Pacific coast, will 67, No. 9. September 1970. 4 30, rade NONES. Ns 
extract salt from sea water by solar evapo- Conttd@ MY. and others. Washing Egyptian 

: . : ommon Salt. Mining an inerals Engineering, ration. Annual production is expected to / 6, No. 6, June 1970, pp. 34-36.
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TECHNOLOGY | 

A compilation of the most recent tech- blasting caps attached to the explosives in 
nological trends in salt production and each set of holes control the blasting pat- 
consumption and the latest geological theo- tern and provide optimum blasting effect 
ries on the formation of salt and other and minimum production of fines. The 
evaporite deposits was published in a two- broken salt is loaded mechanically into 
volume compendium of papers presented trucks or conveyor belts and hauled to the 
at the Third Salt Symposium held in crushers, which may be either under- | 
Cleveland, Ohio, in 1969.6 A total of 97 ground or on the surface. After crushing 
papers was presented at the symposium, and screening to size, the salt is hauled to 
which covered a wide range of subject storage. 7 , 

matter including the geochemistry and tec- A solution mining process for recovering 
tonics of salt formations; solution mining, mineral values from rock salt, sylvanite, 

underground storage and waste disposal;  trona, or other soluble mineral salts was 
and geophysics, subsidence, and hydraulic patented. The process is applicable to a 
fracturing studies related to salt mining. plurality of flat, relatively thin beds. Injec- 

A detailed description of modern rock tion and output wells are sunk to the low- 

| salt mining procedures was published in  ermost exploitable bed which is hydrauli- 
an article concerning four mines of the In- cally fractured and contacted with a 

| ternational Salt Co.7 } solvent (water) to dissolve and remove the 
The mining operations at Retsof, N.Y., mineral values, eventually forming a cavity 

Cleveland, Ohio, Detroit, Mich., and Avery from the injection well to the output well. 
Island, La., have many similarities. The when the lower bed is depleted, the sol- 

| room-and-pillar method is used in all four yent is diverted to the next overlying bed. 
mines, and salt extraction averages between 

: 50 and 75 percent. The unextracted salt : 

remains as supporting pillars ranging 17 symposiuin on Salt, Northern Ohio Geological $o- 
size from 60 by 80 to 90 by 100 feet. After ciety, Cleveland, Ohio, 1970, v. 1-2. 
cutting a 10-foot-deep slot at its base, the ‘Skillings’ Mining Review. International Salt 

wall of rock salt is drilled and blasted foe 61970. pe Operations. V. 59, No. 32, 
with dynamite and prilled ammonium ni- 8 Carmody, D. W. (assigned to Hardy Salt 

trate mixed with fuel oil. Millisecond-delay $316,167, Mer 5 lone Gon Mining. U.S. Pat.



Sand and Gravel 

By Harold J. Drake + 

Demand for sand and gravel is princi- Average prices of sand and gravel rose 
pally in the construction industry. The re- apout 10 percent and 5 percent, respec- 
straint in that industry in 1970, owing to a tivel d th P ° P 
tight money supply, resulted in only a ively, and the average unit value, f.o.b. 

small increase in consumption of sand and Plant, of sand and gravel combined in- 
gravel. The level of consumption in 1970, creased about 4 percent. 
nevertheless, was the highest on record. 

- DOMESTIC PRODUCTION | 
| Domestic production of sand and gravel, One of the most advanced sand and 

| which had reached an alltime high of 937 gravel plants went into operation at Steila- 
million tons valued at $1.1 billion in 1969, coom, Wash.2 The new plant, owned by 
increased to 944 million tons valued at Pioneer Sand and Gravel Co., a division of - | 
$1.1 billion in 1970 (table 1). Output Lone Star Cement Corp., features a fully 
from commercial operations accounted for automatic remote control system that regu- 
about four-fifths of total output and rose lates all phases of plant operation includ- 
only slightly, but that of Government-and- jing excavation, processing, stockpiling, 
contractor operators rose about 2.5 percent. blending, and loading for transport to 
U.S. producers supplied all domestic re- markets. The system permits great flexibil- 

| quirements for these products. ity and more efficient and economical pro- 
: Production of sand and gravel for the duction with a minimum manpower re- a 

construction industry amounted to 906 mil- quirement. 
lion tons valued at $1 billion. These pro- A new sand and gravel plant owned by . 

| duction and value figures represent In- Whittaker and Gooding Co. was placed 

ee ee Rene imo qpeain near Aim ‘Aor, Bch dustrial sand ducti " The plant, built to replace a smaller plant 
production amounted to 29 Gwned by the company, will supply con- 

million tons valued at $101 million, un- Y pany PPY changed from that of 1969. crete sands, beneficated gravel aggregates, 

8 ea gravel, and other gravels to a market 
In 1970 California accounted for approx- een en com assin Ane Arbor, Ypsilanti 

imately 15 percent of domestic production; . 44 conthere Detwoit 7 mP 
the. midwestern States of Illinois, Indiana, 
Iowa, Michigan, Minnesota, Ohio, and Faced with depleted reserves and low- 

Wisconsin accounted for about 29 percent. quality deposits, C. M. Page Co. Inc, 
Other States that produced substantial Orono, Me., combined operations of two 
quantities of sand and gravel were Alaska, gravel plants and began development of a 
New York, Texas, and Washington. limestone quarry for coarse aggregate to 

The number of commercial sand and eventually replace its gravel operations.+ 

ee ie P iants he nee ° 1 vercent mre bvsical scientist, Division of Nonmetallic Min- 

of the output in 1970 came from plants in 5 2 Trauffer, Walter E. Pioneer’s 1,800-TPH Plant 

which annual production ranged from No.9, eget sor pa ea. Fit and Quarry, ve 0%, 
50,000 tons to 400,000 tons. Plants produc- ’ Herod, Buren C. Michigan Producer Builds for 

ing 1 million or more tons per year ac- TOTO oe. BO 80. Quarry, v. 63, No. 5, November 

counted for about 15 percent of domestic * Truffer, Walter E, How a Marine Gravel Pro- 
production. ducer Stays Ahead of Deposit Depletion. Pit and ; 

Quarry, v. 62, No. 11, May 1970, pp. 153, 162. 
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Mining and processing of dune sands just cialty products that cannot be produced 
west of Santa Maria, Calif., by California from stationary facilities was demonstrated 

- Sand Co., Inc., is underway.5 Sands pro- by Connersville Gravel Co., Inc., Conners- 

duced include blasting, traction, and_ ville, Ind.8 In addition, the company was 

foundry sands, and sands for fertilizer, able to place the portable plant close to 
pipe linings, and recreational uses. construction projects thereby eliminating 

Dredge mining in the United States was the longer hauls from its stationary plants. 
discussed in a brief article as was Knox- . | 

ville Sand and Gravel Co.’s dredging oper- 
ations on the ‘Tennessee River.?7 The * Utley, Harry F. Specialty Sands Produced for 

. tk. New California Plant. Pit and Quarry, v. 62, No. 
Knoxville company replaced its dipper 10, April 1970, pp. 155-156. 

; ' . 6 Stearn, Enid W. Dredging in the Aggregates 
dredge with a new; automated suction un Ht Industry. Rock Products, v. 73, No. 9, September 
that discharges into a companion floating 1970, pp. 74-76. 

nd plant. The compan S 7 Herod, Buren C. Knoxville Sand and Gravel 
Sa piant c c pany also uses another Modernizes its River Operations. Pit. and Quarry, 
dredge for extracting gravel. v. 63, No. 5, November 1970, PP. 100-102. bl 

The usefulness of portable processin 8 Herod, Buren C. Complementary Portable 
. eye P - Processing Plant Boosts Service Capability. Pit and Quarry, 

plants in aiding companies to supply spe-y. 68, No. 5, November 1970, pp. 108-109. 

_ Table 1.—Sand and gravel sold or used by producers in the United States,1 
by classes of operations and uses 

(Thousand short tons and thousand dollars) 
eee eee 

1969 1970 
Class of operation and use > 

Quantity _ Value Quantity Value 
a 

Construction: 
. Building: 

Sand_______________--.-----_-----.---------. "170,520 * $192,789 166,211 $197, 553 
Gravel___.______---------------------------- "185,705 +* 191,495 129 , 964 191,342 

Paving: 
Sand___.______-.__-_-____..------- +--+ 131,456 135,780 138,959 147,988 

Fill Gravel_._.._._.._-.-----___----.------------- "350,282 * 354,897 363 , 577 384,515 

Se: 41,630 27,862 33,467 21,209 
Gravel________..___o- ----- +e eee 55,318 38 , 736 43,210 26 , 582 

_ Railroad ballast: 
Sand______-.--_-. eee eee 663 556 1,235 T27 
Gravel__.._.__.-_----------------- ee 2,189 1,971 2,768 2,416 

Other: 
Sand_______.------- eee ee 7,599 6,827 14,360 16,040 
Gravel___._.__._....------------------------ 6,672 7,288 12 ,392 14,620 

Total construction 2__..._..-.-...-.--__._.--.  *901,974 * 958,201 906,139 1,002,986 

Industrial sand: 
Underground: 

Glass... ~~ ------ eee 10,547 36 ,398 10,813 39 , 492 
Molding_____._____.---.---.-....--.----._-.- r 10,605 r 30,371 8,078 24,544 
Grinding and polishing.___...__..._.....--.---- 354 995 313 744 
Blast sand_________..-.---------.- 2 eee 1,219 6,743 1,103 5,489 

. Fire or furnace___..__..___--_.-.-- ~~. --__-- 473 1,005 368: 842 
Engine____________-_-__ eee 920 2,062 - 844 2,062 
Filtration___-.__..._--.----- 2 eee 194 745 257 618 
Oil hydrafrac______-_-_----- eee 274 2,046 296 2,360 
Other_......__--_------------- eee eee r 2,534 tr 7,192 4,858 9,819 

Total 2__.______-__ eee 27,123 87,567 26,931 85,968 
Ground sand 3_______ ee eee 1,900 14,460 2,211 15,226 

Total industrial 2?._._.________.-._--.---_-------- 29,021 102 , 026 29,145 101,191 
Miscellaneous gravel_...____..------------------------ 6,173 9,441 8,658 11,521 

Grand total 2___________-___ ieee eee 937,169 1,069,667 943,941 1,115,705 
Commercial: 

Sand____________-__-- eee ee. = 839,453 = 481,441 332 ,545 438 ,670 
Gravel_______-____-__-_-_ eee eee e---- = 8915524 = + 464,157 399 ,942 483 , 894 

Government-and-contractor: 4 
Sand__________.--------------- +--+ 41,422 34,401 50,833 46,052 
Gravel_____.--....------------ +--+ ee 164, 762 139,670 160,619 147,089 

_ ¥ Revised. 
1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 
2 Data may not add to totals shown because of independent rounding. 
3 See table 10 for use breakdown. 
‘hPproximate figures for operations by States, counties, municipalities, and other Government agencies 

under lease.
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Figure 1.—Production and value of sand and gravel in the United States. 

CONSUMPTION AND USES 

U.S. consumption of sand and gravel changed from that of 1969. Consumption 
amounted to 944 million tons valued at of glass and molding sands, which account 
$1.1 billion in 1970, about 1 percent and 4 for about four-fifths of industrial sand 
percent, respectively, above consumption in consumption, fell about 11 percent. Con- 
1969. Consumption of sand and gravel for sumption of ground sand in 1970 was 16 
building and paving increased about | per- _ percent above that of 1969. 
cent, and sand and gravel for fill, ballast, Manufactured sand, as a substitute for 
and other uses declined about 6 percent. natural sand, was discussed in an article 
In the aggregate, these uses accounted for that detailed types of resources, methods of 
about 96 percent of the quantity and 90 crushing, and types of classifying systems.9 
percent of the value of consumption. a 

i i i nd—29 mil- ®Szaj, Arnold P. Crushing to Produce Manu- 
. Consump tion of “ee d—2 } factured Sand. Rock Products, v. 73, No. 3, 

lion tons valued at $101 million—was un- March 1970, pp. 68-70, 102.
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| WORLD REVIEW | | | 
Canada.—The Department of Mines, ation and the two grades produced are 

Ontario, Canada,. published a study of then treated separately in density separa- | 
sand and gravel pits and stone quarries tors to remove impurities. 
that indicated ways to alter mining opera- Mixconcrete Aggregates Ltd. of North- 
tions in order to improve the appearance ampton brought its Charlecote Quarry a 
of the mine site, eliminate objectionable into full production.18 In order to insure ~ . 
forms of pollution, and better utilize that the Operation would not change the 
mined-out properties. Construction Aggre- surrounding environment, the plant was | 
gates, Ltd., opened a new road gravel placed below the existing ground level, 
plant at Furry Creek, British Columbia, to _ elaborate soundproofing measures were un- 
help supply the Greater Vancouver area.10 dertaken to reduce plant noise to a mini- 
Norway.—Deposits of olivine at mum, and vehicular traffic to and from the 

Norddal 11 and Aaheim 12 were being uti- quarry was prohibited in local ‘villages. 
lized to produce olivine sand for use as a Hoveringham Gravel Ltd. opened a 
molding material by foundries. Olivine third sand and gravel plant near Reading 
sand has certain technical advantages over to serve local markets,19 and Blue Circle 
silica sand and additionally, eliminates the Aggregates Ltd. constructed three new 

: health risks associated with the latter. plants to serve the Midland market.20 
Sweden.—Exploitation of an olivine de- A reduction in equipment and man- | 

posit at Handol continued, as demand for power requirements and an _ overall in- 
olivine sand for use in foundries expanded crease in plant efficiency were accomplished 
in recent years.18 The bulk of the produc- by development of a dewatering feeder 
tion consists of two principal grades: conveyor unit by Messrs. Folley Brothers of 
minus 4 millimeters to dust, and minus 1 Henley, and Harleyford Hydro Sand 
millimeter to dust. Equipment Co. Ltd. of Herleyford, | 

United Kingdom.—The sand and gravel Marlow.21 | 
industry of Scotland was reviewed in an a 
article that discussed the rapid develop- | : : . © Trauffer, Walter E. New British Columbia ment of the industry, the increasing de- Road Gravel Plant. Pit and Quarry, v. 63, No. 3, . mands being made upon it, and the diffi- September 1970, pp. 80-84, 90. dal:k/ aaal . oL: : Industrial Minerals. Norddal:k/s Nordda culties of establishing new production Olivin A/S and Co., Division of H. Bjorum. No. points.14 29, February 1970, pp. 17-19. 

. . 2 Industrial Minerals. Aaheim: Operations of The first in a series of surveys to deter- A/S Olivia. No. 29, February 1970, pp. 15-16. mine the extent of sand and avel re- 8 Industrial Minerals. Handol: Taljstens A. B. . sand St Division of the Hoganas Group. No. 29, February serves in southeast England was completed 1970, pp. 20-21. 
: : . 44 Mclellan, A. G. Sand and Gravel in Scotland. by the Mineral Assessment Unit of the In Cement Lime and Gravel, v. 45, No. 6, June 1970, stitute of Geological Sciences.15 pp. 154-156. 

oe * Cement Lime and Gravel. First Sand and A new sand and gravel plant went into Gravel Resources Survey is Completed. V. 45, No. production near Harlington, a suburb of 3, March 1970, p. 73. 
16 Cement Lime and Gravel. New Aggregate London, to supply concrete aggregates to Plant for London Firm. V. 45, No. 4, April 1970, 

al construction firms.16 The owners PP. 89-94. “ local c c vn 1 Cement Lime and Gravel. A New Goal/Sand screened the plant with shrubbery, insti- Separation Plant. V. 45, No. 2, February 1970, pp. ; ; ; 37-40. tuted noise and dirt abatement practices, 18 Cement Lime and Gravel. Winning Sand and 
and agreed to restore worked-out areas Gravel in Shakespeare Country. V. 45, No. 3, nt ble land March 1970, pp. 61-64. into ara i Cc 19 cement Lime and Gravel. inning Sand and : : . ravel in the Kennet Valley. V. 46, No. 5, May A new sand plant, incorporating a num 1971, pp. 119-123 | 
ber of novel features, was installed by » Cement Lime and Gravel. Modern Control . Methods at a Sand and Gravel Plant. V. 45, No. Sandsfield Gravel Co. at its Brandesburton 11, November 1970, pp. 279-284. 
Quarry in Yorkshire.17 At this plant classi- 21 Mining and Minerals Engineering. Productivity 
fication and dewatering occur in one oper- 6 No. 10, Octonae vonalley, Grave ® Operation. V.
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TECHNOLOGY 

The relationship that exists between tor scraper.29 An immediate increase in 

chemistry and the sand and gravel indus- production by the substitution of rubber- 

try was discussed in a paper presented to tired loaders for a stationary crane was 

the Road and Building Materials Group of realized by Wilson Brothers, Rives Junc- 

the Society of Chemical Industry, London, tion, Mich.3° A unit train transportation 

| England.22 . system will be used by Penn Industries at 

The use of olivine sand as a substitute its new facility at Plainsboro, N.J.32 

for silica sand as a foundry molding mate- Santa Clara Sand & Gravel Co. was. 

| rial was discussed in articles that dealt conducting at Sunol, Calif., a unique (for 

with properties and uses of olivine 23 and the United States) mining operation using 

TEsOUrces and increasing use of the a fully automated floating clamshell dredge 

mineral. . that discharges into floating conveyors.3? 

The production of manufactured sand The terms of the mining lease stipulate . 

by crushing rock was undertaken in the the creation of a large recreational lake 

United Kingdom to augment diminishing upon termination of the mining operation. 

supplies of high-quality deposits suitable The company, as it mines, develops a 

for the manufacture of glass.25 Crushing desired lake-bottom configuration and seals 

was used to produce manufactured sand by it by returning fine sand rejected by the 

-Genessee Sand and Gravel Co. Inc., Wau- dewatering screens. 

kesha, Wis., from a vast accumulation of 2 Jordan, J. P. R. Chemistry and the Sand and 

unmarketable stone and avel.26 Gravel Industry. Chem. and Ind. (London), No. 

The fi gt 27, July 4, 1970, pp. 889-892. 

e first use of a computer to control 23 Beckius, Kurt. Olivine: Its Properties and. 

plant operations was at Kaiser Sand and Uses. Ind. Miner. No. 29, February 1970, pp. 

Gravel Co.’ Radum, Calif, plant2? “ay; | 
Lave o.s new Kaduin, if., plant. _ fe Industrial Minerals. Opportunities for Increas- 

The plant, which went into full produc- ing Olivine Output. No. 29, February 1970, pp. 

tion early in 1970, has a capacity of 4 25 Industrial Minerals. New Source of Sand. for 

million tons per year, and was designed to Glass Making. No. 30, March 1970, p. 39. : 

. . ket d df d 2 Shannon, James J. Crusher Transforms Sur- 

meet increasing market demand for san plus Stone and Gravel to Marketable Product. 

and gravel. 
Rock products, v. 73, No. 9, September 1970, pp. 

“ ; 106-107. 

Sand and gravel operations in . the 27 Pit and Quarry. Kaiser’s New 2,000-TPH, $10 

| United States were improved by changing mio yO. OP and geraye Plant. V. 62, No. 12, 

methods of mining and processing, and by 28 Pit and Quarry. New Mining, Process Systems 

, the addition of novel operating techniques.  for* NEN LO Service. V. 22, No. 12, June 

Nugent Sand Co., Inc., Muskegon, Mich., a 29 Rock Products. Elevating Scraper Loads and 

| major supplier of industrial sand, built a Haue ene Sand and Gravel. V. 73, No. 4, 

new classifying plant and commenced 30 Pit and Quarry. Loader Replaces Crane in 

hydraulic mining in order to improve the Michigan Gravel Pit. V. 63, No. 2, August 1970, 

quantity of its products, and to increase its °st pit and Quarry. McCormack Sand Division 

city.28 Windsor San and Gravel Co. Will Use Unit Train to Connect New Plant With 

capa y . d , Barge Facility. V. 62, No. 8, February 1970, pp. 

Windsor, Calif., replaced seven truck 97_30. 

haulers and a 5-cubic-yard, front-end 22 Pit and Quarry. California Plant Using Ger- 

. . y . man System of Dredging Sand and Gravel. V. 62. 

loader with a 32-cubic-yard, elevating, trac- No. 12, June 1970, pp. 134-139. 

Table 2.-Sand and gravel sold or used by producers in the United States * 

(Thousand short tons and thousand dollars) 

Sand Gravel Total ? 

Year 
ee OTT 

TT 

Quantity Value Quantity Value Quantity Value 

1966___.__-.------------------ 
368,321 $408,757 566,160 $576,225 934,481 $984,982 

1967___.____------------------ 
358 , 812 409 ,481 547 ,087 571,138 905,899 980,619 

1968___.____------------------ 369 ,221 433 ,088 548,247 587,019 917,468 1,020,107 

1969________------------------ r 380,878 *465,848 +1'556,291 * 603,826 * 937,169 r1,069, 667 

1970___.__-_------------------ 383 ,378 484 , 722 560, 563 630 , 985 943,941 1,115,705 

r Revised. . 

1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 

2 Data may not add to totals shown because of independent rounding.
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SAND AND GRAVEL 999 

Table 4.—Sand and gravel sold or used by producers in the United States in 1970, 
| by States, uses, and classes of operations 1 

(Thousand short tons and thousand dollars) 

Sand, construction 
eee 

Building Paving 
State eee 

Commercial Government-and- Commerical Government-and- 
; contractor contractor 

Quantity Value Quantity Value Quantity Value Quantity Value 

Alahama_.-...---_-__ ___ 1,675 $1,998  ____.-. __L___. 875 $896 9 $31 Alaska... 222-8 119 222 15 $87 47 ‘139 6,781 12,102 Arizona_____..____...___ 3,873 4,840 _____-_. ____LLe 598 434 1,218 1,098 Arkansas___.__-__________ 1,398 1,766 30 21 1,785 1,823 1,094 1,051 Cahfornia__............. 24,1493 382,669 96 157 14,978 18,195 8,458 7,845 Colorado___.____.___ 2,438 2,951 78 16 661 453 722 897 Connecticut_____________ 1,579 2,185 Lee Le 1,653 2,450 27 22 Delaware_____.....______ . 286 395 --nee ee Le 160 198 ___-Leee LLL Florida______....-_.____ 8,288 7,70 _----2 LLL WwW W ieee Le Georgia__._______.._____ 2,787 2,687 pi Lol le 387 $8138 _LLeeee LLL Hawaii___.______________ 445 1,516 ---_- 2 LLL. 9 6 wpe uee Lele Idaho_____.____________ 188 827) __---- LL 22 44 4,651 3,893 Iflinois__-.... 6,281 6,998 ___.--. _______ 8,969 9,345 | 2 2 Indiana_____.______.____ 4,208 4,071 ___--- 2 ___LLLe 4,680 4,568 22 11 Towa... _- 3,069 3,405 6 8 3,186 3,553 399 466 . Kansas__________________ 4,089 4,076 _____... _LL__ ee 3,141 3,184 1,009 683. Kentucky___.___._______ 8,516 4,409 _____.. ______. 2,332 2,691 oe LLL . Louisiana____.___________ §,015 5,258 173 346 2,049 2,084 26 52 Maine._____..___________ 489 888 __.---. = 2L LLL 452 438 / 425 155 | Maryland__________.____ 5,202 7,684 ---o ee LLL ele 1,549 2,461 ___.-. ______e Massachusetts___________ 2,907 Yr 2,502 2,799 615 357 Michigan________________ 6,971 6,181 2. LLL Lee 4,884 4,720 2,055 1,163 Minnesota__.__._________ 4,627 4,382 __---- LLL lle 2,091 1,547 2,087 1,210 Mississippi___-__....___. 2,255 1,912 __.---2. LLL. 1,765 1,708 25. 37 Missouri___._.__________ 4,352 $3,866 __.-...2 LLL ll 1,514 1,456 16 17 Montana___.___... 272 440) __o-oeee LL T7 122 2,193 3,042 Nebraska________________ 2,591 2,709 _----e-e Leek 1,477 1,658 96 181 Nevada_________________ 893. 1,473 1 5 25 39 189 285 , New Hampshire._________ _ 794 |) 656 548 396 119 New Jersey___.__________ 4,358 5,573 woe ee LL 1,833 2,159 LLL ee LLL New Mexico____________. 511 5 276 ~ 3805 254 324 New York____._______.__ 9,582 12,608 43 65 3,740 4,414 . 905 , 501 North Carolina_____._____ 3,267 8,494 ooo LLL Le 1,946 1,721 1,969 1,335 North Dakota___________ 485 567 27 13 221 185 13 5 Ohio... 6,608 8,506 2) LLL 8,427 9,999 89 93 Oklahoma. .______________ 1,737 1,899 323 304 T17 826 1,020 386 Oregon______.___.______. 1,213 1,780 _2-uee. LLL Lele 819 997 217 347 Pennsylvania_____.._____ 4,700 7,749) _-oo-e ee Le 3,158 5,088 Loe. LLL Rhode Island____________ 653 822) uuu Lee 206 251 45 56 South Carolina___________ 8,310 2,012 Lone LLL | WwW oe South Dakota____________ 496 567) oe LLL 254 287 248 205 Tennessee_______._______ 1,822 2,660 2. LLL 935 1,678 2 2 Texas_____._.- 8,886 10,894 20 2 2,080 2,426 605 704 Utah. __--.- 1,117 1,252 8 12 0 569 479 420 262 Vermont________________ 468 589 eee Le 358 303 521 260 Virginia___._.____.______ 4,116 5,226 LL uuee 2,497 2,212 6 1 Washington______________ 2,281 3,334 13 22 1,062 1,238 266 266 West Virginia_____._.____ 1,233 1,77) 2-22 Lee 343 668 _-u LLL le Wisconsin_______:__.____ 3,640 3,489 22 -. LLL 2,451 1,947 2,359 1,274 Wyoming___.____________ 145 1 561 600 1,726 1,725 Undistributed___---_--. 22. 22 eee Lette, Lee 852 473 -------  --- ee cn 
Total_............ 165,378 196,495 833 1,058 95,829 106,023 48,180 41,965 American Samoa___._..-. ____... ____._. 4,347 SS rr cr 

Panama Canal Zone e_____ 60 a 
Puerto Rico e__._________ 2,726 6, 730 137 425 1,945 4,445 30 98 

e Estimate. W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.”’ . 
1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico.
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Table 4.-Sand and gravel sold or used by producers in the United States in 1970, 

by States, uses, and classes of operations 1—Continued 

(Thousand short tons and thousand dollars) 

NN : — 

Sand, construction—Continued 
a nnn 

Railroad Fill Other 2 

State ballast Ee 
; (commercial) Commercial - Government- Commercial Government- 

and-contractor and-contractor 

- Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 

tity tity tity tity tity 

Alabama_.___-_-- WwW WwW 104 $47 __.--- ------ Ww. W __--- ------ 

Alaska. __.____.. --t--- ------ 2 5 26 $29 310 $775 10 $71 

Arizona_______-- WwW WwW 570 208. 31 31 WwW W i, ------ 

ArkansaS_..__--. ------ ------ 135 718 _....- .----- 43 43 __.._.  ----- 

California_____-- Ww W 38,061 2,799 363 121 852 989 __.__.  _..---- 

Colorado__._--.. ------ ------ 129 105 2 3 322 448 __._._.  ----- 

Connecticut_.... ------ ------ 329 205 _.---- ------ . 241 276 32 23 

Delaware.__._.-. .----- ----+-- WwW W weet wee ee WwW W iii. ------ 

Florida__....-__. -----. ------ WwW WwW 298 153 W W ___--- ------ 

Georgia__...-.-.. ------  ------ 22 23 .----. ------ 57 62 _.-.-. ------ 

Hawaii___...--__ ------ ------ WwW W ee ee eee eee eee eee ee eee ree 

Idaho___-..--.-. ------ ------ ‘W WwW 20 1 1,019 628 10 2 

Tllinois_.....--.. -----. ------ WwW W w---- -----e ‘W W ie. -L---- 

Indiana_...----- WwW WwW 828 $688 —-_.--. ----L- WwW WwW 1 1 

. Jowa__..--.----- WwW WwW 971 724 _---. .----- WwW WwW 2 1 

Kansas__..-.---- W WwW 935 528 2. 1 172 162 -L--L--e e+e 

Kentucky___.-.. ------ -+---- 942 8138 ____.. ------ ee een nee ee ee nee ree -ee 

Louisiana____..-. --.--- ------ «© _W W ____-. eee ee een eee ee een wwe ee eee 

Maine_______--.  --.--- ------ 280 127 200 48 WwW WwW 82 9 

Maryland___---. ------ ------ WwW -W 36 5 WwW W _----) ------ 

‘Massachusetts... ---.-. ------ 540 234 168 36 608 . 779 68 109 

Michigan.__..-.-- WwW W 8,655 1,783 677 291 546 500 132 77 

Minnesota_____--/ WwW WwW 813 T07 123 53 WwW WwW 90 40 

Mississippi-_ - _- -- WwW WwW WwW W _.-.-- ------ WwW W ii.) ------ 

Missouri____-.--. ------ ------ 330 2382 __---. ---- 90 89 __.___.  -L..-- 

Montana__..__-_ -.---- <------ 5 6 26 18 WwW W _.---- ------ 

_ Nebraska_-_------ WwW WwW 699 608 11 5 WwW W .---- ------ 

' Nevada_.___-.--- ------ ------ 114 167 70 34 31 70 8 4 

New Hampshire... ------ ------ 484 259 18 6 635 878 1.2. -.---- 

New Jersey____-- WwW W 1,002 575 _.-.-. ------ 2,640 3,750 5 «mB 

New Mexico_.____ ------ ------ 76 76 26 21 WwW WwW 2 2 

New York_.__--. ------ ------ 704 327 1,692 561 303 283 67 37 

North Carolina ___ W WwW 4381 278 432, 824 WwW W 830 251 

North Dakota___ ------ ------ 151 188 ___._.. -o---- Lee eee nee eee ee eee eee 

Ohio___-.----.-+ WwW W 1,284 1,079 -----. ------ 277 800 ____.. ------ 

Oklahoma_ ---.--- WwW WwW 254 5 295 290 9 7 

Oregon___.------ Ww WwW 368 311 6 3 50 56 6 4 

Pennsylvania__.. ------ ------ 85 118 -----.) ------ 739 1,449  -..--. ------ 

Rhode Island_.__ ------ ------ WwW W _---- ------ Ww W __--.. ------ 

South Carolina ___ WwW WwW WwW W iii. auee-- W W i. «----- 

. South Dakota__.. ------ ------ 110 60 1 1 WwW WwW 25 13 

Tennessee___..-. ------ ------ WwW W ..---- ------ 49 91 -___-. ------ 

Texas_...._----- ------ ------ - 314 234 3 (3) 960 1,251 -.---. ------ 

Utah__.-.------- ------  ------ 245 70 80 2 WwW WwW 11 8 

Vermont.___..-. ------ ------ 206 76 36 20 WwW W Leite wee 

Virginia___...--- WwW WwW 357 173 51 18 WwW W _.---.) ------ 

Washington_.._-.  ------ ------ 604 342 694 348 92 116 114 67 

West Virginia._.. --.--- ------ WwW W ine, wenn n ewe ene wenn cee eee ree eee 

Wisconsin.__.... ------ ------ 1,945 1,090 142 62 WwW WwW 177 102 

Wyoming._.-_---.  ------ ------ 36 21 _.---- ------ WwW WwW 1 1 

Undistributed_.__ 1,235 $727 5,163 8,669 ------ ------ 2,397 2,421 .__.-. -.---- 
Tn TS SN NEE 

Total___._. 1,235 727 28,2383 19,014 5,284 2,195 12,728 15,206 1,632 834 

American Samoa. -_---- ------ ------ ------ 22,085 20,3809  __---. ------ ------ ------ 

Panama Canal 
Jone ¢...----- eneee en wee eee cee eee wee eee eee re eee ner ere rere tnt 

Puerto Rico e.__. ------ ------ 1,012 1,205 ------ ------ ------ (eee eee ee ree 

Sains rrr nn ne ay 

e Estimate. W Withheld to avoid disclosing individual company confidential data; included with 

““Undistributed.”’ 
1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 

2 Includes unspecified. 
3 Less than 14 unit.
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Table 4.—Sand and gravel sold or used by producers in the United States in 1970, 
by States, uses, and classes of operations 1—Continued 

(Thousand short tons and thousand dollars) 

a 
Sand, industrial (commercial) 

cE 
Glass. Molding Grinding and Blast Fire of 

State polishing furnace 

Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 

tity tity tity tity — tity 
SON 

Alabama_____--.  ------ ------ WwW a WwW WwW a 

Alaska___.___.-. =e eee ee ee eee eee eee eee ne ene eee meee e eee 

Arizona__._____-_  ------ eee eee eee eee eee eee ene nee (2) W Lele Lee 

Arkansas_____--- WwW WwW WwW W Leelee eee eee WwW W i.e. wea 

California.._.__.. 1,518 $7,446 Ww W iii. ue 179 $1,168 WwW WwW 

Colorado____...-.  ------) ------) ween eee eee een eee WwW a 

Connecticut__.__ .----. ------ (2) W ieee Lee eee eee eee nee eee ee 

Delaware_____._._ -__ee eee eee ee eee eee reser reese 

Florida.___._.--- WwW WwW WwW W iui. wee Ww. WwW (2) WwW 

Georgia_____-.-_- WwW Ww WwW W _---. _L---- WwW a 

Hawaii_.__.__._. eee eee eee eee eee ene nee eee nee eee ee enn eee ee 

Idaho__________. eee eee eee eee eee ene ee nee eee eee eee ees ores 

Tllinois__..._._._ 2,140 5,429 1,109 $4,303 WwW WwW 168 898 WwW WwW 

Indiana________- WwW WwW WwW a WwW WwW 

Towa____-_..----- ------ ------ WwW W ellie. Luueee WwW a re 

Kansas_._.___._.  ------ ------ WwW W eee ee eee WwW a 

Kentucky____.-. ------  e----- eee ee ween wee ee- eee WwW WwW WwW WwW 

Louisiana________ _-_---) eee eee eee eee eee nee ene eee WwW W o.seeee neue 

Maine _______._ ____ eee eee eee ee ee eee nee eee eee eee eee cece ee renee 

Maryland_____-.  ------ ------  ----2-0 ----250 ------  ------ WwW ee 

Massachusetts... ------ ------ WwW W _..... ------ . W W eee o-ee-- 
Michigan.______. WwW W 8,188 5,994 WwW | W WwW W ieee Leet ee 

Minnesota_-____.- WwW WwW WwW W tte. wee WwW a 

‘Mississippi__.... ------ ------ WwW OW owen ween wee ene ween weer ee eee =e 

Missouri____---- 565 1,722 Ww WwW WwW WwW WwW | 

Montana___.___._ _------ eee ee eee eee nee ee eee eee eee W oS 

Nebraska....___. ------ eee eee eee eee eee eee eee eee eee (?) W Lite Lee 

Nevada_____--.- WwW WwW WwW a WwW WwW 

New Hampshire.. --..-- ------ ------ -2--2- 0 ------ eee ene nee cse  rercse rere roo 

New Jersey_..__.. 1,545 6,869 618 2,949 ..-.-.. ------ 114 455 W WwW 

New Mexico__._. ___--- wenn ee eee ene ee ene eee ee ee eee ee eee een ne enee 

New York.__..--.  ------ ---«=-- 139 687 -.--.- ------ ------) enn e- Hee ee =e 

North Carolina... _.---. ------ c----e ene nee eee ee ne enn ee een ee eee eee cere ne 

North Dakota... ------ ------ ) ------ ----n- wenn ne eee nee neers rere ross 

Ohio___.-.------ Ww WwW 464 2,146  -__.-. ------ WwW WwW WwW WwW 

Oklahoma. -_._-_-- WwW WwW WwW | WwW W ie.) ------ 

Oregon___..-_--.  ------  ------0 ------ eee eee eee ene ---- ss WwW W Lie nee 

Pennsylvania _ _ __ W WwW 102 401 W WwW Ww WwW 36 $123 

Rhode Island__.. -----. ------ ‘W a 
South Carolina__- WwW WwW WwW W ieee.) ------ 20 ~~. ~+103 WwW WwW 

South Dakota__.. ---_-- ------ wenn ee ene eee ee neers comes reer et fro ess 

Tennessee___.._- WwW WwW WwW W i... ------ WwW WwW 14 27 

Texas__....__.-- WwW WwW 139 484 __.__.. W~uu--- WwW W Lille +e eee 

Utah______.----- ee eee eee ee eee eee eee wee n- wee WwW W ite e-) ------ 

Vermont.___.__..  -euee- eee ne eee ee ene eee ee eee eee eee ee eer room se 

Virginia___.__--- WwW W on eee eee ee eee eee nee eee + += = WwW WwW 

Washington_.....  _----.  ------  ----2-0 -eeene -e--es roe ss WwW W ieee Loe 

West Virginia _-_-__ WwW WwW WwW WwW wv iw WwW WwW WwW WwW 

Wisconsin __—-.-- WwW WwW 782 2,190 ---... ------ 73 2538 .----- ------ 

Wyoming._......  ------  ------  ------ cence coreee reese orrrecz 75 7E75 «777873077 Bas 

Undistributed__.. 5,050 18,026 1,542 5,440 3138 $744 549 2,612 318 692 
a 

Total.__.. 10,818 39,492 8,078 24,544 313 744 1,108 5,489 368 842 

American Samoa. __-_-. —------) --unee wwe ene eee eee meee ee eee nner ne terrae 

Panama Canal 
Zone &__._ e-em eee eee eee eee nee e re cee r ne terete 

Puerto Rico e®.._. -_-----  ------ we eee eee nn ene eee een enn e rr cere ee ttre 

nn 
e Estimate. W Withheld to avoid disclosing individual company confidential data; included with 

“Undistributed.”’ 
1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 

2 Less than unit.



1002 MINERALS YEARBOOK, 1970 

Table 4.—Sand and gravel sold or used by producers in the United States, in 1970, 
by States, uses, and classes of operations 1—Continued 

, (Thousand short tons and thousand dollars) 
et 

_ Sand, industrial (commercial)—Continued 

State Engine Filtration Oil (hydrafrac) Other Ground sand 

Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 
nn pe pig 

Alabama_____--. | WwW WwW ‘WwW W ieee Lee WwW W ieee Lee 
Alaska_--.-.---- wee eee eee eee ee ee 17 $540 _LLe Lee 

Arizona. _..2..-2 2 -eeeee Leek (2) WwW WwW a 
Arkansas....0--- --ee eee eee eee nee WwW WwW WwW WwW 
California__.__._ 54 $189 WwW WwW WwW WwW 52 258 187 $1,482 
Colorado_.._.--.. . W WwW Ww WwW WwW WwW WwW W Lue Lee 
Connecticut__... ----- eee eee eee eee ee WwW | rr 
Delaware........ ------  ------ eee eee eee eee eee eee eee eee eee 
Florida___.... 2 WwW WwW WwW a | WwW WwW WwW WwW 
Georgia. .._...._ WwW WwW WwW a WwW WwW WwW WwW 
Hawaii.....----. Leelee eee eee eee eet Ww Wee ee 
Idaho__.-.----- eee eee eee eee eee eee eee eee eee nee 
Tilinois___...__.- WwW WwW WwW WwW Ww Ww Ww WwW WwW WwW 
Indiana__._____- WwW W wee eee eee eee WwW W WwW WwW 
Towa.....-..--.. = (2) WwW WwW W eee Lee WwW A 
Kansas___.__.___ 16 24 W 2) WwW W 24 51 
Kentucky. __.__- WwW W eee eee eee eee eee Lee WwW WwW 
Louisiana_______. WwW W eee eee ee eee eee eee Lee Ww. WwW 
Maine_________. WwW a WwW W ieee Lees 
Maryland____..0 ------ Lele eee eee LeeLee eee nee WwW Ww 
Massachusetts... ...... --.___ WwW ee WwW W Lie. Lee 
Michigan___.___. WwW W week eee eee eee Ww WwW we WwW 
Minnesota__.___. WwW a WwW WwW WwW WwW Ww WwW 
Mississippi-__-____ WwW W ieee ene nee eee ee eee eee eee 
Missouri____.._- wv  $W WwW W Lee eee WwW WwW Ww WwW 
Montana.___.--2 eee eee ee eee eee tee WwW a | 
Nebraska.._-..-. -----.0 ----ee eee eee eee eee eee eee eee eee 
Nevada_.__---20 22 eee ee ee eee eee eee WwW WwW WwW WwW 
New Hampshire... _....0 222) Leelee LeeLee eee Ww 0 

a New Jersey______ WwW WwW WwW | ee 271 ~~ #699 89 850 
DO New Mexico_.____ __--.-.  -----_- -eeeee ee eee eee eee eee WwW a 

New York______- WwW WwW Ww W Lee Lee WS WwW WwW WwW 
North Carolina__. -.._.. -_._-- WwW W wee eee eee eee eee Lee eee . 
North Dakota__.. .2.---- 0 woe ee eee ee eee eee eee eee eee eee 
Ohio... 2.2L WwW WwW WwW a WwW WwW wi. WwW 
Oklahoma. __-_..- WwW a WwW WwW WwW WwW Ww WwW 
Oregon___._____- WwW a Ww ee 
Pennsylvania. ___ WwW WwW (2) WwW (2) WwW W WwW 62 685 

- Rhode Island_._. ----2-. Leet eee LeeLee Lee Ww a 
South Carolina___ WwW WwW WwW re WwW WwW 12 701 
South Dakota_... -----.  -----e Leet ee eeee Leelee Lee WwW en 
Tennessee_______ WwW W eee eee eee eee WwW WwW WwW WwW 
Texas_____._____ WwW WwW WwW WwW WwW WwW 107 305 605 1,434 
Utah____. WwW a WwW WwW WwW WwW 
Vermont..._---0 -2---2 eee eee ene eee eee eee eee eee eee eee eee 
Virginia__.______ Ww Ww (2) a Ww WwW Ww Ww 
Washington___.-. 22-8, eee eee eee eee eee eee Le 55 595 
West Virginia ____ WwW WwW (2) W eee Lee WwW Ww WwW WwW 
Wisconsin. _.____ Ww WwW Ww WwW WwW | WwW Ww 
Wyoming._-----. 8-8 eee eee LeeLee WwW a 
Undistributed__-__ 7714 1,849 257 $618 296 $2,360 4,411 8,503 1,167 9,428 

Total_____ 844 2,062 257 618 296 2,360 4,858 9,819 2,211 15,226 
American Samoa. _.---.  ----e eee eee eee eee ee eee eee eee 
Panama Canal 

Zone @__.-- ee eee eee eee eee eee eee eee eee eee eee nee ee 
Puerto Ricoe__.. -2-eee eee eee eee eee eee eee eee Lee eee eee 

e Estimate. W Withheld to avoid disclosing individual company confidential data; included with 
*“Undistributed.”’ 

1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 
2 Less than 14 unit.
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Table 4.—Sand and gravel sold or used by producers in the United States, in 1970, 
by States, uses, and classes of operations 1—Continued 

(Thousand short tons and thousand dollars) 

ee eee 

Gravel, construction 

Building Paving 
State —_—_— se 

Commercial |= Government-and- Commercial Government-and- 
contractor contractor 

Quantity Value Quantity Value Quantity Value Quantity Value 
nN se eee 
Alabama_-__..-..-...---. 1,854 $2,852 —-____.. LLL. _ 1,154 $1,375 11 $37 
Alaska... 22-222 eee 317 168 5 $2 224 582 15,888 - 24,610 
Arizona__....-.....----. 2,918 4,112 48 40 2,414 3,617 4,997 4,222 
Arkansas.....-..._-...-.. 1,580 2,784.22 ee Lee 4,618 5,299 1,588 = 1,418 
California___............ 24,582 34,542 124 179 30,979 39,992 20,956 20,370 
Colorado__..._-...-..----. 8,275 5, 252 384 14 7,438 7,176 4,224 4,910 
Connecticut______._.-__- 917 1,562 on. LLL 832 1,122 Al 48 
Delaware____...____..-_- 75 185 oe LLL WwW W eee Lee 
Florida_...._---____- WwW W eel eeee Leek WwW WwW 2 15 
Georgia_____._.._____-__- WwW W eee Lee W Woe eee Leelee 
Hawaii____..___________- Al 11220 Leelee 9 5 | 
Idaho____._-....-------- 274 491 66 80 748 829 2,020 1,750 
Ilinois.........._...-.-. 7,580 8,370 4 5 12,307 15,127 408 264 
Indiana____..__.._..-... 3,390 4,577 95 42 7,381 8, 740 792 462 
Towa_..-...._.-.__.-----. 1,208 2,184 7 8 3,897 4,018 4,283 2,804 

. Kansas______..--- eee 207 244 Lote Le 1,183 1,267 1,499 1,049 
Kentucky____________--- 578 806 Leet LLL 1,082 1,454 238 101 
‘Louisiana__._............ 6,805 8 , 926 169 338 3,667 4,796 42 100 
Maine___________-_____. 420 191 12 3 978 1,263 8,481 8,325 
Maryland_____._.._.._._._. 3,694 y a: 1,337 2,120 . 94 18 
Massachusetts__...._..... 2,840 5,121 71 176 3,287 3,910 1,626. 1,650 . 
Michigan_........_...... 6,201 10,006 38 24 17,116 16,245 4,474 8,103 
Minnesota__.__.._._._._.-.. 3,518 5,929 _...... ...... 28,228 17,441 6,351 4,095 
Mississippi_..........-_. 2,264 2,682 w2-- 2 LLL Lee 3,761 4,751 235 - 174 
Missouri...._......-.... 1,916 2,590 Lee Lille 3,111 3,104 29 31 
Montana_______________. 502 665 .-u---e. LLL 1,002 1,166 14,336 14,122 
Nebraska___.__..-._-__- 825 864 29 44 5,055 5,758 748 630 
Nevada___...-..L.--.--.. 1,119 1, 894 389 234 2,090 2,066 1,368 ' 994 
New Hampshire_________-_ 385 5540 el LL 1,095 1,104 . 955 171 
New Jersey_....._....._. 1,582 3,356 -.---2 LLL eee 1,016 1,450 3 2 
New Mexico___._____--~_ 676 867 4 9 3,906 2,776 4,589 5, 092 
New York______._.____.... 4,763 0) 4,093 4,675 4,346 8,559 
North Carolina.___........ 1,084 1,792 2-2. Leek 1,620 1,917 452 233 
North Dakota________ -- 804 1,09 107 47 5,047 3,746 981 857 
Ohio...--..--....-..--.. 7,192 9,905 3 5 18,970 19,248 134 125 
Oklahoma. __.__._____-- 42 54 25 37 37 50 420 634 
Oregon___....._..__..-... 2,951 3,918 155 89 4,775 6,360 4,954 10,208 . 
Pennsylvania_.._........ 8,501 5,897 -.---e elle 3,531 6,523 2.2 LLL 
Rhode Island___________. 619 A 303 359 45 56 
South Carolina__________. WwW ee WwW ne 

. South Dakota__..______-_ 152 245 2 2 4,762 4,062 9,144 10,079 
Tennessee__ _..-______-__ 872 1,187 w.222 2, week 1,198 1,470 744 653 
Texas__.............-... 8,840 15,3891 52 42 3,196 4,507 3,294 8,361 
Utah._.---..-..-_____-.. 1,400 1,578 7 16 4,973 4,475 1,625 1,311 
Vermont... __--_-___--.. 515 816 22-8 1,163 1,589 504 267 
Virginia__..............._ 2,670 §,009 ------.) ~Lu-e. 564 758 3 1 
Washington.__._.......... 3,990 5,524 17 37 7,680 9,733 4,776 3,665 
West Virginia__.__...___- 978 1,520.22 eee 425 641 22 Le 
Wisconsin....._..._..... 4,292 4,402 -.-..-. -..---. 15,488 18,401 7,437 5,213 
Wyoming. __________-___. 217 884 23 43 3,673 3,608 2,329 2,300 
Undistributed_.....__.... 1,855 3,697 ------ oe eee 903 1,286 -..22- flee 

Total___.__....... 128,125 189,826 1,839 1,516 222,261 246,936 141,316 187,579 
American Samoa_...-.--2 -2-e ee eee eee eee eee cee eee ee eee 
Panama Canal Zonee__._. 2222 eee eee eee een ee eee eee eee 
Puerto Rico °_._..-...... 1,760. 5,889 -____-.  - LLL. 1,147 3,779 .----- Lhe eee 

e Estimate. W Withheld to avoid disclosing individual company confidential data; included with 
“Undistributed.” . 

1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico.
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Table 4.—Sand and gravel sold or used by producers in the United States, in 1970, 
by States, uses, and classes of operations 1—Continued 

(Thousand short tons and thousand dollars) 

pee pp PS th TT eee 

; Gravel, construction—Continued 

Fill Other 
Railroad — Gravel 

State ballast Government- Government- miscellaneous 
(commercial) Commercial and- Commercial and- (commercial) 

contractor contractor 

Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
. tity tity tity tity tity tity 
ee 

Alabama_____----. ---. ---- WwW W _---- _---- 124 $152 -... --_- WwW WwW 
Alaska____...--.. --.. ---. 1,063 $973 705 $417 334 858 4 $20 9 $29 
Arizona. _--__---- W WwW 749 541 101 97 36 62 158 176 8 17 
Arkansas_..-2---. -.-. ---- 44 80 ____. ----- WwW W _.. --.. 649 607 
California___._.._. 286 $422 1,616 1,302 6,536 2,588 874 1,151 (2) 1 345 533 
Colorado_-__.__--- WwW WwW 528 ~ 516 1,429 499 WwW WwW 62 24 114 146 
Connecticut____.- Ww WwW 389 277 _..-- ----- 95 155 51 37 WwW WwW 
Delaware_..__..-. ---- ---- WwW oe WwW W tL. eee WwW W 
Florida___...-.._. ---. ---- WwW a 
Georgia__-._._-_-. ---. ---- W WwW iii. Lene -eeee panne week ene eee ene ee 
Hawaii_.-.------.  ---- +--+) Ww wW eee eee 2 2 Led nee eee eee 
Idaho_....._._._. -_--. ---. ° 2,494 1,414 706 86 117 152 585 299 WwW WwW 
Tilinois___...--__- WwW W 1,408 1,050 -_-__  _---- W W ___ ---e 22 103 
Indiana________-- WwW W 1,481 1,088  -___. _---- WwW W LL eee eee tee 
Jowa_.__.-___._-- W WwW WwW WwW 14 8 2,485 1,572 13 19 W W 
Kansas___-._____- WwW WwW 38 40 _---- _---- 50 42 __.. ..-. 206 715 
Kentucky__.____- 30 51 39 39 1 () WwW a 
Louisiana___.._... -.-. ---- W W Le LLeee 1 1 iLL. wee WwW W 
Maine_________-_ WwW WwW 204 125 198 © 46 W WwW 10 2 WwW WwW 
Maryland____-.-. =... ---- WwW W ee Leen Le eee ee eee tee eee WwW WwW 
Massachusetts. _ __ 21 40.1,849 | 854 2 3 318 522 71 141 629 ~~ 690 
Michigan_.____.__ 188 186 383 229 446 201 354 522 84 19 213 136 
Minnesota__.____. 166 191 1,818 499 517 233 510 629 _... ..-. 1381 166 

. Mississippi_ _ _____ WwW W WwW W ee Lee WwW W Lee nee WwW WwW 
- Missouri..__.-.-. ---. ---- 9 10) _----) Lette 20 23 5 4 100 83 

Montana________- 75 92 169 118 475 276 56 104 57 31 WwW WwW 
Nebraska__.-.-... -_-. ---- 298 160 38 25 127 113 9 25 209 175 
Nevada__...--.-. 525 286 1,865 1,110 141 ‘116 LoL, Lee 4 4 34 169 
New Hampshire... -... --.-- 239 129) ___-_~ LuLee WwW W _... .--. 423 401 

. New Jersey____._. .--. -.-- 1,235 1,856 2 1 211 ‘429 ____ -_-. 169 409 
New. Mexieco...-.. -_-. —_-- 123 112 98 45 3 5 33 29 96 205 

. New York._____._. -... ---- 1,789 910 2,329 1,354 WwW W 26 2 721 809 
North Carolina__-_- WwW Ww Ww ee 1 1 W. WwW 
North Dakota__-_ 144 76 86 87 12 4 11 144 -... -L-. @ 1 
Ohio____--_------ WwW W 1,520 1,224. _-... -.--- WwW W _.. ---. 904 1,257 
Oklahoma_______.  ---- ----) ee eee ee eee ee eee ee eee ee eee eee eee 5 20 
Oregon___.___._-. WwW WwW 875 594 37 19 801 930 ___. —---- 90 106 
Pennsylvania ___-_-_ WwW WwW WwW W .--. ----- 563. 895 ._.- -.-. 127 195 
Rhode Island_.__. -.-. ---- WwW W eee Leen eee eee wee eee WwW WwW 
South Carolina_... --.. —---- WwW W eee Leek WwW a 
South Dakota____- WwW WwW 117 91 2 2 WwW W 118 118 ~ 889 691 
Tennessee. _______ WwW WwW WwW WwW 40 40 WwW W i. Lee WwW WwW 
Texas____..._-__. -... =--- 252 180 __... .--.. 1,402 2,808 -_-. —-_-- 87 47 
Utah__.__.---.... 114 14 184 88 858 346 83. 96 7 16 10 7 
Vermont_..__..-. ---. ---- 170 77 _--- wa uee WwW W ee Lee W WwW 
Virginia_......-.. -_-. ---- W W 5 2 WwW W ee Lee 11 20 
Washington_______ WwW W 1,520 1,225 964 332 174 276 79 40 376 465 
West Virginia. -___- WwW WwW WwW a 
Wisconsin.__._.._. 158 99 1,443 799 459 229 17 21 _--. LLL W WwW 
Wyoming...__._-. 295 110 60 46 29 26 168 127 1 1 1387 37 
Undistributed_._._.. 816 899 2,019 1,849 _.._. -_____ 2,188 2,455 -_._ -... 1,944 3,282 

Total..__.. 2,768 2,416 27,066 19,592 16,144 6,990 11,069 13,611 1,323 1,009 8,658 11,521 
American Samoa_.  _.--  ----) eee wee eee ee eee eee nen eee eee eee 
Panama Canal 

Zone &_.____-_--- eee eee ee ee ee ee eee ee eee ee eee ee eee 
Puerto Rico e.__--. ---- ---- 675 a 

nn 
e Estimate. W Withheld to avoid disclosing individual company confidential data; included with 

“Undistributed.”’ 
1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 
2 Less than 4 unit.
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Table 7.—-Sand and gravel sold or used by producers in the United States 
by classes of operation and degree of preparation 1 

(Thousand short tons and thousand dollars) 
vn NS SSN 

1969 1970 

Quantity Value Quantity Value 
i 

Commercial operations: 
- Prepared___..._----------.---------------------- 7 668,413 + $853,835 680,319 $887,792 
Unprepared._...--.---------------~--+----------- 62, 569 41,766 52,167 34,794 

Total 2.__------------------------------------- r 730,980 * 895,599 732,493 922 , 564 

Government-and-contractor operations: 
Prepared...._----------------------------------- 156 ,394 142 , 967 184,120 177,976 
Unprepared___._.-..----------------------------- 49 , 793 31,103 27,333 15,164 

Total 2_._-...----.----.---------~--------------- 206,189 174,070 211,454 198,145 

| Grand total 2_.____-__--_--_--------------------- 7 987,169 1,069,667 948,941 1,115,705 
i 

i r Revised. : | 
1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 
2 Data may not add to totals shown because of independent rounding. 

Table 8.—Number and production of domestic commercial sand and gravel plants, 
by size of operation 1 : 

ere eer nm fi cf IY SSS SS 

| 1969 . 1970 

Annual production | Plants 2 Production Plants 2 Production 
(short tons) $$$ 

Number Percent Thousand Percent Number Percent Thousand Percent 
. of total short tons of total ' of total short tons of total 

Less than 25,000_.._--...---- 2,875 37.7 26,219 "3.6 2,042 34.5 22,183 3.0 

25,000 to 50,000_.-._....-.---- 1,047 16.6 38,513 5.3 1,016 17.2 86,929 5.1 
50,000 to 100,000__-..-.-----. 1,023 16.2 74,626 10.2 1,020 17.2 75,971 10.4 
100,000 to 200,000____.-._---- 855 13.6 122,222 16.7 856 14.5 124,013 16.9 

200,000 to 300,000___.._------ "415 . 6.6 100,679 * 13.8 371 6.3 92, 858 12.7 

300,000 to 400,000___.._-_--~-- 208 3.2 72,899 10.0 216 3.6 75.000 10.2 

400,000 to 500,000______-_---- 113 1.8 50,139 r6.8 130 2.2 58,271 8.0 

500,000 to 600,000_.____------ 81 - 1.3 44,377 6.1 62 1.0 34,707 4.7 

600,000 to 700,000-__.-..----- 40 6 25,810 3.5 51 9 32 , 984 4.5 

700,000 to 800,000___.__-_--.-- 41 6 30,794 4.2 31 .5 23,240 3.2 

800,000 to 900,000. __...-_----- 20 3 17,072 2.3 30 5 25,773 3.5 

900,000 to 1,000,000____-_---- 18 .3 17,278 2.4 24 4 23,741 3.2 

1,000,000 and over___-._------ 73 1.2 110,352 15.1 69 1.2 106,873 14.6 

Total.__..__.._.._._.--. 6,309 100.0 «730,980 100.0 35,918 100.0 732,493 100.0 
rer 

r Revised. | 
1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 
2 Includes a few companies operating more than 1 plant but not submitting returns for individual plants. 
3 Not comparable to previous years. 

Table 9.—Sand and gravel sold or used in the United States, by classes of operation 
and methods of transportation 1 

Nee ee Tee en eer nnnnen aca nn enm nn ne ene enn ene nnn nnn me 

1969 1970 

Thousand Percent Thousand Percent 
. short tons of total short tons of total 

eee ee 

Commercial: 
Truck_.____.-------------------------------- 7 642,025 69 643 , 853 68 
Rail__..-___-.------------------------------ 56,565 6 52,034 6 
Waterway___.------------------------------- 31,912 3 30,638 3 
Unspecified. __.------------------------------ 477 (2) 5,957 1 

Total commercial 3____....--------~+--------- 730,980 78 732,493 78 

Government-and-contractor: Truck 4__....---------- 206,189 22 211,454 22 

Grand total 3______._--_-------------------- | ™ 937,169 100 943 ,941 100 
rr ec Le 

r Revised. . 
1 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 
2 Less than 0.5 percent. . . 
3 Data may not add to totals shown because of independent rounding. 
4 Entire output of Government-and-contractor operations assumed to be moved by truck.
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Table 10.—Ground sand sold or used by producers in the United States,1 2 by uses 

(Thousand short tons and thousand dollars) 

a eNOS . 

1969 1970 
Use ————— 

Quantity Value Quantity Value 
SUR Senn TU ee 

Abrasives._____.-.._.---------------------------- 258 $2,191 260 $2,196 
Chemicals. _...-..__.----.-..---------------+----- 291 -799 V7 651 

Enamel_____..-_--...---~-----------------+------- 52 493 45 450 

Filler.____-.___---__.-.--..--------------------- 123 1,253 152 1,281 

Foundry uses__..._._-.-.----------+------------- 274 1,725 ~~ 206 1,485 7 

Glass_____-_.-----__---------------------------- 330 1,951 349 2,080 

Pottery, porcelain, tile...._.--_------------------- 269 2,913 261 3,168 

Unspecified. _.........--------------------------- 309 3,132 861 3,912 

Total 3___________._.-____----------------- 1,900 14,460 2,211 15,226 
eee eee 

1 Arkansas, California, Florida, Georgia, Illinois, Indiana, Kansas (1970), Kentucky, Louisiana, Maryland, 

Michigan, Minnesota, Missouri, Nevada (1970), New Jersey, New York, Ohio, Oklahoma, Pennsylvania, 

South Carolina, Tennessee, Texas, Utah, Virginia, Washington, West Virginia, and Wisconsin (1970). 

2 Excludes American Samoa, Panama Canal Zone, and Puerto Rico. 
3 Data may not add to totals shown because of independent rounding. 

Table 11.—U.S. imports for consumption of sand and gravel, by class 

, (Thousand short tons and thousand dollars) . 

nN nN 

. Sand, n.s.p.f., crude 

. Glass sand ! or manufactured, Total 

Year and gravel 

Quantity Value Quantity Value Quantity Value 
a Y 

1968___..-._..---__--.-------------- 25 $144 729 $984 754 $1,128 

1969________-_____._.---------------- 43 194 r 855 1,253 r 898 1,447 

1970_....----_----_------.---------- 64 262 815 1,338 879 1,600 

t Revised. | 

1 Classification reads: ‘Sands containing 95 percent or more silica and not more than 0.6 percent oxide of 

iron and suitable for manufacturing glass.”
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| By Frank L. Fisher? | 

Production of silicon metal and ferrosili- ume, continued to be an important cog in 
con increased during the year to meet the the electronic industry. One company an- 

growing consumer demand for a wide vari- pounced the production of its 50 millionth | 
ety of products. A scarcity of ferrosilicon li lectronic devi . the metal 
in Europe and Japan continued to buoy SI scon electronic Cevice since © me 

up the worldwide price. High-purity and Was introduced in electronic applications 

ultra-high-purity metal, while small in vol- in 1957. | 

DOMESTIC PRODUCTION 

Production of silicon metal showed an — product. Production of miscellaneous sili- 
approximately 8-percent increase over that con alloys dropped sharply compared with 
of 1969. Producer stocks were higher, in- the previous year. Foote Mineral Company 
creasing to 6,089 tons during the year. The began production of silicon metal at its fa- _ 
rise in production paralleled the world-  cility in Wenatchee, Wash., and the Jack- 
wide increase in demand for ferroalloys. son Iron & Steel Company, Jackson, Ohio, 
The larger electric furnaces with closer op- ceased silicon metal production in 1970. 
erational control introduced in 1970 re- 7 

sulted in a more uniform, higher-quality 1 Physical scientist, Division of Ferrous Metals. 

Table 1.—Production, shipments, and stocks of silvery pig iron, ferrosilicon, and 
silicon metal in 19701 | 

(Short tons, gross weight) 

Silicon Producers’ Producers’ 
Alloy content stocksasof Production Shipments stocks as of 

| (percent) Dec. 31, 1969" Dec. 31, 1970 

Silvery pig iron.______...._------.-... 5-24 WwW Ww WwW WwW 
Ferrosilicon (includes briquets)__........ 25-55 32,273 423,774 331,338 63 ,197 

Do. __.-------------.-----.-.---. 56-70 WwW w Ww Ww 
Do-_.__-------------------------- 71-80 14,389. 139,315 138 ,172 22,875 
Do-____-_----------------------.. 81-95 2,324 10,004 11,050 1,602 

Silicon metal (excludes semiconductor 
grades).__________________-__..-.... 96-99 8,928 109,011 97,725 6,089 

Miscellaneous silicon alloys (exclusive of 
silicomanganese)_______..----------.  ----- 4,640 48 ,659 39,344 8,694 

Other silicon alloys and products__......  _---- 1,936 7,306 6,380 2,890 

r Revised. W Withheld to avoid disclosing individual confidential data. . 
1 Excludes ferrosilicon used to make other silicon alloys. 
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Table 2.—Producers of silicon alloys and/or silicon metal in the United States in 1970 | 

| Producers _ Plant location Product 

Air. Reduction Co. Inc., Airco Alloys and Carbide Calvert City, Ky..--------. FeSi. 

ivision. 
Do... - once c ee cc cece cee eeeceeee------------ Niagara Falls, N.Y_-------- FeSi, silvery iron. 

Universal Oil Products Co., Alabama Metallurgical Selma, Ala___..------------ FSi. 

Corp. Division. 
Chromium Mining and Smelting Corp. -_-.--.--------- Woodstock, Tenn_.._.._---- Do. . 

Foote Mineral Co.__---...------------------------ Graham, W. Va-_.---------- Do. 

Do_____. eee eee ee ee ee eee eee eee e eee --------- Keokuk, lowa_-_------------ FeSi, silvery iron. 

Do ___ owen eee ee eee eee eee eee----------- Vancoram, Ohio__---------- FeSi. 

Do... ee eee ee ee ee eee eee ee eeeu----i------- Wenatchee, Wash---------- FeSi, Si. 

The Hanna Furnace Corp.___.---.----------------- Buffalo, N.Y--------------- Silvery iron. 

Hanna Nickel Smelting Co________...--..---------- Riddle, Oreg--------------- FeSi. 

Interlake Steel Corp__..--------------------------- Beverly, Ohio___.__..._-.-. FSi, Si. 

National Metallurgical Corp_...------.------------- Springfield, Oreg___-------- Si. 

Ohio Ferro-Alloys Corp__.._------------------------ Brilliant, Ohio___..--_--_-- FSi, Si. 

Do_._____ en eee eee eee eee eee eee e--------- Philo, Ohio__-------------- | Do. 

Do... _.. ewe eee eee eee ee eeeeeees---------- Powhatan Point, Ohio- ----- Do. 

Do______ oe eee ee eee eee eee eee eee ee eeee----- Tacoma, Wash-__----------- Do. 

Reynolds Metal Co____---------------------------- Sheffield, Ala____.--------- Si. 

Union Carbide Corp., Ferro Alloys Division._._------ Alloy, W. Va___.---------- FeSi, Si. 

Do_____._. eee eee ee eee eee eeee------------- Ashtabula, Ohio__.--------- FeSi. 

Do_____.. eee eee eee eee eeee------e----- Marietta, Ohio__..--------- Do. 

Do___._.___ eee eee eee eee eee neu-ee----------- Portland, Oreg_-..--------- Do. 

Do___.. 8 eee eee eee eee eee eeeuee----------- Sheffield, Ala__.--.-------- Do. 

Woodward Corp___.-...--------------------------- Woodward, Ala-~-_--------- Do. 
A 

| CONSUMPTION AND USES | 

The use of silicon and its compounds ued demand for silicone products seems as- | 

~ decreased from that of 1969. One exception sured because of the inherent properties 

was 56-70. percent ferrosilicon, which they exhibit on chemical inertness, heat 

showed a 45 percent increase in consump- stability, water repellency, and dielectric 

: tion. The consumption of silicones and strength. Smce General Electric Co. intro- 

high-purity electronic-grade silicon metal duced the _ silicon controlled rectifier 

continued to show gains as expanded mar- (SRC) in 1957, this one company has pro- 

kets developed for these products. Contin- duced more than 50, million such devices. 

Table 3.—Consumption by major end uses and stocks of silicon alloys and metal 
in the United States in 1970 

(Short tons) 

a 

. ; Ferrosilicon ! 
Silvery © i Silicon Miscel- . 
pig iron Silicon content (percent) metal laneous 

——————— ——__ Silicon 
5-24 25-55 56-70 71-80 81-95 96-99 alloys 2 

Steel: 
Carbon_______..------- 5,815 104,561 13,124 19,922 177 WwW 14,710 

Stainless and heat- 
resisting... ._.------- Ww 16,626 174 5, 746 132 119 421 

Alloy (excludes stainless 
and heat-resisting).... 4,987 42,160 3,172 35,973 1,035 1,423 3,295 

Tool____-------------- _~----- 2,061 WwW 661 WwW WwW WwW 

Cast irons___.____-.------- 181,634 134,710 1,450 18,654 4,729 WwW 47,123 

Superalloys._.__.---------- WwW 391 WwW 23 WwW WwW 9 

Alloys (excludes alloy steels 
and superalloys) ---------- WwW 3,517 WwW WwW WwW 42,757 WwW 

Miscellaneous and unspeci- 
fied__._______.--..------ 6,046 14,363 242 618 6,075 16 ,394 4,426 

OTs ES — ees S$ 

Total____...--.------ 147,982 318,389 18,162 81,597 12,148 60, 693 69,984 

. Consumers stocks Dec. 
$1, 1970___._--.---. 12,723 29,045 1,766 5,118 2,098 6, 849 8,456 

W Withheld to avoid disclosing individual company confidential data; included in ‘‘Miscellaneous and un- 

specified.” 
1 Includes briquets. | 
2 Includes magnesium-ferrosilicon and other silicon alloys.
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PRICES 

Silicon metal and ferrosilicon prices in- size. The prices were higher for finer mesh creased during the year. An additional material. Quartz rock crystals were quoted price increase announced in December will at $330-$1,100 per short ton and optical be effective by mid-January 1971. Silica, quality at $2.50-$50 per pound. The amorphous in 50-pound bags was quoted higher prices are attributed to rising raw at $27 per short ton at the end of 1970 for material, labor, power, and environmental the 96-99 percent through 200-mesh screen control costs. 

FOREIGN TRADE 

Exports of ferrosilicon increased sharply Japan were the major sources of imported during the year with 44,694 short tons ex- ferrosilicon among the 10 countries export- ported valued at nearly $11.9 million. West ing the metal to the United States. Germany was the major importing country 
follo i . eye ovowed by Romania, Canada, and Jap an Table 4.—U.S. exports of ferrosilicon T'wenty-two other countries reported ship- | : ments of ferrosilicon from the United rr. aa States. Imports were down approximately Year Short tons (thousands) . 30 percent although the value totaling 1968... "18.372 ga aero 872 $4,481 $4.1 million was about the same as that 1969__......__.... 6, 487 1,666 imported in 1969. Canada, France and 1970._._--.._--... 44°694 11,887 eee 

Table 5.—U.S. imports for consumption of ferrosilicon, by grades and countries 
1968 1969 1970 

Short tons Short tons Short tons Grade and country —_————— Value ——_——__—_- Value ————— Value . Gross Silicon (thou- Gross Silicon (thou- Gross Silicon (thou- weight content sands) weight content sands) weight content sands) 
8 percent but less than 60 

percent silicon: 
Canada_____________ 12,419 2,608 $729 15,344 4,515 $1,074 9,450 1,738 $652 France______________ 354 171 97 612 +1294 +181 1,395 670 473 Germany, West______ 281 130 74 TT 39 22 402 - 200 119 Italy___---- eee ----- 31 15 11 80 38 21 Japan___._--_-...... 8,459 1,705 884 8,534 1,683 850 2,035 958 595 Norway__.__________ 1 () (1) 3 1 @Q 59 26 18 South Africa, Repub- 

lie of--_- eee eee Le 64 82 5 
7 a Total__-...-__--.. 16,514 4,614 1,784719,665 *6,579 © 2,141 13,421 8,630 1,878 

60 percent but not over 80 
' percent silicon: 

Canada_______.---_.  ____ ‘eee eee 1,379 1,067 261 4,722 38,648 908 France....__________ 1,849 1,127 550 *2,465 1,624 ‘676 2,676 1,684 1,010 Germany: 
Fast_.22----- eee weeeee Leet Lee 28 21 10 West___--______- 462 277 137 404 248 120 405 248 128 India___ 2222 eaeeee noe 1,925 1,444 269) LLL eee LLL Lee Japan_--_-- weeeee 661 529 180) __---- Leet Le Norway__._.________ 1,037 794 141 3,471 2,645 453 620 464 92 Rhodesia, Southern__. 1,459 1,117 186 eee eee eee LeeLee South Africa, n.e.c____ 21 16 rr 

South Africa, Repub- 
lic of___---..---... 1,292 1,006 183 1,410 1,095 203 488 330 69 Yugoslavia. _________ 1,920 1,378 150 2,101 1,599 295 _----. ------ «----- . $9 arr rer oor 
Total. __.....--.. 8,040 5,710 1,350 518,816 10,251 + 2,407 8,884 6,345 2,217 

Over 80 percent but not 
over 90 percent silicon: 

Italy____.-2 178 153 38 20 17 4 _-----  u----- Hee -- South Africa, Repub- 
lie of__-. 222. 158 135 85 113 97 25 99 85 22 eh 
Total__.__.._..... 386 288 73 133 114 29 99 85 22 SSS 

Grand total__...._. 24 ,890 10,612 3,207 88,614 16 ,944 4,577 22,404 10,060 4,117 

1 Less than 14 unit.
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: By J. M. West 1 

Mine production of silver was up 7 per- Declining consumption of silver was at- 
cent to 45.0 million ounces, imports ex- tributed to the general economic recession, 
ceeded exports by 34.7 million ounces, and which particularly reduced consumption by 
consumption, including that for coinage, the automotive, electronics, aerospace, and 
declined nearly 20 percent to 129.1 million appliance industries, and to a slack in de- 
ounces in 1970. The outstanding event in fense procurement. Uses in electrical con- _ 
silver was the price reaction after General tacts and conductors, photographic mate- 
Services Administration (GSA). stopped its rials, brazing alloys and solders, and — 
weekly sales of silver on November 10; in- catalysts were the principal losers. Silver 
stead of rising as this source of supply was used in commemorative coins and medals 
withdrawn, prices fell, the sharpest drop rose sharply to an estimated 7 million 
beginning on November 25, and bottomed ounces, despite other declines in demand 
out for the year on December 40 at for sterling and electroplated silver prod- 
157.200 cents per ounce (New York, Handy — ucts. Silver use in U.S. coins dropped to 
& Harman). Trading of silver futures on 0.7 million ounces, but legislation was 
the New York Commodity Exchange passed at yearend to coin 40-percent-silver 
(COMEX) and Chicago Board of Trade Eisenhower dollars that will consume 
increased during the year, and a new mar- about 47.5 million ounces of Treasury sil- 
ket for trading silver futures was opened ver within the next 5 years. Part of this | 
on the West Coast Commodity Exchange T Physical scienti Divisi £ Nonf 

at Los Angeles, Calif., on October 15,1970. era? SDESE «Division of Nonferrous 

| Table 1.-Salient silver statistics a 
Eee 
1966 1967 1968 1969 1970 

ene 
United States: | 

Mine production... --thousand troy ounces_. 43 ,669 32,345 32,729 41,906 45,005 
alue______._..-.----.--..-thousands__ $56,464 $50,135 $70,191 $75,040 $79,696 

Ore (dry and siliceous) produced: . . 
Gold ore____.______-thousand short tons... 2,580 2,815 2,003 2,002 2,092 
Gold-silver ore_._........-.---.--do__.- 248 157 199 216 104 
Silver ore_____-_-2--_-_ do. ee 1,069 904 701 755 674 

Percentage derived from— 
Dry and siliceous ores__....__.._..-.-.-- 83 39 39 36 33 
Base-metal ores___........-....---.---- 67 61 61 64 67 

Refinery production 1__thousand troy ounces__ 2 48,358 30,268 *34,052 * 51,676 54,688 
Exports §___2.--_- 2 doe. 85,538 70,769 125,761 88,909 27,614 
Imports, general *_______........._.-.do_.-- 63 , 032 55, 520 70,709 71,876 62,300 Stocks Dee. 31: | 

Treasury 4. _....... million troy ounces__ 594 351 256 104 25 
Industry 5_____...thousand troy ounces_ 57,244 88,358 166,356 *198,790 210,150 

Consumption: Industry and the arts_...do.... 183,696 171,081 145,293 141,544 128,404 
. Coinage_.._..2-----------2 2-2 doi. 53 , 852 43,851 36,833 119,407 709 

Ww jirice $______--.-.--..------per troy ounce__ $1.2938+ $1.550-+ $2.144+ $1.790+ $1.771— 
orld: 

Production. _.__.....-thousand troy ounces.. 266,731 258,208 275,264 290,469 301,745 
Consumption: Industry and the arts__.do.__. 355,100 * 346,800 * 349,600 *364,400 357,600 

. Coinage 7_._...-..-...---------------do_._.. © 129,500 "105,300 *89,3800 * 55,700 40,300 $s 
t Revised. 
1 From domestic ores. 
2 U.S. Bureau of the Mint. 
3 Excludes coinage. oO . 
‘ Excludes silver in silver dollars. 
5 Includes silver in COMEX warehouses and silver registered to Chicago Board of Trade. 
6 Average New York price. 
7 Free world only. Source: Handy & Harman. 
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silver will come from a reduction in the Directives were issued to Department of : 

National Stockpile requirement and the the Interior bureaus and offices to establish 

balance from existing Treasury stocks. Pro- and pursue programs for recovering silver 

ducer-consumer stocks declined 3.4 million from photographic fixing solution and 

ounces to 82.2 million ounces during the scrap film.2 Installation of local silver re- | 

year, but COMEX and Chicago Board of covery units for hyposolutions was advo- 

| Trade stocks rose a total of 14.8 million cated wherever feasible. 

ounces. Legislation enacted December 31, 1970, 

Legislation and Government Programs. provided for minting 150 million 40-per- 

| —GSA weekly sales of Treasury silver, cent silver, clad Eisenhower dollars during 

which began August 4, 1967, were termi- 1971-75 to be sold at premium prices of 

nated after the last sale on November 10, $10 for proof coins and $3 for others. The 

1970. During this period, foreign and do- act, Public Law 91-607, also provided for 

mestic bidders purchased 304,886,975 fine minting composite cupronickel Eisenhower 

troy ounces of contained silver for a total dollars and Kennedy half-dollars for gen- 

payment of $561,864,722. Sales of Treasury eral circulation. The new coins were ex- 

: silver’ during 1970 totaled 67.2 million pected to become available by or before 

ounces at offerings of about 1.5 million mid-1971. The GSA Administrator was di- 

ounces each week. On June 2, 1970, the rected to transfer to the Secretary of the 

GSA set a 5-percent deposit to accompany Treasury 25.5 million fine troy ounces of 

all bids, which was to be sacrificed in silver from the 165 million ounces in the 

event of default. National Stockpile, thereby reducing the 

The Treasury program for melting silver stockpile to the revised requirement level 

coins, which began in 1968, was completed of 139.5 million ounces. Also, GSA was au- 

on June 30, 1970, and yielded a total of thorized to sell on a bid basis about 2.9 

212,269,681 ounces of fine silver. This pro- million uncirculated, 90-percent silver dol- . 

gram contributed to the supplies sold lars, most of them minted in Carson City, 

weekly by GSA. Most of the coins, 90-per- Nev., between 1878 and 1891 and stored in 

cent silver, had accumulated after mid- Treasury vaults. 

1967 at the Federal Reserve banks as the Exploration assistance was provided by 

result of substitution and nonrecirculation. the Office of Minerals Exploration, U.S. 

The Federal Reserve Board proposed a Geological Survey, on three silver and 

regulatory amendment that would prevent gold-silver deposits, two of which were in 

member banks from counting silver coins California and one in Nevada. The -total 

held for either bullion or numismatic value of contracts negotiated for silver 

value as part of their required reserves, prospects was $40,135, of which the Gov- 

| but no action was taken in 1970. ernment share was $37,600. 

DOMESTIC PRODUCTION | 

Mine production of recoverable silver Twenty-five leading silver producers con- 

rose 7 percent in 1970, mainly as a result tributed 81 percent of the total output, 

of increased byproduct output from copper four of these (first, second, seventh, and 

mines in Montana, Arizona, New Mexico, eighth) mining silver ores alone and the 

and Utah. Base metal ores supplied 66 others mining base metals, in general. Ten 

percent and silver ores 32 percent of the mines produced over 1 million ounces of 

total output; the small remainder came _ silver each, and their combined outputs 

from gold and_ gold-silver production. equaled 62 percent of the total domestic 

Idaho, where ores are mined largely for Production. Domestic mines provided 35 

their silver content, recorded a l-percent Percent of the total silver consumed in in- 

increase in production. Idaho contributed oy an ine maine. of the Sunshine 

42.5 percent of the total U.S. output of sil- a a ine, of the sunshi 

ver, down almost 3 percent compared with Mining Co. in Idaho's Coeur d Alene Te- 

1969. Arizona, Utah, and Montana were on remained the country’s leading silver 
" te . mine. Production reported by the company 

the next highest in output, accounting for | 

16, 13, and 10 percent, respectively, of the 2Federal Register. Reclamation of Precious 
Metals and Critical Materials. V. 35, No. 124, 

total. June 26, 1970, p. 10433.
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was 8,441,961 ounces, about 1 percent eign) of 12,576,000 ounces in 1970 in- | 

higher than in 1969. Ore grade averaged cluded 1,206,310 ounces from its new Twin 

33.4 ounces per ton, compared with 30.8 Buttes copper mine in Arizona and 966,428 

ounces in 1969, reflecting the use of im- ounces from its Butte, Mont. operations. 

proved mining techniques. Silver ore re- ASARCO completed a 1,650-foot produc- | 

serves were increased to over 1 million tion shaft at its Leadville, Colo., lead-zinc-_ 

tons by Sunshine Mining Co.; the company silver project and began construction of a 

planned a 50-percent participation in dia- _700-ton-per-day mill. Ore reserves of 2.4 

mond drilling on the new 4,800-foot level million tons were established containing 

of the Silver Syndicate mine. _ significant values in silver. The Mayflower 

Hecla Mining Co. reported 6,245,087 mine of New Park Mining Co., in the 

ounces of silver produced in 1970, down 5 Park City district, Utah, which was oper- 

percent from 1969 output. The firm’s ated under lease by Hecla Mining, pro- 
Lucky Friday mine in Idaho supplied duced 115,762 tons of ore averaging 5.2 

200,448 tons of ore averaging 14.35 ounces ounces of silver and 0.5 ounce of gold per 

of silver per ton, 9.81 percent lead, and ton, 4.5 percent lead, 2.9 percent zinc, and 

1.09 percent zinc. During the year, reserves 1 percent copper; ore reserves were 240,000 | 

at Lucky Friday were increased from tons at yearend. Duval Corp. was expected 

598,000 to 624,000 tons. Development to to recover about 0.5 million ounces per 

the 3,650-foot level of the mine was esen- year from its Sierrita copper-silver-molyb- | 

tially completed, and a mine shaft station denum mine in Arizona, which went into | 

was cut at the 4,050-foot level. initial production in 1970. Homestake 

Hecla Mining participated with the Mining Co. operated the Bulldog mine at 
American Smelting and Refining Co. Creede, Colo., where reserves in early 1970 

(ASARCO) in development of the Silver WETC 409,000 tons averaging 21.8 ounces of 

Summit mine of Consolidated Silver Corp. _ Silver per ton and 2.7 percent lead. 
in the Coeur d’Alene; the main shaft was Estimates of large quantities of low- 
being extended from the 3,000-to the grade silver ores associated with lead, zinc, 

4,000-foot level, and deeper development and manganese in Colorado were reported 
was planned. At the Galena mine, under and recommendations made for future 

lease from Callahan Mining Corp., development? ; 
ASARCO produced 3,619,630 ounces of sil- Sunshine Mining Co. considered con- 

ver and 1,261 tons of copper from 154258 struction of a silver refinery near Kellogg, 

tons of ore and scheduled new develop- Idaho, based on a process of roasting con- 

ment on the 4,600-foot level. At the Coeur centrates followed by hydrometallurgy and 
_ project of Coeur d’Alene Mines Corp., electrolysis, but had made no decision on 

ASARCO, and Day Mines, Inc., ore re- the project at yearend. Ag-Met, Inc., began 
serves were developed totaling 235,000 tons production of secondary silver, mainly 

and averaging 25.1 ounces of silver per ton from discarded film and photographic 
and 0.9 percent copper. chemicals, at Lofty, Pa., and expected out- 

Bunker Hill Co. produced 3.4 million Put to reach 6 million ounces in 1971. 

ounces of silver in 1970, of which 1.4 mil- Sabin Metal Corp. recovered silver from 

lion was from the Crescent mine, where photographic materials in its new plant at | 

output was to be doubled in 1971. Sub- Rochester, N.Y. oo 
- stantial tonnages of silver-lead ore were Smelter. and refinery reports in 1970 
developed on the new 1,500-and 1,750-foot showed that 56.0 million ounces of silver 

levels of the Dayrock mine of Day Mines, 8 Produced from old scrap and 24.0 mil- 
Inc. : lion ounces from new scrap compared with 

Kennecott Copper Corp. reported silver revised 1969 data of 79.8 mamon ane ee 

production of 4,338,730 ounces in 1970, the million ounces, respective y, for © din . 

bulk coming from its Bingham Canyon, new sarap. Smelter production, including 
Utah, copper operations. The Anaconda silver from domesti c and mpe rted_sources 

Co. undertook a joint venture with totaled 1 61.4 million ounces 1970 com- 

ASARCO in 1970 to explore and develop pared with 1992 million ounces in 1969. 

new lead-zinc-silver reserves for United 3 Meeves, Henry C., and Richard P. Darnell. 

Park City Mines Co. in Utah. Anaconda’s Silver potential and Economic Aspects of the ead: 
entire silver production (domestic and for- Circ. 34641970, 105 pp.
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CONSUMPTION AND USES 

Silver consumption in industry and the Use of silver in coinage by the U.S. Bu- 
arts, as reported to the Bureau of Mines reau of the Mint declined to 0.7 million 
by manufacturers and consumers, declined ounces, compared: with 19.4 million ounces 
9 percent from the quantity.consumed in in 1969. Only limited numbers of clad 
1969. The greatest drop was in use for half-dollar, 40-percent silver coins were 
electrical/electronic contacts and conduc- produced. : 
tors which was down 18 percent. Declines CBS Electronic Video Recording Co., Di- 

were recorded for uses in photography, vision of Columbia Broadcasting System, 
sterling and electroplated wares, mirrors, [nc,, prepared to market a cassette televi- 

prazing ams ane solders, catalysts, and sion system utilizing silver halide photo- 
| arings. the slump in consumption was  praphic film for reproduction. The poten- : 

attributed mostly to the general economic tia] for expanded consumption of silver for 
| recession in 1970 rather than to any tech- this _ Purpose was believed sizable.4 Other 

nological changes affecting use patterns; significant new markets were foreseen in 
anor factor was reduced mee oe commemorative coins and medals, meteor- 
mand. A significant increase was noted in ological applications, and germicidal and 
use of silver for batteries, largely related to fungicidal uses. Eastman Kodak Co., the | 
their utilization. in submarines. Most, if leading consumer of silver in photographic : 
not a of this silver will be reclaimed and products, planned major capital expendi- 

recycle after serving its purpose. Con- tures for plant expanisons in 1971.5 Sev- 
. sumption in jewelry posted a significant eral new palladium and silver conductor 

increase; other expanding uses were in inks for electronic circuits were marketed,é 
_ dental and medical supplies. : and favorable customer acceptance was re- 

Silver consumed in commemorative med- Ported for silverplated stainless steel.7 
als and other collector’s items rose sharply Pnoronon7ons eae o raver Re- 
during 1970, largely the result of expanded vith 4 ot S Phot tt hi fl " f 7 coen. 

: activities by the Franklin Mint, which ded- 0" 5) VETESS Poo eae a nor expe 
icated a modern silver casting a d mintin imental use in duplicating systems;8 a sil- 

facjlit a t Frankli € C stung P, an he verless process described as a breakthrough 

aciity at Branklin Center, Fa, im the in high-temperature, soft-soldering was 
any part of the year: oan contributed to developed. The technique employing a 

| he Increase - c 0 Sevex aneous category sacrificial metal coating for use on copper, 
shown in table 9. Several other private copper alloys, and low-carbon steel was. 

| mints also sold commemorative silver in said to be applicable to automobile radia- | 

various forms. tors and home appliances. . 

| STOCKS | 

During 1970 the outflow of Treasury of reported industrial stocks of about 81.9 
bullion totaled 67.9 million ounces, includ- million ounces, visible stocks totaled 235 
ing 67.2 million ounces sold through GSA = ——-—-__— 
gore ti d 0.7 i 5 GS * Wilcox, R. L. Silver-Free At Last and Gold— 

' ised y auctions ve 4 rT. 10n  tocks The Growth Commodity. American Metal Market. 
used in coinage. Yearen reasury stocks recious Metals Report, Sec. 2, Feb. 25, » PP. | timated at 251 million ounces in ¢47 BA» and 13A. 
were estimated a -+ muhon ounces in ° American Metal Market. Eastman Kodak Plans 
bullion, coin bars, and coinage metal fund $364 Million in Worldwide Capital Expenditures. 
I N York Commodity Exch V. 78, No. 17, Jan. 26, 1971, p. 12. 
COMEX) L TINO 1. XC Nes ‘ 6 American Metal Market, Palladium:Silver Used 

stocKs at yearend were . or Conductive Inks. V. /#/, No. » sept. il, 
oy ) tl ith 1129 mil 1970, p. 15. 
ailon ounces, compared wi J mMu- 7 American Metal Market. Silver-Plated Stainless 

lion ounces on December 31, 1969. Chicago Farability, Outstanding. V. 77, No. 102, May 21, 
“a1: , p- 8. 

Board of Trade stocks were 11.6 million ““s American Metal Market. Makes First Delivery 
ounces at yearend, compared with only 0.3 of Nonsilver Film. V. 77, No. 161, Aug. 21, 1970, 

eae p. . 
million ounces on December 31, 1969. No ® Schwaneke, A. E., Wilbert L. Falke, and Orrin 
stocks were reported held by the West K. Crosser. vt New. High, Temperature, Soft-Solder 
Coast Commodity Exchange. With addition 1970, 17 Dp. Ines tech. Prog. Kept. <9, December
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million ounces at yearend. Sizable but un- coins remained in private hands and bank 
measured. stocks in the form of bars and vaults. 

| PRICES / 
New York prices for silver in 1970, as an average of 183.4 cents per ounce. Dur- 

quoted daily by Handy & Harman in cents ing the total period of weekly Treasury 
per ounce, reached a high for the year of — silver auction sales, which began August 4, 
193.00 on January 29, declined to 157.50 in 1967, 140 purchasers were awarded a total 
late May, and rose to peaks of 186.00 in of 304,886,975 troy ounces of contained sil- 
August and early September. Prices then ver on bids totaling $561,864,722 for an av- | : 
declined but rose again to about 180.00 at erage payment of 184.3 cents per ounce of 
the end of October, followed by a drop to _ silver. 
the year’s low of 157.20 on December 10. — Futures trading of silver continued on 
At yearend the price had recovered to COMEX, with a volume for the year of 
163.50. The average price for 1970 was 6.9 billion ounces, compared with 6.6 bil- 
177.082 cents per ounce. lion ounces in 1969. Record trading of 

Prices for spot delivery of silver on the nearly 810 million ounces took place in — 
London market (in U.S. equivalent) the month of November; November 24 was 
ranged from a high of 192.80 cents in the peak day, 168.4 million ounces chang- 
March to a low of 156.80 cents in May ing hands. December’s closing prices for : 
and averaged 176.575 cents for the year. future delivery, in cents per ounce, were 

Prices were influenced during the year 163.60 (January 1971), 177.50 (December 
by sales of Treasury silver through GSA 1971), and 184.00 (May 1972. Silver fu- 
and by speculative activities which caused tures trading was also active both on the 
an unexpected market reaction when sales Chicago Board of Trade, where 1.8 billion | 
were terminated on November 10: Instead ounces was traded in 1970, and on the 
of rising when this supply was cut off, newly established market on the West 
New York spot prices quoted at 181.00’on Coast Commodity Exchange, where 66 mil- 
November 10 continued to drop. Final lion ounces was traded between October 15 
sales‘on that date went to one bidder at and the end of 1970. | 

a FOREIGN TRADE - | 

Silver exports declined sharply in 1970. ounces or 47 percent was in the form of: 
to 27.6 million ounces, less than one-third refined bullion. The main sources of im- 
of the total exported in 1969. Exports of ports were Canada (59 percent) and Peru | 
bullion went mainly to Switzerland and (18 percent); the balance was provided by 
Japan, and those of waste, scrap, and 22 other countries. 
sweepings went mainly to Belgium-Luxem- The result of foreign trade in silver was 
bourg and Canada. a net import of 34.7 million ounces, com- 

Silver imports declined 13 percent to pared with the net export of 17.0 million 
62.3 million ounces, of which 29.6 million ounces in 1969. 

WORLD REVIEW 

World production of silver rose about 62 percent from the Western Hemisphere. 
11.3 million ounces or 4 percent to a total World consumption in arts and industry 
of 301,745 million ounces. Peru recorded was estimated to be about 358 million 
the largest increase and, Canada, despite ounces, down 7 million ounces from that 
an increase, dropped to second place be- of 1969. Free world use of silver in coinage 
hind the United States as the world’s larg- was estimated at 40.3 million ounces, down 
est producer. Declines were noted in out- from 55.7 million ounces in 1969. The de- 
puts for only a few countries. About 44 cline was accountable to the sharp drop in 
percent of world production of silver came U.S. coinage to less than 1 million ounces 
from the North American Continent and in 1970, Much of the gap between world
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production and consumption continued to about 1,500 feet. Drilling continued in 

be supplied by the weekly auctions of the early 1971. | Oo a 

U.S. Government through GSA sales of Massive sulfides were found in limited 

Treasury silver. The last of these auctions drilling by Jododex (Australia) Pty. Ltd. 

was held November 10, 1970; thereafter, near Tavago in New South Wales. Early 

; only industry sources, commodity trading estimates indicated over 7 million tons of | 

stocks, and privately held stocks were ore averaging 2.9 percent copper, 3.3 per- 

available to consumers. About two-thirds cent lead, 9.4 percent zinc, and 1.9 ounces 

| of the world supply of new silver produc- of silver per ton. Mining feasibility studies 

tion continued to come from copper and were in progress. North Broken Hill Ltd. 

lead-zinc ores. - | treated a larger. tonnage of ore than in 

, Free world holdings of silver bullion in 1969; the grade averaged about 7.3 ounces 
the hands of investors and speculators in- of silver per ton, 13.2 percent lead, and 
creased during the year to an estimated 10.6 percent zinc through the first half of 

450 million ounces.10 It was also estimated 1970. | | 
| that with higher prices 500 million oufces Burma.—Silver-lead production of the 

more could come into the market ffom once famous Bawdwin mines at Namtu 
holdings of U.S. silver coins, Estimates of was estimated at slightly less than 750,000 

| smuggled shipments from India during ounces. New silver-lead-zinc mines under 
1970 were placed at 25 million ounces. It development in the Kalagwe area of the 
remained a subject of speculation whether Northern Shan States were expected to 
India, with its large privately held stocks begin producing as early as 1971 at a rate 
and articles of silver, might become an im- _ of about 40,000 tons of ore per year. 

portant source of silver supply, if prices Canada.—Silver output rose about 2.5 
rise higher. | percent in 1970, According to projections, 

: Australia.—Mount Isa Mines Ltd. con- Canadian silver production was expected to 
| tinued diamond drilling at the Hilton reach 45-to 50 million ounces per year by 

: mine, which is under development in its 1975.12 . 
North Lease area about 12 miles north of | The world’s largest single producer of 
Mount Isa, Queensland. Contracts were let silver ore, Ecstall Mining Ltd., owned by 
to sink and equip hoist and service shafts. Texas Gulf Sulphur Co., produced concen- 
A production goal of 16,000 tons of ore trates containing 13,023,200 ounces of sil- 

| per day was set for 1976, with silver-lead ver, somewhat less than the 13,822,000 
concentrates to be smelted at Mount Isa. ounces reported in 1969. The company’s 

. Silver content of the ore was estimated at Kidd Creek mine, Timmins district, On- 
| 5.8 ounces per ton. Production by Mount tario, was being developed for under- 

Isa Mines Ltd. rose to 11.72 million ounces ground mining, to be coordinated with ex- 
in 1970, compared with 10.05 million isting open pit operations. Reserves were 
ounces in 1969.11 The bulk of the silver- reported sufficient to continue mining at 
lead-zinc ore was mined from the No. 5 the 1970 rate of 3.6 million tons of ore per 
ore body in the Black Star area and Race- year for more than 25 years. Canadian 
course ore bodies between the No. 9 and Copper Refiners, Ltd., controlled by Nor- 
No. 11 levels. In 1970, extraction began anda Mines Ltd., was a major source of re- 

from the Racecourse orebodies between the fined silver, producing 12.4 million ounces 
No. 11 and No. 13 levels. Use of cemented at its Montreal East plant in 1970. Com- 
hydraulic fill allowed recovery of over a  inco Ltd. produced 6.04 million ounces of 
quarter million tons of high-grade ore silver at its Trail, British Columbia, 
from pillars. Silver recovery was improved smelter, 60 percent of the ore coming from 
at the mill by substituting soda ash for the company’s own mines, chiefly the Sulli- 
lime in the flotation circuit. ‘The average van and Bluebell. A deep-drilling program 
silver content of silver-lead-zinc ores mined at the Bluebell was continued into 1971. 
was 5.9 ounces per ton. WH sn 1970 

About 80 miles north of Mount Isa, Pla- BSth Annal Review. 19° Silver Market in 1970, 
cer Exploration Ltd. drilled several explo- 33. Mount Isa Mines Ltd. Annual Report, 1970, 

ration holes on claims optioned from 12 George, J. G. Silver. Canadian Minerals Year- 
Triako (Australia) Pty. Ltd., cutting rich book 1969, Mineral Resources Branch, Department 

lead-zinc-silver mineralization at depths of of mee , Mines and Resources, (Ottawa), 1970,
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United Keno Hill Mines Ltd. produced 2.6 13.4 pounds of copper, and 0.68 pound of 
million ounces of silver in 1970, the bulk mercury per ton. Average silver content of 
of this from the Calumet mine, with copper-zinc ores from six principal mines 
minor tonnages from the Elsa mine and of Hudson Bay Mining and Smelting Co., 
development ore from the Husky mine, all Ltd., in western Manitoba was 0.6 ounce 
near Elsa, Yukon Territory. Cominco Ltd. per ton, with tonnage milled totalling 
expanded its exploration program at a about 4,700 tons per day. 

_ gold-silver-lead-zinc-copper property in the Lake Dufault Mines Ltd., with Opera- 
_ Hackett River area, Northwest Territories, tions in the Noranda district, western _ | 
on an option from Bathhurst Inlet Mining Quebec, reported ore reserves at its new — | 
Corp., and planned 10,000 feet of diamond south section of about 2.1 million tons av- 
drilling. eraging 1.1 ounces of silver, 3.5 percent | 

Production by Echo Bay Mines Ltd. at copper, and 3.6 percent zinc. A 3,982-foot 
Port Radium on Great Bear Lake, North- production shaft was completed on the 
west Territories, was about the same asin property in late 1970. Open pit mining 
1969 when 2.4 million ounces of silver and was considered at the silver-lead-zinc prop- 
341 tons of copper was produced. Shaft erty of North America Rare Metals, Ltd., | 
sinking was underway to develop five more and Mistango River Mines Ltd., west of 
levels at 150-foot intervals below the exist- Bathhurst, New Brunswick. 
ing third level. Development continued at Greenland.—Vestgron Mines Ltd. planned 
the Granduc Copper mine in northwestern further exploration of a property optioned 
British Columbia, which is under lease by from Greénex A/S at Marmorilik, on the 
American Smelting & Refining Co. and west coast of Greenland, where. high-grade 

: Granduc Operating Co., a subsidiary of zinc-lead ore was found on a cliff high 
Newmont Mining Corp. Milling at a rate above a fiord. Inferred reserves were 2.5 
of 7,500 tons per day was expected to yield million tons of ore averaging 0.8 ounce of 
about 750,000 ounces of byproduct silver silver per ton, 17 percent zinc, and 4 per- 
per year. Initial development ore returned cent lead. | : 

0.3 ounce of silver per ton. Columbia Met- Honduras.—Silver production at the El 
als Corp. Ltd. was to start milling silver- Mochito mine of New York and Honduras 
lead-zinc ores in 1971 at about 125 tons per Rosario Mining Co. was 3.63 million | 
day from its new mine south of Revel- ounces in 1970; the gradé of ore milled av- 
stoke, British Columbia. Beginning in 1971, eraged 14.5 ounces per ton. Ore reserves | 
Placid Oil Ltd. scheduled production at were increased to 2.13 million tons averag- 
750 tons per day at its new copper-gold-sil- ing per ton, 12.3 ounces of silver and 0.008 | 
ver mine at Cranbrook, British Columbia. ounces of gold, 9.23 percent lead, and 9.73 

In northwest Ontario, Mattagami Laké percent zinc. Mine production was sched- | 
Mines Ltd. began developing a 3,000-ton- uled to expand to 300,000 tons of ore per 
per-day copper-zinc-silver mine based on year in 1971. At yearend 1970, the com- 
recent discoveries in the Sturgeon Lake pany held 1.6 million ounces of silver bul- 
area. Ore was expected to average about 1 lion in anticipation of higher prices. When 
ounce of silver per ton, and reserves in the the new Honduras mining code was en- 
main zone were estimated between 10 and acted in August 1970, a 4 _ percent 
15 million tons to a depth of 600 feet. production tax was added on silver and 
Also at Sturgeon Lake, Falconbridge Nickel gold. 
Mines Ltd. struck rich copper-zinc ore that Mexico.—American Smelting and Refining 

_ assayed between 5 and 10 ounces of silver Co.'s subsidiary, Asarco Mexicana S.A., op- 
per ton on property optioned from New erated eight mines and four reduction 
Brunswick Uranium Metals & Mining Ltd. plants, producing 15,687,000 ounces of sil- 
Agnico Mines Ltd., south of Cobalt, On- ver from 2.3 million tons of ore mined 

_ tario, produced 640,255 ounces of silver during the company’s fiscal year ending in 
from 35,860 tons of high-grade ore in the June 1970. Construction of facilities was 
first half of 1970. Carndesson Mines Ltd. nearly complete at Asarco Mexicana’s In- 
explored a property on the border of Lan- guaran mine in the State of Michoacan. 
arck and Frontenac Counties and found Production of concentates was scheduled to 
average grades for a 5-foot vein of 1.3 begin in early 1971 at a 2,200-ton-per-day 
ounces of silver, 7.5 pounds of antimony, mill. The concentrates contain an _ esti-
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mated 78,000 ounces of silver and 13,000 product silver. Predictions were made by 

tons of copper per year. Lead smelter and the Peruvian National Mining Corp. that 

mine expansions were expected to result in copper output might triple to 600,000 tons 

rising silver-lead output. Pure Silver Mines per year in 1980 and related silver output 

Ltd. (Canada) continued development of a might increase 45 percent, Charter Consoli- 7 

major silver mine in conjunction with Cia dated Ltd. explored the Berenguela man- 

Mineral Fresnillo S.A. and Industrias Pefi- ganese-silver mine at Juliaco, Puno Prov- 

| oles S.A. at the Mother Lode property, ince, and was considering using the Torco 

several miles from Guanajuato, Mexico. In- smelting process of its parent firm, 

_ dicated ore in late 1970 totalled 3 million Anglo-American Corp. of South Africa 

| tons that averaged about 14 ounces of sil- Ltd., to treat the highly refractory ores 

ver and 0.08 ounce of gold per ton. Sink- and to recover the two metals. A 500-ton- 

ing of a 2,000-foot production shaft was per-day mill was completed at the Tica- 

begun and a 1,500-ton-per-day mill was pampa lead-zinc-silver mine, in which 

planned. Rich silver ores were also under W.R. Grace & Co. held an interest. 

development at the nearby Peregrina and Philippines.—Assays of copper ore from 

| _ Cebada properties. The Fresnillo Co., affil- the property of Lobo Mines, Inc., which in 

iated with International Mining Corp., 1970 was exploring a cluster of three min- 

produced over 5 million ounces of silver eralized breccia pipes on the island of 

from Mexican mines in its fiscal year end- Luzon, indicated the presence of silver in 

| ing June 30, 1970. Indicated reserves of amounts of possible significance, that is, 1 

254 million tons of ore, with a grade of 3 to 2 ounces per ton. Construction of a mill 

ounces of silver per ton and 0.71 percent was planned for the site in 1971, and a 

copper, were disclosed by drilling at the large open pit mine was proposed. 

| property of Mineral Mexicano de Avino United -Kingdom.—Net imports of silver 

S.A., northeast of Durango, Mexico. in the first 11 months of 1970 were 25.8 

Peru—At its Cerro de Pasco Corp. million ounces, compared with 78.0 million 
smelting facilities at La Oroya, northeast of ounces during the similar period of 1969. 

Lima, Cerro Corp. produced 20,823,000 Imports from the U.S.S.R. were 11.4 mil- 

ounces of silver in 1970 ( including silver jion ounces, compared with 11.25 million 

in exported blister copper), of which 49 ounces in the first 11 months of 1969 and 

percent was from purchased ores.18 Cerro, from Dubai, Trucial States, 9.16 million 
through its Peruvian subsidiary, operated ’ . egy 

| the following six mines: Cerro de Pasco, CUMS compared with 14.55 million ounces 
gs ines e Pasco, . . | 

Morococha, Casapalca, San Cristébal, Yaur- during the same period of 1969. The 
- jeocha, and Cobriza, all in central Peru; Dubai silver is almost entirely comprised | 

these mines produced silver and other met- of metal smuggled out of India and Paki- 

als. Of these, Cerro de Pasco was the prin- stan in exchange for gold. Belgium and 
cipal source of silver, with both under- Australia were also important sources of 

ground and open pit operations. Extensive United Kingdom silver; West Germany 
new development of copper deposits in and Italy were the main destinations for 

Peru was expected to spur output of by- exports. 

TECHNOLOGY | 

At Bureau of Mines laboratories, work cyanides; at the same time toxic compo- 
was conducted on silver extraction using nents were adequately neutralized to meet 

sodium chloride solutions, treatment with most water quality standards.14 It was 

sulfur dioxide, and electrooxidation. New found in Bureau experiments that zinc- 

information was obtained on association of base die cast scrap could be successfully 

silver values with jarosite in ores from one substituted for the more expensive pure 

mine using an electron probe on speci- “W Metal Bulletin (London). Cerro’s La Oroya 
mens. The Bureau published a report de- No. 5527, Aug. 25, 1970, pp. 21-25. ye 

scribing a unique treatment for a wide va- | ——. Cerro’s La Oroya. No. 5528, Aug. 28, 1970, 

riety of electroplating wastes containing Pst George, L. C., and A. A. Cochran. Recovery 
silver and other metals. By the method, of Metals From Electroplating Wastes by the 

metals were quantitatively precipitated as Roo awe 1970 Pop Tech. Prog.
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zinc in the desilvering of lead in refining Various silver alloys were investigated 
operations. This. work was performed at for their physical properties or hydrogen 
the Rolla Metallurgy Research Center, absorption rates.25 Rare-earths and their 
Rolla, Mo., where ‘additional information properties in combination with silver were — 
can be obtained. A series of investigations subjects of several investigations.2¢ 
continued on ground-control problems par- Two articles of significance to the study 
ticularly important to deep silver mining of silver mineralogy were published in 
in the Coeur d’Alene district of Idaho. 1970. One deals with phase relations, and . 

In a new postulation as to the source of the other with transition points for combi- 
silver in the bonanza deposits mined in nations of silver, arsenic, and sulfur.27 — oe 
the late 1860’s in White Pine County, Ne- 
vada, it was suggested that the unleached 15 Smith, Roscoe M. Treasure Hill Reinterpreted. 
black calcite underlying remnants of the Econ. Geol., v. 65, No. 5, August 1970, pp. .538- | 

Pilot Shale could be the SOUrCE and may 16 Meeves, Henry C., and Richard P. Darnell. 
constitute a significant ore zone in itself.15 — silver Potential and Economic Aspects of the Lead- 
Mining history and problems in the Lead- _ fille ois tad ins County: Colo. BuMines Inf. 
ville district of Colorado were reviewed, and 1 Ewell, T: W., ana. J. Piper. Design of New 
silver resources, particularly in the man- Silver Recovery Incinerator. Faper presented at 

. : : a ncinerator Division Conference, Ameri- 

ganese-bearing halos around major depos- can’ Soc. Mech. Engs., Cincinnati, Ohio. 
. ts, were estimated.16 Phe Memming, R., F. Mdllers, and G. Neumann. 

: enact : *hotoelectro-chemical Processes on _ Silver-Silver 
A newly designed incinerator unit for 6, ide Electrodes. J. Electrochem. Soc., v. 117, No. 

old photographic film was in operation at 4, April 1970, pp. 451-457. 
Kodak Park, N.Y. It has the capacity to * Choudary, U. V., and A. Ghosh. Thermody- 
treat 4.300 pounds of {lm h d namics of Liquid Copper-Silver Alloys by a Solid 

> P per hour an Electrolyte Gell. J. Electrochem. Soc., v. 117, No. 
has a silver recovery efficiency of over 99 8, August 1970, pp. 1 . 
ercent.17 Work vee continucd n com- 20 O’Donnell, Patricia M. A Kinetic Study of the 

p . also Inuec@ on a co Fluorination of Silver. J. Electrochem. Soc., v. 117, 
pletely wet chemical process for recovering No. 10, October 1970, pp. 1273-1275. 

: . . 21 Cook, Glenn M. Lithium/Silver Chloride But- 
silver from old film that would avoid pos ton Cells. J. Electrochem. Soc., v. 117, No. 4, 
sible release of air pollutants. | April 1970, pp. 559-562. 

Further study into the influence of light ” Pelton, A. D. and S. N. Flengas. Thermo- ) 
: : . : dynamics of Molten Silver Chloride-Alkali Chlo- 

on oxidation reduction processes of silver- side Solutions by Electromotive, Force | Measure- 
silver oxide electrodes revealed a possible ments. J. Electrochem. Soc., v. 117, No. 9, Septem- 
mechanism for the defects.18 The od ber 1970, pp. 1130-1140. ans r Me cetects. ermodcy- 23 Townsend, H. S., and Paul Duby. Cation 
namic properties of molten copper-silver al- Transport Numbers in Molten AgNos- eC Mix- 

s . tures by Pressure- easurements. J. ectro- 
loys such as _those used in brazing were chem. Soc., v. 117, No. 9, September 1970, pp. - 
found at variance with established values 1126-1129. 
for alloys that were silver-rich.19 Silver re- * Visnapuu, A., and J. W. Jensen. Composition 

. . . . and Properties of Vapors Over Molten Silver 
actions with fluorine were studied, and ex- Chloride. J. Less-Common Metals, v. 20, No. 2, 
perimental results were published.20 Feomary 1970, Pre Mane W. Ruff, Jr. Xa 

: : ° ewton, C. J., an . . Ruff, Jr. X-ray 
Interest continued. to grow in employing Study of Annealing in Plastically Deformed Ag. 

silver for batteries because of its unique Sn, Alloys. ong gagans v. 1, No. 10, October 
e . o,°@ ; > pp. . : 

operational qualities. One study revealed Rowland, W. D., and A. P. Greenough. Fatigue 
the operating characteristics for lithium in Silver and Effect of Intermediate Annealing. J. 
n ilver lori 21 nst. Metals, v. 98, February » Pp. ‘ 

and s 1 chloride button cells Among Sacris, E. M., and N. A. D. Parlee. The Diffu- 
favorable features were high cell voltage, sion of Hydrogen in Liquid Ni, Cu, Ag, and Sn. 

wide operating-temperature range, .and Met an v. 1, No. 12, December 1970, pp. 

good performance at low temperatures. 7% Gschneidner, K. A., Jr., O. D. McMasters, D. 
Measurements were made of electromotive G. Alexander, and R. F. evepteicher. Factors In- 

° ° © * uencing the Formation o liver-KA1C u- 

forces in molten silver chloride-alkali chlo- tions in Rare-Earth-Silver Alloy Systems. Met. 
ride solutions,22 and of such forces at dif- Trans., v. 1, No. 7, July 1970, pp. 1961-1971. | 

* ° “1. Palenzona, A. The Ytterbium-Silver System. J. 
ferent hydrostatic pressures mn molten sil Less-Common Metals, v. 21, No. 4, August 1970, 
ver nitrate-silver chloride mixtures.23 pp. 443-446. 
Vapors over ‘molten silver chlori ere * Rowland, G. W. Phase Relations Below 575° CO, 

P db s oride a th in the System Ag-As-S. Econ. Geol., v. 65, No. 3, 
analyze y a mass spectrometer, an e May 1970. pp. 241-252. 

vapor pressure at about the melting point B Tween 9onee System Ag-As’S: phase Relations 
etween ° an °C. Met. Trans., v. I, No. was found to be only 10-¢ atmospheres.24 = 7 “july 1970, pp. 1811-1814. ’
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| | Table 2.-Mine production of recoverable | 
_ . silver in the United States, by months 

| (Thousand troy ounces) , | 

7 Month 1969 1970 | | 

January_._.....__.---.---- 8,233 3, 586 
, February. —_.....--..-----. 8,019 - 3,523 

March_._...-- eee 3,226 3,772 
, April_.o--2- 2 eee 3,375 3, 862 , 

May 22022 3,386 3, 864 
June__. ~~ ee 3,444 3,646 a 

— July__ eee 3,421 3,586 
August. _---..-._---------- 3,655 3,833 

: September_-_.....--------- 8,591 3,804 
October___.........-.------ 3,811 3,754 

‘ November-_._...-.-.------- 3, 832 3,929 
. December-_____.....-.--..-. 3,914 — 3,847 

-  Totalt_ii.---------- 41,906 45,006 | 

1 Data may not add to totals shown because of 
independent rounding. |
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Table 4.—Production of silver in the United States in 1970, by States, 

types of mines, and classes of ore, etc. yielding silver, in terms of recoverable metal 

arin cpa
 nn nnn 

oo Lode 

Placer —————————— 
(troy Gold ore Gold-silver ore Silver ore 

- §tate . ounces of. ——_—__———————_- Ss > OO 

silver) Short Troy Short Troy Short Troy 

tons ounces of tons ounces of tons ounces of 

. silver silver silver 

L
S
 

Alaska_..---.------ 2,189 _----e- Leanne penn new ee eee nnn n ne een eren=  -oe caresses 

Arizona.__.--------- --------- 144 85 (3) (4) 1 89,599 194,862 

California. -.-.------ 182 990 311 2104,125 238938,218 -.-----.. --------- 

Colorado. ..-------- 208) .ennnenee tween een eee ene nee eee ------ @) (3) 

Idaho....---------. --------- 240 48 (1) () 1 543,883 118,688,684 

Michigan...--------  ---------  --------- wenn een ween reer re rncrrre cect esc occescccce 

Missouri_....-------  ---------  -------n- wwe wenn ne renee eee re nseren ror gcrgss raat zae 

Montana.---.------  ---<----- (4) (4) (4) (4) 439,388 4 462,740 

Nevada_.---------- --------- 5 61,307 617,495 _..-----. --------- (5) (5) 

New Mexico.....--. --------- --------- --------- (4) () 1476 12,335 

South Dakota_._..... -.--.---. 1,954,129 118,951 ..--.-.. -.------- 49 "$15 

Utah....---cecuneee cower eee cee ween ne eeeeeeeee | (2) ' 533 6,280 

Other States 6....... -..------ 75,105 275,981 300 3,470 18 1,963 

See nS 

Total_.-.---- 2,574 2,091,915 412,871 104,425 396,688 673,956 14,257,679 

Percent of — . 
total silver. _ (7) emeeeeees 1 wu. eee (7) nee wennne 32 
Nr 

- Lode—Continued 
nnn 

. Copper ore - Lead ore Zinc ore 

Troy . Troy Troy 

Short tons ounces of — Short tons ounces of Short tons ounces of 

'  gilver silver silver 

Alaska....------ee eee eee nee ne eee newer enn cee ee nen ne ete wenn ne cee errersss rrr coors 

Arizona.....-..---.. 184,968,089 7,130,261 360 2,277 450 27 

California_.......-.- 62 61 ____ ee eee ee eee ee eee eee eee nee e ee === 

Colorado_...--.---- 8 306,350 8 139,869 (8) (8) (8) (8) 

Idaho.__....-..---- 1,601 2,378 36 , 085 325,979 15,825 16, 735 

Michigan _-_--------- 7,638,295 891,579 __---.----- ) ------- enn een nnn e ene e een eennen- 

Missouri.......-.--. ----------. ----------- 8,815,825 1,816,978 .-.---.---- ---------- 

Montana_....--.--- 818,736,890 %8,882,799 — (8) (8) (8) (8) 
Nevada_-_..-.------ 14,183 ,221 660,757 3,697 23,308  --..-.----. ---------- 

New Mexico__..-..- 18,591,648 606,892  -......--. ----------- 39,773 23,3825 

South Dakota_...... —-----------.  - own nnn e eee ee en eee een ene cee ene ree nner n ens ee secerre- 

Utah......__...---. 40,148,147 2,735,671 32,768 412,742 .-.------. ---------- 

Other States §___.._- 186 , 638 22,108  _u..--.---.. ----------- 363 , 038 5,810 

a 

Total__....-- 234,760,941 16,022,375 8,888,735 2,581,279 419 ,086 45,897 

Percent of . . 
total silver... .....--.--- 86 _-...---.-- 6  ..-------- (7) 

ec ee 

See footnotes at end‘of table. ;
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Table 4.—Production of silvez in the United States in 1970, by States, types of mines, 
and classes of ore, etc. yielding silver, in terms of recoverable metal—Continued 

; : Lode—Continued 

Copper-lead, lead-zinc 
- @opper-zine, and Old tailings, etc. Total 
copper-lead-zine ores 

State TODO OSC eee 
Troy Troy Troy 

Short tons ounces of Short tons ounces of Short tons ounces of | 
a silver | silver silver 

Alaska. ....-------- penn nen ene ene e nee ewe ene e ee eee nnn n ee nee ----- 2,189 . 
Arizona. -.........- 132 , 963 59 , 406 84,047 43,499 135,275,652 7,330,417 
California_......_.. . (2) (2) ~ 20 9 57,378 105,197 451,150 : 
Colorado. ....-...-- 3 826,161 *%2,790,077 709 8,214 1,183,220 2,988,363 
Idaho._.....--..-.- 911,642 5,055, 059 30,1382 25,946 1,539,408 19,114,829 
Michigan.-.....2.2.2-00 Jee eee Lee eee eee tee eee eee tee eee 7,638 ,295 891,579 
Missouri.....--..--0 ween eee eee nee eee eee en eee een eee eee 8,815,825 1,816,978 
Montana__-_--...... 26 215 8,893 8,572 .18,780,147 4,304,326 
Nevada.__.......-- 1,229 10, 585 2,292 105,871 14,251,746 718,011 
New Mexico. .._..-- 122,417 148 , 222 810 1,178 18,755,124 781,952 
South Dakota__...-. oe ee eee Lee eee Le eee eee Lee eee ee 1,954,178 119, 766 
Utah__.-.....-.---- -2682,662 22,869,016 1,004 106,028 40,865,114 6,029,737 

_ Other States. ..... 2,684,253. 195,498 ......-.... 116,478 3,309,412 511,308 

Total._....... 5,361,353 11,128,078 122 , 907 158,164 252,423,318 45,005,605 
Percent of . . 

total silver.. _.......-.. 25 22 ene (7) wane n wenn 100 

1 Gold-silver and silver ores combined to avoid disclosing individual company confidential data. 
2 Gold-silver and lead-zine ores combined to avoid disclosing individual company confidential data. 
3 Silver and lead-zine ores combined to avoid disclosing individual company confidential data. 
4 Gold, gold-silver, and-silver ores combined to avoid disclosing individual company confidential data. 
5 Gold and silver ores combined to avoid disclosing individual company confidential data. 
6 Includes Maine, New York, Oklahoma, Oregon, Pennsylvania, Tennessee, and Washington. . 
7 Less than 14 unit. 
8 Copper, lead, and zinc ores combined to avoid disclosing individual company confidential data. . 
9 Includes byproduct silver recovered from tungsten ore. 
10 Includes byproduct silver recovered from uranium ore. 
11 Includes byproduct silver recovered from magnetite-pyrite ore. | 

Table 5.—Mine production of recoverable silver in the United States, by States 
. . (Troy ounces) . 

| State 1966 1967 1968 1969 1970 

Alaska. ......-...---.--------.----.-. 7,193 5,787 3,900 2,030 2,189 
Arizona__..........----.-.....--..-. 6,338,696 4,588,081 4,958,162 6,141,022 7,330,417 
California. ..........-..--.---...---- 189 , 989 144,515 597,961 491,927 451,150 
Colorado. ..............------------. 2,085,534 1,817,699 1,646,288 2,598,563 2,933,363 
Idaho___....-...-.-......--..------. 19,776,785 17,083,330 15,958,715 18,929,697 19,114,829 
Kentucky. .......---....--..--.----- 1,086 568 ..-..--.--  -----.---- ) ---------- 
Maine. _..-.--....------------ eee eee eee oe ee 1371,745 1319, 718 63 , 227 
Michigan___............---..--.-.-.- 483 ,000 301 , 992 472,818 1,009,022 891,579 
Missouri_._..-..-....--.-.---------- ---------- 226 ,168 340,856 1,442,090 1,816,978 
Montana............--...----------- 5,319,785 2,066,464 2,182,571 3,429,314 4,304,326 
Nevada... ..-....---.---.---.-------- 867, 567 565, 755 645,192 884,155 718,011 
New Mexico........--.-..-.------_-- 242 ,620 157,495 224 , 866 465,591 781,952 
New York........-...-....--.-..--.- 21,590 31,103 27,615 31,755 23 , 830 
Oklahoma. ............-.....--.----- 2 368, 788 2 279,898 (2) 63) 2 325,887 
Oregon.__...------------------------ 343 31 335 4,749 3,594 . 
Pennsylvania. -.....-..-....--------- (?) (2) (2) (2) (2) 
South Dakota_.-.........--....-..-.- 109 , 885 121,258 137,668 124,497 119, 766 
Tennessee. _.......-..-.--------.--.- 100,716 180,078 89,525 78,614 94,770 
Utah.__.....-.-.-.-.--.------------. 7,755,411 4,874,640 5,120,772 5,953,567 6,029,737 
Washington___.----2--2-222222222202- ¢) @) () (1) @) 
Wyoming........----~-2----- eee eee eee ween eee tee ee (1) ~--------- 

Total_....-...-.----..-...-... 48,668,988 32,344,862 32,728,979 41,906,311 45,005,605 

1 Production of Maine, Oklahoma, Pennsylvania, Washington, and Wyoming (1969) combined to avoid 
disclosing individual company confidential data. 

2 Production of Oklahoma, Pennsylvania, and Washington combined to avoid disclosing individual company 
confidential data.
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Table 6.—Silver produced in the United States from ore, old tailings, etc., in 1970 | 
by States and methods of recovery, in terms of recoverable metal 

_ Ore and old tailings to mills . 
. Total — Crude ore, old . 

ore, old - Recoverable Concentrates tailings, etc., 
tailings in bullion smelted and to smelters ! 

State etc., Thou- =. recoverable metal 
treated 12 sands - 
(thousand short Amalga- Cyani- Concen- Thou- 
‘ short tons!2 mation dation trates Troy sand Troy 

7 tons) (troy , (troy (short ounces short ounces 
ounces) ounces) tons) tons 

Alaska... eee ene n ee eee eee ce eee eee eee eee ee ene 
Arizona..-.-..----- 150,549 150,025 cL... 6 ------. 3,871,204 7,018,794 524 316,623 
California_.-.....- 105 102 5 ..----- 13, 636 437,431 8 13, 582 
Colorado. ...-..4.-- 1,133 1,133 1,175° .-...-- 163,211 2,926,746 (3) 5,239 
Idaho_...-.---.--- 1,540 1,536 43 .....-. 177,422 19,065,807 4 48,979 
Michigan......-.-. 7,638 7,688  ..--.. -.----. 229,564 891,579 2. = -u------ 
Missouri.....-.... . 8,816 8,816 ....--. ) .-eeeee 702,521 1,816,978 J -_-...  .- 2 ---- 
Montana____.-.--- 18,780 18,748 J J... fuel. 435,575 3,796,387 37 507 ,939 
Nevads...-...---- 14,252 14,070 5 wun eeee 372,014 635,324 182 82,682 
New Mexico_.._._. 18,755 18,687  ...-.. --..--.. 685,682 178,877 68 3,075 
South Dakota__..__ 1,954 1,954 94,059 24,892 -........ --.------ (?) 815 
Utah_.----....--.. 40,865 40,692  -..-... ..----. 1,044,771 5,508,115 173 521,622 
Other States 4___.__ 3,309 8,309 ...---- ------- 564,721 505, 869 (8) '  §,4389 

Total__..... 267,696 266,705 95,287 24,892 17,760,821 48,876,907 991 1,505,945 

1 Includes some nonsilver-bearing ore not separable. 
b 2 Excludes tonnage of magnetite-pyrite, tungsten, and uranium ores from which silver was recovered as a 
yproduct. —_ ; oO - 

3 Less than 14 unit. oe 
4 Includes Maine, New York, Oklahoma, Oregon, Pennsylvania, Tennessee, and Washington. . 

Table 7.—-Silver produced at amalgamation and cyanidation mills in the United States _ 
and percentage of silver recoverable from all sources - | 

Bullion and precipi- Silver recoverable from all sources 
oc tates recoverable (percent) - 

Year (troy ounces) 

a Amalga- Cyani- Amalga- Cyani- Smelting 1 Placers 
mation dation mation dation 

1966_...-.----2--------------------- 80,033 41,098 0.18 0.09 99.71 0.02 
1967....-.-.--.-----.-------.-----.. 84,290 47,054 .26 .15 99.57 02 

, 1968__..--.---.,-..----------------- =: 92, 021 53 , 666 28 16 99.55 .O1 
1969__.2 2 el 83 , 775 49,312 .20 -11 99.68 | -O1 
I97O__ eee 95,287 24,892 ol 05 99.73 -O1 

1 Crude ores and concentrates. . 

Table 8.—Silver produced at refineries 
in the United States, by source 

(Thousand troy ounces) 

1969 1970 

From concentrates and ores: 
Domestic__...-..-..... 148,789 49,451 
Foreign_........-...... "389,723 31,930 

Total__....-.--...... "838,492 81,381 
From old scrap!_..-.-.-.... "79,798 56,044 
From new scrap__..---..... *35,873 23 ,999 

Total production__.._.. 199,163 161,424 

r Revised. 
1 Includes coin bullion purchased from GSA and 

refined to commercial grade silver,
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Table 9.—US. consumption of silver, 
by end use. : 

(Thousand troy ounces) 

1969 1970 

Electroplated ware:......... 12,706 11,437 | 
Sterling ware_.............. 20,291 19,116 
Jewelry.....-.------- ee 3,011 5,119 
Photographic materials__..... 41,380 38, 044 
Dental and medical supplies__ 1,591 1,804 
Mirrors_........-...------- 1,510 1,386 
Brazing alloys and solders.--. 16,549 — 14,035 
Electrical and electronic . 

. products; 
Batteries. .........-__- 3,799 6,342 . 
Contactsandconductors. 34,555 25,183 

Bearings.............-..-.. 481 383 
Catalysts. _.......--_.. 12. 4,081 1,999 
Miscellaneous!__...........  *1,590 3,556 . 

Total net industrial : . 
consumption._..... + 141,544 128 , 404 , 

Coinage__.....-.-.-.-----. 119,407 709 € 

Total consumption__._ * 160,951 129,113 

r Revised. — 
- 1 Includes silver-bearing copper, silver-bearing lead . 
anodes, ceramic paints, ete. . 

Table 10.—Value of silver exported from 
| and imported into the United States 

(Thousand dollars) . a 

Year _ Exports Imports 
a . 

1968....--.-.--..--... $247,100 $137,800 
1969___ 22 156,720 119,362 
1970_ 2-2 ll 49,139 103 , 757 

Table 11.—U.S. exports of silver in 1970, by countries 1 | 
(Thousand troy ounces and thousand dollars) 
eee 

. Ore and Waste and Refined bullion 
Country concentrates sweepings 

. Quantity Value Quantity Value Quantity Value 
ema dee ne 

Australia__... 2-2 ee eee eee eee Lee ee Leet 2 $5 
Belgium-Luxembourg_—____..._....-__- 281 $509 5,222 $9,317 142 255 
Bolivia..----.-------- eee eee eee eee eee eee ee eee ee (?) (?) 
Brazil_._---.---------- 22 cee eee cee eee eee nee 37 68 
Canada... ___-22 572 1,053 2,961 4,833 254 465 
Colombia___....-.2-----2- eee tee eee eee eee ene 30 55 
Costa Rica__.--- 2 cee ee eee eee ne 4 4 
Denmark......-..---- 22 - eee Lee eee eee eee nnn 349 625 

France_._....-.----2----- eee Lee eee eee ene 1,202 2,200 
Germany, West______.._..-.-_.._ oe 96 169 835 76 752 1,352 
Treland_..........-2 2-2 (2) (2) wee ence eee eee eee eee eee eee 
Israel. 2-2 ee eee eee eee eee ene 2 2 
Italy... 222-2 eee eee eee nee een 1,463 2,622 
Japan____---2 2 ele 1 1 12 17 3,182 5,774 
Mexico___-..2---- ee 13 29 Leelee eee eee eee eee ee 
Netherlands. ___-...22- 2-2 eee Leelee 8 220 -------- w+ +e -e 
Norway.....-.------- 2 cee eee eee cee 51 102 
Spain___-__--- 22 Leelee Lee 119 200 -.--.--. .-------. 
Sweden______---- 22 Leelee eee 180 823) ..--.--- --------- 
Switzerland__..___.__- 2 oe 19 - 25 545 950 8,088 14,4382 
United Kingdom. ____-_.2.- 2-2. 31 50 280 528 1,681 3,076 

Total. _.-2- 22 1,018 1,886 9,362 16 ,266 17,289 31,037 ee ET OO EES 
1 Does not include 3,000 troy ounces ($20,725) ore and concentrates reexported to Australia and 11,232 troy 

ounces ($18,000) waste and scrap to Switzerland. 
2 Less than 4 unit.
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Table 12.—U.S. general imports of silver in 1970, by countries 

(Thousands troy ounces and thousand dollars) 

ee 

Oreand | Waste and. Dore and Refined 

Country concentrates sweepings precipitates bullion 

Quantity Value Quantity Value Quantity Value Quantity Value 
IT ee eee EE 

Argentina. __..---------- 258 $318  ..-.-. ------- ------- ------- 64 $113 

Australia__....--.-.----- .1,769 2,742...) awnnne- ee nee-- +--+ ---- 1 2 

Brazil__.....------------ 30 48 .oooe ek nee eee en eee ee eee eee 64 113 

Bolivia__....------------ 322 A388 _..__.. wwe ewe ee eee eee ween nae eee eee 

Canada__._-_-------.---. 12,376 20,321 295 $475 2,480 $4,387 21,814 39,009 

Chile. __....------------ 660 702 83 2 

Colombia__....---------- 52 44 (4) Lo weet eee eee eee eee oe ---- 

Czechoslovakia....--.---- 16 80 __-- eee eee eee we een ee enn ee eee eee eee ee 

El Salvador__....-------- eneeee- ween ne eee eee eee eee eee eee eee OS 24 

Beuador._...---.-------- 45 58 wee eee eee eee eee eee eee eee eee eee ee 

Germany, West._..------ ------- ------- 1 2 wennnne ) oneneee (1) 1 

Guatemala. .__--.------- 3 4 Lucene eee eee eee eee wee 2 4 

Honduras____.-.-..----. 3,148 2,994  --.... ------- 479 782 53 95 

Lebanon. .__---.-------- (4) 9 8 kee ee eee wee eee eee wee eee ee 

-Mexico__._...-.----.---- 992 1,523 94 -151 5 8 4,264 7,478 

_ Nicaragua....----------- — 41 43 ...---- anw----- 37 60  --.... -------- 

Norway..---~----------- 31 4l one eee ene eee eee ene eee eee eee nee eee eee ee 

Panama...._------------- eee ee ee enn eee eee enn eee eee eeneee- 5 9 . 

Peru___...-------------- 8,009 18,096 --.---. ------- -------  ------- 3,223 5,657 

Philippines. _..---------- 299 569 .----- fee ee ee eee ree eee 14 23 

South Africa, Republic of . _ 768 1,855 ------ 2 eee n ee nee nee eee nee eee e ee eee eos 

Switzerland.......------- --c---.  ------- ------- 9 ------- (4) (1) (4) 4 

United Kingdom. -_-..-.-- 427 Ye 0s 1... 2 50 105 

Venezuela__..---.-.-.--- ------- ------- 10 4 cone nee eee ne eee ee 
Sena 

Total........-.-.. 29,246 45,040 483 841 3,002 5,289 29,569 52,637 
DROS ITS 

1 Less than 14 unit. . . |
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Table 13.—World production of silver, by countries 1 
(Thousand troy ounces) 

ENN ET ee eraser een een cease a we 

Country 2 1968 1969 1970 Pp 
re 

North and Central America: 
Canada. ___..--....---------~---~----------------------- 45,013 43 ,531 44,615 
El Salvador_._....._-----.---------------------- eee eee eee te eee -- 154 
Haiti e____._.___-----.---------------------------------- 17 17 17 | 
Honduras. ._.....--.------------------------------------- 4,397 3,905 3,816 

Mexico___.....------------------------------~----------- 40,031 42 ,904 -. 42,889 

Nicaragua......----------------------------------------- 416 247 217 | 
United States...........--------------------------------- 32,729 41,906 45,006 

South America: . a 

Argentina__....------.------------------------- +o 2,422 3,109 2,051 
Bolivia §_........-.-------+------------------------------- 5,180 6,013 6,816 

Brazil._........----------------------------------------- 464 360 357 . 
Chile_._...-.---....-.---------------------------------- 3,739 3,133 2,393 

Colombia__......-.-------------------------------------- 100 77 76 

EBeuador___....---...--.--------------------- +--+ == -- 136 82 e 80 

Peru_....-...-----.-----------------------------+------- 36,362 84,147 88,078 

Europe: 
Austria__.......-----.----------------------------+-------- 161 129 161 
Czechoslovakia @.___..----------------------------------- 1,100 1,100 1,100 
Finland. ....----...------------------------------------- 677 625 740 

France..._..-------------------------------------------- 2,166 2,094 e2,100 
Germany: . 

Bast ¢_____...----------------- +--+ - ee 4,800 4,800 4,800 
West___..----------.-------------------------------- 1,769 1,684 1,773 

Greece 4____...------------------------------------------ 261 258 420 

Hungary °.....------------------------------------------ 6 6 6 

Treland___...----..--..----------------------+------------ 1,918 1,866 2,171 

' Jtaly_......-.-------------------------- 2 - ee ee 1,156 1,832 1,061 

Poland °¢___...----------------------------------+----+-+--- 160 165 180 

Portugal___._.--.---..---------------------------------- 327 339 247 

Romania °________-....---------------------------------- 800 800 ° 800 

Spain 4__..._------.--.----------------------------------- r1,704 1,823 e 1,640 

Sweden______------------------------------------------- 8,524 3,683 6,109 
U.S.S.R.e____----------- + - - e  - -  - - - - - -  - -  + + + 35,000 37,000 88,000 
Yugoslavia__...-.-.--------+--------------------+--+------ 3,023. 3,818 8,417 

Africa: | 
Algeria °..__...---..------------------------------------- 100 100 100 

Congo (Kinshasa). _-..-.--------------------------------- 2,139 1,896 1,709 
Ghana___..----------------------------------- +--+ +--+ +--+ -- 8 5 
Kenya.._..-.-------------------------- 3 2 _ iL _uuu---- 

Moroceo._..-----.-------------- -- - - =e ee eee 920 861 681 

South Africa, Republic of. _-...-..-.---------------------- 3,337 8,335 8,527 

South-West Africa, Territory of 5..._..-.----.--------------- 1,350 1,273 1,229 

Tanzania___._..--..------------------------------------- 2 2 1 

Tunisia. ____....----.-.--------------------+------+------- er 37 e 43 58 

Zambia ¢ 6§_.________..-..-.--------------------------- =e 768 768 768 

Asia: 
Burma..___...--..-----------------------+--------------- r 790 902 572 

China, mainland ¢_._.------.----------------------------- 700 800 500 

India. .._..-.-.-.--.------------------------------------ 90 105 50 

Indonesia____.....------------------------------------+--- 809 840 283 

Japan_.....---------------- 2 -- nen ne 10,693 10, 804 10,795 

Korea: 
North ¢. .__--------.---------------- ee ee ee eee 700 700 700 

- South.___.._.-__--_--------------------------------- t 637 906 1,494 

Philippines___.....--.----------------------------------- 1,575 1,561 1,702 

Taiwan____...__-.---_---------------- +--+ ee 90 81 95 

Oceania: . 

Australia__......._.--....--.---.---------- + ----- e  ee r 21,394 24,457 26,126 

Fiji__...........---.------------------------------------ 55 38 27 

New Guinea and Papua...._..--.------------------------- 18 17 717 

New Zealand. _____...-----.----------------------------- 4 22 16 

Total. ___.---.------ ane ne en een ne eee enn ene e-e-e--- 7 275,264 290,469 301,745 
eee eee 

e Estimate. > Preliminary. r Revised. 
1 Recoverable content of ores and concentrates produced unless otherwise noted. . 

2 In additicn to the countries listed Bulgaria, Guatemala, Thailand, Turkey, Southern Rhodesia, and several 

other African countries produce silver, but quantities are insignificant or not reported. . 

3 Production by the State Mining Company (COMIBOL) plus exports of medium and small (private sector) 

mines. 
4 Smelter and/or refinery production. ; 

5 Recoverable content of Tsumeb Corp. Ltd. concentrates, as reported for year ending June 30 of year stated. 

6 Includes recovery from copper refinery sludges. 
7 New Guinea only.





Slag—Iron and Steel 

| By Walter Pajalich * | 

The slag industry felt the effects of the demand greatly exceeded available supply. 
| sluggish economic conditions that prevailed Generally, transportation charges prohibited. 

in 1970. Reduced construction activity,-es- shipping the product any great distance 
pecially in highway construction, decreased to equalize the supply and demand. Most 
the demand for the ivon-blast-furnace slag of the slag was processed convenient to , 

as a construction aggregate. In addition, markets and shipped a short distance by 
a drop in pig iron production resulted in truck. Production and consumption of steel 

a corresponding decrease in output of slag remained about the same as those of 

blast-furnace slag by processors. _ the previ ous year 
. Construction and maintenance were the 

Although - production of blast-furnace . . op. 
slae in 1970 bout 12 t less th prime, and nearly exclusive, markets for | 

th § for 19 60. a oh P salle css fi slag. No significant new uses for slag were 
at for 1969, supply generally was suffi- developed. | 

cient to meet the demand. However, some —TPEsical wdentist, Divisi EN lic 

local areas where slag is used extensively, Mine? scientist, Division of Nonmetatic 

Table 1.—Iron-blast-furnace slag processed in the United States, by types 
(Thousand short tons and thousand dollars) 

_ . Air-cooled 
—  ———__ Granulated Expanded Total! 

Screened Unscreened = —— 9 
Year —_—- -_ Quaar- Quan- Quan- 

Quan- Quan- tity Value? tity Value tity Value 
tity Value tity Value _ 

1966_____._-_._ 19,925 $35,348 551 $588 3,749 $38,026 2,525 $7,860 26,750 $46,822 
1967___-...--.. 22,826 39,204 1,052 800 3,760 2,884 2,456 7,262 29,593 50,101 
1968__._.....-. 21,757 39,084 1,826 1,498 2,944 2,681 2,215 6,251 28,742 49,408 
1969_______.... 22,295 41,888 2,289 2,525 2,818 3,174 2,422 6,985 29,774 54,074 . 
1970___._._-___ 20,214 40,066 2,038 2,069 1,986 2,712 1,959 6,570 26,147 51,417 

1 Data may not add to totals shown because of independent rounding. , 
2 Excludes value of slag used for manufacturing hydraulic cement 1966-70; and granulated aggregate for 

concrete-block manufacturing 1966—70. 

Source: National Slag Association. 

Table 2.—Iron-blast-furnace slag processed in the United States, by States 
: (Thousand short tons and thousand dollars) 

7 } Screened air-cooled All types | 
Year and State ee 

Quantity Value Quantity | Value 

1969 . . 
Ohio___..--.-.------------- eee 4,576 $9,024 6, 806 $13,291 
Pennsylvania____..._--__--_--------_---- 5,579 11,346 7,268 14,548 
Illinois, Indiana, Michigan______._..___.__-- 4,277 7,767 5,922 t 10,682 ; 
Other States !__-- 2-2 ee 7,863 13 , 252 9,778 r15,553 

Total____ eee 22,295 241,388 29,774 _ ¥§4,074 

| 1970 . 
Ohio_._-.------- 22 eee 4,286 9,085 5,429 11,443 
Pennsylvania_______.-..---------_-_----- 4,542 9,676 6,173 13 , 047 
Illinois, Indiana, Michigan_._._.......--.-- 4,599 8,954 5,896 12 ,022 
Other States ?_____.___._____ 2 ee 6,787 12,351 8,649 14,905 

Total___ 2 ee 20,214 40,066 26,147 51,417 

t Revised. 
1 Alabama, California, Colorado, Kentucky, Louisiana (1970), Maryland, Minnesota, New York, Texas, 

Utah, and West Virginia. 
2 Data may not add to total shown because of independent rounding. 

Source: National Slag Association. 
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_ Table 3.—Shipments of iron-blast-furnace slag in the United States, 
by methods of transportation . 

| 1969 1970 

Method of transportation Thousand Percent  § Thousand Percent 
. short tons of total short tons of total 

Rail. ___..- eee eee 4,610 , 14 4,725 18 
Truck___--__ eee 24,425 83 20,992 80 
Waterway___._.--.-.---_-----~----- oe 738 3 430 2 

Total... -- eee eee = 129,774 100 26,147 100 

. 1 Data may not add to total shown because of independent rounding. . 

Source: National Slag Association. . 

| DOMESTIC PRODUCTION. | 

Production of iron-blast-furnace slag is in quantity produced. A total of 1,557 plant 
dominated by the air-cooled screened prod- and yard personnel worked 3,567,246 man- 
uct which foraled 20.2 million short tons hours during 1970 in 56 air-cooled, 17 

valued at $40.1 million in 1970. » Blast expanded, and 14 granulated slag plants. 
furnace and steel slag output was 9 per- Th ‘ty of sl d magneti 
cent less than the 1969 total. Most of the € quantity of slag-encruste magn ene 
production centered in I1 States, with iron recovered at these . operations was 

Pennsylvania and Ohio the leading States 3,897,000 tons. 

CONSUMPTION AND USES | 

During 1970 most of the slag sold or used __ poses. Blast-furnace slag, in various forms 
by processors was used for construction and such as granular, powder, or fibrous ma- 
“maintenance of airports, buildings, high- terials, was used as loose aggregate or re- 

_ ways, and railroads. The balance was used combined with some binding material. 

in the manufacture of glass, as a sewage Screened air-cooled slag accounted for 77 
trickling medium, and for agricultural pur- percent of the total tonnage of iron-blast- 

Table 4.—Air-cooled iron-blast-furnace slag sold or used by processors 
in the United States, by uses - | 

. (Thousand short tons and thousand dollars) . 

1969 . 1970 - 

U Screened Unscreened Screened Unscreened 
se —_— 

Quan- Quan- Quan- Quan- 
tity Value tity Value tity Value tity Value 

Aggregate in— | 
Portland cement concrete con- 

struction: 
Structures_.............. 2,010 $4,205 ____._ -___-. 2,075 $4,405 -_____ _- _ u_- 
Pavements____-._--___-- 712) 1,628  -..-.-.  --L_- 418 919 _____. -.-..- 

Bituminous construction (all 
types) -...........-_---_... 3,796 17,418 127 $228 3,888 7,819 ._..-. ------ 

Highway and airport construc- 
tion! 2.2 i-._____-. 10,086 18,198 446 4382 8,291 17;057 1,475 $1,550 

Manufacture of concrete block_ 430 792 Louk Lee 871 730 .-.-.- ------ 
Railroad ballast...........___...-. 3,408 5,047 -..--.  T._-.. $3,420 4,682 -._.-. --..-- 
Mineral wool. ___.-....._-..___-- 413 681 29 20 351 705 35 27 
Roofing slag: 

Cover material___.._________-_ 414 1,266 ____-__ ____L- 628 1,443  ___--. ------ 
Granules. ____-_-_.-._...-_-_-- 84 577) eee ee 76 580 _.---. ------ 

Sewage trickling filter medium ___-_-_ 23 48 LLL. 65 126 ___--_ _.-.-. 
Agricultural slag, liming___________ 8 20 LL. _____e q 5 
Other uses_______..-_..----__---- 914 1,511 1,637 1,846 674 1,636 528 492 

Total 2___._._.__.___.___._.. 22,295 41,888 2,239 2,525 20,214 40,066 2,038 2,069 

1 Other than in portland cement concrete and bituminous construction. 
2 Data may not add to totals shown because of independent rounding. 

Source: National Slag Association.
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furnace slag sold or used during 1970. aggregates, reflecting the reduced construc- Although slag consumption for roofing and _tion activity during the year. Consumption sewage-trickling medium increased, the of steel slag increased 3 percent, with the total quantity of slag sold or used was less major gain in the quantity used for high- than that for 1969. The decline resulted way maintenance. 
from the drop in slag used as construction | | 

Table 5.—Granulated and expanded. iron-blast-furnace slag sold or used by processors - : in the United States, by uses 
(Thousand short tons and thousand dollars) 

1969 1970 

Use Granulated Expanded Granulated Expanded 

Quantity Value! Quantity Value Quantity Value! Quantity Value 
Highway construction and 

fill (road, ete.)___.__.._ 1,707 $2,459 menue wo He 1,121 $1,639 wanes ----- Agricultural slag, liming ___ 59 115 enone ----- 121 187 ~---- ----- Manufacture of cement 
(all types)_____________ 680 NA woe ae 412 578 we--e ~o--- Lightweight concrete____..  _____ ----- 222 $908 a -- + 48 $156 Aggregate for concrete- 
block manufacture.______ 174 366 1,955 5,733 151 208 1,781 6,033 Other uses_______________ 197 234 / 245 345 131 100 130 381 eee | Total ?___..__..__. 2,818 °3,174 2,422 6,985 1,936 2,712 1,959 6,570 
t Revised. NA Not available. | : 1 Excludes value of granulated slag used for hydraulic cement manufacture and concrete-block manufacture. 2 Data may not add to totals shown because of independent rounding. 
Source: National Slag Association. 

Table 6.—Steel slag sold or used by processors in the United States, in 1970, by uses 1 
. ' (Thousand short tons and thousand dollars) oo 
a | 1969 1970 ' Use eS . Quantity Value Quantity Value 

Railroad ballast___....__--__... 922 $941 840 $981 Highway base or shoulders__________.._._..__. 1,604 1,570 2,371 2,476 Paved-area base__...._._.___._......._._____. 1,063 889 1,346 1,343 Miscellaneous base or fill, -- 2-2 2,381 2,723 1,419 1,651 Bituminous mixes__________.__....._.._____... 265 312 496 764 Agricultural.__. 2... -._______... 95 368 17 490 Other uS@S__ 2 ee ' 969 882 990 1,127 Sc 
Total___---2 7,299 7,685 7,539 8 , 832 

1 Excludes tonnage returned to furnace for charge material. 

Source: National Slag Association. 

PRICES , 

| The prices of iron-blast-furnace slag sold approximately 12 cents to $1.98 per short or used by processors for most uses in 1970 ton. The average value of blast-furnace were higher than in 1969, and reflected the sl ag was $1.97 per short ton, and steel slag continued increase in labor and production averaged $1.17 per short ton. 
costs. Air-cooled, screened slag increased
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Table 7.—Average value of iron-blast-furnace slag sold or used by processors 

| in the United States, by uses s 

_ __ (Per short, ton) 

rs | Air-cooled | a or 

Use | ‘Sereened Unscreened | Granulated Expanded a 

_ "1969 1970 1969 1970 1969 1970 1969 _—:1970 
Kegpogate be spate — — - : - — - 

~ Portland cement concrete con- 
struction. _---------------- $2.09 $2.14 $0.45 ---- ---- ---- ee ---- 

Bituminous construetion (all. . 

types)...-.---------------- 1.95 2.04 1.79 —— ~--- ---- _--- a 

Highway and airport con- . 

struction !___..-.---------- 1.80 2.06 1.26 $1.05 $1.44 $1.46 en a 

Manufacture of conerete block. 1.84 1.97 _--- ---- 2.10 1.388 $2.93 $3.39 

Lightweight concrete.__._------ ---- eee) wee ---- ---- _--- 4.08 3.25 

Railroad ballast___......._.------- 1.48 1.37 alle noa- ---- ---- _--- ---- 

Mineral wool____.--------------- 1.64 2.01 .68 TT w--- ---- ---- mene 

Roofing slag: 7 
Cover material___._....------- 3.05 2.30 ---- a ---- ---- es ---- 

Granules. _.-.--------------- 6.84 6.97 ---- _--- -on- a _ou- a ; 

Sewage trickling filter medium_._-_ 2.04 ‘1.94 a _a-- _--- a ---- ---- : 

Agricultural slag, liming.._-.------ 2.46 2.00 ---- _--- 1.96 1.55 ---- ---- 

Other uses____{______------------ 1.65 2.48 . 1.12 .  .93 1.18 76 1.40 2.93 

1 Other than in portland cement and bituminous construction. . se 

Source: National Slag Association. . 

| | TECHNOLOGY 

Changing metallurgical practices in 1970 as compression strength of highway coating 

continued to reduce the amount of slag was reported. The cold mixture consisted 

| per ton of metal produced. The use of of crushed granite erumbs (40 to 50 per- 

higher-grade raw materials and the partial cent) granulated blast furnace slag (50 to 

replacement of coke by low ash fuels are  §Q percent) and viscous bitumen 
the two main factors that have reduced the Sound blast-furnace slags are being 

slag-iron ratio. The quantity of blast-fur- . 
. shaped by casting into components such as 

nace slag produced per ton of pig iron var- -ne-lining plates or 1 blocks. H | 

: ied from less than one quarter ton to more pP ining Pp : s ie arge bloc However, 

| than one ton. t e quantity of slag used in this manner 

Continued application research, satisfac. 'S limited. 7 
tory performance, and availability of sla ————_-—— 

YP . ‘ y 8 2Samodurov, S. I. Cold Mixture for Roads. 

have resulted in more extensive use of slag —_.$.5.R. Patent 261,236 (C1. C 04b), Jan. 6. 1970. 
in recent years. A cold mixture for roads to SI 3 Klemantaski, as Processing so ; Metallurgical 

increase water and frost resistance as well Ree” “1969. po 158-167. ants. oteet times “anne
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e ' odium and Sodium Compounds | 

By Charles L. Klingman 1 | 

In 1970 overall domestic production of showed an increase, but manufactured soda soda ash (sodium carbonate) and salt cake /__ash and high purity sodium sulfate showed ——_{seditm—sulfate)—from manufactured and decreases. The major source of natural. | natural sources decreased about 0.5 percent soda ash continued to be the trona depos- from. 1969. Natural sodium carbonate its of Green River, Wyo. | 

DOMESTIC PRODUCTION 
Total production of soda ash in 1970 in- dropped 19 percent, and low-purity salt | creased about 1 percent. Production of cake showed a 4-percent gain. | manufactured material (Solvay process) Salt cake was produced from dry lake declined nearly 3 percent, whereas natural brines in California by American Potash carbonate output increased by almost 8 and Chemica] Corp., the Stauffer Chemical percent. Except for the year 1967, in which Co., and by United States Borax and natural soda ash production remained vir- Chemical Co. In ‘Texas, the Ozark-Mahon- | tually the same as that of 1966, there has ing Co. recovered salt cake from subterra- been an annual increase in the ratio be- nean brine; and in Wyoming, the William tween natural soda ash mined and the’ E. Pratt Co. extracted a relatively minor manufactured product every year for the quantity of sodium sulfate from dry lake past 18 years. In 1970 the production of beds. In October 1970, one small produc- natural soda ash amounted to 38 percent tion facility of Ozark-Mahoning perma- | of the total sodium carbonate output. nently closed because of declining profits. Soda ash derived from natural sources Production of sodium sulfate by solar was produced in California from dry lake evaporation of the waters of Great Salt brines and in Wyoming from underground Lake in Utah began in 1970. The produc- trona deposits. The California producers ing company, Great Salt Lake Chemical were American Potash and Chemical Corp. Corp., has an anticipated capacity of and Stauffer Chemical Co. The Wyoming 150,000 tons per year. | 

production, which accounted for a Major ~4Chemical engineer, Division of Nonmetallic | part of the entire natural soda ash output, Minerals. 
was con rriDuted a the ace “pemical Table 1.—Manufactured and natural Corp., the FMC Corp., and the Stauffer sodium carbonates produced in the Chemical Co. of Wyoming. Stauffer an- United States nounced plans to increase its natural soda (Thousand short tons and thousand dollars) ash production at Green River, Wyo., from "Manufactured soda 1 million to 1.5 million tons per year. At y ash (ammonia-soda Natural sodium about the same time, FMC stated that it war ____Process)** __Sarrenanes planned to increase its natural soda ash —__________ Quantity _— Quantity Value | production from 1.25 million to 2.25 mil- + eae aa ihe write tty lion tons per year. The new installations 1968____ 4,596 2,048 42,104 were scheduled for completion by the end 199g. oa" oro > 5 Gee Pe 35q of 1972, "Preliminary, «Revises SSS Total production of manufactured and 2 Includes queen ied to manufacture caustic natural sodium sulfate declined about 8 soda, sodium bicarbonate, and finished light and dense 
percent in 1970. High-purity sulfate soscie ash and trona (sesquicarbonate). 

1035,
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Metallic sodium and its coproduct chlo- with plants at Baton Rouge, La., and 

rine, were produced by electrolysis of mol- Houston Tex.; and Reactive Metals, Inc., 

ten salt by the following three companies at Ashtabula, Ohio. Sodium metal produc- 

at five plants: E. I. du Pont de Nemours & tion increased 4 percent from 164,685 tons 

Co., Inc. with plants at Niagara Falls, in 1969 to 171,220 tons in 1970. 

N.Y., and Memphis, Tenn.; Ethyl Corp. 

Table 2.—Sodium sulfate produced and sold or used by producers in the United States + 

(Thousand short tons and thousand dollars) 

Production (manufactured Sold or used by producers 

and natural) 2 (natural only) 

Year 
eee 

Lower purity 3 
(99 percent or less) High purity Quantity Value 

1966_____---------------------- 1,009 436 640 $11,271 

1967____--.-------------------- 696 668 637 10,710 

1968_____.--.------------------ 758 725 700 12,729 

1969_._.__---.------------------ r 731 r 744 672 12,427 

1970_____-_--.--------+---------- p 761 Pp 602 598 10,932 

Pp Preliminary. t Revised. oo 

1 All quantities converted to 100 percent Na2SO,z basis. 

2 Bureau of the Census. . 
8 Includes glauber salt. 

| CONSUMPTION AND USES 

The consumption and use pattern of so- Metallic: sodium continued to be used 

dium and its compounds remained rela- primarily in the manufacture of tetraethyl | 

, tively .unchanged from previous ced or tetramethyl lead in spite of the threat 

About 50 percent of the soda ash produced of restricted use of lead in gasoline. Tita- 

was used in the making of glass; 40 per- . wy: ; . 

. . . nium producers utilized metallic sodium to 

cent in the making of chemicals; about 8 d _ hlotid Hi 

percent in the production of pulp and te uce fitanium tetrachnioriae to metallic 

paper; and the remainder was consumed titanium. An important poten tial market 

| in miscellaneous uses such as water treat- for metallic sodium may develop in the 

| ment, aluminum production, and in the use of the liquid metal to cool nuclear re- 

| manufacture of soap and detergents. actors. 

About 74 percent of the sodium sulfate Union Carbide Co. has apparently dis- 

output was used in the production of atinued experimental development of so 

Kraft paper. The remaining output was continued expen velopment ors 

divided among glass, ceramics, detergents, dium-filled cables for transmission of 

stockfeeds, dyes, textiles, and medicines. electrical power. 

PRICES 

Market prices for sodium carbonate, so- by the Oil, Paint and Drug Reporter fol- 

dium sulfate, and metallic sodium reported low: 

1969 1970 

Sodium carbonate (soda ash, 58 percent Na2O): 

Light, paper bags, carlots, works........----------per 100 pounds-- $2.15 $2.35 

Light, bulk, carlots, work8.......-.---------- = -- oe - - dO = - 1.65 1.65 

Dense, paper bags, carlots, workS.__..__..------------------d0---- 
2.25 2.40 

Dense, Bulk, carlots, works. ......___--- ee eee ene -dO--- - 1.65 1.65 

Sodium sulfate (100 percent N a2SQx): 

Technical detergent, rayon-grade, bags, carlots, works- _----per ton_- 40.00 40.00 

Technical detergent, rayon-grade, bulk, works._.------------ _do__-- 34.00 34.00 

Domestic salt cake, bulk, works lL eee ee eee ---- O28 + - 28.00 28.00 

National Formulary (N.F.XII), drums------------+----Pe@& pound_.- .25% 231% 

Metallic sodium: 
Bricks, carlots, works. ....--------ee eee nee eee een 10 - = - .24 .26 

Fused, lots of 18,000 pounds and more, works._____---------do---- .22% 24% 

Bulk, tank, workS....- eee e nec n een n eee ee ee eee e en d0-- 17% .18% 

1 Delivered east of the Mississippi River.
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FOREIGN TRADE 

The quantity of sodium sulfate exported © The tariff rates for sodium compounds in 1970 was only 60 percent of that ex- during 1970 are tabulated below: __ : ported in 1969 and was equivalent to 4 | of th i di Sodium carbonate: . percent e domestic sodium sulfate Calcined (soda ash)..__...______..___ $8.40 
production. Three-fourths of the sulfate Hydrated and sesquicar- 
exported was accounted for by shipments , bonate____-_---_ eel. 8.00 . : Sodium sulfate: to Canada, Australia, and South Vietnam. Crude (salt cake)__._._.__._.......____ Free a 

Exports of sodium carbonate increased Can Gglaaber salen 30 
3.7 percent over those of 1969. Soda ash rystaliized’ (glauber sa Jawa --n nana . exports represented 4.7 percent of the total : . soda ash output in 1970. About half of the Table oS. pos OF sodium nate and sodium sulfate =8 — export went to Canada, 19 percent to Ar- | . ate 

zuela. — : _ Imports of sodium sulfate declined about Year — cdiumcarbonate —_ Sodium sulfate 
6 percent as compared with those of 1969. Quantity Value Quantity Value ° . . / PS See ereepenppunsnesateenunaceperene Belgium Luxembourg supplied about 54 1968... 288 $9,131 56 $1,844 
percent of these imports and Canada, an- 19¢9.__~ 304 10,326 91 2,644 

$e 

Table 4.—U.S. imports for consumption of sodium sulfate 
(Thousand short tons and thousand dollars) 

Crude (salt cake) Anhydrous Total} Year a eee Quantity Value Quantity Value Quantity Value 
1968_____-2 eee 279 $4,721 25 $377 305 $5,108 1969. -_ ee 264 4477 22 . 824 286 4,808 . 1970... 22 243 4,224 26 529 269 4,753 

1 Includes glauber salt as follows: 1968, 1,277 tons ($10, 107); 1969, 1538 tons ($6,935); 1970, none. 

WORLD REVIEW | 
Argentina.—In January 1970, the Gov- produce 100 million pounds per year of so- ernment promulgated a “soda Solvay pro- dium nitrilotriacetate. Production was due motion” law which invited bids for build- to start in December 1972.5 

ing a 220,000-ton-per-year soda ash plant. Chile—A new industrial complex was 
Investment is estimated at $30 million, dedicated in October 1970, which included and the new plant will make importation a $10 million chlorine-caustic soda plant of soda ash unnecessary.2 capable of producing 37,000 tons of caustic | A $120 million petrochemical complex soda per year.é | | being built at Bahia Blanca in Buenos Greece.—A contract was signed by the A. 
Aires Province, by The Dow Chemical Co. §, Onassis interest to build a $600 million 
was scheduled to produce 100,000 tons of industrial complex at Megara. A facility to 
caustic soda per year. The operation will produce 54,500 short tons of caustic soda consume 200,000 tons of salt annually from per year was included.7 
La Pampa Province. An existing local plant : 
was scheduled to increase its caustic soda U.S. Embassy, Argentina. State Department production by 5,000 tons per year.3 Airgram A-1 L. Jan. 14, 1970, Item 4, P: 5. tes y 

Bulgaria—A plant, under construction  ¢. No. 5. May 1971, pp. 12,13. oo 
at Varna, was scheduled to produce 1.2 * European Chemical | News. gulgaria, Flans million tons per year of soda ash, which is oe Ash Exports. V. 17, No. 489, July 3, , 
intended primarily for export. Equipment Aug iy Paint and Drug Reporter. V. 198, No. 7, 

ug. ’ ’ . ’ . for the plant came from Japan.4 oU.S. Embassy, Chile. State Department Air- Canada.—W. R. Grace Co. was building gram A-883, Nov. 9. 1970, R- 3. Department Air. a plant in Ontario that was scheduled to gam A-1iS aie 28, 1970, pp. 1, 2°
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An agreement was reached with the In- tion at Izmit was doubled to 44,000 short 

ternational Finance Corp. for financing a tons per year.10 

$19 million chemical complex at Messolon- United Kingdom.—Construction was in 

: ghi to produce, among other things, 60,000 progress on a new plant for the Imperial 

tons per year of soda ash.8 Chemical Industries (ICI) , Mond Division, 

Taiwan.—Expansion projects were un- at Northwich, which was scheduled to pro- : 

derway to increase production capacity of duce 250,000 tons of dense soda ash per 

the Southeast Soda Mfg. Co. Ltd. from year. Production was scheduled to start 

44,000 to 66,000 short tons per year of so- during 197] 11 | 

dium carbonate and from 6,600 to 13,200 | Venezuela—A_ $400 million complex lo- 

- short tons per year of sodium bicarbonate. cated at El] Tablazo was scheduled to pro- 

Two-thirds of the bicarbonate production duce, among other things, 43,100-tons-per- 

was to be exported.9 _ year of caustic soda. Construction was due 

Turkey.—Chlorine-caustic soda produc- tobe completed in July 1972.12 

| ; TECHNOLOGY | 

A patented process for recovering so- 0.055 or 0.040 inch in diameter. The new © 

dium carbonate and sulfur dioxide or so- physical form was said to be free flowing, 

dium sulfite from pulping liquors was per- _ less subject to caking, and less irritating to 

fected at the Kemi pulp mill at ‘Tampere, the skin. / | 

Finland. This system converts “green liq- 

uor to hydrogen sulfide and sodium car- 8 Bureau. of Mines. Mineral Trade Notes. V. 

bonate instead of caustic soda. The Kemi 67, No. 2, February 1970, p. 27. 

: ®U.S. Embassy, Taiwan. State Department Air- 
plant has a capacity of 7,000 tons per year “A931, june 26, 1970, pp. 1, 2. 

of pure sodium carbonate.18 | 10 Bureau of Mines. Mineral Trade Notes. V. 

A new procedure for separating trona 67, No. HI, November . Pp. 35. expands i 
* : uropean emica ews. xpands in 

(sodium sesquicarbonate, NagCO3.NaHCOs- Soda Ash and Caustic Potash. V. 17, No. 414, 

2H2O) and sal soda (hydrated sodium car- Jan. 2 l9?: p. ll, y a. S De 
| 0. mbassy, enezuela. tate epartment 

bonate, NazCO3.10H20) from other com- Airgram A-123, Mar. 24, 1970, p. 3. : 

ponents of natural brines by a special flota- F 8 Chemical peneinecring: eee pachemicans 
. rom Sodium-Base Sulfite Pulping. . ’ oO. ’ 

tion process was patented.14 Sept. 21, 1970, pp. 138-142. P 
Caustic soda was manufactured in the 4 Garrett, D. E. and W. R. White. Froth Flo- 

| form of smooth, dustless spheres either ae U.S. Patent 3,525,434, Aug. 25, 1970, 3



_ By Harold J. Drake* | 

- omestic production of stone in 1970 mental controls and important day-to-day | 
reached a total of 875 million tons valued operating factors in quarries and plants. 
at $1.47 billion. Although dimension stone The Limestone Producers Association held 
accounted for only 0.2 percent of the total its 25th anniversary meeting in Jefferson : 
quantity produced, this type of stone rep- City, Mo.3 Subjects discussed included de- 
resented 6.5 percent of the value, as unit velopments in Federal . tax legislation, the | 
values rose to meet increased. production Federal mine safety law, reclamation of 
costs. Crushed and broken stone accounted quarrying and mining properties, the future 

| for slightly more than 99 percent of the of agronomy in Missouri, and the Missouri 
total production and 93.5 percent of the vehicle safety law. Major highlights of the 
value. oo program were discussions concerning pro- 

Production of stone was reported in all posed revisions to percentage depletion and 
_ States except Delaware. Ten States ac- application of the national mine safety 

counted for 53 percent of the domestic legislation. The Iowa Limestone Producers 
stone output and 48 percent of the total Association held its 25th anniversary, con- 

. value. Pennsylvania led with 66 million vention in Des Moines, Iowa.4 Subjects dis- 
tons of stone produced. Other major pro- cussed included marketing factors, product 
ducing States, in order of tonnage, were research and promotion, national legisla- 
Illinois, Ohio, California, Texas, Florida, tion, environmental control problems, and 
Michigan, Missouri, New York, and Vir- pros and cons of various types of equip- 
ginia. | : 7 ment. | | 

N ti Li * peter : 

. The Na 10n al Limestone Institute held 1 Physical scientist, Division of Nonmetallic Min- 
its 25th anniversary convention in Wash- _ ¢rals. | 
ington, D.C.2 Discussions at earlier conven- 2 Pit and Quarry. National Limestone Institute 

: 8 C se . a . c Celebrates 25th Anniversary. V. 62, No. 9, March 
tions considered chiefly agricultural pro- 970, pp. 130-138. 

ams; however, the silver anniversar 8 Pit and Quarry. Missouri Association Marks 
gr . . y 25th Anniversary. V. 62, No. 9, March 1970, pp. program embraced agriculture, highway  739_)4). . | 
construction programs, research on lime- *Pit and Quarry. Iowa Limestone Producers 

Progr . . oo, Analyze Current, Future Factors. V. 62, No. 10, 
stone products, tax legislation, environ- April 1970, pp. 136-141. 

Table 1.—Salient stone statistics in the United States 1 

(Thousand short tons and thousand dollars) 
eee 

1966 1967 1968 1969 1970 eee 
Shipped or used by producers: 

Dimension stone________.-_-_____ 2,327 2,011 2,060 1,867 1,565 
Value_.___-.---------------- $89,814 $95 , 472 $98 ,441 $98 , 547 $95,157 

Crushed stone.._-._.----------.-- 811,047 783 , 581 817,537 861,021 872,947 
Value. ___.._.--_-----.------ $1,170,901 $1,144,772 $1,219,469 $1,326,047 $1,379,761 

Total stone._.._...--_._-.- 813,374 785, 592 819 , 597 2 862 , 889 874,512 
Value 2__________..-_-_ $1,260,715 $1,240,244 $1,317,911 $1,424,594 $1,474,917 

Exports (value)___.._.-_...-----._._- $11,134 $11,156 $9 , 969 $10,223 $10,396 
Imports for consumption (value) ______- $20 , 739 $19 , 823 $24,629 $30, 548 $35,674 

ee Se ee Se 
1 Includes slate. 
2 Data may not add to totals shown because of independent rounding. 
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DIMENSION STONE | 

DOMESTIC PRODUCTION — a Monu- 
: . . Building mental, 

Reduced construction activity during 1970 rough Flagging 
resulted in a drop in output of dimension Rough Dressed qo 
stone. Production decreased 16 percent from —=_-————— 

1.9 million tons in 1969 to 1.6 million tons Yfarblo 2122. 42148 $60.20 2222 
in 1970. Value, however, decreased only 3 Limestone... - 17.90 48.51 ___._- $9.70 

percent, reflecting the current rising trend Sendetome=----- 18194 54-88 “ooo> $8.49 
in prices. Miscellaneous._ 18.45 44.86 -..... 24.62 

Greater acceptance by consumers of for- | 
eign fabricated stone, higher building-site | 
labor costs and lower amounts of financing FOREIGN TRADE | 
adversely influenced the industry.5 | U.S. building and monumental stone ex- 

y . y 8 ° ° 

Improvements to reduce costs of quarry ports were valued at $2.3 million. In terms | 
operations and plant equipment were of of value, 62 percent went to Canada, Japan 

great interest to the dimension stone in- received 10 percent, Mexico received 4 per- 
: dustry. Channelling machines are standard cent, the Bahamas received 3 percent, and 

equipment, and use of wire saws and quarry the remainder went to other countries in 

bar drills is increasing. . minor amounts. 
| Imports of finished stone continued to 

CONSUMPTION AND USES supply a large percentage of the domestic 

Of the total quantity of dimension stone markets Aipoush marbe anne neras 
sold or used by producers, granite repre- ne cen . mos P opwar rt € Anis Iso 
sented 37 percent, limestone and dolomite “ioabl an Ss Bont. impors ‘ine. but : 
31 percent, sandstone, quartz, and quartzite ‘I740'¢. -’a'e imporls are inckeasing; 
19 percent, slate 6 percent, marble 4 per- the demand 1S NOL as great as that'for mar- 
cent, and other stone together with a minor ble and granite. It is believed by some 
amount of traprock, 3 percent manufacturers that these imports have had 

Curbing and monumen tal stone repre- 7 definite impact on the domestic marble 

sented the major uses of the dimension industry—a number of plants and quaries 
. granite indust ry | have remained idle or have closed down in 

" , recent years. | 
In the limestone industry architectural Total U.S. imports of stone for consump- 

purposes lead all other categories in the tion were valued at $35.7 million, of which 
consumption of stone. Greater interest has 84 percent was dimension stone Marble 
been created in this area as new building pt d hiefly £ It i d 
methods and systems have developed. Re- Portugal represented A percen t “Oe ‘h e 
earch i t osttension . . . ar I pain conducted on = Pewtesionyalue of dimension stone tnported: mon 
broadening the technological aspects of mental, paving: and building granite was 
quarrying : furnished chiefly by Canada and Italy and 

Cut stone represents the major use for comprised pT FO percent and were? ee 
marble output. Although the desire for |: eq mainly by Italy and the United 
marble still prevails, the industry has been Kingdom. Italy was the chief source of 

adversely affected by the economic slow- travertine, which represented 9 percent of 
oon gh slate production has shown a the value of imports for consumption. Ee 

ou remaining percentage was comprised oO 
steaey acctne In recent eed me outlook values for limestone, quartzite, and miscel- 
or the industry appears good when mone- janeous stone. 
tary restrictions on the building industry 

are loosened. WORLD REVIEW 

PRICES Philippines.—The marble industry of the 
Average values for dimension stone in Philippines was discussed in a report that 

1970, as r to the Bureau of Mines, 5 Mining Engineering. Industrial Minerals—1970 
7 li ported . ” . ton: and Beyond. V. 23, No. I, January 1971, 50 pp. 

are list elow in dollars per ton: ® Work cited in footnote 5.
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detailed the distribution of deposits and the noted that the company has expanded its 
mining, processing, and marketing of mar- processing facilities and plans to export 
ble.?7 Luzon and Mindoro are the principal block and finished marble products. 
sources of marble. The largest processing 
plant is situated at Maco, but several siz- TECHNOLOGY | 
able plants are located in the Manila area. A new anchoring system has been devel- 

Faced with rising labor costs, a shortage oped that is expected to offset problems in- 
of skilled workers, and strong competition herent in joining stone facing slabs to con- from other structural materials, the Philip- crete in producing precast architectural 
pine dimension stone industry is moving =units.10 The use of a shear hub and slip - 
as rapidly as possible towards automation.8 anchor allows the stone slab to be retained 
Taiwan.—Production of marble has 0! the concrete slab free of destructive 

ee sharply accelerated_in_recent years-with the —5'Tesses to both components. 
discovery of large deposits of green serpen- Failure to achieve the maximum degree ; 
tine and grey and black calcite marble. of mechanization possible and to resolve the 

The principal products currently are dec- ™4npower problem may lead to the demise 
orative items such as table tops and lamp Of the dimension stone industry. The in- 
bases, but output of architectural marble 4ustry is beset, additionally, by municipal 
is accelerating. planning restrictions, particularly in densely 

: populated areas.11 In the past, the develop- 
Togo.—The marble deposit being worked ment of stone quarries was virtually un- 

by Société Togolaise de Marbrerie et de restricted, but today many urban planning 
Materiaux is believed to contain over 550 commissions carefully control mining oper- 
million short tons—a virtually. inexhaust- ations by requiring mining companies to 

| ible supply at the current rate of produc- plan current and future operations in the 
‘tion of 10,000 tons a year. It was further manner described in the article. 

CRUSHED STONE | 
DOMESTIC PRODUCTION secondary highways had been completed 

In 1970 production of crushed stone 2¢ 4 Cost of $22.6 billion. Contracts invol- 

totaled 873 million tons valued at $14 bil- Ving 13,917 miles at a cost of $4.1 billion | 
lion, 1 percent and 4 percent, respectively,  WET€ underway. An additional $1.8 billion 

_ above the corresponding levels of 1969. Pro- Of engineering and right-of-way acquisition 
duction was partially restrained during work has been completed, and $879 milion 

1970 owing to a decline in industrial and Worth of such work was underway. 
construction activity. Approximately two- The stone industry continued to expand 
thirds of the crushed stone was used for and modernize facilities to meet increasing 

construction and paving purposes. | Quarry anc to become Rich: ee 
_ Legislation and Government Programs.— uarry Products, Inc., Richmond, Calif. 
Highway construction, a principal market completed modernization of its quarry on 

for crushed stone aggregates, continued at San Francisco Bay.12 The new complex in- 
the high rate begun by the Federal Govern- cludes a new automated plant that produces 
ment in 1956. The U.S. Department of cement-treated base materials and addi- 
Transportation announced that, as of De- tional crushing and screening equipment. 
cember 31, 1970, 74 percent of the 42,500- Principal products include cement-treated | 

mile National System of Interstate and De- ™Shadmon, Asher. Marble in the Philippines. 

fense Highways was now open to traffic. An Byrgau of Mines, Manila, Philippines, 1969, £0 pp 
additional 10 percent was under construc- cation of Marble and Stone. Philippine Architec- . 
tion, 12 percent was in the planning stage, ar Pe ed MAS a Stoney Growad Vv. PP No. 9 

and 4 percent was in a preliminary stage. Mar. 1971, pp. 12-14. New § " : , A hori : 
Approximately 9 percent of the mileage now 10 Concrete Products. New System for Anchorin 
ae Pe ewiee wath x od additional improve. stone to Precast Concrete. V. 73, No. 1, Jan. 1970, 

ments in order to handle projected in- _, *Shadmon, Asher. Quarry Site Surveys in Rela- 
. eas tion to County Planning. 23d., Internat. Geol. 

creased traffic in the future. In addition to Cong. 1968, pp 125-132. 
the Interstate System, construction contracts _@ Utley, Harry F. Pioneer Quarry on San Fran- 
. . : : cisco Bay is Modernized. Pit and Quarry, v. 62, 
involving 244,416 miles of primary and No, 8, February 1970, p. 126. |
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base materials, construction aggregates, and _gregate also declined. Increases in consump- ! 

bituminized paving material. Rivergate tion were recorded for stone used for agri- 

Rock Products Co. Portland, Oregon, com- cultural purposes (9 percent), for con- 

pleted an expansion of its crushed stone crete aggregate (7 percent), and for un- 

plant.18 The capacity of the new plant is specified construction aggregate (9 percent); 

more than double that of the old. Products a large increase (38 percent) occurred in 

include coarse riprap, asphalt rock, railroad _ the use of riprap and jetty stone. 
ballast, and several sizes of base rock. Ad- | 

vance planning, continuous equipment re- PRICES 

habilitation, and Pe ke  fectors that a - Quotations in Engineering News-Record 

grams a voweh” t ' © y a t a lead for carload lots of 114-inch crushed stone in 

to hed grow" Th small producing = 1970 ranged from $5.75 per ton in Minneap- 

crushed stone. , c Pile placement of jis to $1.55 per ton in Birmingham. The 

new equip me an hk expe, 1p me quarry average price reported for 17 miajor cities 

area Oe is LW Rowe t and mainte- was $2.98 per ton. The prices for 34-inch 
nance costs.t? L, W. Kozz0, Inc., 1s usINg 4 crushed stone ranged from $5.75 per ton 
portable plant and a stationary plant to iy Minneapolis to $1.60 per ton in Birming- 

Pn an cane Poors peepee near ham and St. Louis. The average price for 

= a le dt sh f nati P1967 f the 19 major cities was $3.04 per ton, an in- 

rikh 10n St oo e torma ton K : € crease of 2 percent over the 1969 average. 

YY Cee ee ae entucky, to Prices for industrial fillers and extenders 
SUPP 'Y crushed paving stone.17 A rapidly per ton, as reported in the American Paint 
growing chemical stone market led Texas Journal, were as follows: 

_ Crushed Stone Co. to embark on a major = ¢:1: 05 amorphous 
expansion program that more than doubled ultra-fin e-ground $69.00 

existing capacity at its Georgetown, Tex. ging crystalline _____$20.50-45.40 

plant.1s The problems of environmental Whitin 8, pr ecipitated, Toe " 

pollution, and encroachment of urban areas surfa 5 eated , $48.00 

were met and solved by Blue Rock Indus- Whiting, dr ground, —w 

tries, Westbrook, Maine.19 395-mesh y , $14.25-19.00 

The National Crushed Stone Association as reves ane 
. | Whiting, precipitated, 

(NCSA) at its recent 53d Annual Conven- = yg p __ $50.00-117.00 

tion made it obvious that there will be no ee " - 
. ee . Whiting, precipitated, 

letdown in its comprehensive program technical | $33.00-44.00 

aimed at regaining old markets, developing Writing natural ” 

present markets, and finding new uses and w eee ound a $39.00 

markets for crushed stone.20 Also stressed Bt an 

at the venti i } 
convention _ were the efforts being 13 Trauffer, Walter E. Portland, Oregon, Crushed 

made to solve environmental problems. A stone. Pit and Quarry, v. 62, No. 10, April 1970, 

full-scale test of a limestone injecti - pp. 98-103. 
. limes © J ton proc 14 Herod, Buren C. Planning Key to Growth of 

ess for reducing sulfur dioxide emitted Ohio Quarry Operations. Pit and Quarry, v. 62, 

from the stacks of coal-burning power No. 11, May 1970, pp. 122-126. ong 
1 . heduled f h fe 21 145 Shannon, James J. Equipment Installation in 

plants is scheduled tor the near tuture. Existing Quarry Cuts Costs for River Products 

Testing of concrete shoulders on highways Co. Rock products, v. 73, No. 9, September 1970, 

was accelerated by the participation of the Pris Stearn, Enid W. Rozzo Hits Paydirt in Hard- 

U.S. Bureau of Public Roads.22 The Bu- rock. Rock Products, v. 73, No. 4, April 1970, 

reau’s program calls for test projects in at PF, Herod, Buren C. Elkhorn Stone Company— 

least two States in each of nine regions. An impressive Newcomer. Pit and Quarry, v. 63, 
No. 3, September 1970, pp. 74-79. 

18 Herod, Buren C. Steadily Improved Service— 

CONSUMPTION AND USES Texas Crushed Stone’s Goal. Pit and Quarry, v. 
63, No. 4, October 1970, pp. 80-85, 89. 

Although consumption of crushed stone C ep raufer, Walter Ee Maine's New Dust-Free 

increased slightly in 1970, not all major 2. August 1970, bp. 96-100. Quarry, v. 09, No- 

end uses recorded gains. Consumption of 20 Pit and Quarry. Selling stons and Environ, 

dense-grade road stone, the largest use of ental Control Siresed 3 Ne Te 
crushed stone, declined about 13 percent, ae k Prod K k Gets TVA 

and that for stone used in the manufacture Contre. V.- 93" No. a aT p. 18. 

of cement and lime fell about 6 percent. NaiRoads and Streets. Concrete Shoulders Get 

Use of flux stone and surface treatment ag- 1970. pp. Fyaluation. V. 113, Now BM, Koctober
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FOREIGN TRADE South Africa, Republic of.—Northern 
. Lime Co., Ltd., reported incre U.S. exports of crushed stone in 1970 ported inc ased sales and “sags profits as a result of fuller utilization of amounted to 2.1 million tons valued at ! . . ery: . its Silver Streams plant capacity.27 The $6.7 million. Approximately 82 percent of : : . . . | company produces limestone, unslaked lime, the quantity and 51 percent of the value ; . | } hydrated lime, and road lime; end uses of the exports was calcareous stone used as . . . cover a wide field that ranges from steel a flux or in manufacturing cement and . . . , . . . refining to agriculture. Richard’s Bay lime. The bulk of the remainder consis- . - ; Quarries (Pty) Ltd., Natal, commenced ted of unspecified types of stone used for . . | nrincina) development of a. dolerite property near various purposes. Canada was the principal . . . Empangeni.28 The company has been recipient (89 percent of the quantity and anted a renewable 25-year operatin 77 percent of the value), followed by the Bartes y P 8 Bahamas, Mexico, Guyana, and Chile. ee 

tS. imports of crushed stone in 1970 Sweden.—A major step was taken to solve 
amounted to 3.3 million tons valued at the problem of environmental pollution in- 
$5.9 million. Nearly all of the imported herent in stone-crushing plants.29 Two stone consisted of chips, spalls, and crushed firms, A. B. Mataki and Trelleborgs Gum- or ground material. The remainder was  mifabriks, A. B., decided to sell all machin- rough, irregular pieces of broken stone. ery in rubber in order to eliminate dust 
Canada was the principal source of the and reduce noise levels in its new crushing 
imports. . plant. Dust was virtually eliminated, and 

A. B. Mataki says it now needs only a tenth 
WORLD REVIEW © of the usual ventilation capacity. 

Bahama Islands—The U.S. Department | 
of State reported the passage by the Baha- TECHNOLOGY | 
mian Government of a law encouraging the Using special plastic materials that can 
mining of aragonite by Ocean Industries greatly increase the strength of rock, scien- Inc. of Fort Lauderdale, Fla. The law is tists of the U.S. Bureau of Mines are work- unique in that it levies an operations tax ing to develop a system that may ulti- 
on net profits of the company. Commercial mately make walls and roofs of mine tun- development of the underwater aragonite nels completely self-supporting. Consider- - deposits began after 5 years of intensive ably more laboratory work is needed before processing and marketing studies.23 Con- any system employing the high-strength ventional undersea mining methods are be- plastic can be readied for testing under ing employed to extract the aragonite. actual conditions. Present testing involves Canada.—One of the most unusual and impregnating rock specimens with a highly 

versatile crushed stone plants in Canada quid form of plastic, which is forced into is that of Haverlock Lime Works, Ltd., at cracks, joints, and pores. In a subsequent Haverlock, New Brunswick.24 The com- step, heat is applied, in the presence of pany operates a new modern crushed stone catalysts, which causes the molecules of plant, three agricultural-limestone-produc- 
ing Plants, and a pulverizing limestone ~, Schmitz, Richard C., and William T. Aldrich. plant that produces a wide variety of spe- Underwater Mining of Aragonite Sands in the cial products. New Brunswick is also the pahamas. , Marine oe Soc. 6th Annual Pre- location of one of Canada’s largest agri- P * Pit and Quarry. Haverlock (N.B.) Lime 
cultural limestone producers, Brookville one td., Continues Steady Growth. V. 62, No. . 

° ’ une ’ p. ° Manufacturing Co., Ltd., Brookville, New * Trauffer, Walter E. Pioneer New Brunswick Brunswick.25 The company, a pioneer agri-  Agstone Producer Expands. Pit and Quarry, v. cultural stone producer in the Maritime 2; No. 11, May 1970, p. 116. . 6 Gustafsson, Caj-Erik. Finns Quarry Limestone Provinces, also produces aggregate stone From Under Lake. Rock Products, v. 73, No. 4, and fertilizer filler stone. Apni 1970, pp. 55 ining Engineering J ; . ° ou rican inin ngineering Journal. Finland.—One of the largest limestone In the N.W. Cape—Limestone Is Big Business, mining operations in Finland is located at Part I. V. 81, No. 4013, January 1970, pp. 5-6. 
j i i - *8 Holz, Peter. Nekwane — Natal’s Largest Lohja, app roximately 40 miles west of Hel Quarry. Pit and Quarry, v. 62, No. 8, February sinki.26 About two-thirds of the 1-million- 1970, pp. 118-119. 

tons-a-year Output is consumed as cement ** Pit and Quarry. Dust- and Sound-Proof Stone- 
Crushing Plant Protects Workers and Environment. plant feed. V. 62, No. 8. February 1970, p. 134.
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the plastic to link up into large complex installation at Colwyn Bay, North Wales.31 

molecules or polymers. Reduction of hauling costs was accom- 

A two-way radio system was used by the plished by using portable crushing and 

United States Steel Corp. at its limestone screening plants in supplying paving ag- 

quarry as means of keeping the complex grates and crushed stone for road projects.32 

operating at peak efficiency.30 The princi- >>... 40, | 
P ff g a’ P c . y B 30 Pit and Quarry. Two-Way Radio Speeds Com- 

pal effect of the system 1s to reduce down- munications at U.S. Steel Limestone Quarry. V. 

times resulting from mechanical failures, 6, No. 11, May 1970, pp. 150-151. ; 

d dinate haul nd production 31 Rock Products. Sorting Limestone Electroni- 

anc to coordinate aulage and p c cally. V. 73, No. 3, March 1970, pp. 76-79. 

equipment. Limestone was successfully and roads . and erect. Portability , Means Profits 

economically sorted electronically in a pilot 70 wp. 1879. 0. 10, October
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Table 2.—Stone shipped or used by producers in the United States, 
by States 

(Thousand short tons and thousand dollars) 
Se 

1969 1970 
State SS — 

. Quantity Value Quantity Value eee eee Oe | 
Alabama__...2--__- es 19,854 $37,512 119,882 1 $37,166 _ Alaska. _.-2 2-2, 1,954 3,902 6,470 10,014 Arizona... _.--...-.- 2, 2,827 5,812. 8,511 7,094 Arkansas_._...2..-----2---- ee. 16,463 23,134 15,284 22 , 786 California___-_._...2- 2222 38 , 033 57,757 46 ,399 66,950 . Colorado._...-...-_--__.__ 1-8 2,245 5,079 8,552 8,076 Connecticut______-.-_-__._-____ 7,562 15,325 8,838 16,915 Florida 1___----22 2! 42 ,332 56,611 43 ,089 61,302 Georgia. ._..-....___.__________.___._._ 27,755 59,451 26,635 59,200 
Hawaii__._-..-- 22 6, 5384 16 ,059 16,3382 115,538 
Idaho. .-.--.--~-- 22-2 -- ene -------__--_-__________8, 750.6 426 ____14'949 1g’ 36g 
Tilinois.__. 22. eee 54,857 81,318 55,776 86 , 502 
Indiana___...--...--______---________ 25,559 45,400 25,818 45,215 
Towa__......----.---_-- ee 26 ,233 40,895 ' 25,805 41,119 
Kansas___._._2......-_--_-__-_-.-______ 15,828 22 ,645 15,161 22 ,406 
Kentucky. ___.....--_-_--___-________. 130,158 144,644 29,311 145,208 
Louisiana 1. ___ 2 eee. 9,237 11,892 9,059 11,660 
Maine. _______-2_ ee; 1,101 8,798 WwW 12,3811 
Maryland. _____..---- ee ; 15,067 $30,504 16,015 32,783 
Massachusetts____._._____..-_______..__._.._____ 7,847 22,521 18,008 24,3849 
Michigan_______-_-_________________._ 89,186 43,572 41,687 49 ,501 
Minnesota______.______._.____________ 5,035 14,253 4,579 17,000 
Mississippi_____.___-__..___._._____..____..___.. WwW WwW ws WwW 
Missouri_._..~_____--_-________ ee 41,977 63 ,251 39,726 157,285 
Montana_____-__-_ 7,667 10,579 16,501 16,896 
Nebraska. __..-________-_______________. ee 4,665 9,494 4,265 7,378 
Nevada. ________-_-__--2-- 2 eee 1,494 2,483 1,860 2,722 
New Hampshire____________..__..__.___..__._.__- 320 2,888 WwW 1845 
New Jersey____._____.__________.___._. 15,162 34,034 115,160 140,567 
New Mexico______________________.___.._...._. 2,826 3,286 13,100 14,030 
New York_______-__________________ 87,561 66,839 37,616 68,118 
North Carolina_...__.-.-_._-___...____ ee 26,812 47,829 30,363 54,121 
North Dakota_____.____._____._..___..__... 72 99 108 126 
Ohio___2.22- 2 51,792 86,570 47,244 81,506 
Oklahoma_________.--_- 18,799 28 ,650 18,177 23,701 
Oregon___.________.._-.___._ ee 11,662 18 ,897 13,439 20 ,948 Pennsylvania________.___.______.__.........._... 66 , 992 117,726 166,119 120,187 Rhode Island______.____._______.__._______._____ WwW 1,417 WwW WwW South Carolina_____._-...__._...._._.______..___ 8,846 18 , 506 9,710 _ 114,784 
South Dakota___.________.__.___.______.._...___. 2,092 10,839 1,979 13,375 
Tennessee______________________.______......_._. 33 ,265 46,192 35,374 50,013 Texas... e tr 46,6382 r 64,886 45,557 64,422 
Utah____- ee 2,582 4,484 1,650 4,320 
Vermont________-___-__________ et 2,151 19,810 . 1,514 19,088 
Virginia... 33,461 58,713 35,415 60,477 
Washington___-______________.._._..___......___. 15,742 21,069 13,701 19,100 
West Virginia !_.....___..._......_..........__ 9,031 15,801 - 9,740 16 , 722 
Wisconsin_______._._____._.__.___.._......._.__.. 18 ,954 27,571 17,577 25,167 
Wyoming______.._______.___._ 1,584 8,012 1,266 2,758 
Undistributed____.___.._....___.__._._._..._._. 1,331 1,260 2,906 16,850 

Total 2____. eee ------ = 862,889 1,424,594 874,512 1,474,917 
Pacific Island Possessions.._._.___.____...___.-.___.. 717 1,552 678 1,375 
Panama Canal Zone______________________.______. 74 231 85 265 Puerto Rico.._________.._._____._........... 6,985 18,550 7,296 13,947 
Virgin Islands________......._..______..._....___. 411 1,682 514 2,226 eee eee 

t Revised. W Withheld to avoid disclosing individual company confidential data; included with 
*“Undistributed.” . . 

1 To avoid disclosing individual company data, certain State totals are incomplete, the portion not included 
has been combined with “‘Undistributed.’’ The class of stone omitted from such State totals is noted in the 
summary chapter of this volume. . . 

? Data may not add to totals shown because of independent rounding.
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Table 4.—Dimension stone shipped or used by producers in the United States, 
by use and kind of stone 

(Thousands) | - a 

. — 1969 1970 
Kind of stone and use ee 

Short Cubic Value Short Cubic Value 
tons —-_—Ssé feet . tons , feet - 

eee 
, GRANITE 
Rough: . 

Architectural. ___~2.- 22 __ 28 326 $965 43 497 $1,255 
Construction 1__.._-___._-_- 130 1,403 1,282 55 _ 692 535 

‘  Monumental_____._2 222 201 2,155 12 ,333 200 2,386 17,160 
Uses not specified 2_______________ 4 50 23 3 25 17 

Dressed: . 
Cut__. ee 55 607 11,146 54 630 10,109 
Sawed 3____ ee 4 AT 602 qT 87 875 
House stone veneer___________.___ 5 57 138 —_ T  <T4 602 
onstruction____________________. 14 170 1,101 19 234 1,774 

Monumental______ 2 56 650 11,429 25 298 7,317 
Curbing__._.-._--2 2 ee 190 - 1,973 5,666 159 1,870 5, 762 
Flagging_______.._-_____________- (4) 4 11 W WwW WwW 
Paving blocks__-______....-.-___- 6 67 161 W W WwW 
Other dressed stone 5_________.____ pone ne eooeee ~----- 5 55 111 

Total ¢___.222-2 2 692 7,510 44,858 BIT 6,847 45,517 

LIMESTONE AND DOLOMITE 
Rough: _- . 

Architectural______.___.-____.___ 224 2,643 4,262 . 161 2,081 3,402 
Construction !____._-_-_-_-_.2_ 2. 81 1,035 1,039 67 830 714 
Flagging 7______.._______________ 18 233 239 18 225 150 

. Other rough stone________-1------ eee LLL wenoee 6 T7 39 
Dressed: 

~ Cute 67 872 6,085 76 ~ 996 5,897 
‘Sawed____--__-_. 2 ee 64 813 2,734 AT 611 2,194 
House stone veneer_______________ 78 1,003 2,409 68 871 2,048 
Construction §______- =e 13 166 435 13 154 453 
Flagging. _._...-.-_-____._______- 3 37 54 1 18 30 
Other uses not listed______._______ 26 804 WwW 27 335 WwW 

Total 6___.________._._..._..._. BTA 7,106 17,256 482 6,197 14,926 | 

MARBLE | i 
Rough: 

Architectural... ...--...---_____- 8 98 390 10: 111 456 
‘ Construction 1__-..- 22 e Ww WwW WwW WwW WwW WwW 

Other rough stone 9_______________ 10 123 93° 3 33 12 
. Dressed: . _ 

Cut___ 2 ee 24 280 7,331 23 274 7,659 
Sawed_________________ 8 100 1,407 8 92 ~ 1,485 
House stone veneer--------2------] 
Construction__.._______._ 2 __ 1020 233 8,468 20 237 3,381 
Monumental_.........-....___---] 

Total 6_..-_--__ ee r71 r 829 r12,689 63 746 18 , 053 

SANDSTONE, QUARTZ, AND QUARTZITE . 
Rough: 

Architectural. -___..._-._________- — 29 389 521 43 562 673 
Construction 1_____._____________. 92 1,238 1,340 83 1,132 1,178 
Flagging )_____-___-_ 20 207 Ww 18 223 WwW 

Dressed: 
Cut_...- ee 17 1,055 8,831 58 164 3,873 
Sawed 2______-__ ee 64 824 2,664 56 . 132 2,161 
Flagging 33__-_._-__.___________ ee 28 343 1,054 30 372 1,067 

Other uses not listed or unspecified _ _ _ __- 2 32 1,569 4 52 1,706 

Total 6-22 ee 311 4,088 10,979 291 3,837 10,658 

SLATE ' 

Roofing slate 4____.__._._____._______- 16 a----e 1,698 22 a 1,842 

Millstock: 
Structural and sanitary_____._____ 18 ------ 2,784 18 -eu--e 3,137 
Blackboards, ete._________._____- r 3 wou eee 866 2 waon-- 652 

Total__ 2-2 21 ------ 8,600 20 wuuuee 3,789 

Flagging. ________.-_____________ 40 wonnue 1,285 39 w----- 1,160 
Other uses not listed or unspecified _ _ ____ 64 nouuue 2,679 18 ------ 1,897 

Total____.---__-- ee 6 142 ~----- 9,212 99 wanene 8,688 

See footnotes at end of table.
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Table 4.—Dimension stone shipped or used by producers in the United States, : 

. by use and kind of stone—Continued 
(Thousands) 
i 

1969 1970 
Kind of stone and use SO rere 

. Short Cubic Value Short Cubic Value 
. tons feet tons feet 

tt 

, OTHER STONE 16 

Rough: 
Architectural__..--.------------- 9 111 $86 WwW WwW $30 

Construction 1__.......----------- 39 469 484 27 337 365 

Other rough stone ?’7____..----.---- 1 q 21. ws. WwW W 
Dressed: . 

Cut 8__.. +--+ 2 22 WwW 1 24 WwW 

House stone veneer___.-.--.------ 1 ri 24 WwW WwW WwW 

~ Construction 19___._-.--.--------- 5 62 WwW 5 16 WwW 
Flagging. .-.-------------------- 8 86 141 WwW ws. WwW 

Total 620.00 eee 65 767 2,682 43 543 2,044 

TOTAL STONE : 

Rough: 
Architectural_...-....-.--.------ 300 r 3,569 6,257 259 3,287 5,839 

Construction 1__.....-..---.------ t 350 14,257 14,261 239 3,086 2,908 

Monumental___......-.---.------ 201 2,158 12 ,343 200 2,391 17,173 

Flagging. _._...----------------- 37 419 886 34 428 903 

Other rough stone #1. _.__..-=----- 13 158 133 10 128 100 

Dressed: 
Cut_......-2 ~~~ +e 225 2,845 29 ,122 212 2,685 27,661 

Sawed______..------------------ 118 1,515 6,822 89 1,162 5,946 

House stone veneer_._._..-------- 118 1,476 4,510 111 1,401 4,411 

Construction____....-..---------- 30 371 1,383 36 446 2,081 

Roofing (slate) 4#.___.....--------- 16 wonnee 1,698 22 annone 1,842 
Milistock (slate)_........_--------- 21 ------ 3,600 20 ------ 3,789 
Monumental____-_....-_----..---- 64 739 13 ,348 32 378 9,302 

Curbing._..__._..--------.------ 191 1,996 5,741 161 1,886 5, 822 

Flagging. .__.-..-..--.---------- 81 494 2,539 81 516 2,522 

Miscellaneous uses 22___._......------- 103 458 5,904 58 506 . 4,857 

| Total 6.._..._____._---_---..-- *1,867 *20,455 *98,547 1,565 18,299 95,157 
eee een 

. r Revised. W Withheld to avoid disclosing individual company confidential data. 
_ 1 Includes irregularly shaped stone and rubble. 

2 Includes minor amount of flagging and other rough stone. 
3 Includes other uses not listed. 
4 Less than }% unit. 
5 Includes figures where symbol W appears to avoid disclosing individual company confidential data. 
6 Data may not add to totals shown because of independent rounding. 
7 1969 data includes small amounts of monumental and other rough stone; only small amount of monumental 

included in 1970. a 
8 To avoid disclosing confidential data, figure shown includes value data for “Other uses not listed.”’ 

9 Includes minor amount of flagging for 1969; also, construction stone for both years to avoid disclosing 

individual company confidential data. 
10 Data combined to avoid disclosing confidential data; also includes flagging and other uses not listed. 

11 Quantity data includes small amounts of other rough stone and monumental (1970); also, value figures 

withheld to avoid disclosing confidential data and included with other uses not listed or unspecified. 
12 Includes dressed stone used for house stone veneer and construction. 
18 Includes stone for curbing. 
14 Includes minor amount of slate used for house stone veneer. 
15 Includes slate for electrical purposes and billiard table tops. 
16 Produced by the following States in 1970 in order of value of output and with number of quarries: Virginia 

(2); Maryland (3); New Jersey (1); Pennsylvania (4); Hawaii (2); California (7); West Virginia (1); Oregon (2); 

New Mexico (1); and Washington (4). 
17 Includes minor amount of rough stone used for flagging. 
18 Includes sawed stone. 
19 Includes stone used for structural and sanitary purposes. 
20 To avoid disclosing individual company confidential data, figures indicated by symbol ‘““W”’ are included 

in total. 
21 Includes 1969 data for unspecified uses of rough stone. 
22 Data includes stone used for paving blocks; structural and sanitary purposes (excluding slate); and other 

uses not listed or unspecified.
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Table 5.—Granite (dimension stone) shipped or used by producers in the United States 
in 1970, by States | 

cn 

Active Short Value Active Short Value 
State quarries tons (thou- State quarries tons (thou- 

sands) sands) 
ee 

California__-...-_--.- 9 4,890 $515 South Carolina__._..- 5 11,604 WwW 
Connecticut____...._- 4 WwW 71 South Dakota______-_ 7 68,167 $10,409 
Georgia. __.-..-_----- 26 187,961 5,267 Wisconsin. .....-.--- 15 7,385 2,057 
New York__-.-.._---- 4 18,771 776 Other States 1____.___ 67 320,297 24,881 
Oklahoma__-.._._-.._ 8 8,949 1,014 ——_—__- 
Oregon___.---...----- 2 295 WwW Total 2__.____- 148 576,519 45,517 
Rhode Island. _____._ 1 3,200 528 Puerto Rico____-..-- 8 16,200 . 49 

a 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
1 Includes quarries in Colorado (3), Maine (2), Massachusetts (7), Minnesota (16), Missouri a) » New Hamp- 

shire (2), New Mexico (4), North Carolina (16), Pennsylvania (4), Texas (3), Vermont (7), and ashington (2). 
ss? Data may not add to totals shown because of independent rounding. 

Table 6.—Limestone and dolomite (dimension stone) shipped or used by producers 
| in the United States in 1970, by States 

a 

Active Short Value Active Short Value 

State quarries! tons (thou- State quarries! tons (thou- 
sands) . sands) 

TTT 

California. _..-.-.---- 3 27,067 W New York__-.------- 1 500 WwW 

Illinois.._......------ 4 12,541 $126 Ohio__._-_---------- 8 11,609 $142 

Indiana___...-------- 31 273,394 9,483 Oklahoma_-__.-._---- 3 1,550 23 | 

Towa_.._._-.-.------- 8 11,405 W Wisconsin___.-.-.-.- 39 67,119 1,263 

Kansas.......-------- 7 21,089 441 Other States 2?________ 138 37,797. 1,932 

Michigan___.....----_ 3 WwW 37 ———— 

Minnesota___.....---- 5 14,399 1,483 Total___._-_-_ 129 482,363 14,926 

Missouri__._._..------ 3 3,473 43 Puerto Rico____----- 11 101,200 292 

Nebraska__......----- 1 ‘420 3 
on 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” _ 

1 Count may be duplicated for quarries that produce more than one-third of stone. . 

2 Includes quarries in Alabama (1), Colorado (2), Florida (1), Rhode Island (1), South Dakota (1), Texas(5), 

and Virginia (2). a. : . | 

Table 7.—Sandstone, quartz, and quartzite, (dimension stone) shipped or used 
by producers in the United States in 1970, by States 

me enn 

Active Short Value Active Short - Value 

State quarries! tons (thou- State quarries! tons (thou- 
sands) sands) 

ee 

Arizona___-_._-__--- 44 11,406 $186 Ohio__....---------- 17 «77,904 $3 , 476 

Arkansas_._._---.---- 4 6,293 129 Pennsylvania--_-.----- 26 54,926 1,255 

Colorado_......-.---- 49 11,094 221 South Dakota_._.__-- 8 65 2 

Connecticut. __._.---- 3 4,280 62 Tennessee___...--.-- 4 7,041 285 

Indiana__.....-----_- 6 6,314 154 Utah___..._-_.-.---- 4 2,953 104 

Maryland. ._...-_---- 5 18,860 $29 Virginia__.__._.-----_ 3 2,449 WwW 

Michigan__.....------ 1 1,000 10 Other States 2___.____ 45 40,850 2,456. 

Missouri___..--.----- 2 1,340 WwW ——_ 

New York__..-------- 11 438,041 1,963 Total__......- 234 291,066 10,658 

North Carolina_.__---- 2 1,250 26 
perenne 

W Withheld to avoid disclosing individual company confidential data; included with ‘Other States.” 
1 Count may be duplicated for quarries that produce more than one-third of stone. 
2 Includes quarries in California (5), Georgia (3), Kansas (1), Massachusetts (2), Minnesota (1), Montana 

(2), New Jersey (1), New Mexico (8), Texas (1), Washington (2), West Virginia (1), and Wisconsin (18).



1050 MINERALS YEARBOOK, 1970 

‘Table 8.—Crushed and broken stone shipped or used by producers in the United States, | 
by kind of stone and use 

(Thousand short tons and thousand dollars) 
a ee a 

1969 1970 
. Kind of stone and use cor uO —— 

Quantity Value Quantity Value ee ESE 
CALCAREOUS MARL ! 

Agricultural purposes 2. _....-.-...------- ee 141 $124 178 = $181 
Surface treatment aggregates_______..__.______________ 3 2 3 2 
Cement manufacture ?___ 2 ee 2,346 2,391 1,558. 1,372 

Total 4__..- eee 2,490 2,516 1,739 1,554 

GRANITE 
Agricultural purposes 5... 2-2 eee 68 | A486 WwW 875 
Concrete aggregate (coarse)______.___________.__.._.____ 12,953 19,273 16,127 24,465 
Bituminous aggregate...-._.___-________._._._.__..____ 6,847 11,375 11,945 20 ,326 
Macadam aggregates_.._........--_-___-_ 2,208 3,680 2,820 4,207 
Dense-graded road-base stone____...__.-.._____________ 34,428 54,429 28,162 46 , 072 
Surface treatment aggregates_______________......_.___ 4,124 6,605 4,477 7,172 
Unspecified construction aggregate and roadstone ________ 6,531 8,016 12,609 19 , 569 
Riprap and jetty stone____._-___.-_.-_______._ 2,587 4,609 2,275 4,621 
Railroad ballast_..-..-..-...-_2_.____ ue 8,532 4,960 4,518 6,356 Filter stone_____.....- 2-2 _-_ ee 103 206 WwW WwW 
Manufactured fine aggregate (stone sand)_______________ 6 668 6 734 WwW WwW 
Special uses and products_...___-___....--____.___.___- 250 WwW ------- ~-+--- 
Fill_._----s.----- ee 186 123 WwW WwW 
Other uses.____.__-_-_-- eee, 7754 71,492 83,205 84,131 
Uses not listed or unspecified. ____.______...__..______- Ww 1138 WwW WwW 

Total 4.20.22. ee 75,189 116,102 86,133 137, 795 

LIMESTONE AND DOLOMITE . 
Agricultural purposes §__________.__-_____.__._______ 35,011 62,805 37,945 70,483 
Concrete aggregate (coarse)_............_.-.-..--.-.-.-. . 89,501 139 , 685 95,879 154,730 
Bituminous aggregate______.__.__._________.___________ 46,429 70,285 42,312 70 , 082 
Macadam aggregates________._________________.__.____- 23 , 422 34,730 24,573 37 , 390 
Dense-graded road-base stone_____....._._.__.-.---.-..-_ 142,271 188 , 966 124 , 897 171,019 
Surface treatment aggregates__________________________ 38 , 808 55,884 35,567 52,550 
Unspecified construction aggregate and roadstone ________ 53,641 78,680 57,694 89,118 
Riprap and jetty stone___.____________________________ 11,639 15,091 11,560 14,277 
Railroad ballast_...__......_-__.__ ee 6,173 7,982 6,387 8, 583 Filter stone_-.....------ eee 686 1,382 TAT 1,636 
Manufactured fine aggregate (stone sand)______________. 2,815 4,753 3,116 5,100 
Terrazzo and exposed aggregate__..____________________ 164 984 82 767 
Cement manufacture_______.__._______________.._...__. 97 , 6382 108 , 992 95,946 104,928 
Lime manufacture___________________________________. 29,565 53,248 25,989 47,440 
Dead-burned dolomite______._._____________________ 2,935. 4,626 1,990 3,262 
Ferrosilicon_........-.......-_._______-___.. eee 148 202 714 1,032 
Flux___---2 ee 30,360 45,673 29 ,462 45,262 
Refractory___...___._________.___.__._.__ ee 419 1,028 374 1,023. 
Chemical stone for alkali works_______.._.____________. 3,273 5,641 4,215 7,533 Special uses and products 9_________________.__________ 3,373 21,539 3,575. 21,636 
Fin. ee r4,102 r2,955 3,706 2,727 
Glass___ 2 eek 992 3,133 1,156 3,823 
Other uses!0__-- ee r2,297 t 5,384 8,541 19 ,284 
Uses not listed or unspecified__________.._______.______ 2,707 6,276 8 , 886 12,406 

Total 4__---_- ee 628 , 362 919 ,923 625,313 946 , 087 

MARBLE 
Agricultural purposes 5____._____._____..__.________ Ww WwW 72 247 
Concrete aggregate (coarse)________..._______.___.____- 
Dense-graded road-base stone____.____________.._._____ 
Surface treatment aggregates_________________________- 
Unspecified construction aggregate and roadstone ________ ul 793 15,209 [ 11 446 112,418 
Riprap and jetty stone__________________________ ee 
Filter stone_..-.--.-2-- eee 
Manufactured fine aggregate (stone sand)____.___._____- 
Terrazzo and exposed aggregate__._____.________.______- } 157 2,436 
Cement manufacture_________________________ oe wW WwW ------ ------ 
Special uses and products ®___________.____________.__- 51,378 515,678 966 14,564 
Other uses..._________._______ 12 64 12 679 13 53 13 803 
Uses not listed or unspecified. _________________________ 36 434 27 213 

Total___.--_-__- ee 2,271 22,000 41,722 20,681 

SANDSTONE, QUARTZ, AND QUARTZITE 14 
Concrete aggregate (coarse)______________________.____- 2,818 4,689 2,709 4,313 
Bituminous aggregate__________________________._____- 2,536 5,109 2,282 4,886 Macadam aggregates__._._.._.________.____.___.._.____. 358 5380 429 578 
Dense-graded road-base stone________._______.__.._-__.. 8,703 12,722 8,082 12,902 

See footnotes at end of table.
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Table 8.—Crushed and broken stone shipped or used by producers in the United States, 
| by kind of stone and use—Continued 

(Thousand short tons and thousand dollars) 

1969 1970 
Kind of stone and use ————__ 

Quantity Value Quantity Value 

SANDSTONE, QUARTZ, AND QUARTZITE 14—Continued . . 
Surface treatment aggregates_____-___-.-------------.- W711 $1,279 510 $1,110 
Unspecified construction aggregate and roadstone._-____-_ 3,006 5,716 2,871 5,128 
Riprap and jetty stone____._______._-_-_. .-_--_-___- ee 2,543 4,730 2,008 4,039 
Railroad ballast_._..-.-..----- ee eee 1,232 1,885 608 893 . 
Filter stone... eee 37 98 28 80 
Manufactured fine aggregate (stone sand)____.-_.___._-_- 250 509 293 456 
Terrazzo and exposed aggregate__.________._._.___._... 71 1,240 75 1,370 
Cement manufacture..__...-. eee 994 1,244 698 1,053 
Ferrosilicon 5_______.-__-__- eee 254 1,172 337 1,473 

FX. SS 89 _ 3 $14 —___ 8790 _____ 3, 3:79 —______ 

Refractory__.-.-.-_--_.--_----_--__ ee 718 4,587 255 2,503 
Special uses and products 9_______.__-_____.-__ ee 68 445 50 303 
Other uses 16.__0 0 eee ee 1,849 3,365 1,662 4,075 
Uses not listed or unspecified_____..---_-.-_._..-___.-_ 102 399 ‘WwW . WwW 

Total 4________ 2 ee 27,145 53,293 23 , 768 48,526 

SHELL 
Concrete aggregate (coarse)_.._.._._._-__.----..-------. 177,089 178,916 3,962 4,903 
Dense-graded road-base stone__________..._._.___-.---_ 5,825 7,506 5,277 6,983 
Other roadstone 8__ 2 eee eee eee eee eee 1,943 3,507 
Cement manufacttire___..-___________-___--_--..-------- 5,169 7,146 4,343 6,060 
Lime manufacture._.....__.--_____--2-_ eee iu_------ = 19 2,149 194,365 WwW WwW 
Other uses not listed_______.___.__________--__u___-__- WwW WwW 206,188 209,583 . 

Total 4.22 ee eee 19,731 27,933 21,713 31,035 

TRAPROCK . 
Concrete aggregate (coarse)______________._-_.___._---- 8,343 18,3382. . 9,702 20,894 
Bituminous aggregate._______.________.__-_-___-_a---_- 10,999 21,622 12 ,047 25,059 
Macadam aggregates__.______.________._-________..-- 2,366 4,087 2,982 5,241 
Dense-graded road-base stone___________._._._____---_- 18,190 81,576 14,467 22,588 
Surface treatment aggregate__.________.____.______.___ 8,488 12 ,226 9,042 ~~ 18,314 
Unspecified construction aggregate and roadstone_________ 20,701 38 ,323 20,305 42,112 
Riprap and jetty stone____.___________.-_-_-___---.-_- 2,603 5,071 1,988 3,704 
Railroad ballast_____.___...- 2... ___u ee 1,350 2,119 1,496 2,430 

' Filter stone__._.___-___-__________ ee 104 195 ‘WwW WwW 
Manufactured fine aggregate (stone sand)._________-_.-_- 91 313 162. WwW 
Special uses and products 9_____._______-___.2____-_u_- — 183 312 WwW WwW 
Fill... eee eee 215,534 213,321 1,941 1,651 
Other uses_____.__.___________._______ ge WwW 4,862 223,089 229,399 

Total 4___-__2_ ek 78,901 142 ,860 77,217 146,391 

OTHER STONE _ 
Concrete aggregate (coarse)_._._.__.-_-_-_-------------- 7137 1,478 - 869 1,498 
Bituminous aggregates____._____________.2._-_---_--__- 2,770 4,813 2,453 4,797 
Macadam aggregate_______._________.___-_--_---_-_- ee 215 309 145 226 

" Dense-graded road-base stone___________.___.________-_ 6,281 7,566 7,161 8,383 
Surface treatment aggregates__________.__._---__-_---- 469 567 1,301 1,761 
Unspecified construction aggregate and roadstone_________ 237,083 239,856 4,065 5,082 
Riprap and jetty stone_________.________.__--_.------- 3,962 5,721 14 ,338 16,653 
Railroad ballast___..__...___.._.__________.-__---____- 241,654 41,270 2,027 1,968 
Special uses and products 9________________--_-_-_--_--- 25 411 25 839 65 65 . 
Fill... eee eee 1,659 WwW 1,107 1,120 
Other uses 26_____...___. 524 4,881 670 1,331 
Uses not listed or unspecified________.___.___.____-_.--- WwW WwW WwW 131 

Total 4_____..--_- ee 25,766 37,301 34,201 43,013 

TOTAL STONE . 
Agricultural purposes 5________________-__-_--__.------- 35,881 67,066 38 ,985 74,786 
Concrete aggregate (coarse)_____________----..--------- 120,805 191,872 129 , 532 211,411 
Bituminous aggregate______________________-____--___- 69 , 580 113,205 71,554 126,013 
Macadam aggregates__________________.____._._-__---- 28,570 43 ,337 31,085 47,674 
Dense-graded road-base stone.._______.___...._._--__.-_ 215,258 302,861 188 ,094 268,017 
Surface treatment aggregates. ______._______-___--__-_-_ 52,692 76 ,692 50,938 75,971 
Unspecified construction aggregate and roadstone__.___-_- 90,949 140,539 98 ,802 163 , 565 
Riprap and jetty stone____________________.-_--__---_- 23 , 334 35,222 32,178 43,317 
Railroad ballast___.._.._.._______________._..._-- ee 18,841 18,091 15,032 20,229 
Filter stone______.___._.____________u uu ee 975 1,926 838 1,828 
Manufactured fine aggregate (stone sand)____-_____-__-- 3,899 6 ,684 4,081 8,298 
Terrazzo and exposed aggregate_____________._______-__- 555 6,219 317 4,583 
Cement manufacture___________._.___-_____.__.-_._-_. 106,186 119,870 102 ,573 113 , 485 
Lime manufacture______..____.______._-_-_--_-------- 81,591 55,571 27,580 49 ,657 
Dead-burned dolomite________._.___.._____--._-_.---- 2,995 5,016 2,050 3,652 

See footnotes at end of table.
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Table 8.—Crushed and broken stone shipped or used by producers in the United States, 
by kind of stone and use—Continued 
(Thousand short tons and thousand dollars) 

TT  GGDC~*~“‘“C(‘#NWNNYYWW’’”-S”s«@L'VHSSSC*~‘“C:*s 
Kind of stone and use Sa anna 

Quantity Value Quantity Value 

TOTAL STONE—Continued 
Ferrosilicon___._.._....-.--..-----------_- eee ee 342 $984 — 991 $2,115 
Flux. _ eee ee 31,257 49 ,247 30 , 332 48 ,632 
Refractory._...._...--------_-------- eee 1,136 5,615 629 3,526 
Chemical stone for alkali works____.______-_____________ 3,273 5,641 4,215 7,533 
Special uses and products 9_________. 22 eee 5,032 37,560 4,816 86,968 
Fill. 22 9,833 7,078 6,820 5, 587 
Glass______-_---....---.---------- +e eee 1,313 4,565 1,688 5,533 
Other uses 27____.-.._-_-_-_- eee eee r6,706 r 21,569 16 , 895 37,041 
Uses not listed or unspecified_____..-...-.-._.-__.-_____- 5,018 9,617 12,925 20,342 

Total 4___-_-- eee =: 861,021 1,326,047 872,947 1,379,761 

t Revised. W Withheld to avoid disclosing individual company confidential data. 
1 Produced by the following States in 1970, in order of tonnage: South Carolina, Virginia, Texas, Mississippi, 

Michigan, Indiana, Minnesota, and Nevada. 
2 Includes marl used in agricultural limestone, other soil conditioners and nutrients, and a small amount of 

marl] used in mineral fillers or extenders. 
3 Data includes small amount of fill and minor amounts of other uses not listed. 
4 Data may not add to totals shown because of independent rounding. 

' 5 includes agricultural limestone, agricultural mar] and other soil conditioners, and poultry grit and m‘neral 
ood. 

| 6 Data include terrazzo and exposed aggregates. 
-7To avoid disclosing confidential data, includes quantity data for uses not listed or unspecified and value 

data for special uses and products. 
8 Includes stone used in terrazzo, cement, drain fields, roofing aggregate and minor amounts of other uses 

not listed, and any data represented by the symbol W in granite. 
9 Includes stone used for asphalt filler, other fillers, or extenders, and other uses in smaller quantities. 
10 Data includes some stone used for roofing aggregates, dam construction, chemicals, sugar refining, and 

other uses in smaller quantities. 
11 Data combined to avoid disclosing confidential data. 

-  --: 2: Data include cement. 
13 Data include some stone used for roofing aggregates and other uses in smaller quantities. 
14 Includes ground sandstone, quartz, and quartzite. 
15 Includes small amount of dead-burned dolomite. 
16 Includes stone used for agricultural purposes, dam construction, roofing aggregates, fill, glass, and other 

uses in smaller quantities, and any data represented by the symbol W in sandstone, quartz, and quartzite. 
17 Includes asphalt filler and uses not specified. 
18 Includes bituminous, macadam, surface treatment, and unspecified aggregate and roadstone, and a smaller 

amount of riprap and jetty stone. 
19 Includes agricultural purposes. . 
20 Includes stone used for agricultural purposes, asphalt fill and other uses not listed and unspecified; also, 

any data represented by the symbol W included in shell. 
' 21 'T ° avoid disclosing confidential data, figure includes data for uses not listed; also includes quantity data 
or other uses, 

22 Includes stone used for agricultural purposes, drain fields, roofing aggregates, and other uses in smaller 
quantities. To avoid disclosing confidential data, figure includes filter stone, special uses and products, uses 
not listed, and the value data of manufactured fine aggregate. 

23 Includes cement and a small amount of flux stone. 
24 Includes filter stone, manufactured fine aggregate, and a small amount of terrazzo and exposed aggregate. 
25 Includes agricultural limestone and uses not listed or unspecified. 
26 Includes stone used for agricultural purposes, cement, roofing aggregates, other uses in smaller quantities, 

and, to avoid disclosing confidential data, quantity data for uses not listed or unspecified. To avoid disclosing 
confidential data, 1969 value figure includes value data for fill. 

27 Data includes roofing aggregates, dam construction, expanded slate, and other uses in smaller quantities. 

Table 9.—Number and production of crushed-stone quarries in the United States, 
| by size of operation 

1969 1970 

Annual production Number Production Number Production 
(short tons) of ————_—_—_—_——— of ——— 

, quarries Thousand Percent quarries Thousand Percent 
short tons. of total short tons of total 

Less than 25,000____.--_---.-.------- 1,753 15,354 1.8 1,656 14,840 1.7 
25,000 to 49,999______--___-.--------- 606 22,397 2.6 538 19,205 2.2 
50,000 to 74,999___.-._____-___-_.---- 334 20,611 2.4 352 21,824 2.5 
75,000 to 99,999___.___.__-_-.____.__.- 265 22 ,639 2.6 267 22,697 2.6 
100,000 to 199,999_.____.._________-_- 636 89 ,328 10.4 614 87,295 10.0 
200,000 to 299,999_____________-_-___- 267 65,641 7.6 278 68 ,090 7.8 
300,000 to 399,999_______________-____ 239 82 ,661 9.6 224 76,819 8.8 
400,000 to 499,999____________________ 163 73,236 8.5 159 71,582 8.2 
500,000 to 599,999__.._____._________- 84 45,517 5.3 102 55,869 6.4 
600,000 to 699,999___________________- 78 50 , 639 5.9 71 46 ,266 5.3 
700,000 to 799,999_____._____-___-___- 74 55,109 6.4 59 43 ,647 5.0 
800,000 to 899,999___________________- 40 33 , 709 3.9 49 41,901 4.8 
900,000 and over__________-__________- 172 284,182 33.0 181 302,913 34.7 

Total !__--_- ee 4,711 861,021 100.0 4,550 872,947 100.0 

1 Data may not add to totals shown because of independent rounding.
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Table 10.—Crushed stone shipped or used in the United States, 
| by methods of transportation 

| 1969 1970 
Method of transportation OO 

Thousand Percent Thousand Percent 
short tons of total short tons of total 

Truck____...-..-------.-------- eee eee 616 , 745 72 639 , 260 73 . 
Rail____.---.-- eee 97,107 11 89 ,646 11 
Waterway___.---.----_._.-_--------------------- 15,343 9 79,572 9 
Other___._...-.--------_-.-------- eee 39 , 768 4 27,341 3 
Unspecified...__....-.....-.-..-----------.------ 32,059 4 37,128 4 

Total______._-.._._..-.-._-.-.-.-.-.------. | 1861,021 100 872,947 100 

1 Data may not add to total shown because of independent rounding. — 

Table 11.—Granite (crushed and broken stone) shipped or used by producers in the 
| United States in 1970, by States 

(Thousand short tons and thousand dollars) 

State Quantity Value | State Quantity Value 

Arkansas_._......-.------.-- 3,957 $5,274 North Carolina__............ 24,251 $39,741 
California. _..._._-._.--_.._- 4,526 7,630 South Carolina_._......____- 7,112 10,914 
Colorado_._._.-_.----------- 103 164 Virginia.......__...._....-.. 10,675 18,290 
Georgia._.._...-_-------.---. 21,0138 32,706 Washington_..._._......---. 271 304 | 
Idaho_.._._._._. 2-2... --- 2,753 W Wisconsin___-_.--_._--_---_- 973 409 
Maryland____._._-__..--_._- 584 W Wyoming__....-- 2-2. 2. W 77 
Minnesota___.___..--._..---- 491 948 Other States !___..__._...._ - 6,756 16,119 
Montana_____-_.-. 2 2. - 3 WwW —_—_———__—————— 
Nevada. __.....-..---------- 302 240 Total 2__..._..-._.... 86,183 187 , 795 
New Jersey__._..-.-.-.-_-.-- 2,352  j§$$ 4,972 Puerto Rico_______-___-_. 254 542 
New Mexico_._._....._.--.-- 9 11 

. W Withheld to avoid disclosing individual company confidential data; included with “Other States.’’ | 
1Inecludes Alaska, Arizona, Connecticut, Maine, Massachusetts, Michigan, Missouri, New Hampshire, 

New York, Pennsylvania, Texas, and Vermont. 
2 Data may not add to totals shown because of independent rounding. 

Table 12.—Traprock (crushed and broken stone) shipped or used by producers in _ 
the United States in 1970, by States 

(Thousand short tons and thousand dollars) 

State Quantity Value State Quantity Value 

Alaska....----0-- 2 eee 83 $2538 Oregon_______._._._---_---- 12+, 234 $18 , 786 
Arizona__._...--.----------- 418 W Pennsylvania______.___.._- 3,844 8,147 
California_._.....-.-..--_-_- 2,216 2,998 South Dakota_____.-_____-_- 3 8 
Connecticut__._.-......--.-- 7,408 18,678 Virginia_......._._2.-..---- 3,385 6,057 
Hawaii_....-...-......_ 4,752 11,803 Washington _._..._......_.._ 12,290 15,457 
Idaho_._...-.--------------- -516 782 Wisconsin. __..............- 846 1,828 
Maryland. __.._......_..__ . 5,260 10,965 Other States1______________- 4,895 10,890 
Massachusetts___...._._.--- 4,872 9,625 CN 
Michigan___..........__.---- 10 18 Total 2__............. 77,217 146,391 
Minnesota_____...-..--------- 62 124 Pacific Island Possessions_-_-__- WwW WwW 
New Jersey..........._...... 12,064 31,977 Panama Canal Zone_-_-_____-- 85 265 
New Mexico____.....-_._-.-- 351 522 Virgin Islands___.___._...___- 514 2,226 
North Carolina____.._..__-_-- 1,708 2,472 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
1 Includes Colorado, Illinois, Maine, Missouri, Montana, New Hampshire, New York, and Texas. 
2 Data may not add to totals shown because of independent rounding.
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Table 14.—Shell shipped or used by Table 15.—Calcareous marl shipped or 
producers in the United States in 1970, used by producers in the United States 

by States in 1970, by States 
(Thousand short tons and thousand dollars) (Thousand short tons and thousand dollars) 

State Quantity Value State Quantity — Value 

Florida_._....--.---------- 2,339 $4,223 Indiana_._.....-----.------_ 23 - $23 
Louisiana___...-.--.------- 9,059 11,660 Michigan__...-.---..--.--- 144 141 
Washington.____....------- 58 15 Minnesota...-.-.-.-.-.-.-- WwW 9 
Other States!1_._.........-._ 10,258 15,138 Other States 1__...-2--- 2 _- 1,572 1,380 

Total 2_.__....-_...... 21,718 31,035 Total 2___--2 1,739 1,554 

1Includes Alabama, California, Maryland, North 1JIncludes Mississippi, Nevada, South Carolina, 
Carolina, Pennsylvania, Texas, and Virginia. Texas, and Virginia. 

2 Data may not add to totals shown because of 2 Data may not add to totals shown because of in- 
independent rounding. dependent rounding. 

: Table 16.—Sandstone, quartz, and quartzite (crushed and broken stone) shipped or 
used. by producers in the United States in 1970, by States _ | | 

(Thousand short tons and thousand dollars) 

State Quantity Value State Quantity Value 

Arizona.__._-.-..2- 2. _-.-.-- WwW W Pennsylvania___.....--.---.- 4,404 $8 , 865 
Arkansas. _.........-_.--_--- 4,920 $6,747 South Dakota.._....._.._._- 844 1,804 
California. __........-..-.--- 3,883 8,090 Texas__._._....-...---.---. 2,166 3,583 
Colorado__._._._._....-.-.-- 175 420 Utah_____._-.- ~~. 182 804 
Tllinois_......... 222-22 2-2 --- 1 38 Virginia_._._......---..-.--. 927 1,621 
Kansas__....._. 2-2-2. 2 eee 457 W Washington___.__....--._---_. . 229 1,527 
Kentucky____..._._..-_----- 50 W West Virginia......_.._....- 600 1,406 
Montana___._._......-.----- 310 512 Other States1__...._...-L 3,405 10,379 
Ohio__..-...---_-2---_- eee 1,035 2,350 — 
Oregon_._._---.--- eee 182 416 Total 2___._.__._.____. 238,768 48 ,526 

W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other States.” 
1Includes Alabama, Arizona, Connecticut, Georgia, Idaho, Indiana, Maryland, Minnesota, Missouri, 

Nevada, New Hampshire, New Mexico, New York, North Carolina, Oklahoma, Tennessee, Wisconsin, and ‘ 
yoming. 
2 Data may not add to totals shown because of independent rounding. 

_ Table 17.—Miscellaneous varieties of stone (crushed and broken) shipped or used | 
by producers in the United States in 1970, by States | 

(Thousand short tons and thousand dollars) 

State Quantity Value State Quantity Value 

Alaska_...-..--------------- 2,458 W Rhode Island____.._._-_---- 381 $599 
Arizona__.-....------------- 218 $321 South Dakota____....--.---- 20 50 
California_._........-.--.--. 17,396 20,059 Utah__._._...-------------- 180 439 
Colorado. ........-.__.------ 562 7538 Washington__.._._....-..---_ 82 WwW 
Hawaili_.........-.--_..-.--- 380 631 West Virginia_.._..._._-_--. W 27 
Kansas........-.-.---------- 131 101 Wyoming._......---.---..-. 545 805 
Massachusetts____..._..----- 1,415 2,714 Other States 1______._....._- 6,011 10,587 
New Mexico_________._------_ 994 1,501 ——— 
Oklahoma...._.....---_----- 1,298 1,045 Total ?2....._.._.._._-... 34,201 43 ,013 
Pennsylvania__.-......------ 2,134 8,381 Puerto Rico____......______- 1,272 2,962 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
1 Includes Arkansas, Idaho, Louisiana, Maryland, Missouri, Montana, Nevada, New York, North Dakota, 

Oregon, Tennessee, Texas, Vermont, and Virginia. 
2 Data may not add to totals shown because of independent rounding. . 

Table 18.—U.S. exports of stone 

(Thousand short tons and thousand dollars) 

Building and Crushed, ground, or broken Other 
monumental stone manu- 

Year ——_— SS factures 
Dolomite Other Limestone Other of stone 

——_—___—_——_—_————_. (value) 9 ——————_—__—___———— SS ——————_———___ (value) 
Quantity Value Quantity Value Quantity Value 
a 

1968___._.__-__. 102 $1,518 $849 1,297 $3 ,294 292 $3,278 $1,030 
1969___._._.___- 93 1,809 863 1,382 3,189 284 3,569 193 
1970___. LLL 17 1,454 877 1,755 3,459 388 3,288 1,318 
nC
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Table 19.—U.S. imports for consumption of stone and whiting, by classes 

1969 1970 
Class ooo 

Quantity Value Quantity Value 
(thousands) (thousands) 

Granite: 
Monumental, paving and building stone: 

Rough_._.._-._..._.__--__---__..---eubiec feet__ 178 , 442 $1,095 189,198 $1,147 
Dressed, manufactured__..........-.-...do._.. 366,224 4,025 442,794 6,807 — 

Not manufactured and not suitable for monumental, 
paving or building stone.___.__.__.____.-short tons__ 755 25 656 13 

Other, n.s.p.f_____-_-_-. 2 eee eee oe eee TW Lone — 41 

Total________-____--_ ee eee Lee eee - §,222 Lillie 8,108 

Marble, breccia, and onyx: 
_ sn ploek, rough cr squared. _._ cubic feet... 38 ,638 333 37,465 389 

Sawed or dressed over 2 inches thick______.__..do___- 3,416 38 15,560 129 
Slabs and paving tiles__..._....._.- superficial feet_. 7,608,162 6,878 7,328,874 7,283 
All other manufactures____._.....-------.._.---- 2. ~-------- 5,214 __ 5, 532 

Total___-------------------------------------- --------- 12,463  -__.----- 13 ,333 

Travertine stone: . 
Rough, unmanufactured___._...._._.._.--cubie feet__ 30,003 83 12, 582 56 
Dressed, suitable for monumental, paving and building 

stone_____.__-..._._.-_.___._._.-.----short tons_. 47,393 2,169 111,966 2,726 
Other, n.s.p.f____.----.--------------- eee ee eee Bl --------- 34 

Total___._._------------- ee ee nen eee ene eee 2,808 ..----_.- 2,816 

Limestone: 
Monumental, paving, and building stone: 

Rough_______.___-___-_____...-__-eubie feet_- 1,200 2 300 (1) 
Dressed, manufactured_____....._._short tons_- 426 26 1,032 51 

Crude, not suitable for monumental, paving, or build- 
ing stone______...-........._____..-short tons__- 19, 752 12 19,250 78 

Other, n.s.p.f._..._....-...--------------- +--+ - eee --- 55 Luu AT 

Total. _..-----.--------------4-.-------------- --------- 155 _LL ee 176 

Slate: 
Roofing.....-........-....-..-.--.----square feet _-_ 15,520 5 5,109 4 
Other, n.s.p.f___.......-..-..-------------- eee 6 eee 2,876 ..-_-- _- 3,092 

Total____...._-_-_--_- eee Lee 2,881 ___--_ Le 3,096 | 

Quartzite__.........__..-.--..---..-...-_--short tons_- 30,294 392 137 , 529 739 

Stone and articles of stone, n.s.p.f.: . 
Statuary and sculptures____.._.___-_-...---------- --------- 251 ~LLLi ee 307 
Stone, unmanufactured___._....._..._._-_short tons_- 88 , 849 147 6,145 107 
Building stone, rough__.......__........-cubic feet. - 3,867 8 3,799 5 
Building stone, dressed__..............-_short tons__ 1,276 21 1,389 67 
Other_______-------__-_-_-- eee eee wee 1,478 _.o-- ue 1,802 

Total___.-__-_-_ nee eee eee Woe ee 1,905 .-_.--__- 2,288 

Stone, chips, spalls, crushed or ground: 
Marble, breccia and onyx chips_._.___..-short tons__ 5, 062 97 10,284 197 
Limestone, chips and spalls, crushed or ground 

short tons... 1,720,936 3,254 1,649,484 — 2,943 
Stone chips and spalls and stone crushed or ground, 

n.s.p.f__....---.-_.....---._-.---.--short tons__ 1,188,180 1,425 1,286,758 1,523 
Slate chips and spalls and slate crushed or ground 

short tons... 22 (1) 54 4 

Total__...--.-- 2 eee ---- 2,914,200 4,776 2,946,580 4,667 

Whiting: 
Whiting, dry, ground, or bolted_____._._._short tons_- 11,683 281 13 ,623 325 
Chalk whiting, precipitated___........-....--do___. 2,134 170 1,714 126 

Total__...--.- 2-2 eee 13,817 451 15,337 _ 461 

Grand total___.-.--.-- 2 Leet 30,548 .__-.-- 35,674 

t Revised. 
1 Less than 4 unit.
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Sulfu d Pyrit 

By Roland W. Merwin ! | OS 

sulfur declined as a result of adverse mar- Mexico dropped sharply, but this was 
ket conditions and increased producers largely offset by imports of low-priced Can- 
stocks. However, increases in output of . . 

; . adian sulfur. Apparent consumption of sul- other types of sulfur resulted in a slight . 
increase in total production of sulfur in fur in all forms decreased slightly. Sulfur 
all forms. Exports of sulfur declined because Prices continued to ease downward follow- 
of increased competition in foreign mar- ing the precipitous drop in 1969. 

| Table 1.—-Salient sulfur statistics | | 
(Thousand long tons, sulfur content) 

. | 1966 1967 1968 © 1969 1970 . 
Oe 

United States production: | 
Native. _.-._---_--- 2-2-2 - eee 7,002 7,014 7,460 7,146 7,082 All forms___._------------------------------ 9,155 95186 = «9,789 «9540 ~— 9.549 

Exports, sulfur__.__.-___.-__-________. 2,373 2,193 1,602 1,551 1,433 
Imports, pyrites and sulfur__________.._____._____ 1,674 1,639 1,712 1,795 1,667 
Stocks Dec. 31: Producer, Frasch and recovered 

sulfur_____-_-__-_-_-__ eee eee 2,704 1,954 2,790 3,461 4,038 
Consumption, apparent, all forms!____.._..._.____. 9,145 9,301 9,007 9,171 9,132 
World production: . . 

' Sulfur, elemental__._-..............---..---. 16,442 17,948 19,477 20,771 21,748 
Pyrites____...--/_-------------------------- 9,627 r 9,989 9,591 9,452 10,210 

tT Revised. . 
1 Measured by quantity sold, plus imports, minus exports. . 

| DOMESTIC PRODUCTION 

Native Sulfur.—Native sulfur accounted Dome (closed in August), and Pecos; Jef- 
for 74 percent of the domestic production ferson Lake Sulphur Co. at Long Point 
of sulfur in all forms. All of it was pro- Dome; Pan American Petroleum Corp. at 
duced from Frasch mines in Texas and High Island; and Texas Gulf Sulfur Co. — 
Louisiana. No sulfur ore production was at Boling Dome, Fannet Dome, Gulf 
reported during the year. (closed in December), Moss Bluff Dome, 

In 1970, 19 Frasch mines produced sul- and Spindletop Dome. | 
fur; five of these were closed during the Production of domestic Frasch sulfur 
year. The producers and mines in Louisi- continued to decline during 1970, and was 
ana were Freeport Sulphur Co. at Garden 1 percent less than in 1969, and 5 percent 
Island Bay, Grand Isle, Grande Ecaille, lower than the alltime peak production in 
and Lake Pelto; Jefferson Lake Sulphur 1968. This reflected producers’ efforts to 
Co. at Lake Hermitage; Texas Gulf Sul- overcome the current oversupply of this 
phur Co, at Bully Camp; Union Texas Pe- commodity. 
troleum at Sulpur (closed in February), Approximately 70 percent of domestic 
and U.S. Oil of Louisiana, Ltd., at Chaca- Frasch sulfur production was for domestic 
houla (closed in March). The producers consumption, and 20 percent was for ex- 
and mines in Texas were Atlantic Rich- 
field Co. at Fort Stockton; Duval Corp. at tages - Divisi EON ti 
Fort StocKton (closed in April), Orchard Mining engineer, Mivision 0 onmetatlrc 
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port. The remaining 10 percent was ac- percent, based on the 1969-70 average an- 

counted for by increases and adjustments nual production rates for all mines. 

in producers’ stocks. The 14 mines remaining in production 

There was a tendency to concentrate at the end of 1970 increased their produc- 

production in the larger low-cost mines to tion over that of 1969 by 467,000 tons, or 

counteract the adverse effects of low sulfur 7 percent, with half of the mines showing 

prices. Five of the smaller high-cost mines increases in their production rates and the 

were closed during the year, but the net other half registering decreases. Of these, 

effect on production was small. Their pro- the five largest mines, with production 

duction during 1970 amounted to only rates in excess of 500,000 tons each per 

225,000 long tons, or 3 percent of the total year, accounted for 66 percent of the total 

for the year. For the final 12 months of Frasch sulfur production for the year. 

their individual operations, they produced Three medium-sized mines, with produc- 

at the rate of 553,000 tons per year. The tion rates of more than 300,000 tons each 

closures represented an apparent reduction per year, contributed an additional 16 per- 

in production potential of approximately 8 cent of the year’s production. 

Table 2.-Production of sulfur and sulfur-containing raw materials by producers 

| | in the United States 7 

- (Thousand long tons) 
Om 

- 1967 1968 1969 1970 

Gross Sulfur Gross Sulfur Gross Sulfur § Gross Sulfur 

weight content weight content weight content weight content 

| Native sulfur or sulfur ore: , 
Frasch-process mines... 7,014 7,014 7,458 7,458 7,146 7,146 7,082 7,082 

Other mines... ----.-- 1 (1) . 8 Q _Lonn ee eee eee eee eee eee enee 

pNP
 nn 

Total_____-_.--.-- ------- 7,014 _ -_--.- 7,460  ___---- 7,146 __-.--- 7,082 

Recovered elemental sulfur 1,270 1,268 1,359 1,354 1,422 1,414 1,457 1,449 

Byproduct sulfuric acid 
(basis 100 percent) pro- |. 
duced atCu, Zn, and Pb 
plants__......--------- 1,115 . 364 1,315 430 1,583 - 517 1,637 535 

Other 2___....-..-------- 1,018 489 1,035 495 971 463 1,010 483 
OF 

Total §______-___.. ------- 9,136 -__----- 9,739 _.-.--- 9,540  _.---.- 9,549 

1 Less than 4 unit. 
2 Pyrites combined with hydrogen sulfide and liquid sulfur dioxide to avoid disclosing individual company 

confidential data. 
3 Data may not add to totals shown because of independent rounding. 

Table 3.—Sulfur produced and shipped from Frasch mines in the United States 

(Thousand long tons and thousand dollars) . 

Production Shipments . 

Year ee  _ 
Texas Louisiana Total ! ‘Quantity Value 2 

1966___.-------------------------- 2,916 4,085 7,001 7,721 $201,292 

1967____-.------------------------ 2,956 4,059 7,014 7,682 251,670 

1968_..-..------------------------ 3,203 4,255 7,458 6,645 268 , 146 

1969____-..----------------------- 3,289 3,857 7,146 6,551 176,659 

1970____-------------------------- 3,446 3 , 636 7,082 6,419 151,779 

ee 
1 Data may not add to totals shown because of independent rounding. 

2 F.o.b. mine/plant. 

Table 4.—Sulfur ore (10 to 70 percent 8) | Two organizations accounted for approx- 

produced and shipped in the imately 79 percent of the domestic Frasch 

United States ? sulfur production during 1970. Freeport 

: (Long tons) Sulphur Co., with four mines, reported 

Production Shipments production of approximately 3.3 million 

y Gross Sulfur Gross Sulfur Value long tons.2 Texas Gulf Suphur Co. re- 

oer weight content weight content (thou- ported that its six Frasch mines produced 

sands) more than 2.3 million long tons of 

1966..... 557 143. «#BBT 143 ¢5  sulfur.3 One of the mines was closed dur- 

1967____. 568 284 568 284 3 ing 1970. 
1968____. 3,125 1,563 3,125 1,563 46 ——~_—_______. 

1969 - 8 eee eee eee eee eee enone ; 2 Freeport Sulphur Co. Annual Report, 1970, p. 

0... Leek Leet ee eee eee eee ---- . 
Oo oa oar 3 Texas Gulf Sulphur Co. Annual Report, 1970. 

1 Califomia, Nevada, and Utah. Inner front cover.
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Six other organizations, with a total of Elemental sulfur recovered from oil and 

nine mines, accounted for the remainder gas operations accounted for 15 percent of 
| of ‘the domestic Frasch sulfur production. the total domestic production of sulfur in 

By the end of 1970, closures had reduced ll forms. It was produced at 99 plants in 
this to four producing companies with five 21 States. The 10 largest of these plants 
mines. The 1970 output of these remaining accounted for 43 percent of the total. 
five mines amounted to approximately 18 The five largest producers of recovered 
percent of the total domestic Frasch pro- sulfur were Cities Service Oil Co., Getty 

_ duction. Oil Co., Pan American Petroleum Corp., 
- Recovered Sulfur.—Production and ship- Shell Oil Co., and Stauffer Chemical Co. 
ments of recovered sulfur in 1970 reached Together, their 23 plants aecounted for 43 
alltime highs, with an increase of 2 per- percent of recovered sulfur production. 
cent and 4 percent, respectively, over those Shell Oil Co. announced plans to build 
of 1969. Statistics on shipments of re- a $10 million gas treatment and sulfur . 
covered sulfur and value for 1970 are as plant near Jackson, Miss. to produce ele- 
follows: mental sulfur from a natural gas having a 

——siate tity a high hydrogen sulfide content. The rated 
(long tons) (thousands) capacity of the plant will be 1,250 long 

Arkansas _.___.------- 31,395 $819 tons of sulfur per day. Upon expected 

Colorado Tg 38 ‘707 completion of the plant in 1972, present 
New Jersey _--------- 49 178 1,359 domestic production of recovered sulfur 

Pennsylvania......-.- 17,528 461 Will increase by approximately 30 percent. | 
Texas_.-....---.----- 769 , 689 13,633 furi id.— Wyoming 22222777277 44'315 734 Byproduct Sulfuric Acid. ‘The sulfur 
Other States!1________. 315,397 8,500 contained in byproduct sulfuric acid pro- 

Total®... dae Bae 30,725. duced at copper, no and zinc woasters and 

1 Combined to avoid disclosing individual company smelters during 70 amounte _ to 6 per- 
confidential data; includes Delaware, Minois, In- cent of the total domestic production of 
lana nsas, Louisiana, ichigan, innesota : 

Mississippi, Montana, North Dakota, Ohio, Okia- Sulfur in all forms. It was produced at 18 
homa, and Virginia. ; | i plants in 14 States. The five largest of 
depenioat wunding © torns shown because of in- these plants accounted for 58 percent of 

Table 5.—Recovered sulfur produced and shipped in the United States 
(Thousand long tons and thousand dollars) 

eer ene ee ee ee eee 
EN 

Production Shipments 
Year a a as 

Gross Sulfur Gross Sulfur Value! 
weight content weight content 

1966__.----..----------.------+---- 1,244 1,240 ‘1,265 1,261 $30 , 166 
1967__.--.-..--.------------------ 1,270 1,268 1,286 1,284 40 ,984 
1968___-_--.-.-.------------------ 1,359 1,354 1,278 1,273 49 ,696 
1969_____--__.-.----~------------- 1,422 1,414 1,408 1,400 41,037 
1970_____.-__-_.--------- ae ------- 1,457 1,449 1,471 1,463 30,725 

ee eee eee ee en eee reer ee ree ee aan renee ne 

1 F.o.b. plant. . 

the acid production, and the combined Table 6.—Byproduct sulfuric acid 1 
production of five States amounted to 74 (100-percent basis) produced in the 
percent of the total. United States 

The five largest producers of byproduct | (Short tons) 
sulfuric acid were American Zinc Co., Year Copper Lead and zinc Total 

Kennecott Copper Corp., New Jersey Zinc plants? plants * 
Co., Phelps Dodge Corp., and St. Joseph 1966____________.469,728 988,118 1,452,846 

; ; - 1967_______-__-- 348,497 900,170 1,248,667 Lead Co. Together, their nine plants ac-  j9¢3°----"--"""> 483'108 -989'973. 1.473.081 
counted for 72 percent of the production 1969.______..__. 685,775 1,086,938 1,772,713 
during 1970. 1970____________ 747,784 1,086,207 1,833,991 

Copper smelters, with five acid plants, ; Includes acid from foreign materials. 1966 
. 2 Includes acid produced at a lead smelter in - 

ac counted for 41 percent of the produc 68. Excludes acid made from pyrites concentrates in 
tion; the remaining 59 percent was pro- Arizona, Montana, Tennessee, and Utah. 
duced at 13 plants operated in conjunction 3 Excludes acid made from native sulfur. 

with lead and zinc roasting and smelting “a Chemical Week 07. No. 16, Oct. 14 
operations. Overall production was 3 per- 1979, p. 14. Week. V. 107, No. 16, Qct. i,
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cent greater than in 1969. The value of total domestic production of sulfur in all 
the acid produced at the copper smelters forms during 1970. Output was 4 percent 
was approximately $9.4 million, and at the greater than in 1969, but slightly less than 
lead and zinc operations was approxi- in 1967 and 1968. Pyrites was produced at 
mately $14.3 million. six mines in five States; hydrogen sulfide 

Most nonferrous smelter Operations an- at five plants in two States; and sulfur 
nounced plans for increasing their produc- dioxide at two plants in two States. The 
tion of sulfur to meet environmental value of these combined products was ap- 
requirements, In most cases this will be in proximately $12.2 million. 
the form of sulfuric acid, although some The five largest producers of these prod- 
operators are considering the production of ucts were Bethlehem Mines Corp.—{py-—__— 
elemental sulfur. It was anticipated that rites), Phillips Petroleum Co. (hydrogen 
the long-range increase in byproduct sulfur sulfide) , Shell Oil Co. (hydrogen sulfide) , 

| recovery would be substantial, as only ap- Standard Oil Co. of California (hydrogen 
proximately 40 percent of the available sulfide), and Tennessee Copper Co. (py- | sulfur is presently being recovered. rites and sulfur dioxide). Together, the | 

| Pyrites, Hydrogen Sulfide and Sulfur three mines and five plants accounted for 
Dioxide.—The contained sulfur in these 95 percent of the contained sulfur pro- 
products accounted for 5 percent of the duced in the form of these products. | 

, CONSUMPTION | 
The apparent consumption of sulfur, in pigments, nonferrous ore leaching, and ex- 

all forms, decreased slightly from that of plosives. The remaining 25 percent was 
1969, and was 2 percent less than the all- used for a large number of relatively small 
time peak consumption in 1967. This sta- individual end uses. 
ble level of consumption reflected a contin- Sulfur for domestic consumption was ob- 
ued weakness in the fertilizer trade. tained mainly from domestic sources: 
Approximately 87 percent of sulfur Frasch, 55 percent; recovered, 16 percent; 

consumption was in the form of sulfuric and combined byproduct sulfuric acid, pyri- 
acid. The manufacture of fertilizers ac- tes, hydrogen sulfide, and sulfur dioxide, 
counted for approximately 50 percent of 11 percent. The remaining 18 percent of 
all sulfur consumptjon, and an additional the sulfur was obtained by substantial im- 
25 percent was used by such industries as ports of Frasch and recovered sulfur, and 
cellulosic fibers, pulp and paper, inorganic by minor imports of pyrites. 

Table 7.-Apparent consumption of native sulfur in the United States 
(Thousand long tons) 

1966 1967 "1968 1969 1970 
Apparent sales to consumers___.__.______._...____ 7,687 7,729 6,649 6,551 6,419 Imports.__..--.-_..-2-.2--___ 799 124 T42 745 539 

Total... 2-2-2 - ee 8 , 486 8,453 7,391 7,296 6 , 958 
Exports: _ 

Crude___.- wee 2,326 2,043 1,549 71,549 1,429 Refined___-_.-..--2. 222222 _____.... 47 150 53 r2 4 
Total. _---_ 2-2-2 eee eee. = 2,878 2,198 1,602 11,551 1,438 

Apparent consumption_____...--.2- 6,113 6,260 5,789 15,745 5,525 
“Reid
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Figure 2.—Sulfur supply sources as a percent of total apparent consumption based 

on sulfur content.
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Table 8.—Apparent consumption of sulfur in all forms in the United States 1 
(Thousand long tons) 

| 1966 1967 1968 1969 1970 

Native sulfur__.-._..-.-...----------~----~------- 6,113 6,260 5,789 5,745 5,525 
Recovered sulfur: 

Sales__-_.--..------------------------- ee 1,258 1,287 1,332 1,400 1,463 
Imports. -.-...-..-------------------------- 715 750 830 929 998 

Pyrites imports °______-------------------------- 160 165 140 120 130 
Smelter acid_.-..-_------------.---------------- 424 364 430 517 535 
Other 2?___.-------------------+--------- +--+ +--+ 475 475 486 460 481 

. ' Total__..------------------------- +--+ 9,145 9,301 9,007 9,171 9,132 - 

_ © Estimated. r Revised. 
1 Crude sulfur or sulfur content. 
2 Includes consumption of domestically produced pyrites and consumption of hydrogen sulfide and liquid 

_. sulfur dioxide. Figures for these categories have been combined to avoid disclosing individual company con- 
fidential data. 

| STOCKS | 
At yearend, producers’ stocks of Frasch tons for 1969. The combined yearend 

sulfur . totaled fe rons tons, an in- stocks amounted to approximately a 6- 

crease of 586,874 tons, or 17 percent, over th ly. based on the normal do- 
the stocks on hand at the end of 1969. at ys bees d ° d “ fo, q ti 
These stocks were the largest since yearend | mestic and export demands tor Comesti- 
1964. Yearend stocks of recovered sulfur Cally produced Frasch and _ recovered 
were 84,819 tons, compared with 95,312 sulfur. 

PRICES | 

The long-established price quotations by journal, Sulphur. It stated that delivered 
the Oil, Paint and Drug Reporter for prices at the beginning of the year were as 
crude, domestic, dark, bulk sulfur, f.0.b. follows: Gulf region, $26 to $28 per long 

cars, mines, and f.o.b. vessels, Gulf ports, ton; Tampa, $28 to $30; and Atlantic East 
were not available during the year. For- Coast, $35 to $37 per ton. Prices in the 
merly used as the basic reference for sulfur N . 

. orth Central States ranged widely from 
pricing, they no longer proved to be useful 9] dB d th 
in this respect, having been supplanted by $ 7 Per ton upward. ?Y yearen ese 
delivered prices ex-terminal near the Prices had declined moderately, and were 

points of major consumption, generally in Yeported as follows: Gulf region, $23 to 
the form of molten sulfur. These prices $25 per ton; Tampa, $26 to $27; and East 
were reported bimonthly by the trade Coast, $27 to $31 per ton. 

| FOREIGN TRADE : 

U.S. exports and imports of sulfur dur- of these exports, mainly for transshipment 
ing 1970 were both less than in 1969; mod- to other European Economic Community 

erately less in quantity, but very much (EEC) countries. Brazil was the second 
lower in value. Both decreases, particularly largest customer for these exports, followed 
value, reflected the depressed condition of by the United Kingdom. | 
the sulfur industry. . 

. . Imports of sulfur consisted largely of re- 
Exports were almost entirely in the form d sulfur fr d hich 

of elemental Frasch sulfur. The tonnage of covered sue om Cana a, wien were 
elemental sulfur exported during 1970 was 8reater in 1970 than in 1969, and of 
only 8 percent less than in 1969. However, Frasch sulfur from Mexico, which were less- 

the total value decreased by 42 percent, than 1969. The total quantity of sulfur 
with an average reported value of $37.09 imported was only 8 percent less than in 
per ton in 1969 and $23.16 per ton in 1969, but the total value decreased by 40 
1970. The Netherlands received 43 percent percent. The average value reported in
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1970 was $22.20 per ton, whereas in 1969 ada in 1970 were 260,000 tons, containing 

the average was $34.15. 130,000 tons of sulfur. (Bureau of Census 

Estimated imports of pyrites from Can- data do not include all shipments.) 

Table 9.—U.S. exports and imports for consumption of sulfur 
(Thousand long tons and thousand dollars) 

| Exports Imports 

Processed, ground, 
Elemental, Frasch screened, refined, 

Year or sulfur recovered sublimed, precipitated, 

; by any process colloidal, rolled 
' flowers, and insoluble 

. Quantity Value Quantity Value Quantity Value 
a 

2 re ht P A 

. 1968_______-_----__-.---22_.------. 11,549 1$65,650 253 2$3,855 1,572 $64,277 

1969___..___-_--__------uli-ue----- = ™ 1,549 757,449 r2 r 334 1,675 57 , 222 

. 1970___.- e+e 1,429 33,096 4 955 1,537 34,149 

t Revised. to . 
1 Formerly listed as “‘crude.”’ 
2 Formerly listed as ‘‘crushed, ground, refined, sublimed, and flowers.” . 

Table 10.—U.S. exports of sulfur, by coutitries 
. wen ecpree sae 

Elemental, Frasch, or sulfur Processed, ground, screened, refined, 
recovered by any process sublimed, precipitated, colloidal, 

re _ rolled flowers, and insoluble 

Destination 1969 1970 1969 1970 

Long Value Long Value Long Value Long’ Value 
tons (thou- tons (thou- tons (thou- tons (thou- 

sands) sands) sands) sands) 
a 

Argentina____........---.- 81,155 $1,114 27,628 $579 ___... _u..-- 59 $29 
Australia_...__....-..----. 57,262 2,493 31,665 977 49 $9 247 82 
Belgium-Luxembourg. .-.--- 59,505 2,118 51,400 1,122 10 1 62 6 
Brazil__..._...........---. 124,057 4,233 229,102 5,223 763 206 248 104 
Canada____...-..----.---- 47,310 1,961 54,414 1,593 260 27 900 122 
Germany, West.___-..----- 5,627 336 2,827 142 35 5 824 229 
India___._._.._-....-.-.-- 17,340 800  _---..--. -----.- 29 5 83 39 
Indonesia__.......------.-. 406 19 LLuLeee ee Lee 45 5 101 11 
Jreland_......_-_..-.--_--. 793,020 *3,378 92,620 2,061 —-.--.. -----. -----. 9 --.--- 
Israel__.._-........-_..-.-- 24,860 881 32,929 W115 c.-.-. ------ 87 24 
Italy__...-------..-_---.- 79,114 8,207 33 , 220 604 7 1 12 4 
Japan__...--.-.._-_.------ 25 12 948 33 13 1 70 25 
Mexico_.-_.-..--...---2--- 913 106 2,727 111 309 31 221 79. 
Netherlands______...__._... 609,806 21,857 614,759 18,316 -..... ----..- AT 5 
New Zealand_________._--- 583,792 2,101 60,3873 1,769 63 9 19 8 
Philippines. ___.__..________ 5,315 201 196 B week eee ee 79 42 
South Africa, Republic of___- 80,518 1,024 15,073 308 70 14 48 5 
Switzerland.___.__.__------- 81,502 1,197 9,000 189 _.---. -eeeee LeeLee +e 
Trinidad and Tobago-_~.__-_-- 17,861 588 16,716 488 __.-. 2 wane Leet nee ee. 
Tunisia_...-.._..._.-__.-_ 84,100 1,524 -._------- ------ ------ ------ ------ ------ 
United Kingdom_.________- 201,077 17,2386 181,325 3,203 —-.-... .----- 67 20 
Venezuela_________-__----- 334 46 1,023 37 27 3 181 41 
Other__.___._...---------- 24,0388 1,017 21,110 618 116 17 420 80 

Total___...__.-___-_* 1,548,937 '57,449 1,429,055 33,096 1,796 334 3,775 955 
ee 

r Revised.
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Table 11.—U.S. imports for consumption of sulfur, by countries 
a a ne 

1969 1970 
Country ———__ 

Long tons Value Long tons Value 
(thousands) (thousands) 

_ Belgium-Luxembourg-___-...----.----------------- -1--------  ---------- 11 $l 
Bolivia.__.-.---.-..----------------------------- 88 $3 ----------  ----.----- 
Canadaz ___..--_..__-_--.----------------------- . 929,202 23 , 334 998 ,008 14,005 

Chile____------....----.------------------------ 110 (1) weeee denne wana ene e- 
Guatemala____.._.__._..------------------------ 150 6 ----------  ---------- 
Germany, West__..___--.-_---------------------- 49 15 61 15 
Mexico___-..-------.----------------------------- 745,178 33 , 850 538 ,985 20,115 

oe Philippines. __......-.---------.------.---------- 171 14 118 9 
United Kingdom. ____.-_.------------------------ ---------- 9 ---------- 22 1 
Venezuela__....__.__.--.------------------------ ---------- 0 ---------- 276 3 

Total___._..____----.---.----------------- 1,674,948 57,222 1,537,481 34,149 

OE CI I 

| WORLD REVIEW | 

Canada.—The output of sulfur contin- which all 24 sulfur producers may draw 
ued to increase at a rapid rate, primarily for export sales. The project was designed 
because of the nondiscretionary production for an initial movement of more than 1.5 
of recovered elemental sulfur as a conse- million long tons per year. 7 
quence of increased demands for natural Provincial authorities have approved the 

gas. It was announced that the total rated plans of Syncrude of Canada, Ltd., for the 

capacity of plants for the treatment of construction of a large plant to process 

sour natural gases at the end of 1970 was Athabasca tar sands in _ northeastern 
approximately 5.63 million long tons of Alberta.9 Proposed initial production will 

sulfur per year.5 This was about one-fifth amount to 50,000 barrels of synthetic crude 

greater than the rated capacity of these oil per day, and approximately 120,000 

plants at the end of 1969.6 It was antici- tons of elemental sulfur per year. This 

pated that new plants and the expansion will be the second plant of its type for the 

of existing plants would raise the rated ca-_ exploitation of the tar sands. Though re- | 

_ pacity of these types of operations to ap- garded as a source ‘of oil, the tar sands_ 

| proximately 7.84 million tons per year by contain about 4.5 percent sulfur, and are 

the end of 1971. Because of seasonal de- considered to be one of the largest poten- : 

mands for gas, these plants do not always tial deposits of recoverable sulfur in the 

operate at full rated capacity. However, it world. | 
has been projected that sulfur production Germany, West.—It was projected that 

from these sources might reach 6.3 million this nation’s present position as one of the 

tons by the end of 1971, and 9 to 10 mil- world’s major importers of sulfur could 
lion tons per year by 1975. change to that of a net exporter by the 

Producers’ stocks of recovered sulfur con- year 1974.10 This would be accomplished 

tinued to increase, and by the end of 1970 by the scheduled installation of several 

amounted to approximately 3 million long large plants for the recovery of elemental 

tons. It was projected that these stocks sulfur from sour natural gas deposits in 

could be double this quantity by the end Lower Saxony. The plants are being devel- 

of 1971, and might reach 50 million tons oped by Mobil Oil Corp., and by compa- 

by the end of the decade.” nies owned jointly by Standard Oil Co. 
Unit train operations between the re- (New Jersey) and the Royal Dutch Shell 

covered sulfur plants and Vancouver, Brit- Group. . 

ish Columbia were expanded and ~< Coe Pp. R. Sulfur. Canadian Min. J., v. 92, 
simplified8 A group of 24 individual No. 2, February 1971, pp. 147-150. 

shippers consolidated their sulfur move- 6Cote, P. R. Sulfur. Canadian Minerals Year- 
. . book 1969 (preprint) May 1970, 12 pp. 

ments under a Sulphur Solid Train Oper- 7 Work cited in footnote 5. 

i 8 Chemical Age. New Sulphur Shipping System 

ating and Exchange Plan. These producers 5 "Canada. V. 100, No. 2643, Mar. 13, 1970, p. 
previously shipped from widely scattered 99, 

1 i . n t n n, 9 Industrial Minerals (London). Syncrude Plans 

points in Alberta. Under the . cw pla Second Tar Sand Plant. No. 29, February 1970, 
only four of the largest plants will ship by  p, 49. 

unit-train to the west coast, where a com- 10 Oil, Paint and Drug Reporter. Sulfur Posi- 
. : . ae tion of the Germans. V. 198, No. 24, Dec. 14, 

mon stockpile will be maintained from 979, pp. 5, 51.
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Table 12.—Elemental sulfur: World production, by countries | 
(Thousand long tons) 

Country ! 1968 1969 1970> 

Native sulfur: 
Frasch: 

Mexico_._..-.---- 2 ee 1,582 1,606 1,276 
Poland_....-...------ eee r 829 1,300 e 1,600 
United States__......------.----.-- eee 7,458 7,146 . 7,082 

Total__.-.-----2 22 - ee ee r9,869 10 ,052 9,958 

From sulfur ores: 
Argentina__........-.-..-.--....--------------- 33 34 e 34 
Bolivia (exports). _.......--____._-...--.-------- 35 36 16 
Chile_____..__._---- 2 - eeeeeee 62 97 107 
China, mainland e____....-..-.._-___.-_---.------- 118 118 118 
Colombia-_.........---..---_-_-_- eee 28 - © 26 e29 
Ecuador__.-._-...--------- eee (2) 5 e5 
Indonesia ¢____-___.~___-----___-__--- eee 1 1 1 
Tran 3_ oe eee 1 1 1 
Italy__-__.--.-- oe eee F178 53 47 
Japan 4_--- 2 eee 256 201 234 
Mexico__.._--..--------__-_- eee 24 26 24 
Poland____._._--_..-.-__-_.-___------------------ t A487 650 e1,067 
Taiwan______.-_____-1---_.._.---___-~--------- 4 5 6 
Turkey______-__-_ eee 24 25 26 
U.S.S.R.e_. eee 1,033 1,102 1,102 
United States____..__ eee TQ Loe eee Lees 

Total... r2,186 2,380 2,817 

Total native sulfur______..--_-_._-_-_---_____- r12,055 12 , 432 12,775 

Other elemental sulfur: Recovered: 
Austria §_ 2 ee eee rg 3 e3 
Belgium 5__._-- eee rg 10 e10 
Brazil 6.__. 0 2 eee q 7 9 
Bulgaria 7__...__---..--.-~---- ee eee 9 5 e7 
Canada 8____2 2 eee r3,150 3,799 4,372 
China, mainland ¢67__ oe 128 128 128 
Colombia ¢ 6_________ eee 3 4 4 
Finland... eee 123 110 113 
France 9__...-...-.----.----------- + eee r1,609 1,705 1,706 
Germany: 

Bast.._._--.--..---.-.------- ee 118 108 e108 : 
West o_o eee ee 125 127 173 

Hungary. ._---.--- eee r2 2 e2 
Tran ¢ 6__o0 eee 37 39 39 
Israel. 0-2 eee ee eee 6 e8 °8 
Italy e§__ eee r51 69 69 
Japan 10_ oe 74 141 101 
Kuwait__._-_2- eee eee NA 15 20 
Mexico 9_____ eee 52 57 59 
Netherlands 5____ eee r 39 31 e31 
Portugal_________-_ ee eee eee 4 8 e8 
Saudi Arabia e____________ eee ~ 2 4 5 
South Africa, Republic of ¢ 6. _.------_-- 6 12 12 
Spainu_ 2 eee eee rg 5 e5 
Sweden ?2__-_0 0 eee 4 D5 e5 
Taiwan e6______ eee 3 4 5 
Trinidad________________ eee eee 3 4 4 
US.S.R.e__ eee 443 472 472 
United Arab Republic ¢__________-____------__---_---- 3 1 e1 
United Kingdom 8_______.___.___.______-__---------- 46 42 e 45 
United States____.____._________ ee 1,354 1,414 1,449 

Total other elemental sulfur__________._____-____--- r 7,422 8,339 8,973 

Grand total___________.________._ LL eee r19,477 20,771 21,748 

e Estimate. P Preliminary. r Revised. NA Not available. 
1In addition to countries listed, Uruguay produces less than 500 tons of sulfur annually as a byproduct of 

petroleum refining. 
2 Less than 14 unit. 
3 Year beginning March 21 of year stated. 
4Includes an unreported quantity recovered from sulfide ores as well as that from sulfur ore. 
5 Includes (in part) sulfur content of HeS converted directly into sulfuric acid. 
6 From petroleum refining. 
7 From sulfide ore. 
8 From natural gas, petroleum, tar sands, and smelting of sulfide ores. 
® From natural gas. . 
10 From petroleum refineries only. Excludes an unreported quantity recovered from sulfide ores, which is 

included above (see footnote 4). 
11 From distillation of petroleum, lignite, and from the reduction of SOz2 gas. 
12 From oil shale. 
13 Includes sulfur recovered from petroleum refineries and from other unspecified sources.
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Table 13.—Pyrites (including cupreous pyrites): World production, by countries 

(Thousand long tons) | 
EE 

1968 1969 1970 P 

Country ! cS 

Gross Sulfur Gross Sulfur Gross Sulfur . 
weight content weight content weight content 

anne 
North America: 

, 

Canada (shipments) - --_----------- 281 e136 336 e168 291 e145 
United States 2_..-.....----------- 872 862 WwW Ww WwW WwW 

Europe: . 
Bulgaria.-....--..--..---.-------- 161 64 167 66° e177 e71 
Czechoslovakia --...-_------------- 374 e158 351 e148 °354 . © 149 
Finland_-__---------------------- 162 365 841 387 _ 948 489 . 
France___.----------------------- 81 33 84 e 34 84 e34 
Germany: 

East__...-------------------- 188 57 e138 © 57 e138 ©57 
I Ow 606 ——* DAT ~ . 6 262—___—___545—_____233 —__________ 

Greece. ___----------------------- r 208 96 342 112 266 116 
Italy____--...-------------------- 1,884 623 1,451 638 1,494 658 
Norway..------------------------ 682 309 154 . 846 735 e411 

Poland ¢__-_.--.------------------ 221 87 221 87 221 87 

Portugal... --------------------- 552 7254 523 235 468 206 
Romania-....-------------------- © 354 © 138 e354 e138 794 e341 

Spain__..____-------------------- 2,365 1,132 2,436 1,131 2,693 1,253 

Sweden... ._--------------------- 467 r 236 487 246 566 e285 

U.S.S.R.°___.--------------------- 3,445 1,821 3,445 1,821 3,937 2,067 

Yugoslavia_.__---.--------------- t 269 e113 268 e113 349 e147 

Africa: 
Algeria_.......------------------- A5 22 45 20 32 15 

Morocco (pyrrhotite) -..----------- All . 128 385 116 286 — 86 

Asi South Africa, Republic of____.------ 693 e277 824 e 330 854 © 342 

12° 
China, mainland e___._...--------- 1,476 t 689 1,772 787 - 1,968 886 

Cyprus__....--------------------- 171,033 t 496 912 430 857 418 

Japan 3______.--.-.--------------- 2,870 r1,321 2,919 1,344 2,707 1,265 

Korea, North ¢____-----.---------- 492 197 492 197 492 197 

Philippines___.....-.------------- 179 r 85 198 93 270 125 

Taiwan_____..------------------- 38 e14 38 e14 39 e15 

Turkey_...._.--------------------- ¥135 64 128 61 90 43 | 

Oceania: Australia__.....-------------- 7165 r 72 158 71 e155 © 64 
a 

Total___..._.------------------ 720,759 9,591 20,599 9,452 21,810 10,210 
ONAN 7 wenn 

e Estimate. P Preliminary. r Revised. W Withheld to avoid disclosing individual company con- 

fidential data. 
1 Pyrites is produced in Cuba, but there is too little information. to estimate production. Pyrites is also pro- 

duced in Southern Rhodesia, but production figures have been withheld by the Government. 

2 Sold and used. 
8 Revised to show only pyrites and pyrrhotite. Data for years prior to 1968 included pyrites, pyrrhotite, 

sulfur ore used in acidmaking, copper concentrate, and zinc concentrate. 

Iran.—A new elemental sulfur recovery Iraq.—Hydrokop, a Polish mining orga- 

plant for treating sour natural gas went nization, commenced initial operations 

into operation at Bandar Shaphur late in leading to the development of Frasch 

1970.11 The plant has a capacity of mines for the exploi tation of the large 

500,000 long tons of sulfur per year, mak- known reserves of native sulfur in Iraq.13 

ing it the sixth largest of its type in the Funds for the project are being provided | 

world. It is part of a petrochemical com- by Poland. The first mine to be brought 

plex operated by Shaphur Chemical Co., into production will be located near Mish- 

which is jointly owned by the Allied racq in north-central Iraq, with a planned 

Chemical Corp. and the National Iranian output of 300,000 tons per year. If success- 

Oil Co. A similar sulfur recovery plant at ful, it will be followed by another mine | 

Karg Island, with a rated capacity of with a production capacity of 1 million 

200,000 tons per year, went into operation tons per year. It is reported that Poland 

in late 1969.12 Jointly owned by the Amer- might participate in the marketing of the 

ican Oil Co. and the National Iranian Oil sulfur production. 

Co., it treats sour natural gas reported to Poland.—The state-owned sulfur indus- 

have a hydrogen sulfide content of approx- try was reorganized during 1970, and is 

imately 12 percent. These two plants rep- 11 Sulphur. Iran, Developing Trade in Re- 

resent the first attempts to recover elemen- covered Sulphur. No. 91, November—December 

tal sulfur from the very large TESEIVES of 12 Sulphur. Karg Island Complex On-Stream. 

sulfur in the sour natural gas deposits in No. 86, January-February 1970, pp. 27-28. 
I 18 Mining Journal. Sulphur Mine in Iraq. V. 

ran. 274, No. 7018, Feb. 20, 1970, p. 158.
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now grouped under the direction of a sul- operations, and work was well advanced on 
fur combine. This new organization took the construction of a large, modern liquid 
over control of all functions relating to sulfur terminal near the port of Gdansk.15 
production, shipping, and sales.14 Completion of these shipping facilities was 

Poland, ranked as the third largest ex- expected to reduce transportation costs to porter of sulfur, after Canada and the Ww E d oth d k 
United States, was pressing to expand its estern urop € and other worl mar. ets, exports even further as a source of foreign making Polish sulfur more competitive in 
exchange. Operations were expanded at areas formerly dominated by exports from 
the newer Frasch Grzybow and Jeziorko the United States and Mexico. 

TECHNOLOGY 

The Bureau of Mines reported research search Center of the German Coal Mining 
on the alkalized alumina process for re- Industry, with financial support from the 
moving sulfur dioxide from combustion Ministry of Health of West Germany.?1 
gases. Fluidized-bed reactors were operated The Bureau of Mines investigated the 
for the sorption of sulfur dioxide and the feasibility of removing sulfur dioxide from | 
regeneration of the alkalized alumina, ob- gas streams by carbon monoxide reduction 
taining a 90-percent recovery of the sulfur in a_fixed-bed catalytic reactor. Kinetic 
in the feed gas,16 Equations were devel- studies determined the influence of various 
oped for the design of commercial fluid- parameters on the catalytic reaction.22 
ized beds for both the sorption and regen- It was reported that the high pressure 
eration steps of the process.17 Studies gasification of fossil fuels, with the removal 
were made on the effect of reducing gas of sulfur before combustion, could be 
composition, temperature, and superficial more financially attractive than the re- 
gas velocity on the regeneration rate of al- moval of sulfur dioxide from stack gases.23 | 

_ kalized alumina.18 By integrating such a process with giant 
A review was made of 19 chemical proc- combined gas turbine and steam turbine 

esses for removing sulfur oxides from stack power generation, cost could be held 
gases. The processes ranged from those still down. Additionally, the sale of byproduct 
in the experimental stage to a few that are sulfur would provide an offset against cap- 
commercial. It was determined that more ital costs. Proposed schemes, with advan- 

_ Operating data are needed before judging tages and problems, were discussed. 
which methods are most economical and =———WH~-—— 
effective.19 Sulphur. Reorganization of Sulphur Industry. . . No. 89, July-August 1970, p. 41. Consolidation Coal Co. announced the 15 Industrial Minerals. Sulphur to be Shipped 
development of a process for the removal in, Liquid jek 56, September 1970, P. 30. 
of sulfur dioxide from stack gases. It in- Russell. and Hal’ j. Kelly. Sorption of Sulfur : volves the use and regeneration of potas- Dioxide and Regeneration of Alkalized Alumina 
sium formate, and yields elemental sulfur. 7414, 1970, 32 pe puMines Rept. of Inv. A preliminary economic appraisal indicated “Russell, James H., Joseph W. Town, and that the process costs would be in the ial J. Kelly. Mathematical Evaluation of Sulfur range of from $1.00 to $1.50 per ton of  Alkalized Alumina. BuMines Rept. of Inv. 7415, 
coal, for a coal-fired powerplant.20 epee Ps. W., J. H. Russell, and H. J. Kelly 

The newly developed Bergbau-Forschung Removing Sulfur Dioxide From Flue Gases: Re- 
process for the removal of sulfur dioxide Rept. of Inv 7478. 1971 oe eon BuMines 
from flue gases was described. At a con- 19 Maurin, P. G., and J. Jonakin. Removing 
trolled temperature, sulfur dioxide, oxygen, Sulfur Anis om Cs em. Eng., v. 77, 
and steam are absorbed by activated car- 20 Sulfur. Sulfur Dioxide Removal: Formates In- 
bon and converted to sulfuric acid, which Co. No. 88, May oe 1, Fonsolidation Coal 
is retained by the carbon, the carbon ** Sulfur. Desulfurization of Flue Gases Using 
being’ deactivated. The sulfuric acid may the Bergbau-Forschung Process. No. 88, January— 

. . ebruary 1970, pp. 29-30. be recovered in a dilute form by water 2 Haas, L. A., T. H. McCormick, and°S. E. 
washing the carbon. Alternatively, the car- Khalatalla. Removing SB UMing Root) or on 
bon may be regenerated by heating, and a 7483, 1971, 18 pp. 
concentrated sulfur dioxide gas recovered. * Squires, Arthur M. Keeping Sulfur Out of 

the Stack. Chem. Eng., v. 77, No. 9, Apr. 27, The process was developed by the Re- 1970, pp. 181-189.
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Freeport Sulphur Co. developed a new _ tremely corrosive gas wells to recover natu- 
process for the conversion .of hydrogen sul- ral gases containing a high percentage of | 
fide and sulfur dioxide into elemental sul- hydrogen sulfide was reported.28 
fur. The reaction is carried out in molten The Sulphur Institute reviewed the re- 
sulfur, and is catalyzed by a small concen- search on new end uses for sulfur, and 
tration of amines.24 | reported that commercialization of new 

Papers and patents published in the past uses should open up multimillion-ton 
60 years were reviewed as part of a project markets.29 7 
for determining the feasibility of recover- | 7 
ing hydrogen sulfide from base metal sul- | 
fides as an alternate to pyrometallurgical *4 Chemical and Engineering News. Sulfur Re- 
smelting 25 covery Process Sweetens Sour Gas. V. 48, No. 18, 

° . Apr. 27, 1970, pp. 68-69. 
__ The Bureau of Mines reported the devel- 25 Parsons, H. W., and T. R. Ingraham. The 

: Hydrogen Sulphide Route to Sulphur Recovery 
opment of a hydrometallurgical process for From Base Metal Sulphides: Part 1, The Genera- 
the recovery of copper, iron, and sulfur tion of Hydrogen Sulphide From Base Metal Sul- 

from chalcopyrite concentrate by means of hides. Mines Branch, Department of Energy, : 
. . . . Mines and Resources, Canada. Mines Branch Inf. _ 

a ferric chloride leach, with sulfur being Circ. 242, 1970, 61 pp. . 
recovered in the elemental form.2¢ 6 Haver, F. P., and M. M. Wong. Recovery of 

. . . . . Copper, Iron, and Sulfur From Chalcopyrite Con- 
An investigation provided the technical centrate Using a Ferric Chloride Leach. J Met- 

arameters of a hydrometallurgical process ls, v. 23, No. 2, February 1971, pp. 25-29. | 
P . ar 8 P 27 Prater, J. D., P. B. Queneau and T. J. 
whereby copper sulfide concentrates are Hudson. The. Sulfation of Copper-Ixon_Sulfides 
taken into solution with concentrated sul- With Concentrated Sulfuric Acid. J. Metals, v. 
furi id d el 1 sulf d sulf . 22, No. 12, December 1970, pp. 23-27. 
uric acid, and elemental su ur and sulrur 8 Grizzaff, L. P., and B. M. Thompson. Com- 
dioxide are produced.27 Sulfuric acid can pleting Gas wes That, goauce High Hyarogen 

_ be regenerated for use in the process. 70-74. MIN ORIG Ve AUS NOUN June * PP. 
. The development of special procedures he Platou, Z -. New Markets for Tomorrow's Sul- 
for drilling and completing very deep, ex- 5p. 109-114. J. v. 57, No. 2, February 1971,
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Talc, Soapstone, and Pyrophyllite 

| By J. Robert Wells! / 

__—_§_+-_—¥#§_Fhe-tale;- soapstone, and pyrophyllite in-_curely in the position of being second only = 

dustry, taken as a whole, successfully held to Japan in tonnage of output of talc- 

| its ground against the tendency toward pyoup minerals. This overall strength of 
slackness that characterized other parts Of the industry in 1970 was sustained by 
the industrial mineral field in 1970. Do- . . | . . 

. . three major producing States, California, 
mestic producers, for the second year in T dv t h of which ted 
succession, supplied to consumers more exas, and Vermont, ¢ac oF wich poste 
than a million tons of these materials, at- higher figures for talc-group tonnages and 
taining an alltime high total value of $7.8 values than ever before in their mining 
million. The United States remained se- history. 

| Table 1.—Salient talc, soapstone, and pyrophyllite statistics 

(Thousand short tons and thousand dollars) 

. . 1966 1967 1968 1969 1970 

United States: . 
Mine production. _._....--..-..---...-.--------- 895 903 958 1,029 1,028 

Value___._-.------------------------------- $6,479 $6,871 $6,656 $7,508 $7,773 
Sold by producers_—._._....-.....-..----~--------- 850 824 886 985 948 

Value__.__-..-.---------------------------- $19,269 $20,488 $22,968 $26,294 $25,980 
Exports 1____..-.-.-.--.-.------------.--------- 70 66 66 69 105 

Value !___.._..-..-.-----------.------------ $8,917 $8,450 $8,521 $8,713 $5,739 
Imports for consumption. ___........---.--..----- 22 15 24 20 30 

Value___.-.-------~-----+-~----+------------ $827 $653 $973 $749 $1,294 
World: Production-....-.-.------------.------------ 4,093 4,369 4,796 5,137 5,306 

1 Excludes powders—talcum (in package), face, and compact. 

: DOMESTIC PRODUCTION 

Domestic production of talc-group min- tonnage, were the leaders. Total 1970 pro- 
erals in 1970 consisted of talc, soapstone, duction of talc from U.S. mines was about 

and pyrophyllite from about 60 mines in 1 percent less in quantity than in 1969, 
15 States. New York, California, Vermont, but nearly 5 percent higher in total value. 

Texas, and Montana, in that order were Soapstone was mined in 1970 in six 

the leading producers, and jointly provid- States led by Arkansas, Virginia, and 
ing 84 percent of the national total. Total Washington, the joint suppliers of about 
talc-group tonnage was virtually un- 87 percent of the total quantity. Domestic 
changed from 1969, although the total production of soapstone, compared with 
value reported by producers advanced by 1969 data, was 26 percent less in tonnage 
about 4 percent. and 55 percent less in total value. North 

Talc, the dominant member of this min- Carolina and California were the principal 
eral group, was mined in 10 States, among domestic producers of pyrophyllite in 1970. 
which New York, Vermont, Texas, Califor- —~————__.. a ; 
nia, and Montana, ranked accordin g to Min scientist, Division of Nonmetallic 

1073
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Table 2.—Crude talc, soapstone, and pyrophyllite produced in the United States, by States 

1969 1970 | 
State TF 

| Short Value Short | Value 
tons (thousands) tons (thousands) 

California. ....-.-------..---------+------------- 145,158 $2,329 184,660 $2,545 
Georgia. __.--.-----------------+--- +--+ eee 47,790 301 45,900 289 
Nevada. .._------------------------------------- 6,434 81 WwW WwW 
North Carolina___....----..---------------------- 105, 728 586 92,639 544 
Oregon..._..-----------~---------- eee WwW WwW WwW WwW 
Texas_..--------------------------- +--+ 163 , 812 668 171,420 878 
Virginia..._...-.------------------------~------- 4,600 12 3, 760 9 
Other States 1____.-----..------------------------ 555, 716 3,531 529, 550 3,507 

Total. ._--------.------------------------- 1,029,238 7,508 1,027,929 27,773 

W Withheld to avoid disclosing individual company confidential data. 
1 Includes Alabama, Arkansas, Maryland, Montana, New York, Pennsylvania, Vermont, Washington, and 

States indicated by symbol W. 
2 Data may not add to total shown because of independent rounding. 

Table 3.—Talc, soapstone, and pyrophyllite sold by producers in the United States, 
by classes | 

Crude Ground 1 Total 2 . 

Year Value at Value at Value at 
Short shipping Short shipping Short — shipping 
-tons point _ tons— point tons point 

(thousands) . - (thousands) (thousands) 

| 1966_.-.---------------- 3 110,856 $493 (738,736 $18,776 849,592 $19,269 
1967_.-...-..---.------- 3 42,758 280 780 , 998 20,208 823 , 756 20,488 
1968___.__.-.----------- 3 64,877 331 821,601 22,637 886 , 478 22 , 968 
1969___._.-....--------- 381,015 362 904,318 25,931 985 , 333 26,294 
1970___....---.---.------ 395,561 572 851,956 25,407 947,517. 25,980 

a 1 Includes crushed, sawed, and manufactured material to avoid disclosing individual company confidential 
ata. 

2 Data may not add to total shown because of independent rounding. 
3 Includes exports to grinders in Belgium and Mexico. 

CONSUMPTION AND USES 

Apparent consumption of talc minerals rately available. Approximately 18 percent 
in the United States, as derived from total of the year’s supply of talc and soapstone 
mine production and the balance of im- was consumed in paints, 6 percent in the 
ports-exports, amounted to 953,000 short coating and filling of paper, 5 percent in 
tons in 1970, or approximately 3 percent less _ roofing, and 4 percent in insecticides; this 
than in 1969. Total tonnage of talc-group last item was down from 6 percent in 
products (principally ground material) 1969. The share of domestic talc consumed 
sold or used by producers was 4 percent in toilet preparations remained low, less 
less than in 1969, but the total value was’ than 2 percent, following just over 1 per- 
lower by only 1 percent. cent in 1969, compared with 4 percent in 

The dominant single end-use classifica- 1967 and 1968, possibly a reflection of the 
tion for talc minerals in the United States markedly stepped-up importation of cos- 
in 1970 was the manufacture of ceramics, metic-grade Italian material. Detailed end- 
which accounted for at least 26 percent of use statistics for domestic pyrophyllite have 
the total quantity of these materials sold not been published since the early 1960's, 
or used by producers, even though data on to avoid disclosing individual company 
use for floor and wall tile were not sepa- confidential data.
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Table 4.—Pyrophyllite 1 produced and sold by producers in the United States 

| Production Total sales 
Year re 

Short Short Value 
tons tons (thousands) 

1966__.------------------------------------------------+----- 125,202 126 , 874 $1,627 
1967_..------------.--------------------+-+----- +--+ +--+ --- 117,457 118 ,337 1,579 
1968__....--.-----~----------------------~------------------- 130, 624 120,319 1,748 
1969___.-...-----~-.----------- +--+ ee eee ee 104 , 347 110,816 1,632 
~:1970__---------------------- +--+ ee ee 120,077 © 95,735 1,317 

1 Includes sericite schist. 

| Table 5.—Talc, soapstone, and pyrophyllite sold or used by producers 
in the United States, by uses —_ 

| (Short tons) 

U . Tale and soapstone Pyrophyllite 
se —_ 

. 1969 1970 1969 1970 

Ceramics_._._..._-_---_--_---_.---------_-----------------_-. 245,704 228,595 26,860 19,427 
Insecticides________-_._-----_2-- eee eee ---- = 58, 722 = 33, 697 W WwW 
Paint_._....------------1-----------+--+--+-----------+------- 166,170 154,265 WwW WwW 
Paper__-...-_---------------.------------------------------- 54,554 52,828 --..-.. -..---.- 
Roofing. __.-.-.-------------------------~------------------- 30,526 44,997 W WwW 
Rubber. .__-__-..-------------------------------------------- 24,464 28,348 WwW WwW 
Textile_...._.._---..---------------------------------------- 7,974 6,187 WwW WwW 
Toilet preparations. ____......----------.-.----------_-------. 12,285 18,721 Ww WwW 
Other__-_.----.-.------------------------------------------- 1 279,168 1289,644 283,956 276,308 

Total. __.-.-.----------------------------------------- 874,517 851,782 110,816 95,735 

W Withheld to avoid disclosing individual company confidential data. 
1 Includes asphalt filler, crayons, exports, fertilizer, floor and wall tile, foundry facings, insulated wire and 

cable, joint cement, plastics, rice polishing, and miscellaneous products. 
2 Includes asphalt filler, brick, enamel coating, exports, foundry facings, joint cement, refractories, mis- 

cellaneous products, and items indicated by symbol W. 

| PRICES 

For crude talc, soapstone, and pyrophyl- Paint and Drug Reporter quoted prices for 
lite in 1970, the average value per ton re- ground domestic talc that ranged (depend- 
ported by producers fell within the range ing upon grade, point of origin, and de- 

established during the previous 10 years of gree of preparation) from $22.25 to $39.50 

$6.84 to $7.61 per ton. The average unit per ton for carload lots, and from $36 to 
value for all talc-group minerals sold or $49 per ton for smaller quantities. Micron- - 
used in 1970 by producers (that is, mostly ized talc in carload lots was quoted in the 
processed material but exclusive of COS- J. issue at $42 per ton for 400-mesh 
metic powders) continued the persistently product and at $85 per ton for 625-mesh. 
rising trend of recent years and reached {7 . , . 

. . Quotations given for ground talc imported 
the highest point on record, about 16 per- . 

. from Canada were in the range of $20 to 
cent above the mean for the period of $35 per ton 

r ton. 1960-69. P 
Ceramic Industry Magazine, January Although such published quotations are 

1971, showed $22 to $80 per ton as the probably indicative of the general tendency 

price range for talc and steatite talc, spre- of current talc prices, actual sales in 1970 

sumably for the ground material. In more Were arranged as usual at rates fixed upon 

detail, the December 28, 1970, issue of Oil, by negotiation and not on public record.
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FOREIGN TRADE 

Exports.—U.S. exports in 1970 of talc Table 6.—U.S. exports of talc, soapstone, 
minerals, both crude and ground, out- and pyrophyllite, crude and ground 

stripped imports about four-fold with re- (Thousand short tons and thousand dollars) 

gard to tonnage and total value and at- | . 
tained the highest level on record—more 

Year uantity Value 
than 50 percent above the 1969 total. ° y 
Without exception, shipments of US. talc jog, 66 $3,521 
to all the major geographical divisions 1969.--.---------------------- 69 3,713 

. . . 1970__.----------------------- 105 §=5,739 
were substantially higher in 1970, 15 per- (7 
cent higher to Western-Hemisphere na- | : 

. tions, 127 percent higher to Asia-Oceania, Tariffs——Schedules in force during 1970 
7 and 133 percent higher to Africa, than in provided for import duties on the various 

_ (1969. The largest gain—23,496 tons more  jassifications of talc as follows: Crude and 
and 164 percent more than in 1969—was jo ground, 0.02¢ per pound; ground, 
scored by exports to European markets. — washed, powdered, or pulverized, 8 percent 
rors he total value of U.S. im- aq valorem; cut or sawed, or in blanks, 

ports in 1970 of talc minerals in unmanu- crayons, cubes, disks, or other forms, 0.3¢ 
factured form amounted to $1.3 million, or | . 

. per pound; and other, not specially pro- 
about 18 percent more than the highest ; 

. vided for, 16.5 percent ad valorem. The 
annual figure recorded previously—$1.1 licabl 1 d d 
million in 1963. Notably, 1970 imports rate applica ne to talc, cruce and not 
from Italy were valued at $780,000, com- ground, remained the same after January 
pared with only $280,000 in 1969, but still 1. 1971, but those affecting the other three 
not quite up to the $860,000 that was classes were reduced, as of that date, to 7 

reached in 1961, and again in 1962 and _ percent ad valorem, 0.2¢ per pound, and 
1963. 14 percent ad valorem, respectively. 

Table 7.—U.S. imports for consumption of talc and steatite or soapstone, 
| by classes and countries 

(Short tons and thousand dollars) 

Crude and Ground, washed, Cut and Total 
unground powdered, or sawed unmanufactured 

pulverized 
Year and country ——_.  ———S 

Short Value Short Value Short Value Short Value! 
tons (thou- tons (thou- _—ittons (thou- tons  (thou- 

sands) sands) sands) sands) 

1968__..-----------.------.---.. 10,036 $1384 14,055 $520 222 $319 24,313 $973 

1969: 
Canada___.-_.....-.---.-... 5,899 55 =. 2,281 54 3 2 8,183 111 
France___.-..--------------- ------ ------ 5,046 124 2 1 5,048 125 
Israel. _...------------------ ------  ------ 14 2 ------) ------ 14 2 
Italy._-..-----------------.. 3,293 187 82,265 144 2 1 5,560 282 
Japan___--------- eee eee eee eee Lee 258 159 258 159 
Korea, Republic of._._-.----. --Lle. 6 Leee-e = 1,222 54 -_.... -_---. 1,222 54 
Mexico_.________----.-_-_-_-- 1 (2) wane e ene eee eee eee Lee 1 (2) 
Poland__....---------------- ------  «----- 33 3 .----- -.---- 33 3 
United Kingdom_-__._______._ 3 2 36 Jl _-_----. Lee 39 13 

Total__------------------- 9,196 194 10,897 392 265 163 20,358 749 

1970: 
Canada__.-.----..-.---.-.-. 4,373 43 2,717 69 46 7 7,186 119 
France___..-.--------------- ------ -----. 4,807 142 _._...  _..... 4,807 142 
India_.____-.--------------.- 54 7 ne 54 2 
Italy__..-..----------------. 18,999 652 1,818 129 4 2 15,821 783 
Japan___.___-_-_- ee eeee eee Lene, Leelee 352 (2) 305 180 657 180 
Korea, Republic of_._.--.-.-. -----. -.---. 1,518 68 _..... -----. 1,513 68 

Total___--...------------. 18,426 697 11,207 408 355 189 29,988 1,294 

1 Does not include talc, n.s.p.f.: 1968, $12,722; 1969, $12,479; 1970, $5,651. 
2 Less than 4 unit.
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WORLD REVIEW 

Australia.—Exploratory drilling proved million tons of marketable pyrophyllite, 

the existence of recoverable talc amounting and Japanese steel mills are expected to 

to hundreds of thousands of tons in a pte- _ provide a large-scale outlet for the mineral 

| viously discovered deposit near Truro, in for use in the manufacture of ladle brick. 

the Adelaide district of South Australia. Canada.—Baker Talc, Inc., operating 

The Truro ore body consists of bedded talc mining and processing facilities near 

material near the surface that should be South Bolton, Quebec, announced that in- 

minable by open pit procedures. A study  stallation of an additional air compressor | 

was begun to assess the site’s potential asa and of an enlarged hoisting system, cou- | 

source of talc in crude or processed form pled with the recent extension of the shaft 

for the export market. In New South to a deeper level, has provided substan- 

Wales, organization was completed of a_ tially increased production capacity at the 

new mining firm, Pyrophyllite Pty. Ltd. Van Reet mine. In continuation of a pro- 

for the announced purpose of exploiting a gram for the improvement of the compa- | 

pyrophyllite ore body formerly controlled ny’s processing plant, a number of modifi- 

by Eden Minerals Pty. Ltd. It is estimated cations were incorporated into the milling 

that this deposit contains from 30 to 50 ‘circuit that will make it possible to supply 

Table 8.—Talc, soapstone, and pyrophyllite: World production, by countries 
, (Short tons) = 

a 
. Country ! — 1968 1969 1970 > 
mS 

North America: | : 
Canada (shipments). __---.---------------------------------- r 80,589 75,850 74,957 
Mexico______.--_-----_--------- +--+ ee ee eee eee 707 1,469 2,320 
United States_._..-..---.-.--------------------------------- 958,262 1,029,938 1,027,929 

South America: 
Argentina____-..------------------------------------------- r 23,442 23 , 934 e 24,000 
Chile____.--.---------------------------------------------- 3,101 892 705 
Colombia_.._...-------------------------------------------- r 1,487 1,681 1,899 
Paraguay______-.----.-------------------------------------- 83 99 132 
Peru (pyrophyllite)......-..--------------------------------- 6,967 8,618 e 8,800 
Uruguay (ground talc)._....-----.--------------------------- 2,434 2,542 1,801 

Europe: 
Austria____..-.--------------.------------------------------ r 93,205 104,277 110, 406 
Finland____...--------------------------------------------- 2 5,300 31,680 69,140 
France____..__.__------------------------------------------ 7 271,262 271,168 256, 838 
Germany, West (marketable) -__---..------------------------- r 30,886 50,081 48,941 
Greece______..____----------- ee ee eee r 2,770 6,695 6,614 
Italy______..__.._-_-----.----------------------------------- 7 186,441 150, 466 170,657 
Norway (ground tale)___._----------------------------------- r 84,523 70,807 e 70,000 
Portugal___..._.__.---------------------------------------- r 1,609 1,323 1,992 
Romania. ___.___.__--..------------------------------------- °7 55,000 e 55,000 62 , 532 
Spain. __._..-....--------~+--------------------------------- r 31,997 37,179 e 37, 500 
Sweden____......------------------------------------------ T 26,834 31,300 35,600 
U.S.S.R.e_.._. +--+ 408,000 419,000 419,000 
United Kingdom_____._...-..--------.--------+------------- r 12,706 11,311 e 11,000 

Africa: 
Morocco (tale)_._._..._.---------------+--- +--+ ++ eee eee eee ---- 150 250 
South Africa, Republic of............-----.------------------- 9,978 9,715 8,243 
Swaziland. .__..._._---------------------------------------- 642 660 280 

Asi United Arab Republic___..._.......-------------------------- er 5,000 4,740 e 5,000 
1a 3 

China, mainland ¢__._.....---.-.---------------------------- 165,000 165, 000 165,000 
India. ____._._.-------------------------------------------- 7 195,100 206 , 674 185,641 
Japan________._-------------------------------------------- ™ 1,869,733 1,996,045 2,066,230 
Korea, North ¢._._-.---------------------------------------- 66,000 77,000 88 , 000 
Korea, Republic of___.....---------------------------------- 164,694 198 , 7338 224,941 
Pakistan (soapstone).......---------------------------------- t 2,885 2,486 e 2,200 
Philippines. ___._-..-.----------------+---------------------- r 961 1,038 1,753 

. Taiwan (Soapstone) ____._-----..-----~------+------------------ 82,027 26,867 42,678 
Thailand (pyrophyllite).._........--------------------------- 8,707 2,185 -------- 

; Oceania: 
Australia __......-------------+----+---------------------+---- 42,873 60, 704 72,568 | 

Total________-__------------__------.--------------------- 74,796,205 5,187,307 5,305, 547 
SEEN 

e Estimate. pP Preliminary. * Revised. 
1 In addition to the countries listed, Brazil is believed to produce in excess of 50,000 tons annually, but 

available data are incomplete, and Southern Rhodesia is known to be a producer, but no data are available. 
2 Tale only.
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a micronized talc of superior whiteness firm, to resume the processing of ores 
that is especially suitable for the manufac- mined in Norway and imported from 
ture of paint. abroad to produce high-quality micronized 

| India.—Indian production of talc-group talc for world markets, especially the 
minerals in 1970 totaled 185,641 short tons, United Kingdom. Construction of  ex- 

of which 8 percent was classified as pyro- panded facilities continued throughout | 
phyllite and 92 percent as “steatite’” (prob- 1970, and plans were mentioned for the 
ably talc by U.S. definition). The total eventual installation of equipment for the 
value of the 1970 output amounted to production and storage of other mineral 
Rs5.04 million, or approximately US$0.67 products in addition to a variety of grades 
million, divided in the same proportion as and specifications of talc for a diversity of 
the tonnage. | applications. 
Indonesia——The discovery of a lens of United Kingdom.—A_ bBritish journal. 

pure white talc 1 meter in thickness in published a series of papers outlining the 
West Irian, the western half of New international ramifications of the major or- | 
Guinea, was reported in a recent survey of ganizations that mine and process the 
Indonesian minerals published by the Min- world’s industrial talc. One panoramic arti- 
istry of Mines in Djakarta. The new ore cle sketched the talc position of the 
body lies between formations of peridotite United Kingdom and gave an account of 
and crystalline schist in a locality in the the activities of its principal foreign sup- — 
Cyclops Mountains north of Lake Sentani, pliers in Norway, France, Italy, mainland 
where all previously known talc occur- China, and India, together with a briefer 
rences were so intermixed with iron oxides view of talc operations in Australia, Aus- 
as to be of little commercial value. The  tria, Belgium, Finland, Japan, and the Re- 

potential economic significance of the public of Korea.2 Two large producing 
newly found talc deposit is being investi- firms, one in France and one in Norway, 
gated. | were dealt with more extensively in indi- 
Norway.—An energetic rebuilding pro- vidual articles. Details of the talc industry 

gram at the Knarrevik site in Bergen in the United States and of some of the 
where a previous plant was destroyed by international activities of a U.S.-based 
fire in 1969, enabled A/S Norge Talc, a major world supplier were presented in 

. subsidiary of the Jacob Kjode A/S shipping four chapters of a subsequent issue.4 

TECHNOLOGY 

| Some of the most widely serviceable the present state of the art of producing 
mineral pigments used in modern paint and preparing talc to meet those needs.é 
technology were discussed, together with Research conducted by the Bureau of 
the characteristic properties that determine Mines led to the publication of a report 
their performance in specific applications, presenting new data on the thermody- 
in a two-part journal article.5 

Exterior house paints that contain talc 2 Industrial Minerals (London). Talc: UK Con- 
as the principal pigment, in addition to sumption Shows Gradual Rise. No. 40, January 
being resistant to discoloration by water  !9/1- Pe enean Producer: SA des Talcs de | 
drip from overhanging metallic objects, Luzenac. The Operations of A/S Norwegian Talc. 

. . . . No. 40, January 1971, pp. 25, 27-28. 
excel especially with regard to the quali, = 4__’~" Tale in USA: Producers Fine Grind 
ties of viscosity, stability of _ suspension, aU oT Workdtaite De Rion: ak 

ease of application, and durability in serv- United Sierra. Industrial Minerals (London). No. 

ice. According to the 1969 data that were ae orany Miverak’ (endon). Talc Operations 
quoted, talc ranked third in both tonnage of Engelhard Minerals & Chemicals Corp. No. 41, 

. . . February 1971, p. 46. 
and value among the various mineral pig- ——. Vanderbilt in Talc. No. 41, February 

ments consumed that year in the United af Lad peril Minerals (London). Functional Min- 
States. Subsequent issues of the same mag- eral Pigments: Part 1. No. 38, November 1970, 
azine carried more extensive accounts of pp. 35-40; Part 2. No. 39, December 1970, pp. 
the principal ways in which talc serves 6 _____. Talc: Micronised Grades Lead the Way. 
many other needs of modern living and of in part January 1971, pp. 9-17; also item cited
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namic properties of one of the talc- our Talc, reduced to minus 50-millimicron 
prop group 4 minerals in the temperature range from particle size, was one of the substances 51° K to 298° K (—377° F to +122° F).7 specified for use in a patented method by 

the brightness of gray or off-white talc to layer can be induced by electrophoresis on render it suitable for use as a pigment in the exterior of an article that, in itself, is 
light-colored paints.8 Patents were issued  €lectrically conducting.13 : 
covering the use of talc in a mixture with King, E. G., and W. W. Weller. Low-Tem. wollastonite and kaolin to form a noncom- perature Heat Capacities and Entropies at 298.15° | bustible covering material to be applied to x of Goethite and 5 yrophyllite. BuMines Rept. the surfaces of less-refractory substances = 8 Lundquist, J. D. (assigned to Georgia Kaolin : 7° sa . Co., Elizabeth, N.J ). Talc Treatment and Talc and with an oxidized asphalt, organic-mod- — Gontaining Pigments. US Pan 3,533,821, Oct. 13, ified bentonite and other specified ingredi- 1970. 

: : . ®Schuti, J. B., and J. W. Stuart (assigned to ents to undercoat vehicle bodies for corro U.S. National Aeronautics and Space Administra- sion control.10 tion). Fire Resistant Coating Composition. U-S. . 1 Pat. 3,493,401, Feb. 3, 1970. Talc is used as a low-cost filler for 10 Miller, C. R., and P. J. Holtzapfel (assigned ixing with a number of specified in edi- to Ashland Oil, Inc., Houston, Tex.). Corrosion ma 8 P . Bre! Proofing Composition and Method. U.S. Pat. ents in a patented wettable insecticide 3,549,391, Dec. 22, 1970. oy + i . . ean improved and each at Component, 4am, C; J (aigned to, Imperial Chemical in an improved and easily workable grout- 1,209,996, Oct. 28, 1970. 
ing composition for filling joints, fissures, ea ratentee not named, no title, assigned to etc. With the specified ingredients, this 50 onaustries, Ltd.). French Pat. 2,009,310, Jan. 
reparation is said to be. stable in * Flatz, J., and H. G. Seipp (assigned to Brown, Prep 12 Boveri & Co., Ltd.). (No title). British Pat. storage. 1,186,087, Apr. 2, 1970.
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‘Thor ~Lhortum 

By Walter C. Woodmansee ! a 

Domestic thorium production and de- Legislation and Government Programs. 
mand remained relatively unchanged dur-. —FEffective January 1, 1970, ad valorem ‘du- 
ing 1970. There were no demand pressures ties were reduced to 24 percent on thor- 
because available supply was well in excess ium compounds, 8.5 percent on thorium 

| of consumption, owing to the fact that metal, and 10 percent on thorium. alloys . 
monazite sands are processed primarily for under the ‘Kennedy round” schedule of 

their rare-earth-oxide (REO) content. tariff reductions. : | : 
Private and Government research and The U.S. Government’s supplemental 

development continued on thorium as a stockpile in the form of thorium nitrate 
nuclear fuel. Construction was underway jemained at 1,832 tons ThO equivalent, 

on the first fully commercial nuclear almost 1,800 tons ThO, e uivalent in ex- 
power reactor utilizing the Thgge-Ue33 fuel , | 2. a 

ye cess of the reduced objective of 40 tons 
cycle. The Atomic Energy Commission To : oo 
(AEC) estimates that annual demand may ThOg equivalent. Although stockpile reduc- 
reach 500 tons of Tho, by 1980 if this ap- tions were authorized, no disposals were 

plication proves to be an economic and made in 1970. In addition, AEC main- ' 

- technologic success and 3,000 tons ThO, by tained its inventory of 1,775 tons ThO, 

1990 if thorium-fueled reactors effectively equivalent in concentrates, compounds, and 
penetrate the nuclear power market.2 metal for nuclear research. 

DOMESTIC PRODUCTION | | 

Mine Production——Domestic thorium nium Enterprises, is a joint venture of 

mine production was essentially all from American Cyanamid Co. and. Union Camp 

the Humphreys Mining Co. placer opera- Corp. The latter company controls the re- 

tion near Folkston, Ga., where monazite is serves, which are in an area of its exten- 

a byproduct of titanium and zirconium re- _ sive forest holdings. an 

covery. Although specific data are with- Refinery Production.—Domestic output 

held, output of monazite, containing an of thorium compounds, derived from the 

estimated 55 percent REO and 5 percent processing of monazite concentrates, also is 

ThOs, increased substantially in 1970, not divulged to avoid disclosing individual 

owing mainly to growing demand for the company confidential data. These thorium 

REO. Minor production of a low-grade compounds continued to be produced by 

monazite concentrate by Climax Molybde- two firms—Lindsay Rare Earths (formerly 

num Co. at Climax, Colo., was discontin- American Potash & Chemical Corp.), a 

ued. subsidiary of Kerr-McGee Chemical Corp., 

Kerr-McGee Chemical Corp. conducted at West Chicago, Ill., and the Davison 

pilot plant tests on a large heavy-mineral Chemical Division of W. R. Grace & Co., at 

placer deposit, containing rutile, , ilmenite, Chattanooga, Tenn. A number of compa- 

and zirconium, in addition to monazite, in nies process and fabricate the various thor- 

Natchez Trace State Park, between Cam- ium compounds and_ thorium metal, 

den and Lexington, in western Tennessee. mainly for use in nuclear fuel core compo- 

Recovery of byproduct monazite is sched- nents. 

uled from a similar deposit near Green “1 Pphysical scientist, Division of Nonferrous Met- 

Cove Springs, in northern Florida, | by au S. Atomic E Commission. The Nuclear 
mid-1972. The operating company, Tita- industry, 1970. November 1970, pp. 46-47. | 

1081
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Table 1.—Principal companies with capacity for processing and 
: fabricating thorium in 19701 

Company Location Facilities ? 

The Dow Chemical Co-___-_.__.-...-------,-----.------ Midland, Mich..--..-......-...- p. 
Gallard-Schlesinger Chemical Manufacturing Corp.......-.- Carle Place, N.Y_..---22 2-072. p- 
General Electric Co___.--_._..-..--------------.5------- San Jose, Calif_.- 22.2222 

Do_._-------2- ee ee eee eee ewen Wilmington, N.C_o 2 te f. 

_ W. R. Grace & Co___._....------------------------ne--- Chattanooga, Penn.--.- 72272. op. 
Gulf General Atomic, Inc. __........----------.------»--- San Diego, Gait on 22 pf. 
Kerr-McGee Chemical Corp- - --------------------------- Cimarron, Okla__-------2222222. py 

National Lead Co___...-_.-.-.------------------------- Albany, N.Y__------ 222-222 lll. pi. 
Nuclear Chemicals and Metals Corp_---------.-.--------- Huntsville, Tenn_---2---- 072.2") py 
Nuclear Fuel Services, Inc_-_---.-----.------------------ Erwin, Tenn___..-227 220022101) Me 
Nuclear Materials & Equipment Corp. (NUMEC)__........ Apollo, Pa___...----_- 2. wene--- if 

Do.._-.-_-.-~--->----------------- ~~ eee een nee Leechburg, Pa..----------+------ P 
Tennessee Nuclear Specialties, Inc.__-.....---------...--. Jonesboro, Tenn_.__-- 2.2.02.” pf. 
United Nuclear Corp- ----------------------------------. Hematite, Mo__------.-..---___- pt. 

. Do. .-- 2. ee ee ee eee ee eee New Haven, Conn. _---.--2-.--- p,f. 

Ventron Corp___-..--------------------------- +--+ Beverly, Mass__..--------2-- 2. p: 

Westinghouse Electric Corp..-....------------.-------.-. Bloomfield, N.J...----------.-.. P: 
‘ Do...-.._.------------- 2 eee eee Columbia, 8.C_ 2 ---- 22-2 -- 7s 

! Includes manufacturing of thorium-based nuclear fuels. 
2 Be processor; f—fabricator. 
3 Subsidiary of Kerr-McGee Chemical Corp. 

Principal Source: U.S. Atomic Energy Commission. The Nuclear Industry—1970, November 1970, pp- 82- 
83, = : : . 

Table 2.—Principal producers and | 
fabricators of magnesium-thorium alloys : 

earn ne a eer rere eerree a Ea Sa IS 

| Company Plant location 

oo American Light Alloys, Inc.__ Little Falls, NJ. 
Controlled Castings Corp_.... Plainview, N.Y. 
Hills-McCanna Co__._.._-... Carpentersville, Ill, 
R. C. Hitchcock and Sons, Inc. Minneapolis, Minn. 
Howard Foundry Co__.-_-..- Chicago, Hl. 

-. Phelps Dodge Aluminum 
. Products Corp.! _........... Madison, IU. | 

Rolle Manufacturing Co.2..... Lansdale, Pa, 
Wellman Dynamics Corp__... Bay City, Mich. 

1 For The Dow Chemical Co., Midland, Mich. 
2 Ceased operations yearend 1970. 

CONSUMPTION AND USES | 

_Nonenergy.—Domestic monazite is proc. demand in 1970. Dispersion-hardened alloys, 
essed primarily for its REO, and byprod- where 2 percent ThO, provides superior 
uct thorium therefore is produced in strength and corrosion resistance to such 
excess of demand, resulting in continued metals as nickel, cobalt, tungsten, and 
additions to stocks. U.S. industrial demand molybdenum at elevated temperatures, ac- 
for thorium for nonenergy uses continued counted for about 10 percent of 1970 de- 
at an estimated 100 to 120 tons per year. mand. Miscellaneous chemical, refractory. 
The specialized nonenergy uses of thorium _ electronic, and other uses for the oxide and 
are limited by the fact that the metal and the metal accounted for the remainder dur- 
its alloys are vulnerable to substitution by ing 1970. 
other, less costly metals. Welsbach incan- Energy.—AEC continued to provide sup- 
descent gas-light mantles continued to ab- port in research and development of ‘con- 
sorb an estimated 50 percent of total non- verter and breeder reactor concepts utiliz- 
energy demand. Thorium magnesium hard- ing the Th,,,-U,,, fuel cycle. Small capa- 
ener alloys, containing about 40 percent city, thorium-fueled experimental or proto- 
thorium, for use in making magnesium- type reactors continued to generate electric 

| base alloys (3 percent thorium) were the power at Elk River, Minn. (20-megawatt, 
dominant nonenergy use for several years water-cooled reactor) and Peach Bottom, 
prior to 1966, but their use has dropped Pa. (40-megawatt, gas-cooled reactor). The 
off to an estimated 30 percent of nonenergy _ first fuel core of the Peach Bottom reactor
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was replaced with an improved second core Inc., for the Public Service Co. of Colo- 
in 1970. © rado. This plant, scheduled for completion 

Construction continued near Platteville, in 1972, is the first fully commercial appli- 
Colo., on the Fort St. Vrain, 330-mega-. cation of the HTGR concept and_ the 

watt, high-temperature, gas-cooled reactor The32-U233 fuel cycle. A 1,000-megawatt 

(HTGR), designed by Gulf General Atomic, HTGR is in the design stage. 

| PRICES | | 

_ The domestic nominal price on carload ceramic grade, 99.9 percent ThOg, $5.80- 

lots of monazite sand concentrate remained $10; and ThOg, refractory grade, 99.9 per- 
steady at $180 to $200 per long ton (based cent ThO2, $7-$11. Lindsay Rare Earths, 
on REO only), equivalent to about 8 to 9 West Chicago, Ill, quotations for 1970-71 
cents per pound. The average price of im- were as follows, per pound: Thorium salts, 

| ported monazite was $123.96 per short ton 99.9 percent purity, $6 (chloride) -$65 
in 1970, compared with $117.50 in 1969. | (iodide) ; nitrate, $2.55-$6; oxide, $7-$20; 

Prices listed for thorium compounds by - and oxalate, $4-$6. 
the Davison Chemical Division, W. R. Quotations on thorium metal in pellets 
Grace & Co., Chattanooga, Tenn., in May by American Metal Market remained 
1970 were in the following ranges, per steady at $15 per pound. Thorium-magne- 
pound, depending on quantity of purchase: sium hardener alloys (40 percent thorium) 
Thorium nitrate, wire grade, 47 percent sold for about $5 per pound, based on 
ThOs, $2.45-$2.50; thorium nitrate, mantle . thorium content at 40 percent and prevail- 

grade, 47 percent ThOe, $2.50-$2.55; ThO2, ing magnesium prices. 7 

| FOREIGN TRADE | 

Exports.—Shipments of thorium ores and Imports.—Australia and Malaysia re- 

concentrates, listed in terms of ThO, con- mained the principal foreign sources of | 
tent, dropped markedly in 1970. Foreign ‘Monazite during 1970; these two countries 
shipments of thorium compounds, metal, accounted for 95 percent of U.S. imports 

. . of monazite during the year. Among the 
and alloys are not differentiated from ura- : : oe 

. . - _ compounds, thorium nitrate in incandes- 
nium in official trade statistics; the latter (44; gas mantles was the most significant 

probably constitutes the bulk of these ex- import; a modest price increase was indi- ) 

ports. cated for this product. :
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WORLD REVIEW | 

Australia, Brazil, India, and Malaysia ac- avalakurichi was reopened. Monazite sales | 
counted for almost all the estimated during the fiscal year totaled 3,270 tons, 
world production of monazite concentrates valued at the equivalent of $1,375,600. The 

in 1970, exclusive of U.S. output, data on Indian Government paid $90,500 for thor- 

which are withheld. : ium hydroxide, derived from the monazite. 
Canada.—Although thorium production Co 

was suspended by the Nuclear Products : , = 

Dept., Rio Algom Mines Ltd., with closure Table 4.—Monazite concentrates; 
of the Nordic mill at Elliot Lake, Ontario, World production, by countries 
in 1968, small quantities of a thorium sul- (Short tons) 
fate concentrate, called “thorium cake”, were = —————/_L_>_EOE (“_OSES (“#_EOe 

subsequently transferred from inventory to _. Country! — | 1968 1969 1970? 

the Quirke refinery, which produced 4  ustralia__._---..----- 18,590 4,397 © 4,400 
metallurgical-grade ThO2g (99+ percent Brazil. -------~------=- r 1,864 2,208 © 2,200 

. . ’ . eylon.___..--...--.-- 
purity). This product was shipped to Congo (Kinshasa) -_-__-- NA 196 158 

Dominion Magnesium, Ltd., Haley, Ontario, India ?----------------- 3,789 2,708 °3,800 
h 98 t thori ntered il Malagasy Republic. -___-.- 2 2 ___--- 

wd 99.5 “percen h orlum Seleg pellets Malaysia 3 ieee * 2,857 2,264 1,827 
an .5-percent thorium powder wer - igeria ?___._---------- : , a P 2 P © pro Thailand______-.____--- AA 72 "119. 

| duced. Output was limited (only 919 United States__._.___-- WwW Ww Ww 

pounds in 1969) , because of weak demand. : — OT 
. . er . Total___.._._---- 7 11,699 ,919 ,922 

-India.—The Minerals Division, Indian ___Total------------ 7 11,699 11,919 18,922 

R rths: Ltd. e Estimate. » Preliminary. * Revised. NA Not 

are Earths Ltd., produced 2,708 tons of | oiabie. W Withheld to avoid disclosing individual 
monazite concentrate at Quilon during  eompany confidential data. | | . 

fiscal 1969-70. The Alwaye monazite plant 1 In addition to the countries listed, Indonesia and 

. . . North Korea produce monazite, but information is 
was operated at partial capacity, based on insufficient to make reliable estimates of output 

markets for the rare-earths. Sales improved levels. beginning April 1 | 

later in the year, and plant No. 2 at Man- s Exports. geen 

WORLD RESERVES | | | 

Noncommunist world resources of thor- sources are in monazite placer deposits, 

ium have been reevaluated for the Organi- chiefly in India and Australia. | 

zation for European Cooperation and The United panies and Canaca nave 
Development.4 “Reasonably assured” re- large resources 0 nonmonazite thorium. An 

ources total more than 500,000 tons ThO AEC report, published by the Idaho Bu- 

son “e . oe i 2? yeau of Mines and Geology, describes the 

and estimated additiona resources aY€ JT emhi Pass deposits. Reserves are esti- 

slightly below 1 million tons ThO,, at less mated at 100,000 tons “reasonably assured” 

than $10 per pound ThO, and present and several hundred thousand tons “esti- 

thorium technology. Most of these re- mated additional” to depths of 3,000 feet.5 

TECHNOLOGY 

Nonenergy.—Systematic studies continued =~ 
° e 3 i 

on the thermodynamics of formation of  , 960 te 38 coe Earths Ltd. 20th Annual Report, 

thorium-nickel alloys.6 Research involved 4 European Nuclear Energy Agency and the zn: 
: ‘ ternational Atomic Energy ncy. Uranium Re- 

the use of electromotive force cells with ccuvces Production and Demand. September 

solid CaF, as the electrolyte. 1970, p. 39. 

Research at National Lead Co., resulted, * Engineering and Mining Journal. V. 171, No. 
. ° e dD, a » Pp- . 

in a modification to the Ames process for « Skelton, Wy. H., N. J. Magnani, and J. F.. 

production of thorium metal by reduction Smith. Thermodynamics of Formation of Th-Ni 
. Alloys. Met. Trans., v. 1, No. 7, July 1970, pp. 

of ThF,, which reportedly makes the oper- —_ 133-1837. ( | 

ation safer and produces a higher quality Me Briggs, G. G., and J. H. (Cavendish. Thorium 
° eta roduction. journal oO etals. . ’ o. 

metal.?7 A dense, crystalline ThF,, amena- }9 December 1970, pp. 25a-26a.
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ble to rapid filtration and efficient wash- sufficient high-quality steam to generate 

ing, was produced by precipitation. The 1,100 megawatts in a conventional reheat 
use of nonhygroscopic ZnF,, rather than steam cycle, was described at a recent 
ZnCl, as the source of zinc in the reduc- conference.10 This concept is based on 
tion charge reduced the potential for hy- technology similar to the HTGR under . 
drogen generation by reaction between construction in Colo., but several improve- 
moisture and calcium metal, thereby re- ments in design improve safety and 
ducing the explosion hazard. The use of _ efficiency of operation and maintenance. 
Zn¥F,, in the reduction process also permit- At AEC’s Bettis Atomic Power Labora- 
ted the use of CaF, slag from the reaction tory, work continued on development of a 
as liner material for the reduction vessels. fuel core to demonstrate potential for 
This development reportedly improved the breeding in the light-water reactor 
purity of the metal produced. (LWR), based on seed-blanket technology 

A recent U.S. Bureau of Mines publica- with the thorium-uranium fuel cycle, used 
| tion contains data on U.S. and world thor- at the Shippingport Atomic Power Station 

lum resources, technology, economics, and in Pennsylvania. This concept offers the 
| “statistics8 prospect of LWR fuel utilization improved | 

Energy.—Except for the HTGR, studies beyond the I to 2 percent of operating 
on the technology of thorium-based nu- LWR’s. Successful LWR_ breeding, with 
Clear fuels have been limited to research breeder cores installed in existing and fu- 
and development. The AEC continued to ture LWR’s, would probably provide incen- 
provide support in research on and devel- tives for development of the extensive | 
opment of converter and breeder concepts thorium resources in the western United 
utilizing the Th,,,-U,,, fuel cycle. Fuel States. 11 , 
preparation, core development, materials AEC also requested proposals for a de- 
irradiation, reprocessing, and equipment sign study of a 1,000-megawatt molten-salt 
design and engineering were under investi- breeder reactor (MSBR). There was also a 
gation at the AEC’s Oak Ridge National significant increase in private efforts involv- 
Laboratory (ORNL), Tenn., and by pri- ing this concept. The Molten Salt Breeder 
vate industry. Irradiated thorium fuels Reactor Associates, am association of five 
were processed at AEC’s Savannah River electric utility companies and a consulting 

| and Hanford chemical separation plants to engineering firm, completed Phase I of 
recover U,,,,, the fissionable isotope. their study of the MSBR. In addition, 15 

In addition to work at ORNL, Gulf En- Utility companies and six major industrial 
ergy and Environmental Systems, San COMpanies formed the Molten Salt Group, 
Diego, Calif., continued its research on the Which will jointly study MSBR technology, 

| HTGR, which operates on the thorium- including the feasibility of thorium as a 

uranium fuel cycle and uses helium as a fuel.12 _ — Soo, 
coolant. Because of its high-efficiency, The solubility of thorium in liquid bis- 

high-temperature steam cycle, the HTGR ‘™uth over a temperature range of 450° C 
offers the near-term prospect for substan- 900° C was investigated In connection 

tial improvement in fuel utilization. . -—S- With research on the processing of MSBR 
fuels. 13 Thorium acts as a selective reduc- 

The 40-megawatt, gas-cooled power plant ‘ . . 
. ant of actinide and lanthanide elements, 

at Peach Bottom, Pa., which was success- 

fully refueled during the year, has oper- _s parker, John G., and Charles T. Baroch. The 
ated continuously since the refueling. Rare-Farth. Elements, Yttrium, and Thorium, 

According to Gulf Energy, the HTGR 92 pp. wey SON NES , , 
under construction at Fort St. Vrain, near Word 20 ener Atomic, Inc. Power for the 
Platteville, Colo., will produce 840 mega- 10 Gulf General Atomic, Inc. Large HTGR De- 

watts of thermal energy steam at 2400 sign satus. Proceedings OF Ca ole cas 
pounds per square inch and 1,000° F with Laboratory. Conf.-700401, Apr. 27-30, 1970, pp. 

reheat to about 1,000° C for generation of EUS. Atomic Energy Commission. Annual Re- 
330 megawatts (net) electric power, or net port to Congress. January 1971, pp. 158-160. 

plant efficiency of 59 percent. The quantity 10. les Street Journal. V. 176, No. 29, Aug. 

of U,,, bred is expected to equal about is Schilling, C. E., and L. M. Ferris. The Solu- 
one-third the initial U,as charge. 9 bility of Thorium in Liquid Bismuth. J. Less- 

An HTGR design, capable of producing $Ommon, Metals (Amsterdam, Netherlands), v- 
’ - 4 Ty » PP.
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and its solubility governs the reductant planned on other ceramic compounds of 

concentration. | : thorium. , 

Technical data on thorium and its ap- 44U.S. Atomic Energy Commission, Oak Ridge 

_ plications to fuel technology were compiled National Laboratory, Thorium Ceramics Data 

recently.14 Similar publications were Manual Ms 1, Oxides. ORNL—4503, September
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Tin 
By John R. Lewis: — | 

Free world tin supplies and demand Mining Corp. (COMIBOL). COMIBOL, in 
were fairly close to balance in 1970. U.S. turn, offered the tin to US. consumers 

consumption of primary and secondary tin through its New York City office. a 
combined was off about 8.6 percent for the Legislation and Government Programs.— 
year, but greater use elsewhere helped to There was no legislation directly affecting : 
bring about the approach to a world bal- tin during 1970. - 
ance. - SO No strategic stockpile tin was disposed of 

In the United States, primary tin con- by the General Services Administration 

sumption was off 8.1 percent while second- (GSA) through commercial channels dur- 
ary was off 9.8 percent. Declines were most ing the year. Slightly more than 3,065 long | 
severe in the heavier tin-consuming sectors: tons were shipped by GSA; some were in 

tinplate (off 6.5 percent) bronze and brass small, intragovernmental transfers, but the 
(off 17 percent), and solder (off 5 percent), bulk was shipped under programs of the 
Exclusively as the mineral cassiterite (SnOz), Agency for International Development: 

tin is mined and smelted at many places (AID).. The stockpile objective remained 
around the world, mainly outside the at 232,000 long tons, and at the end of the 

United States. Most of the nation’s primary year there was an excess of about 20,000 
tin metal came from Malaysia and Thailand ong tons on hand. —_ 
in 1970 while less than 100 long tons were _ On December 9,.1970, a U.S. House of 
mined domestically from widely scattered Representatives Armed Services Subcom- | 
mines in the western States and Alaska. M™ittee held a factfinding hearing on the 
The, United States continued to lead the ¢€Xcess of tin in the stockpile. The Subcom- 
world in the recovery and use of reclaimed ™ittee chairman stated that no new legis- 
(secondary) tin during 1970, and around lation or new commitments were under 

one-third of the national supply came from Consideration, and he pointed out that 
scrap smelted in about 85 smelters located GSA already had authority to sell the ex- 
all across the country. | cess. The witnesses, from Government, tin- 

oe aT plate mills, and the Texas City tin 
After a year of primary tin smelting in- ) . . . ‘ 

. . . smelter, were divided in their points of 
activity, the only major smelter-refinery in . an 

. oy view. By the end of 1970, no subsequent 
the United States, Gulf Chemical and Met- . , . 

. a ; action had been taken by the Subcommit- 
allurgical Corp. at Texas City, Tex., began : . rae : 

| . . . tee, nor did any appear imminent. 
the smelting of Bolivian tin concentrates — a 

| under a toll agreement with the Bolivian als Physical scientist, Division of Nonferrous Met- 

| Table 1.—Salient tin statistics 
(Long tons) 

1966 1967 1968 1969 1970 
United States: . 

Production: . 
Mine_____-__--_-_-- 2 eee 97 Ww WwW WwW _ WwW . 
‘Smelter____-_-__---- eee 3,825 3,048 3,453 345 NA 
Secondary_-_-._--.----------------------.-.. 25,349 22,667 22,495 22,775 20,001 

Exports (exports and reexports)________._.._______ 2,847 2,479 4,495. 2,903 4,452 
Imports for consumption: 

Metal______...----------------------------. 41,699 50,223 57,358 54,950 50,554 
Ore (tin content). ..___-__-.-_-____-_-------- 4,372 $3,255 2,489 _______ 4,467 

Consumption: 
Primary_........--------------------------.- 60,185 57,848 58,859 57,730 538,027 

_ Secondary__.______---__------------..------. 25,277 22,790 28,102 28,060 20,802 
Price: Straits tin, in New York, average cents per 
pound_____.. 2 ------------- «164.02 158.405 148.111 164.485 174.135 

World production: 
Mine. _________-_--------------------.-------- 208,071 214,283 228,382 224,079 226,569 
Smelter_____._.-__---_-_-_-----.._......._..--. 200,510 219,175 229,564 223,426 222,206 

NA Not available. W Withheld to avoid disclosing individual company confidential data. 
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DOMESTIC PRODUCTION 

PRIMARY TIN counts for only four percent of the total 

tin supplied to U.S. consumers in 1970, a 

; Mine Production.—Annual production of proportion which does not vary apprecia- 
tin in the United States was again in 1970 bly from year to year. | 

somewhat less than 100 long tons. Most of Secondary tin furnishes 28 to 30 percent 

the year's output came from Colorado, a of the total tin supplied to U.S. markets 

byproduct of the mining of molybdenum. each year. However, secondary tin pro- 
A Toronto-based exploration firm, P.C.E. 

Explorations, with an interest in Lost . 

River Mining Corp.’s fluorite-tin-tungsten Table 2.— Secondary ‘de recovered from 

acreage on the Seward Penninsula west of scrap Pen the United Statee Plants 

Nome, Alaska, spent the summer on an ex- 
tensive core-drilling program. Although the —=——————~~"‘jg69 4970 

major effort was in search of fluorite, at °94—_..—_ SESS 

least one multimineral reserve (10 million  Tinplate Strap long tons.. 881.718 771,415 

tons of fluorite-tin-tungsten ores) was es- | ono na no TORE WORST 

tablished. Based upon tests, tin concen- Tin recovered from tiaplate 
trates of 70 percent with overall recoveries ° ‘Metal... --long tons._. 2,420 1,988 

of 80 to 85 percent appeared feasible from co Doan Gent) do 560 620 

this area, and fluorite possibilities far out- OT 

shone others. | Wein et cgaac te 880 2.88 
Smelter Production.—The only tin smelt- pounds produced. _.-do_-_- r990 =—s_s« 1,104 

er in the United States is the Texas City, Aer ES Ty y ton of 

Tex., facility of Gulf Chemical and Met- tinplate scrap used__pounds_. 8.03 7.57 

allurgical Corp. In 1970 it operated on  AVSISS® Setvered ve gton.. $26.85 $36.28 
Bolivian tin concentrates which formed the ©§ — —-—@£_ ————_———_—">——— 
base load together with low-cost reclaimed r Revised. ‘ni n- i 

aan ° . | Tinplate clippings and old tin-coated containers 

domestic industrial residues to complete have been combined to avoid disclosing individual 

_ the feed. The smelter performed these coy conan. detinners recovered 489 long tons 
functions as a contract toll converter of (418 tons in 1969) of tin as metal and in compounds 

Bolivia’s state-owned COMIBOL, an d the — from tin-base serap and residues in 1970. 

resulting metal was then sold by COMI- 
BOL to U.S. consumers. A total of 6,000 . 
long tons of tin were involved in the con- Table 3.—Tin recovered from scrap 

tract but only about half was processed br processed in the United States, by y at na P sed DY form of recovery 
yearend. Thus, to all intents and purposes, (Long tons) 
U.S. consumers were wholly dependent 

upon foreign tin in 1970. ~~ Form of recovery 1969 1970 

SECONDARY TIN me At detinning plants....... 2,818 2,397 
t other plants__..----_-- 

The United States is the world’s leader Total 3 022 2.574 

in the production of recycled, or second- TT 

ary, tin. The United Kingdom, the Federal Bronze and brats: scrap 11.518 9.192 
Republic of Germany, Austria, and Aus- From lead and tin-base 

tralia also produce secondary tin in signifi- SCTAP ~~ ~------- aro anno 146 86 

cant quantities, Total._........-------- 11,659 = 9,277 

Eighty-five percent of the tin recycled Solder... 4, 64B~S«4 898 
during 1970 did not exist as bar, pig, or Type metal___.-------------- 1,497 1,517 

other types of actual metal, but as an Babbitt oa au 683 

alloy constituent of bronzes, brasses, sol- Chemical compounds____.----- 584 700 

ders, bearing and type metals, etc. A small Miscellaneous *- -------------- 41 i 

amount also remains in chemical com- Total___..-_----------- 8,094 8,150 

pounds. Only about 15 percent of the recy- Grand total.........--. 22,775 20,001 
cled tin, mostly from new tinplate serap, Value (thousands)... $88,825 $77,956 

finds its way to market as metal, It ac- 1 Includes foil, cable lead, and terne metal. 

\
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duced in this country was off in 1970 by detinning business. At least one firm 
some 2,774 long tons (12 percent), proba- occasionally detins used cans supplied by 
bly due to reduced overall tin consump- nearby social, religious, or community serv- 
tion. ice groups, but normally the raw materials 

in the United States, there are five com- used are tinplate scrap and spent chemi- 
panies, located in 11 States, engaged in the cals or tinning solutions, __ 

CONSUMPTION | | : | | 

Consumption of primary and secondary ness as a matter of profitability, and by 
tin, taken together, was off 8.6 percent in yearend had almost completed the process. 
1970. Secondary tin consumption dropped Consumption of tin for use in chemi- 
9.8 percent, while primary tin was off 8.1 cals, tin oxide, and in a few minor miscel- 

_ percent. A general slowdown in utilization laneous applications improved during 1970, 

of most of the major tin alloys, such as but the tonnages involved were minimal. 
brass and bronze (off 17.3 percent), bab- Use of tin m e¢hemicals was expected to 
bitt (off 7.6 percent) , collapsible tubes and grow as tin is substituted for mercury in 

foil (off 24.8 percent), and solder (off 5.2 ‘many chemicals, particularly insecticides, 
percent) was a contributing factor. Imports fungicides, and the like, It is estimated 
of some of these alloys, notably brass, also that 1970 American-built autombiles con- 
contributed to the downtrend. The tinplate tained an average of 114 pounds of tin per 

industry, by far the largest consuming sec- vehicle, from 14 te 1 pound of which was 
tor, showed a 6.5 percent drop in tin con- used as solder. alloy in the copper radiator. 
sumed in 1970, Mostly primary tin is used Body solders, wire coating, engine bearings, 
in the making of tinplate, which accounted fuel tank coatings, air cleaners, and oil fil- 
for 47 percent of all primary tin consumed ters were also uses of tin by the automo- | 
during the year. Inroads by tin-free steel tive sector. 

and aluminum as alternates to tin in the A detailed study, “Trends in the Use of 

making of cans, together with sizable im- ‘Fin,” was released by the Nationa] Mate- 
ports of tinplate itself, contributed to the rials Advisory Board (NMAB) in March | 
lower consumption rate for primary tin in 1970. Consumption of tin, by major use 
1970. It should be pointed out that alumi- categories, in 1970 and 1977, as compared 
num cans comprised 10.2 percent of the with "1968, are set forth and are based 

total cans shipped in 1970, up from 8.} upon presently-known trends and impend- 
percent the year before. As 1970 began, ing developments.2 
there were nine steel companies engaged in | 
the making of tinplate in 16 mills. During a we 

the year, Inland Steel Co. and Republic Natioeal Materials Advisory, Board of the. Na. 
Steel Corp. announced their intention to tional Research Council. National Technical In- 

og ; . formation Service, U.S. Department of Commerce, 
phase themselves out of the tinplate bust- Springfield, Va. 22151, March 1970,
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| Table 4.—Shipments of metal cans 1 

(Thousand base boxes) 

. 1970 | 
oS Type of can 1969 © 1970 p- change, 
, , percent 

FOOD AND BEVERAGES a 

Fruit and fruit juices__.__......-__..-_---.-.--.-.----------------- 15,304 13 , 337 —12.8 
Vegetables and vegetable juices. __.__.__._.--_...---.-------------- 23,365 24,058 +8,0. 
Milk, evaporated and condensed _--_._------_------------------------ 2,939 2,534 —13.8 
Other dairy products__.__...--.------------+----------------------- 593 585 1.3 
Soft drinks. __.______-_--..---.-.-_--- +e -------- 28, 527 26,197 +11.3 
Beer____...___--_------~---.------------------------------------ 33, 416 87, 593 +12.5 
Meat and poultry____..----..-...-------------------------------- | 3,862 3,713 —3.9 
Fish and other seafoods_____._...---.-----.-..---.---~------------- 2,653 3,450 +30.0 
Coffee____.___-_--------- eee ee eee ee 4,215 3,766 —10.7 
Lard and shortening___.____.___-._.-----.--.------.--------------- 1,658 1,734 +4.6 
Baby foods. _.__-.-.-------.---~-------------------+----+----+--+--- 1,009 1,053 +4,4 
Pet foods__.__..-_...----------------.~--------------+------------ 6,162 6,524 +5.9 
All other foods, including soups____......---......----------------- 18,846 14,017 +1.2 

— Potal. 2-2 eee eee eee ee nee 182,549 188,561 4.5 

| NONFOOD | 

Oils... 2-2, 954 3,108 +5.2 
Paint and varnish___ J. -.--.-__-_------ eee eee eee 4,845 4,886 +0.8 - 
Antifreeze___..._..-.--------------------------------+----------+-- 890 | 816 —8.3 
Pressure packing (valve type)____..-.-.--------------.-------------- 5,105 5 , 432 +6.4 
All other nonfood_2_____._--_---- eee eee 6,274 6,481 +3.3 

| Total. _.---------------e een eee eee eee eee eee eee= 20,068 20,728 $8.8 
Grand total_____-_------- eee eee eee eee eee eeeeeeeeeeee- 152,617 159,284 $4.4 

a BY METAL. | 

Steel base boxes ?_______________-_-___--__-__---- eee -------- 140,248 1438 , 049 +2.0 
Short tons (thousand) ___-_-__-.____ eee eee 5,587 5,699 +2.0 

Aluminum base boxes____________-_-__-__----------_------ eee ---- 3=—- 12, 369 16,235 +31.3 
Short tons (thousand)_____.-__-_-_-_- ~~~ eee eee 270 354 +31.1 

t Revised. » Preliminary. 
1 Includes tinplate and aluminum cans. 
2 The base box, a unit commonly used in the tinplate industry, equals 31,360 sq. in. of plate or 62,720 sq. in. 

of total surface area. 

Sources: U.S. Department of Commerce; The Malayan Tin Bureau, Washington, D.C.
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Table 6.€ofisumption of primary and secondary tin in the United States 
(Long tons) 

wee Ree cae Ce ee ena ee ee met wma hie tncnalt sasteitahommtatasta soeererenseeneceeneseneennnenctnnnnee entra 

1966 1967 1968 1969 ~ 1970 

Stocks Jan. I ll cece c cece ce cscescsceccsccslccescccccae / 37,277 $2,718 30 , 087 28,152 23,441 

Net receipts during year: 
Primary -_ 22 fccceccscccceccccccececseeeezeccee 56,869 56,324 59,018 55,125 52,166 

Secondary... 22222222222 ecssessescesseccescuesse 2,713 2,884 2,101 2,325 2,424 

Scrap’. 2222. c2ccccce-scesccscescececsececssececuzs 28,654 21,492 21,919 21,624 19,748 

Total receipts. _ 2222-22222. 22--2sscsecceseseess” . 83 , 236 80,700 83 , 038 79,074 74,338 

- Total available- 2-22 22222c2-2c0e seuscuseeseceeae 120,518 (113,418 118,125 107 ,226 97, 7%9 

Tin consumed in manufactured products: a 
Primary 22 s2cc2cssic-e- sce ecesseecssccezeecs-- 66,185 57,848 58,859 57,780 53,027 
Secondary 2 222222 2222-2 ccccescececeecsecececcuces 25,277 22,790 23,102 23 , 060 20,802 

: Total-- eee ee eee 85,462 80,638 81,961 80 , 790. 73,829 

intercompany transactions in Scrap. 2222-2 s-ceccecceece 2,333 °2,693 3,012 2,995 2,785 

Total processed. 2. 22222222-ses-scesecsecesees 87,795 88,881 84,973 88,785 76,614 

Stocks Dec. 31 (total available less total processed)__..-.. 32,718 30,087 28,152 28,441 21,165 
oh ” ore ee gee ee gee re tpg + we Ome ime cos - woe te o— Pa vas atest oneness aniracteneaeeervenemrstammnarensceec on 

_ 2 Stocks shown exclude tin iv transit or in other warehouses on Jan. 1, as follows: 1966—135 tons; 1967—90 
tons; 1968—20 tons; 1969-—1,185 tons; 1970—80 tons; and 1971—10 tons. 

‘Fable 7—Tin content of tinplate produced in the United States 

Tinplate (hot-dipped) Finplate (electrolytic) Tinplate Total tinplate (all forms) 

‘ mos waste, , 
a oe Tin 7 Tin strips, Tin 

Year Gross Tit per . Gross Tin per cdbbles,  . Gross Tin per 
weight content short weight éontént short et¢., weight content! short 
(short (long ton of short (long tori of gross (short (long ton of 

ons) tons) plate tons) tons) plate weight tons). tons) plate 
(pownds). (pounds) (short (pounds) 

. tons) 

1966..:.- 42,290 366 19.4 §;154,550 28,194 12.8 675,558 5,872,898 28,560 10.9 | 
1967_-:2: 26,612 263 22.2 5,544,987 29,289 11.9 743,689 6,315,288 29,552 10.5 
1968____- (2) (2) (2) (2) () 682,792 6,088,345 28,839 10.6 
1969_:__- (2) (2) (2) 2) (2) @) 581,594 5,944,758 26,886 10.1 
1970_ 2... (2) (2) (2) (?) (2) (2) 625,998 5,590,038 25,127 10.1 

t Idcludes small tonnage of secondary tin and tin aequired in chemicals, _ 
2 Hot-dipped and electrolytic tinplate have been combined to avoid disclosing individual company confi- 

dentiil data. , 

Table 8.—Consumers receipts of primary tin, by brands 

(Long tons) 

Year Banka English Katanga Straits Thaisarco Others Total 

1966... 22--------- ee 709 438 95 30,560 9,815 115,257 56,869 
19672__2_---2.---------- 2: 404 704 91 31,980 18,400 19,745 56,824 
1968___2_--2--- eee e 305 950 12 41,048 11,600 5,103 59,018 
T969___2_----2----------<- 95 1,275 80 37,350 13,200 8,175 55,125 
1970___.2--2-------------- 1,820 815 10 $2,385 15,300 2,836 52, 166 

1 Includes GSA: recéipts not reported under spécifie brands.
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Table 9.—Consumption of tin in the United States, by finished products 
(Long tons of contained tin) 

i 

| . 1969 . 1970 | 

" Primary Secondary Total Primary Secondary Total 

Alloys (miscellaneous) _-.-.------------ ATT 192 669 A407 183 540 

Babbitt__._------------------------- 2,128 1,378 3,506 1,944 1,297 3,241 

Bar tin__.__------------------------- 1,009 34 1,043 1,019 33 1,052 

Bronze and brass__-.----------------- 4,155 12,371 16,526 3,387 10,279 13 , 666 

Chemicals including tin oxide______---- 1,857 1,250 ~ 3,107 1,671 1,524 3,195 

Collapsible tubes and foil___--.--.----- | 1,114 29 1,143 855 5 860 

Pipe and tubing__-------------------- 43 5 48 23 3 26 

Solder__..._------------------------- | 14,936 6,347 21,283 13,910 6,274 20,184 

Terne metal__----------------------- 207 181 388 222 AT 269 

Tinning__._---------------------+---- 2,238 51 2,289 2,080 63 2,143 

Tinplate !____----------------------- 26,886 _.------ 26 , 886 25,127 _1_1_--- 25,127 

Tin powder_.__---------------------- 1,213 61 1,274 1,011 48 1,059 

Type metal___-_.---_----------------- 116 994 1,110 145 964 1,109 
White metal?___--...---------------- 1,266 | 118 1,384 1,156 40 1,196 

Other___.-.------------------------- 85 49 134 70 92 162 

Total. __._-----------+-------- 57, 730 23 ,060 80,790 538,027 20,802 173,829 

_ 1 Includes secondary pig tin and tin acquired in chemicals. 
2 Includes pewter, britannia metal, and jewelers’ metal. 

| —_ STOCKS | os 

The tinplate mills of the United States stocks, the volume afloat at yearend 1970 

are the largest users of primary tin. Plans was down. However the volume afloat at 

announced during 1970 to reduce ware- yearend 1969 was abnormally high, and 

house stocks of fabricated sheets of can shipments in December 1970 from Malay- 

stock as well as of primary tin metal sia, principal supplier to the United States, 

began to manifest themselves by yearend were temporarily very low. On the other 

- when primary tin stocks were found to be — hand, stocks of secondary tin on hand at 

23 percent below stocks 1 year previously. the end of 1970 appeared to be about 5 

An overall downward trend in industrial percent higher than those of a year earlier, 

stocks of tin in the United States, which probably reflecting slightly reduced de- 

began in 1966, persisted in 1970. The mand with an accompanying inventory 

grand total of stocks of all tin in the buildup. 
hands of, or enroute to, U.S. industrial An important factor in increased stocks 

consumers was off 14 percent on December of tin in process in 1970 was the greater 

31, 1970, from. stocks at yearend 1969, use of tin in the making of float glass 

which in turn were off 14.8 percent from (plate). Tin in the float glass vats is arbi- 

the year before that. In addition to the  trarily carried as “in process”. Losses from 

23-percent reduction of primary metal the vats are minimal. 

Table 10.—U.S. industry yearend tin stocks 
(Long tons) 
a 

1966 1967 1968 1969 1970 
a 
Plant raw materials: 

Pig tin: | 
Virgin.____--_------------------------- 20,531 17,044 15,975 12,281 9,451 
Secondary__-__.------------------------ 276 283 215 253 222 

In process !____.._.------------------------ 11,911 12,760 11,962 10,907 11,492 

Total___--_.---------------------------- 32,718 30, 087 28,152 23,441 21,165 

Additional pig tin: CT 
In transit in United States.___..___-.-------- 90 20 1,185 80 10 
Jobbers-importers____...-.----------------- 21,790 1,315 1,182 1,210 1,635 
Afloat to United States____._...------------- 3,415 4,890 5,390 5, 865 3,500 

Total___--_----------------------------- 5,295 6,225 7,757 7,155 5,145 

Grand total___...----------------------- 88,013 36,312 35,909 30,596 +26, 310 
a 

1 Tin content, including scrap. 
2 Includes GSA as follows: 1,539 tons end of December 1966, sold but not delivered; 428 tons end of December 

1967, sold but not delivered.
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| PRICES | 

The world metal markets saw London in accordance with Article XI 3 (a) of the 
tin prices go from around £1,535 per me- (Third International Tin) Agreement, of- 

tric ton In an erratic and generally slow fered available cash tin for sale on the 
January to £1,649 per ton around April 20, [London Metal Exchange at the ceiling 
1970. A are “ ae began , be ob- price. The cash tin at the Manager’s dis- 

vious aroun pri i when the price posal at present is exhausted, but the 
reached the International Tin Council cas 

“ . Manager still has, as a result of the nature 
(ITC) “must sell” level of £1,605; London and locati £ his holdings. ti tal at | 
Metal Exchange sources maintained that it hi diss sal” | Is Hole ae m2 "h a h 

was caused by speculators. On the after- 1s disposal." It was speculated t at © 
noon of April 16, 1970, the Chairman of had between 500 and 1,500 tons, possibly 

the ITC issued this communique from in transit or so located that it was not im- 

London: “The Buffer Stock Manager has, mediately available for delivery. 

| Table 11.—Monthly prices of Straits tin for prompt delivery in New York 

(Cents per pound) 

1969 1970 | 
Month TT 

High Low Average High Low Average 

January___----._-------------- 165.000 160.000 162.500 184.500 174.000 179.169 
February_._-..--.-.----------- 167.500 164.000 165.184 177.250 170.000 174.910 
March. ____-_-..-.-----_---1-- 162.500 152.500 155.524 179.250 175.500 177.125 
April__-_.---- 2-2 eee 159.250 154.250 156.810 188 .000 178.750 183.875 
May-__---..---------.--------- 158.000 155.500 156.666 185.500 172 .500 180.538 
June__~__----- 160.000 157.500 159.000 175.000 166 .250 170.227 
July___----.-.-- ee ee ee 166.000 159 .250 162.000 166.250 163 .750 164.773 
August____.___...-_-._-_-__.--- 167.250 163 .000 165.905 178.500 165.000 174.512 
September_____...____.-----.-- 167.000 163 .750 165.643 177.250 173 .500 174.738 
October___._.-...--.---.------ 168.250 163.000 166.707 174.500 171.750 173 .648 
November____-_.....---------- 186.750 168 .500 175.956 174.000 169.000 172.250 
December__._._...-----.--.--- | 187.500 179 . 500 181.321 170.250 160.500 163 .852 

Average___--.----------- 187.500 152.500 164.435 188 .000 160.500 174.1385 

Source: American Metal Market. | 

| FOREIGN TRADE 

For the most part during 1970 the percent from the previous year, while U-S. 
United States continued to depend upon primary tin consumption was off 8.1 per- 
foreign sources for tin. The small volume _ cent in the same period. 
of ore mined in the United States is A table, “U.S. imports for consumption 
smelted each year at various plants around of tin concentrate, by countries,” is usually 
the western world, and in 1970 some Bo- included at this point in this discussion. 
livian tin which was toll-smelted in the fjowever, there were no imports of tin 

United States went to U.S. consumers. Ma- concentrate in 1969. In 1970, a total of 
raysia furnished OF Percent of the tin 1970 4,667 long tons of tin concentrate, valued 
porte into the Unite tates mM 0 at $13,987,000, arrived from Bolivia. This 
against 69 percent 1 year earlier. The . . . 

. ; . was all that was imported, and it was in- 
Phuket smelter, Thailand’s only smelting . . 

ys ; volved in the toll-smelting agreement be- 
facility, furnished 30 percent of the U‘S. Bolivia's COMIBOL and the T 
imports of primary tin in 1970 against 25 tween Bolivia s i and me 1 exas 
percent in 1969. Five other nations—Aus- City tin smelter. Details of the agreement 

tralia, Brazil, Indonesia, Nigeria, and the T€ presented in the section entitled 
United Kingdom—combined to furnish 6.1 “Smelter Production.” Imports of tin con- 
percent of U.S. tin requirements in 1970. centrate in 1968 totalled 2,439 long tons of 

Reductions in imports of primary tin metal which 2,337 tons came from Bolivia. The 
were very nearly parallel to reductions in balance came from Australia, 96 tons, and 
consumption in 1970; imports were off 8 the Congo (Kinshasa) , 6 tons.
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Minor tonnages of secondary tin enter secondary tin. That tin which is a constit- 
the United States as alloy constituents in uent alloy in imports and exports of bab- 
recyclable solders or other alloys or as tin- _bitt, solder, type metal, and bronze is 
plate or other scrap, dross, skimmings, and shown in the Minerals Yearbook chapters 
residues. These volumes find their way on “Copper” and “Lead.” Ferrous scrap 
into consumption figures and account for exports, including those of tinplate and 
the differences normally encountered be- _ terneplate scrap, are not classified sepa- 
tween U.S. production and consumption of rately. 

Table 13.—U.S. imports for consumption and exports of miscellaneous tin, tin - 
manufactures, and tin compounds 

Se 
Miscellaneous tin and manufactures Tin compounds 

SE eee 
. Imports Exports Imports meee eR” 

Tinfoil, Tin scrap 
tin powder, and other . 

Year _ fitters, Dross, skimmings, tin bearing 
metallics, _ serap, residues, material, 

tin and and tin alloys, n.s.p.f. except Long Value 
manufactures, tinplate tons (thousands) , n.s.p.f. scrap . 

Value Long Value . Value 
(thousands) tons (thousands) | (thousands) 

eee nee 
1968. _.____. $2 , 742 487 $532 $2,676 39 $81 
1969________ 3,458 948 1,052 4,825 22 71 
1970__.__-__. 4,311 776 275 2,466 272 817 eee 

Table 14.—U.S. imports for consumption of tin 1, by countries 

. 

1969 1970 

Country Long Value Long Value. 
tons (thousands) tons (thousands) 

eee see 
Australia___--.--.--- 2-2 330 $1,346 441 $1,505 Belgium-Luxembourg__________._______..________ 31 106 11 A2 Brazil____-_.-.2--2- eee eee 388 1,452 Canada____-_.-_---.--2 tee 1 24 r 89 2 15 Germany, West_-____--....---22---__e- eee, --------- (2) 1 | India___-____--- 2-2 eee 25 800 Leelee Lee Indonesia__...._---.._..-2 2-2 205 745 1,360 4,985 Malaysia___.-_.-.-_---_----- ee t 37,945 ¥ 127,857 31,819 118,619 Netherlands_____._._._.22-___- 267 901 70 283 Nigeria__..._------------2.1Llll____----- 170 590 481 1,885 Norway....-.---------------- 22 \ eee eee nee 5 19 Portugal_._-_-----_2 22 ee 40 18200 Leelee eee . Singapore______.--___-_- 20 68 T2 280 South Vietnam____________________ 50 159) Lee eee Spain ____-._2-. 2-2 24 89 98 402 
Thailand_______.-___----___ 13 , 946 46,206 15,395 56,678 
United Kingdom__________.__________._. 1,873 6,669 412 1,496 

Total... 2 54,950 185,037 50,554 187 , 662 Ee NSS 
r Revised. 
1 Bars, blocks, pigs, grain, or granulated. 
2 Less than )4 unit. 

WORLD REVIEW 

INTERNATIONAL TIN AGREEMENT under which the Buffer Stock Manager 
: . . bought and sold, his function had been re- 

. The International Tin meen met four stricted late in 1969. This restriction was 
times during 1970, a year w ich saw unu- continued at the 15th Council meeting of 
sual activity and some changes in the op- the Third International Tin Agreement in 
erational procedures of the Council. London on January 13-14, 1970. Late in 
Because of an outdated range of prices February, at the 16th meeting, it was de-
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termined that the restrictions were no Australia -------- a Japan___-------- 229 

longer needed, and they were rescinded Belgium. more Moxon. 

effective March 1, 1970. At the 18th meet- co eiuxemboure.-- 32 Netherlands. -- -- 39 

... 
. wee eee oO pee eee eee 

ing on October 19-21, the Council agreed Czechosiovaliia.— 36 Spain. 2-2 ----- 24 

to revise all prices in the Tin Agreement Denmark-___.~--- urkey __.------- . 

all prices © BY France......2... ~=«108»-«United Kingdom. 177 

as follows: 
Hungary- ------- 16 Yugoslavia------ 20 

India__...------. 46 —- 

Italy__---.------ 66 1,000 

Prices in dollars per long ton 
ee 

Oid New The Third Agreement, under which the 

Floor price 8 976 3 188 Council operated in 1970, was to expire on 

Lower sector-...--- 2,976 to 9959 3,188 t0 3448 June 30, 1971. In preparation for the con- 

Middiesetor---- S28 fOR519 $448 3.591 Uinuation of this nique arrangement, 
Ceiling price_------ 3,790 3397 United Nations sponsored group convened | 

| in Geneva, Switzerland, on April 13, 1970, 

| Purchases continued at a rapid pace to draw up 4 fourth 5-year agreement. 

until about April 20th when the London Thirty-eight nations were represented at 

spot prices was up to £1,649 per ton and the conference including such nonmember 

the New York price was at $1.87 per consumer nations as the United States, 

pound. In early May, profit taking forced (USSR... and the Federal Repapac a Ger 

prices into a retreat culminating in a many. Agreement was reached on Nay 

| sharp break in New York on May 96 when 1970, and the document was circulated for 

the spot price went down to $1.73 per ratification by participating tin consuming 

pound. By mid-June, prices had begun to and producing nations prior to its taking 

| firm, but the world markets grew nervous effect July 1, 1971. 

on rumors of a possible sale of tin by GSA The Fourth Agreement will be in effect 

from the strategic stockpile, which did not until June 30, 1976. The objectives remain 

| materialize. basically unchanged: maintenance of a bal- 

| By mid-August, tin prices had again ance between world tin production and 

gone up into ITC’s upper range, an d clam- consumption, prevention of excessive price 

our became intense for new ITC floor fluctuations, and increased export earnings 

and ceiling prices. An increase of £100 per for producer countries. A combination of 

metric ton to a floor of £1,360 and ceiling the buffer stock and export controls pro- 

of £1,705 was one suggestion from Malay- vides the mechanism for achieving these 

sian interests. On October 21, 1970, ITC, objectives. In the new agreement, greater 

at its regular quarterly meeting, raised its flexibility in buffer stock operations 18 — 

price structure as tabulated above. Prices provided for through wider price ranges. 

then moved more or less quietly down for The buffer stock remains unchanged at 

' quieny 
g 

the remainder of 1970. 90,000 metric tons, with continued compul- 

The average price paid on the New ‘ory contributions by the producing mem- 

York metal market for prompt delivery of — ber nations only. Provision is made for 
Y prom y y 

Straits (Malaysian) tin during 1970 was voluntary contributions from any country 

about $1.74 per pound. This was the high- so inclined. 

Th annual 1070. ch eee vok 1 ae Among modifications to be incorporated 

roughout tv/), Me New sor monthly in the fourth version were those recogniz- 

average price did not deviate more than 10_ SCs . we . 

cents per pound for the $1.74 annual aver- ing certain criteria of the International 

age. The only spectacular fluctuation was Monetary Fund (IMF) under which ap- 

that at mid-April, which was short-lived propriate facilities of the Fund might be 

enough not to be a big factor in the used by ITC member nations in connec- 

monthly average. tion with the financing of their contribu- 

There were no adjustments during 1970 tions to the buffer stock. To be eligible, 

in the number of votes held by each of IMF emphasized, a member country must 

the seven producing members of the Coun- have a balance of payments need for assist- 

cil. However, Israel withdrew from among ance. 

the 20 consuming members, and their real- In June 1970 the Council agreed to 

located votes at yearend were as follows: hold, in cooperation with the Tin Re-
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search Institute, an international confer- place a pound of tin on the market from 

ence on tin consumption in London in  $1.329 per pound during the first half of 
March 1972. 1969 to $1.465, a rise of 13.6 cents per 

For a discussion of action by the ITC’s pound. An increase in the labor force at 
Buffer Stock Manager, see section on work in the tin mines from 20,736 workers 
“Prices.” in June 1969 to 21,709 workers 1 year later. 

Bolivia——The three groups of mining en- was held largely responsible for the in- 
terprises (small, medium, and COMIBOL) crease. 
produced a very slightly smaller amount of Under Governmental decrees, Bolivia’s | 
tin concentrates in 1970, reversing a 7-year tin producers must offer all tin concen- 
growth trend. However, the nation had no trates first to Empresa Nacional de Fundi- 
difficulty in maintaining its position as the ciones (ENAF), the State smelting enter- | 
world’s second largest tin producer. prise. Producers must also obtain 
COMIBOL, the State-owned mining permission from the Ministry of Mines be- 

company and Bolivia’s leader in the field, fore they may export concentrates. In 1970, 
experienced an increase in effective costs to ENAF lit the reverberatory furnace in its 

Table 15.—Tin (content of ore): World mine production, by countries 1 
(Long tons) 

Country | 1968 1969 1970 » 

North America: | 
Canada________.---...----.----------- +e eee eee r415 120 354 
Mexico___.._.....-.-.----- + ee -- 518 e 502 594 
United States___......._-------------------------- eee W W WwW 

South America: 
Argentina_____.__.-..-.---_-------------------------------- 701 855 e 900 
Bolivia 2__.....-_--.----------------- eee eee r 29,101 29,572 28 ,916 
Brazil ¢._____..---------------------------- +--+ r2,824 2,458 2,798 
Peru (recoverable)._._._...-.-----.--------_-_--------------_ +e 99 83 104 

Europe: 
Czechoslovakia__._..---------------------------------------- 162 155 163 
France._.____.-...-------~------------- ++ eee r 368 252 283 
Germany, East 3_______-....-.--.-- -__ oe eee 1,000 1,000 1,000 
Portugal 4. __.--.------------------------------------------- r 624 438 374 
Spain_______...---.--.---_-.-------- +e eee r 120 125 200 
U.S.S.R5 6 eee 26 , 000 27,000 27,000 
United Kingdom______._-- 2 eee eee 1,798 1,622 1,695 

Africa: 
Burundi___..__-..----------.------ +--+ eee eee 116 83 98 
Cameroon____._.-----------.----------- +--+ 41 29 35 
Congo (Brazzaville)____.............-.__-_------ eee 26 20 20 
Congo (Kinshasa)___._________ eee eee ee r 6,165 6, 542 6,345 
Morocco. ____.----_------ ee eee eee eee r12 12 14 
Niger___.---.---_-.-- 2 eee eee r 74 34 21 
Nigeria_.______-___- eee eee eee 9,649 8,603 7,833 
Rhodesia, Southern ¢___-_..._.___.___----------.--------.------ 600 600 600 
Rwanda @_________-_-_-___--__-_- eee eee eee r1,396 1,323 © 1,320 
South Africa, Republic of____.____..-.--._..------------- eee 1,837 1,847 1,981 
South-West Africa, Territory of ¢...._...-...-.___---_- u--- r 720 720 710 
Tanzania______....-.-..._.____-___--------- eee r 323 136 49 
Uganda____-_-_..-------._----- + eee r 169 163 109 

Asia; . 
Burma 4____-_-- ~~~ ee eee eee r 430 , 360 380 
China, mainland ¢ 5_________________-______-_-_-_-_---_-------- 20,000 20,000 20,000 
Indonesia_____ ~~~ eee r 16,671 17,138 18,761 
Japan__.__..--_--.--- eee eee 931 T27 780 
Korea, Republic of____..-..-.--_--..----------------_--_---- r85 __-_-ee-e Lee eee ee 
Laos____-_-- eee eee r 500 621 629 
Malaysia._________-_------_---------_---------------------- 75,069 72,167 72,628 
Thailand. ___.._____-.-.------------- wee eee ee r 23,601 20,759 21,140 

Oceania: Australia______.-.__----- eee eee 16,537 8,013 8,735 

Total 7__-.- eee = 228,332 224 ,079 226 , 569 

4 e Estimate. pP Preliminary. * Revised. W Withheld to avoid disclosing individual company confidential 
ata. 

1 Data derived in part from the Statistical Bulletin of.the International Tin Council, London, England. 
2 COMIBOL production plus exports by small and medium mines and smelters. 
3 Estimate, according to the 57th annual issue of Metal Statistics (Metallgesellschaft) through 1969. 
4 Includes tin content of mixed concentrates. 
5 Estimated smelter production. 
6 Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 
7 Totals are of listed figures only.
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Table 16.—Tin: World smelter production, by countries 1 
, (Long tons) 

: Country | | 1968 1969 1970 » 

North America: 
Mexico__...------------.---------------+--+-----------+--+---+-- 317 139 e 140 
United States ?.____..- 2 eee ee 33,453 $45 NA 

South America: 
Bolivia_.._.-.---------------------------------------------- 59 85 295 
Brazil_.._-..------------------------.---.------------------ ™ 1,716 2,245 2,982 

Europe: 
Belgium___________-__-.-_-_------.----_--------- +--+ eee 4,799 4,444 4,190 
Czechoslovakia__-_.......----------------------------------- 48 69 e 70 
Germany: 

East 4__.___._.------------ eee eee 1,200 1,200 1,200 
West___-------.-----_.----- +--+ ee ee eee eee r1,504 1,446 2,167 

Netherlands__-._.-___._-.--- eee eee r 7,983 5,298 5,937 
Portugal.___...-..--.-------------- eee eee r 618 494 384 
Spain._._._-------.-------------- eee eee r 2,166 2,068 2,328 
U.SS.R.e 8. eee eee 26,000 27,000 27,000 
United Kingdom. _____..-.__------- ~~ eee 24,933 25,982 21,687 

Africa: 
Congo (Kinshasa)_..__._._..-.--.-.------- eee eee ee 1,892 1,851 1,374 
Morocco ¢___.__ eee 15 12 12 
Nigeria 6___ ~~~ eee eee eee eee r 9,843 8,839 7,400 
Rhodesia, Southern ¢________-_----_._-_..--------- eee eee 600 600 600 

Agi South Africa, Republic of___.....__..-...-.- 2 eee 686 738 593 
sla: : 

. China, mainland e_______-__-______-___________-___ eee 20,000 20, 000 20, 000 
Indonesia___._..-..----_---_---_- ~~ eee eee r 3,558 5,900 5,108 
Japan___._..---- eee eee eee r 1,863 1,378 1,356 
Malaysia______---- ee eee r 88,185 87,089 90,652 
Thailand__________--._.-___-u eee 124,434 22,048 © 21,692 

Oceania: Australia__.___.___-___._--______-_____--_--__ a eee 3, 692 4,156 5,129 

Total 7___-___ eee.) = 229,564 223 , 426 222 , 296 

e Hstimate. p Preliminary. * Revised. NA Not available. . 
1 Data derived in part from the Statistical Bulletin of the International Tin Council, London, England. 
2 Includes tin content of alloys made directly from ores. 
3 Imports into the United States of tin concentrates (tin content). 
4 Estimate, according to the 57th annual issue of Metal Statistics (Metallgesellschaft) through 1969. 
5 Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 
6 Including a small amount smelted from imported concentrates. 
7 Totals are of listed figures only. . 

new 7,500-metric-ton tin smelter at Vinto, First sales of around 800 tons of 99.95- 

near Oruro, on September 30. Capacity percent pure tin metal from the Vinto 
output did not appear likely until some plant were to go to the U.SS.R. Small 
time in 1972 however. Built by West amounts were shipped to several European 
Germany’s Klockner-Humboldt-Deutz, the countries but delays necessitated smelting 

plant was opened behind schedule, and some 260 long tons for the Russian com- | 

various technological difficulties were en- mitment at the small and outdated unit at 
countered during the test runs. Actual pro- Oruro. This proved to be expensive and, 
duction did not begin during 1970. The therefore, was terminated. This tonnage, so 

tin smelter is the first stage in a large Bo- far as is known, is all the metal that was 
livian Government project to establish sent to the U.S.S.R. in 1970, and Bolivia 
local metal smelting facilities, thus elimi- was seeking to arrange extension for the 
nating export of some of Bolivia’s large terms of the contract. A small, indetermi- 
volumes of untreated ores. Total cost of nate volume of concentrate, for use in tin 

the tin smelter was said to be around $23 smelters in Siberia, also was shipped to the 

million. As development permits, capacity U.S.S.R. during the year. 
will be increased, first to 15,000 tons an- After approval by the Government of 
nually, and later to 22,500 tons. Originally, Bolivia in Supreme Resolution 152,157 in 

charcoal was selected as the source of fuel April of 1970, COMIBOL negotiated an 

and carbon in the metallurgical furnaces, agreement with Gulf Chemical and Metal- 

but a switch to petroleum coke was made  lurgical Corp., Texas City, Tex., for the 
at the last minute. Denmark supplied  toll-smelting of 15,000 tons of Bolivian 40 
about 300 tons of tin anodes for the elec- to 50-percent concentrates. By August 1970, 
trolytic refining process. about 3,100 long tons of tin in concen-
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trates had been brought to the United in concentrate was mined, which is a 0.6 
States, and a fine tin product had been percent increase over output of 1969 when 
produced at Texas City. It was being of- Malaysia, along with other producer mem- 
fered to purchasers in the United States by bers of the ITC, was under tin export re- 
the COMIBOL office in New York City, _ strictions. | 
and modest amounts were moving to USS. At yearend there were 61 tin dredges, : 
tinplaters and other consumers. 979 gravel pump mines, and 43 opencast, 
Burma.—Production of tin in Burma re- underground, and other miscellaneous 

mained relatively low in 1970, around 380. mines in operation, a slight increase from a 
long tons. An indeterminate quantity of a year earlier. : 
tin each year is affected by unauthorized Gravel pump operations, worked for the 
activity in the mining areas, including most part by the same families that own 
smuggling. Tin and tungsten are produced the mines, accounted for about 55 percent 
together in Burma, and output of the of the concentrates produced, while dredg- 
mixed concentrates showed no important ing by corporations furnished another 32 
change during the year. Under Govem- percent. Eight opencast mines brought in 3 
ment policy, which discourages private in- percent of the ore produced; underground 
vestment, and with the prevailing pick- mines accounted for 3 percent, and the re- 
and-shovel operations, it appears unlikely maining 7 percent came from miscella- 
that any increased output. could be sus- neous sources. The commissioning, on July 

| tained. Exploitation tends to be of existing 18, 1970, of the new multimillion dollar 
properties by loosely organized, Govem- Petaling Dredge No. 7 was cause for opti- 
Ment-supervised mining cooperatives. Ore mism by Malaysian tin interests; however, 
must be sold at Government-established this one dredge cost 30 percent more than 
prices to the purchasing depots of the the combined investment of its owner, Pet- . 
State-owned Mineral Development Corp. aling Tin Berhad, in seven dredges bought 
Whatever increases in production oc- by Petaling before World War II. Several — 
curred stemmed from a higher purchase other dredges were converted from steam 
price initiated in 1970. An indeterminate to electric power during the year while as- 
amount of tin, in company with other sorted older machines were retired. There 
minerals, is smuggled to black-market oper- was a net loss by the end of 1970 of four 

_ ations in nearby Thailand, because prices dredges. 
there are attractive. Major Burmese mines Generally speaking, tin mining tends to . 

were nationalized some years ago. In 1970, reshape the surface of the tin-rich river 
all remaining private leases were with- valleys rendering them mostly unfit for 

drawn, and over 100 small tin/tungsten further use without costly rehabilitation. 
mines in the Yamethin and Tenasserim As _ tin mining progresses, tailings and 

Regions were closed. pools of water remain. The pools assumed 
Limited assistance from the United Na- new commercial importance in Malaysia 

tions in rehabilitation of tin/tungsten pro- during the year. About 4,000 such pools in 
duction in the Tenasserim area was under- one area alone were being profitably used 
way in 1970. West German aid in as fish hatcheries and fish farms. A turn- 
improving mining techniques in existing over of more than $3.3 million in fish crop 
mines also was going forward. Under an profits was estimated, partly because the | 

agreement signed in 1969, five Soviet tech- ready availability of fresh water pools made 
nicians arrived in 1970 to assist with rede- expensive excavation unnecessary. 
velopment of the once lucrative Machwi All ti ‘ned in Malavsia i elted 
mines in Kayah State. Production target “" un mined in| Malaysia 1s sm 
was 100 tons per month but at yearend / Within the country and exported as top 
was behind schedule. / quality Straits tin. Much Indonesian con- 

Malaysia—Tin is second in importance centrate, together with small amounts from 

only to rubber in the economy of Malaysia Thailand, Cambodia, Laos, Australia, 
which continued to lead the world in pro Kenya, Tanzania, and several countries of 
duction and smelting of tin in 1970. As Central and South America also were 
usual, about 40 percent of the free world’s smelted in Malaysia in 1970. Two very 
supply came from this southeast Asian large smelters, the Butterworth smelter of 
source. A total of 72,628 long tons of tin the Straits Trading Co., Ltd., and the Pen-
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ang smelter of the Eastern Smelting Co., nificant part of the share capital of Thais- 
Ltd. (Consolidated Tin Smelters, Ltd.), arco. Meanwhile, the Billiton organization 

handle all of Malaysia’s tin metal produc- was merged into the Royal. Dutch Shell 
tion. firm during the year. 
Thailand.—At 21,140 long tons, Thai- Under Thai Government decree, Thais- 

land’s tin production in 1970 did not ap- arco has sole smelting rights for all con- 
proach the record high of 1968, 23,601 long centrates produced in the country. Under 
tons, however, the 1970 figures was slightly the new Billiton agreement, the newcomer 
better than that of 1969, a year of export further agreed to assume the responsibility 
control under the ITC. for marketing the entire Thaisarco tin 

Placer deposits provided most of Thai- metal output, nearly all of which is ex- 
| land’s tin ores, and many of these are on ported. Thaisarco also is required to pay 

or near Phuket Island just off the west cash upon delivery of concentrates to the 
coast in the Andaman Sea. Although al- smelter, or the seller can wait 2 weeks, 

luvial deposits in this region have been which may work to his advantage in a fluc- 
| productive, their submarine extensions  tuating market. a 

were attracting more interest in 1970. In 1970 Union Carbide’s offshore explo- | 
| Floating dredges, including huge new ves- ration and development company, Thai- 

sels, were being brought into recently won land Exploration and Mining Co. 
| concessions in the sea off Phuket and the (Temco), ordered from Japan.what was 

mainland Provinces of Ranong and_ reported to be the largest dredge ever 
Phangnga where exploratory work was well built. Delivery was scheduled for late 1971. | 
underway by yearend. At least one produc- As with the smelter, Billiton acquired part 
tion operation was going forward in open (40 percent) of the interest in Temco, 

| water and could be carried on only from which was active in new exploration. off | 
November through April. Dredges are the northern and western coasts of Thai- 

| moved to more protected waters during land. co oe 
| the monsoon season. | Two other firms, Tongkah Harbour Tin 

' The largest U.S. firm with interests in Dredging and Aokam Tin, were also actively 
Thai tin was Union Carbide Corp. The. dredging offshore areas. A novel suction 

Phuket tin smelter, fourth largest in the dredge of Southern Kinta Consolidat- 

world, was brought into operation on July ed, Ltd., working in shallow waters, showed 
1, 1965. Although ultimately it will be ca- encouraging improvement in its operation. 
pable of turning out 40,000 tons of tin per United Kingdom.—The first stage of the . 
year, it did not operate at more than new Kirkby plant of Williams, Harvey & Co. 

| about 55 percent capacity in 1970. At the Ltd., started up in late 1969. Initial dif- 
outset, the smelter was owned by Union ficulties were numerous, and efficient opera- 

Carbide Corp. (70 percent) and Eastern tion was not achieved during 1970. Mean- 
| Mining Development Co. (Emco) (30 per- while, stocks of Bolivian concentrates, 

cent). The two companies formed Thai- delivered in excess of expectations, accu- 
land Smelting and Refining Co. (Thais- mulated rapidly and were not worked off 
arco) to operate the smelter. In 1970, N.V. in 1970. The combination of excess stock 
Billiton Maatschappij, of the Netherlands, and high interest rates was a financial 
acquired Emco’s interest in Thaisarco, and strain on the firm. The plant was not ex- 
additional arrangements were being made pected to operate economically until at 
for various Thai interests to acquire a sig- _ least late in 1971.
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TIN 1107 

| TECHNOLOGY 

The nature of tin and copper in the fer- soldering filler metals, was announced in 
rous material separated from municipal in- 1970. Since it contains no lead, the material | 
cinerator residues, and methods of remov- can be used where lead contamination 
ing these residual elements are discussed must be avoided, as in food-handling ves- 
in a paper presented before the Second sels and containers. High melting tempera- 
Mineral Waste Utilization Symposium in tures permit use in assemblies which must 
Chicago, Ill., in March 1970.3 function at high ambient temperatures, 

Improved recoveries of very fine grained and when soldering copper, brass, mild 
tin ore (cassiterite) by flotation methods steels, and most plated surfaces, a strong 
continued to be a focal point for several acid flux is not required.8 
research groups during the year. Develop- Organotin compounds were bases for 

ment of more effective chemical collectors, continued research and promising techno- 
particularly among the alkyl-phosphonic logical development in 1970. Two processes 
acids, was one approach in which there were available commercially, for example, 

‘was considerable activity. Tests conducted for impregnating wood with organic sol- 
by Great Britain’s Warren Spring Labora- vents containing tributyltin oxide. The 
tory for Consolidated Gold Fields’ Wheal techniques ensured long-term protection 
Jane mine in Cornwall were outlined.4 from wood-destroying fungi and insects, it 

Several British and Canadian patents was said.9 
aimed toward improvement in recovery Organotin biocides, in the forms of tri- 
techniques were issued during the year.5 ethyltin and triphenyltin compounds proved 

Development of improved measurements important because they possess properties 
of the surface tension of high-purity tin similar to the organo-mercurials except 
was undertaken by the Bureau of Mines in that’ they break down when so used into 
1970. The objective was realistic values for harmless residues which are nontoxic inor- 
use in studies on tin-lead solders, and the ganic tin compounds. oo. 
published results are considered to be When tin is added to titanium alloys 
equal in value to any data presently (most frequently aluminum), the strength 
available.6 of such alloys is increased, yet ductility 

In a highly technical application an- and hot workability are not impaired. Tin 
nounced during the year, a superconduc- additions can vary widely, thus these and 

tive niobium-tin alloy plays a vital role in other titanium alloys can meet the re- 
operation of a device for controlled ther- 4¥!rements of aerospace technology.1° 
monuclear fusion studies. A niobium-tin *Cammarota, V. Anthony. Refining of Ferrous 

ribbon which is 125 miles long is wound Metal, Reclaimed | From | Municipal, Incinerator 
around the rim of a 5-foot wheel. When Mineral Waste Utilization Symp., cosponsored by 

immersed in liquid helium and activated, the US; Bureau of Mines and the Uilinois Inst 
these windings produce a magnetic field so 18-19, 1970, Chicago, Ill., pp. 348-353. 
strong and stable that the entire 270-  y, oy NE. Joon Mar 13, 100 ogy Flotation. 
pound assembly will float in space in its 5 Arbiter, N. Froth Flotation Beneficiation of 
own magnetic field. This field will be used  fassiterite, Containing Tron, Minerals, etc. Cana- 
to trap a high-energy plasma of electrons Bushell, C. H. G., and D. L. Johnston (as- 
and ions during studies of controlled ther- Signed to Cominco, Ltd.). Froth Flotation of & . ow-grade Cassiterite Ore. British Pat. 1,212,496, 
monuclear fusion. The device was con- Nov. 18, 1970; Canadian Pat. 854,248, Oct. 20, 

structed by the Radio Corp. of America 19% wwanke, Alfred E., and Wilbert L. Falke. for use in the Plasma Physics Laboratory Surface Tension and Density of Liquid Tin. 
of Princeton University. This source of en- BuMines Rept. of Inv. 7372, April 1970, 9 pp. . . in Research Institute. Niobium-Tin in 
ergy could, experts believed, supply unlim- Plasma Physics. Tin and Its Uses, Quart. Rev. ited supplies of cheap electric power in Tin -Res Int, No, 86,1070. 9.0 0" the future.7 1970, p. 105. ; 

A tin-silver soldering filler metal (96.5 Ogun areh rystieute- and Delon Peet 
percent tin and 3.5 percent silver) , said to yin gand tis Uses, Quart. Rev. Tin Res. Inst., 
be a good electrical conductor, free-flowing. 10 Evans, D. J. Tin-Containing Titanium Alloys of good wetability on most base metals, in the Aerospace Industry. Tin and Its Uses, 
and offering greater strength than tin-lead Quatt- Rev. Tin Res. Inst., No. 83, 1970, pp.
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Titani itanium 

| By Frank E. Noe?! ; 

After a good first quarter in 1970, cut- Government exploration assistance for | 
backs in space and aircraft programs and _ rutile, available through the Office of Min- 
the general weakness of the economy had_ erals Exploration, U.S. Geological Survey, 
a pronounced effect on the titanium metal remained at 75 percent, of the approved 
industry during the last 9 months of the cost of exploration. Numerous inquiries 
year. Although sponge metal production were received, but no applications for fi- | 
declined only slightly, consumption dropped _ nancial assistance to explore rutile deposits 
about 19 percent and stocks of sponge in- were submitted, and no contracts were exe- 
creased about 30 percent. Imports of tita- cuted for this purpose during the rutile 
nium sponge and waste and scrap from program. 
Japan, the United Kingdom, and _ the Investigation of a columbium-bearing ru-- 
U.S.S.R. were slightly higher than in 1969. tile deposit in Hot Springs County, Ark., 

Ilmenite production in the United States was completed by the Battelle Memorial 
dropped to the lowest level since 1962, but Institute, under contract with the Office of 

world output of both ilmenite and rutile Minerals and Solid Fuels U.S. Department 
increased significantly. of the Interior. Conclusions from the in- 

| Titanium pigment production and con- vestigation were that there is no present or 
sumption decreased slightly. A new chlo- likely near-term economic potential for de- 
ride-process plant went on stream, and the veloping the columbium-bearing rutile de- 
planned closing in mid-1971 of a domestic posit of Magnet Cove, Ark. 
plant utilizing the sulfate process was an- The Bureau of Mines concluded a / 

nounced, thus continuing the trend of re- project to determine the near-term feasibil- | 
cent years toward greater use of the chlo- ity of commercial recovery of rutile as a 

ride process for pigment. byproduct from phosphate mining opera- 

Legislation and Government Programs. _ tions in Florida. A study of the recovery of 

The stockpile objectives for rutile and tita- | heavy minerals from sand and gravel opera- 

nium sponge metal remained at 100,000 tons tions in the southeastern United States 
and 33,500. tons, respectively. The contract continued. The Bureau completed its re- 
entered into on July 1, 1969, for furnishing view and assessment of the available infor- 
5,600 short dry tons of rutile, was completed mation on proposed techniques for produc- 
on April 14, 1970. The Government inven- ing rutile substitutes and published a 
tory of rutile at yearend was 56,525 tons. comprehensive report? that groups the 
Total stockpile inventories of sponge metal major processes according to the technology. 
increased 4,277 tons to 35,015 tons at year- 7 Physical ecienti o. e ' M 
end; of that total, 8,514 tons are of sub- — ajs. ysical scientist, Division of Nonferrous Met- 

standard grade and are available for Henn, John J., and James A. Barclay. A Re- 
disposal. view _of Proposed Processes For Making Rutile 

ubstitutes, BuMines Inf. Circ. 8450, 1970, 27 pp. 

1109
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Table 1.—Salient titanium statistics 
1966 1967 1968 1969 1970 

United States: 
Ilmenite concentrate: 

Mine shipments_____.___short tons_. 868,436 882 ,414 960,118 893 , 034 920 , 964 
Value_.....---.......-.thousands_. $17,608 $18,519 $19 , 484 $18 , 636 $18 , 626 
Imports__.---.....__._-short tons_. «173,786  * 170,585 178,154 110,853 231,119 
Consumption..____....._.....do_._._ 962, 706 919 , 206 959,558 1,003,501 968 , 926 

Titanium slag: Consumption.__..--do_..._ 182,233 122 , 926 142,168 138 , 553 129 , 247 
Rutile concentrate: } . 

Imports__.._-.-.._---.------do___. 151,482 167,100 174,366 204 ,907 243 ,269 
Consumption. - . -------------do---- 135, 883 153 , 457 160,273 185 , 432 188,290 

Sponge metal: 
Imports for consumption___.__.do____ 5,225 7,144 3,443 6,332 6,543 
Consumption... -.---.-----.-do___- 19,677 20 , 062 14,237 20,124 16,414 
Price: Dec. 31, per pound-____._.--_- $1.32 $1.32 $1.32 $1.32 $1.32 

World: Production: 
Ilmenite concentrate____.._.-.short tons__ 2,886,937 3,036,517 8,222,247 3,541,769 3,941,574 
Rutile concentrate__......._.......do___. . 275,198 310, 752 332 , 792 436 ,819 460 , 084 

t Revised. 
1 Mine shipments withheld to avoid disclosing individual company confidential data. 

DOMESTIC PRODUCTION 

Concentrates.—Production of ilmenite owned by National Distillers & Chemical 
concentrates dropped almost 7 percent, the Corp. and United States Steel Corp.; and 
lowest level in 8 years. Producers were E.I. Oregon Metallurgical Corp. (Oremet) , Al- 
du Pont de Nemours & Co., Inc., Starke bany, Oreg., partly owned by Armco Steel 
and Highland, Fla; Humphreys Mining Corp. and Ladish Co. Early in 1970, Ore- 
Co., Folkston, Ga.; SCM Corporation, Glid- met completed new facilities representing 
den-Durkee Division, Lakehurst, N.J.; Na- an investment of approximately $9 million, 
tional Lead Co., Tahawus, N.Y.; and which just about doubles the size of the 

. American Cyanamid Co., Piney River, Va. company. The new facilities consist of 

No domestic production of rutile concen- three separate plants—titanium tetrachlo- 
trate was reported. ride, sponge, and magnesium. The sponge- 

The American Cyanamid Co. and the production capacity of the three producing 
Union Camp Corp. formed a joint mining companies was about 25,000 tons per year. 
venture, Titanium Enterprises, to produce Production of titanium ingot, including 
titanium minerals from a large deposit alloys, was 24,331 tons, a decrease of about 
near Green Cove Springs, Fla. Facility en- 15 percent from 1969 production, Nine 
gineering and mine-site development were companies that produced titanium ingot 
in progress at yearend; initial production from sponge metal and scrap are as fol- 
is scheduled for mid-1972. Late in the year, lows: 
American Cyanamid announced plans to . 

| close its ilmenite mine and titanium diox- Company Plant location 
. . . . Crucible Steel Company of Midland, Pa. 
ide plant at Piney River, Va., in June 1971. America. 
Depletion of the most usable sour the Harvey Aluminum, Inc__-...... Torrance, Calif. 
. P . saure ce of Howmet Corp. ------.--------- Whitehall, Mich. 
ilmenite ore and problems of ecology Oregon Metallurgical Corp_____- Albany, Greg. 

i ic] Reactive Metals, Inc_._.______- ileg, Ohio figured strongly in the decision to close the Teledyne Titeniam, ine...2722.. Monroe, N.C. 

plant. Titanium Metals Corporation of | Henderson, Nev.. 
i i i i- merica. 

Several concerns investigated or reinvest Titanium Technology Corp_._... Pamona, Calif. 
gated sand-ilmenite deposits in various east Titanium West, Inc.__.._..---. Reno, Nev. 
coast States and in Tennessee, without any 
definite plans for. production having been Teledyne Titanium installed at its Mon- 
announced. roe, N.C., plant a new titanium-melting arc 

Metal.—Production of titanium sponge furnace with a nonconsumable electrode, 
was about 2 percent lower than in 1969. claimed to be the first of its type in the 
The producing companies were Titanium titanium industry. One of the chief advan- 
Metals Corporation of America (TMCA), _ tages claimed for the process is the elimina- 
Henderson, Nev., owned by National Lead tion of the sponge-compacting stage in the 
Co. and Allegheny Ludlum Steel Corp.; melt. Titanium West installed at its Reno 
Reactive Metals, Inc., Ashtabula, Ohio, plant a third 1,200-ton-capacity furnace
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capable of producing 5,800-pound, 23-inch vision, Balitmore, Md.; and Sherwin Wil- titanium ingots. Harvey Aluminum, Inc., liams Chemical, a subsidiary of Sherwin- 
announced plans to triple its titanium melt Williams Co., Ashtabula, Ohio. 
and product capabilities in a major expan- American Cyanamid completed a new 
sion of its Torrance, Calif., facilities. In- chloride-process titanium dioxide plant at 
cluded in the modernization program are Savannah, ‘Ga. The plant was placed in new furnaces capable of producing 16,000- commercial operation during the fourth | pound ingots. The Alloy Division of How- quarter, Also in the fourth quarter, Ameri- 
met Corp. melted the world’s largest tita- can Cyanamid announced that it would 7 nium ingot, measuring 40 inches in diam- close its old sulfate-process dioxide plant at 
eter and weighing 21,539 pounds. Piney River, Va., in June 1971, because of 
Pigment.—The gross weight of titanium increased pollution-control ¢osts and obso- dioxide (Ti0z) pigment produced domesti- lescence. E. I. du Pont announced that it cally was about 1 percent greater than that would expand its chloride-process titanium of 1969, with the average Ti02 content of dioxide pigment plant at New Johnson- 

the rutile-, anatase-, and composite-type ville, Tenn., by approximately 20 percent. pigments being slightly lower than in the The New Johnsonville facility has been ex- 
previous year. Rutile-type pigment, pro- panded several times and now has a capac- duced by the nine pigment companies, was ity of approximately 95,000 tons per year. 
about 60 percent of the total on a Tile The new expansion will raise capacity to 
content basis, Most of the remainder was about 120,000 tons per year and is sched- 
anatase-type pigment, produced by six  uled for completion in late 1971, The | companies, and composite-type produced Glidden-Durkee Division of SCM Corpora- by one company. | tion commissioned a new 25,000-ton-per- 
Companies producing titanium pigments year chloride-process plant alongside an ex- 

and plant locations are as follows: American isting  53,000-ton-per-year sulfate-process 
Cyanamid Co., Piney River, Va. and Sa- plant at Hawkins Point, Baltimore, Md. vannah, Ga.; American Potash & Chemical The new chloride plant will employ the 
Corp, a subsidiary of Kerr McGee Corp, american Potash & Chemical Corp. process. Hamilton, Miss.: Cabot Titania, Inc., Weldin g Rod Coating—A total of 

Tee subsidiary of Cabot Corp» 91.00 tons of welding rods, containing ti- : Ashtabula, Ohio; E. I. du Pont de Nem- . “oe wees oe, ns ours & Co., Inc., Edge Moor, Del., Antioch, taniferous materials in their coatings, was 
Calif,, and New Johnsonville, Tenn; Na- produced. Of the total output, 31 percent 
tional Lead Co., St. Louis, Mo., and Sayre- contained rutile; 36 percent, ilmenite; 17 

_ ville, N.J.; New Jersey Zinc Co., controlled percent, a mixture of rutile and manufac- 
by Gulf & Western Industries, Gloucester, tured titanium dioxide; 11 percent, manu- 
N.J.; PPG Industries, Inc., Natrium, W.  factured titanium dioxide; and 5 percent, 
Va.; SCM Corporation, Glidden-Durkee Di- miscellaneous mixtures and titanium slag. 

Table 2.—Production and mine shipments of titanium céncentrates 1 
from domestic ores in the United States 

Production Shipments 
Year (short tons, § —————-—__-_--____ 

gross weight) Short tons TiO2 content Value 
(gross weight) (short tons) (thousands) 

1967... ie 936, 091 882 ,414 463 , 286 18,519 1968. _ ee 978, 509 960,118 506 , 260 19,484 1969__ 22 ee 931, 247 893 , 034 480,918 18, 636 . 1970... -------- eee 867, 955 920 , 964 487,298 18,626 

1 Includes a mixed product containing rutile, leucoxene, and altered ilmenite. Production of rutile concen- trate in the United States was discontinued in 1968: data for previous years are withheld to avoid disclosing individual company confidential data.
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| Table 3.—Titanium-metal data 

. . (Short tons) | 
— a inane es an . 

1966 1967 1968 1969 1970 | 
i 

Sponge metal: 
Imports for consumption ___--------------------------- . 5,225 7,144 $8,443 6,332 6,543 

Industry stocks_..__._.....--------------------------- 800 2,900 2,600 1,909 2,495 

Government stocks (DPA inventories)____--.----------- 21,416 20, 711 20,711 20,885 19,994 

Consumption_._____..-.------------------------------ 19,677 20,062 14,237 20,124 16,414 

Scrap-metal consumption_____..._-___--------------------- 4,857 5,822 4,701 7,566 7,242 

Ingot: ! 
on 

Production. ____..____._----------------------------- 24,253 25,960 19,234 28,490 24,331 

Consumption____....._------------------------------- 22,317 25,386 18,323 27,082 23,687 

Net shipments of mill products ?.___.___.------------------- 18,996 13,634 11,900 15,940 14,499 

i 

r Revised. 
1 Includes alloy constituents. 
2 Bureau of the Census and Business and Defense Services Administration, Current Industrial Reports 

Series BDSAF-263. Net shipments are derived by subtracting the sum of producers’ receipts of each mill 

shape from the industry’s gross shipments of that shape. 

| Table 4.—Titanium-pigment data oe 

. (TiOz content) | | 
Shipments ! 

. Year Production ———H-______ 
(short tons) Quantity Value, f.o.b. . 

(short tons) (thousands) 
a 

1966___..---- 594,486 593 , 933 $303 , 902 
1967____.---- 589,449 582 ,325 297 , 283 

. 1968_....---- 628,691 632 , 106 323,216 
1969_.___.--. * 660,002 652,271 333 , 323 
1970___..---- » 655,394 NA NA 

. | P Preliminary. * Revised. NA Not available. 
. 1 Includes interplant transfers. 

Source: Bureau of the Census. 

CONSUMPTION AND USES. | | 

Concentrates.—Consumption of ilmenite of increased public opposition to aerospace 

and titanium slag, both of which are used and military spending. Titanium consump- 

chiefly for making titanium dioxide pig- tion in commercial aircraft during the year 

ment, declined 3 and 7 percent, respec- again surpassed that in military aircraft, 

tively. Rutile consumption, which is used comprising about 50 percent of total end 

principally for producing titanium dioxide use. Military aircraft took less than 30 per- 

pigment, titanium metal, and also in weld- ‘cent. Industrial applications, however, grew 

ing rod coatings, increased slightly despite by 3 percent. 

a sharp drop in the production of rutile- A large domestic producer of titanium 

based welding rod coatings and fluxes. A metal estimated the end-use distribution of 

significant amount of unbeneficiated ilmen- titanium mill products as follows: 

ite ore was marketed for use in concrete | | a 
aggregate for oil an ipelin ing; 
. Sst 8 . and gas Prpe ane coating; Consumption, percent 
ilmenite is used for such coatings because ———— 

of its density rather than for its titanium 1968 1969 1970 

content. eo _? 0 — Ca 
Jet engines________.------- 54 54 53 

Metal——The spectacular growth that  Airframes_._...---------- 38 28 25 

characterized the titanium metal industry Space and missiles. - ------ 8 i 1B 

in 1969 was reversed in 1970. Consumption a 

of titanium sponge and ingot declined 18 Total..-------------_100 100100 

and 13 percent, respectively. Consumption 

of titanium metal as gauged by shipments Nonaerospace applications are diverse. 

of mill products fell 9 percent from the The unique corrosion resistance of tita- 

previous year. All this reflected a decreased nium in many environments has resulted 

use of the materials in Government and in a growing number of applications 

commercial aerospace programs as a result where a strength-to-weight ratio is of sec-
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ondary importance. The use of titanium ode starter sheets: by about 14-inch-thick 
tubing is becoming increasingly important. titanium sheets is being investigated. Other 
Titanium tubing, already proven in desal- nonaerospace uses include plating racks, 
inization of sea water, is now being seri- marine hardware, ordnance equipment, 
ously considered for applications in the re- mufflers, pistons, batteries, and medical 
covery of mercury from chlorine brines. prothesis. | 
Tubing is also used to advantage for such’ Pigments.—In 1970 titanum pigment 
items as heat exchangers and various proc- consumption on a gross weight basis, using | 
ess piping and vessels. A new technique shipments as a gage, was 1 percent less 

| calling for the replacement of copper cath-. than that of 1969. - . | oe 
Table 5.—Consumption of titanium concentrates in the United States, by products 

(Short tons) 
. Iimenite ! Titanium slag | Rutile 7 

Year and product Gross TiOe Gross TiOe Gross TiOe 
weight content weight content weight content 

(estimated) — (estimated) (estimated) 
1966__-__-.2- 2 962,706 507,379 132 , 233 93 ,683 135, 883 180,191 1967. __.- ee 919,206 488,236 122 ,926 86,945 158,457 147,158 1968__ 222. 959 ,558 510,353 142 , 168 100, 591 160 ,273 153 ,600 
1969: . . Ne 2s 

Pigments___..._.______________ 1,000,874 540 , 403 138, 553 98,075 *129,398 + 124,718 Titanium metal.____._-_-_--_---- eee, ween eee Cee eee (2) “ (2) Welding-rod coatings_.._________ 343 208 (3) (3) 22,001 20 ,987 Alloys and carbide_____.________ 2,234 r1,199 (3) (3) (3) (3) Ceramics___._---------------ee  ) - (2) ween neee Lee 472 451 Glass fibers. __.-2.222222-----e eee. eenneeee eee (2) (2) . Miscellaneous. ____.___________-_ 50 5 | ne 33 ,561 31,934 
Total______________ et 1,003,501 °.541,840 138 , 553 98,075 * 185,482 © 178,090 

1970: oS 
Pigments___.._-__._____________ 966,350 515,860 129,247 91,689 140,790 135,350 Titanium metal_____.--_-___-.. =... Le. ween ee LeeLee (2) (2) _ Welding-rod coatings..__._._____ 510 356 (3) (3) 15,684 14,917 Alloys and carbide______________ — 2,045 1,027 (3) (3) 19 15 Ceramics. ____..-__-.-_.22_ oe . (2) (2) weeeeeee Leen 378 362 Glass fibers___....-- 222-2 eee ween e ee Lee (2) (2) Miscellaneous. _______.__.___-_. 21 13 Leet. LLL = si, 409 29,938 
Total._.__.---_-2 ee 968 , 926 517,256 129 ,247 91,639 188,290 180 , 642 

t Revised. | BS nn | 1 Includes a mixed product containing rutile, leucoxene, and altered ilmenite. . 2 Included with “Miscellaneous” to avoid disclosing individual company confidential data. . 3 Included with “Pigments” to avoid disclosing individual company confidential data. 

Table 6.—Distribution of titanium-pigment shipments, by industries ' 
| (Percent) | 

Industry __. 1966 1967 1968 1969 1970 
Distribution by gross weight: . 

Paints, varnishes, and lacquers__________.________............ 61.6 61.9 60.7 58.5 659.6 Paper. _.-2-- 22 13.9 14.6 14.9 17.0. 17.0. Floor coverings.-_.__._...._._-_____._._...___--._._....... 3.4 2.7 2.4 2.3 1.8 Rubber_____.-..-- 2 4.2 2.8 2.9 2.6 2.6 Coated fabrics:and textiles (oil cloth, shade cloth, artificial — leather, etc.).___._-_-__2 ee 1.4 1.4 °&414.4 1.3 1.3 - Printing ink___-_____-_2 22 ______- eet tCi*«S 2.0 2.1 2.3 2.2 Roofing granules_____._..___..__________....-.-__......_... 1.2 1.1 8 9 9 Ceramics_____..._._....__2...____.____..........._...... 1.7 1.9 2.1 2.0 1.8 Plastics (except floor covering and vinyl-coated fabrics and . textiles). ____-__-_-_- 2 3.8 5.1 6.0 6.2 6.6 Other (including export)... et iD 6.5 6.7 6.9 6.2 

Total. ___---.------ 222-222-222 222-2 2ee2e-------------- 100.0 100.0 100.0 100.0 100.0 a 
Distribution by titanium dioxide content: 

' Paints, varnishes, and lacquers________...--.....--.____-.... 56.4 57.5 56.5 54.3 55.8 Paper__.--____.-_-_- 1 _-___--____.. 16.7 17.2 17.4 19.5 19.8 Floor coverings.___________.-._...._____.________......-.... 3.9 3.1 2.7 2.6 2.1 Rubber______-..____-_..-__-_._________.___...-_-___.. 4.9 3.2 3.3 3.0 3.0 Coated fabrics and textiles (oil cloth, shade cloth, artificial 
‘leather, ete.) - 2, 1.6 1.6 1.6 1.4 ‘1.4 Printing ink__.-._._._...._....._.___.___........__._..._... 2.2 2.3 2.4 2.6 2.5 Roofing granules________.._.....-....._1_..1_---------.---. .1.5 1.4 130 11 1.0 : Ceramics_________..___..._.___.__._..._..-.__._.... 2... 2.1 2.2 2.4 2.4 2.1 Plastics (except floor covering and vinyl-coated fabrics and 

textiles)__________ ee 4.6 6.0 6.9 - 7.1 7.6 Other (inciuding export) --_-_- 2-2, 6.1 5.5 5.8 6.0 5.2 

Total. ____----2-- eee 100.0 100.0 100.0 100.0 100.0 nn FE BG. 100.0 100.0
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| STOCKS 

Industry stocks of rutile increased 9 per- tons, compared with 1,909 tons on hand at oo 

cent, to 211,683 tons, equivalent to more the end of 1969. Titanium metal scrap 

than a year’s supply at the 1970 consump- held by melters and semifabricators. at 

tion rate. Iimenite inventories decreased 6 yearend was 4,377 tons, 400 tons less than 

percent, but stocks of titanium slag in- that at the end ‘of 1969. Stocks of compos- 

| creased 11 percent. Yearend stocks of tita- ite and pure Ti0g held by producers were , 

nium sponge metal held by producers, 6 percent more than the previous year— 

melters, and semifabricators totaled 2,495. 106,858 tons compared with 100,846 tons. 

. Table 7.—Stocks of titanium concentrates in the United States, Dec. 31 

(Short tons) = - 

| | | _ Ilmenite | Titanium slag Rutile. | 

| Year and stock Gross TiO: Gross  —«- TiOz Gross TiO. | 
weight content weight content weight content 

, : _ (estimated) (estimated) (estimated) 

1969: | : : | 
Mine_...__._2_-.------------e (1) @) | Lane ene nee eee fee e eee eee ee tee 

Distributor.....-.....-..--.. 1 247,559 r 146,404 (?) (2) (2)  () 
Consumer !__.....-.--.------ 600 , 080 829,556 103,402 73,308 194,367 187 , 183 

Total'____.__-.-......---. . 847,639 475,960 (103,402 73,308 194,367 187 , 183 

. 1970: . oo 

Mine_..__..---4- eee (1) -' Ql) ame ewe) wweeee ee eee e cee wees 

Distributor___.-......-.----- 194 , 523 118,428 Lu ---.) «------- () (?) 

- Consumer -_--.-.-...------- 602 ,978 332,252 115,266 81,761 211,683 203 ,363 
en eer a nt A 

Total. ....----------.----- 797 , 501 450,680 115,266 81,761 211,683 203 ,363 

t Revised. . 
1 Included with “‘Distributor’” to avoid disclosing individual company confidential data. . . 

2 Included with “‘Consumer” to avoid disclosing individual company confidential data. . , 

| — PRICES | | 

Concentrates.—Prices for ilmenite, as Price per 

quoted in Metals Week, remained the Anatase, all grades, bags: pound 

_ same as those of 1969. Domestic ilmenite 80-ton carlots, minimum, 0.26 

of 60 percent titanium dioxide (Ti02) con- Less than carlots, same basis. _ 1 T-$0.275 
tent was quoted at $30 to $35 per short Rutile, all grades, bags: 

. . aoe 30-ton, carlots, minimum 
ton. Imported ilmenite containing 54 per- freight allowed_..._.-----. .26- .270 

cent TiOg, f.o.b. Atlantic ports, was quoted _ Less than carlots, same basis... .27-_—.285 
0 9] 1 Th d Titanium dioxide-calcium pigment: 

at $20 to $21 per long ton. € quote 30 percent TOs, regular bags: 95 

rice for imported rutile (9€ nt Ti. 30-ton, carlots, f.o.b___--- 09125 
pric . P (96 percent Ti02) Less than carlots, works_ - . 09875 
rose in several steps from $160 to $185 in 50 percent TiOs: 

June, where it remained at yearend.3 Tita- Bags, 30-ton carlots, 
. . works. __....----.---- .14125 

' nium slag (70 percent TiO2) was steady at Drums, less than carlots, 

$45 per long ton throughout the year. | works__-~------~----- -14875 

. Manufactured Titanium Dioxide—Com- ; 7 . 

petition sparked by new producers resulted Metal.—Prices for various grades of tita- 

in a 2-cent-per-pound reduction in rutile- nium sponge of domestic, B ritish, and J ap , 
_ grade list prices to a range of 26 to 27 anese origin (99.3 percent titanium; Brinel 

cents per pound. Prices on other pigment hardness 115 maximum) quoted in Metals 

grades remained steady throughout the Week at yearend follow: 
year. Yearend quotations from the Oil, 
Paint and Drug Reporter of Dec. 28, were . . . 
as follows: 3 Metals Week. Rutile Price Kicked to $185. V. 

, 41, No. 25, June 22, 1970, p. 22.
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Price per quoted in Metals Week at yearend as fol- 
pound lows: 

Domestic titanium sponge______.____ $1.32 Price | Japanese and British titanium sponge. 1.20—-$1 .25 Low-carbon, 25-40 percent titanium, per $1.3 
pound... ee 1.35 eos . . . Medium-carbon, 17-21 percent titanium, | Ferrotitanium.—Nominal prices, which per short net ton___-___________.____.__ 875.00 have remained unchanged since 1962, were Wigh-tarbon, 15-19 percent titanium, "per 

a _ FOREIGN TRADE oe | | oe 
Titanium dioxide exports to 56 coun- rial was imported for its density rather than | tries, mainly to Canada (39 percent), in- for its titanium content. It was used in con- creased 7 percent to 26,183 tons valued at crete aggregate for oil and gas pipeline $7,944,343. The quantity of ores and con- coatings. — | — | 

_ centrates exported to 11 countries de- Although rutile imports from Australia creased 23 percent, the lowest level since reached a new high, those from Sierra 
1954. Canada was the principal recipient ~—Jeone dropped 25 percent below the 1969 with 74 percent, followed by Japan with 14 level. Imports for consumption of un- | | percent. Although exports of unwrought wrought titanium and waste and scrap from _ metal and alloy and waste and scrap to19 19 countries increased slightly over the countries (54 percent to United Kingdom) previous year. Japan shipped to the 
increased only 3 percent, there was a 29- United States about 69 percent (4,507 percent increase in unit value. There was tons) of these materials, practically all as a 2-percent decrease in exports of com- titanium sponge. The United Kingdom | bined intermediate titanium mill shapes and the U.S.S.R. also supplied the United | and wrought metal and alloys, but the unit _ States with significant quantities of sponge value increased 16 percent. Of the 17 metal. Most of the remaining items under countries to which intermediate niill this import category, largely scrap, came 
shapes were exported, West Germany from West Germany and Canada. The received 61 percent and Canada dropped to yatne per pound of imports: was $0.80, second place with only 31 percent. The compared with $0.82 in 1969 and $0.92 in United Kingdom received 41 percent and 1968. Imports for consumption of wrought 
Canada received 19 percent of wrought ti- titanium doubled to 552 tons, principally | ean and aloys sipped to 37 countries. from Canada and Japan. Imports of tita- mports of ilmenite from Australia in- nium dioxide from 16 countries, princi- creased more than threefold, but those of pally from Japan, France, Finland, and . . 

> $ 3 titaniferous concentrates (Sorel slag) from Canada, totaled 60,207 tons, valued at , Canada increased only 64 percent. Atten- $22,184,870 . a 
tion is called to an error that has ap- ee Fo 
peared under ilmenite imports from Can- The tariff on unwrought titanium and | ada for the past several years. Since 1966, Waste and scrap was lowered to 18.5 per- | | imports of ilmenite from Canada have cent ad valorem on January 1, 1970, but 
included 436,643 tons of ilmenite ore con- the suspension of duty on waste and scrap 
taining about 35 percent TiOgs. This mate- _ was continued throughout the year. 

Table 8.—U.S exports of titanium products, by classes 

es . Ores and Metal and alloy . Intermediate mill Pigments and concentrates sponge and scrap shapes and mill oxides Year products, n.e.c. 

Short Value Short Value Short Value Short Value tons (thousands) tons (thousands) tons (thousands) tons (thousands) 
eae eeamernememeememnnrmm ern enrn ee 

1968... ...---..__.... 4,238 $276 2,756 $1,748 1,228 $7,575 30,188 $8,227 1969. .---.--.__..... 1,424 183 2,802 1,986 1,773 9,206 24,507 7,510 1970_...----.--..... 1,100 297 2,892 2,583 1,740 10,435 26,183 7,944
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Table 9.—U.S. imports for consumption of titanium concentrates, by countries | 

1968 - 1969 1970 

Country eee 

: Short Value Short Value Short Value . 

tons (thousands) tons (thousands) tons (thousands) 

Iimenite: 
Australia. -.--------------- 45,196 $380 28,524 $371 96,123 $976 

Canada !_____...---------- 7 182,958 r 4,220 tr 82,329 t 5,546 134,996 5,455 

ee SSS 

Total._._..------------- 178,154. r4,600 * 110,853 75,917 . 231,119 6,431 

Rutile: 
Australia___....----------- 171,847. 12,508 176,550 14,273 223 ,407 18,395 

Canada___--...------------ 1,171: 54 262 22 180 17 

Sierra Leone_--~------------ 1,348 91 26 ,422 1,793 19 ,682 1,401 

Other countries_____..--._-. -------- --------- 1,673 119  _.---L-_) ---------- 

Total___-.--------------- 174 ,366 12,653 204,907 16,207 248 ,269 19,813 

ft Revised. oe | ae | | . . 

1 Titanium slag averaging about 70 percent TiOz. Data does not include ilmenite ore for use as heavy aggre- 

gate imported in quantities of 67,955; 288,050; 30,564 short tons in 1968, 1969, and 1970, respectively. 

Table 10.—U.S. imports for consumption of unwrought titanium and waste and scrap 

| 2 1968 1969 1970 

Country 
ne 

a Short Value Short Value Short ‘Value 

_ tons (thousands) tons (thousands) tons. (thousands) 

Belgium-Luxembourg__.-------- -----=-- -----=5>: coe eee eee ee eene 13 $30 

Canada__._..--.--------------- 238 $675 214 © $138 111 : 96 

France_____-.----------------- 1 rr 3 4 

Germany, West--.------------- Q) 3 13 9 142 153 

Japan. _._--------------------- 2,466 4,574 4,591 ~ 7,641 4,507 7,436 

Netherlands___..._.------------  --------  ---------) 230 6 9 6 

Sweden________-_----------- een ee nee ee ere reer ere tre rrrtce 25 26 

Switzerland__._____------------ -------- *------22-0 corer nree ror 57357 3 7 

U.S.S.R.-_.------------------- 421 550 836 1,317 1,035 1,662 

United Kingdom_-.--.--------- 317 548 655 | 1,267 695 ' 1,083 

a 
Total__.._---.---------- 3,443 6,352 6,332 10,348 6,543 10,508 

1 Less than ¥ unit. . oo . 

| WORLD REVIEW 

It has become increasingly evident that Corpus Christi, Tex. The plant will em- 

world demand for natural rutile will pro- ploy a process perfected by Benilite, which _ 

gressively outstrip supply, and although involves partial reduction of the iron ox- 

development and investigation of programs ides in the ilmenite feed before leaching 

aimed at upgrading ilmenite along several with hydrochloric acid. In India, Dhranga- 

separate lines are well advanced both in dhra Chemical Works, Ltd., is reportedly 

the United States and overseas, no signifi- using a process similar to that of Benilite 

cant output of artificial titania from this Corp. to produce about 5,000 tons per year 

- source is expected before 1972-73. Both of artificial ru tile. In England, British 

chlorination and leaching methods have Titan Products Co., Ltd., and Woodall- 

been proposed to eliminate iron from the D uckham, Ltd., have been cooperating to 

ilmenite. In the United States, Gulf Chem- develop a synthetic rutile process and have 

ical and Metallurgical Corp. has produced constructed a pilot plant at Grimsby. In 

and delivered limited amounts of synthetic Australia, Western Titanium N.L. contin- 

rutile from its hydrochloric-acid leaching ued to operate a semicommercial beneficia- 

plant at Texas City, Tex. The ilmenite tion plant at Capel, Western Australia, 

treated came from Cable (1956), Ltd. in employing a process developed largely by 

Western Australia..Benilite Corp. of Amer- the Commonwealth Scien tific and Industrial 

ica has announced plans to construct a Research Organization (CSIRO). Another 

plant capable of producing up to 100,000 CSIRO process has been under inves tiga- 

tons of beneficiated ilmenite annually at tion by Murphyores Holding, Ltd. for use
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on mineral from its Gladstone deposit. | Mineral Deposits, Ltd.  (85-percent 
Selective chlorination was being investi: owned by NL Industries of the United oo 
gated by Rutile and Zircon Mines (New- States), commissioned a new. 300-ton-per- 
castle), Ltd., through its subsidiary, Chlo- hour mining plant north of Tuncurry, © 
rine Technology, Ltd. This process was to New South Wales. Concentrate from this 
be evaluated in a pilot plant being built plant will be treated at the recently ex- 
at Mt. Morgan. The largest titanium diox- panded dry-separation plant at Hawk’s 
ide pigment producer in Japan, Ishihara Nest. 
Sangyo Kaisha, was reportedly building a Consolidated Rutile, Ltd., announced 
$5.5 million, 44,000-ton-per-year rutile-sub- plans for a substantial increase in the ca- 
stitute plant at Yokkaichi, central Honshu pacity of their dry mill at Meeandah on 
Island. Startup, scheduled for some time in the Brisbane River, Queensland. Rutile / 
1971, will follow a flow scheme that the production was to be increased to 75,000 
company has developed and piloted since tons per year by late 1971. The company 
1969. | was granted a contract late in the year to : 
Australia.—Exploration and development _ sell 50,000 tons of ilmenite to Japan, the 

activity continued at a high level in biggest single contract for the sale of il- 
beach-sand heavy-mineral deposits on both menite from the east coast of Australia. 
the east and west coasts. The Queensland Associated Minerals Consolidated, Lim- 
Government denied mining leases to two ited, completed mining operations on 
Australian mining firms that sought to South Stradbroke Island, Queensland, in 
mine 6,000 acres of rutile-rich coastal land March: 1970, and the dredge-concentrator 
in the Cooloola area, about 100 miles unit was subsequently transferred to North 
north of Brisbane. The action culminates a Stradbroke Island where it is currently in 
6-year battle to save the area by leading operation. The company’s separation plant | 
conservationists. ‘at Wyong was closed in June. : 

Table 11.—Titanium concentrates: World production (ilmenite and rutile), 
by countries a 
(Short tons) . 

eee 
Country ! 1968 1969 1970 p 

eo 
CC TE A Er 

th . 

Ilmenite: 
Australia ?___2_ 2 eee r 619,481 t 794,308 977,400 
Brazil 3___ 222+ eee (19,710 | T 22,358 NA 
Canada (titanium slag) 4______.________..__________...__ 672 , 867 749,281 844,706 
Ceylon________-_-------- 12-2 eee 82 ,238 91,327 90,291 
Finland_______-_-__--------- ee eeeeeeeee r 153,772 . 152,339 166 ,449 
India_____-__-- 2 64, 733 * 56, 708 87,000 
Japan (titanium slag)____________________________.____ 4,624 5,617 8,683 . 
Malaysia (exports)____________________..__________....__. 138 ,698 tr 146,197 212,145 
Norway-_ _____.----_- 2-2-2 - eee t 443 ,366 540,945 638 , 193 
Portugal______---_--_- eee T 666 552 " 254 
South Africa, Republic of_..__.____.___.._...__.__.____..._ -__ ee. 18,194 ______ Le 
Spain. ___.___-- eee 43 , 583 ¥ 32,471 48,498 
United Arab Republic____________.__._.____.______...---. eee 225 _...-..--.- 
United States §______ eee eee 978 , 509 931,247 867,955. 

Total 6______. 2 eee. ° 3,222,247 =*3,541,769 3,941,574 

Rutile: 
Australia. _. 222222222 eeeee-e---- = * 822,181 r 399,100 405 , 735 Brazil__._...--_---2. 2-2-2. 126 Fr 10 NA Ceylon. __.-_____-.- 222 ee 1,270 r 3,036 — © 3,000 . India__--_.___. eee 2,961 2,751 2,756 Sierra Leone. ________._..-......------_---___---________- r 6,304 r 31,379 48,593 
South Africa, Republic of_..._........_._______________--_ -----. §43  __--- 
United States____... eee a 

Total ¢_______2 eee tr 332,792 r 436,819 460,084 ee ee Se 
e Estimate. p Preliminary. * Revised. NA Not available. W Withheld to avoid disclosing individual 

company confidential data. 
1 Titanium concentrates are produced in the U.S.S.R. but no reliable figures are available. 
2 Includes leucoxene. 
3 Production—Comissao Nacional de Energia Nuclear only. 
‘ Containing approximately 70-72 percent TiO>. 
5 Includes a mixed product containing ilmenite, leucoxene, and rutile. 
6 Total is of listed figures only.
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Coastal Rutile, Ltd., started dredging Langerbrugge, will be enlarged to produce 
and concentrating heavy minerals in the a minimum of 40,000 tons of pigment pro- 
Tewantin area, approximately 100 miles to duced by the sulfate process. The new fa- 
the north of the port of Brisbane. Final cilities are expected to be in operation by 

. production of rutile concentrate is being late 1971. 
| carried out at a small, dry separation . NV Bayer, the Belgian subsidiary of Far- | 

plant at. Brisbane, the heavy mineral con- benfabriken Bayer AG, commissioned a 

centrate recovered in the wet plant operat- new 20,000-ton-per-year titanium dioxide 

_ing at Tewantin being transported down pigment plant in’ Antwerp early in Janu- 

the coast by barge. Dillingham Corp. and ary. The plant will employ the conven- 

Signal Oil and Gas Co. through its subsidi- tional sulfate process and consume Sorel ti- 
ary; Signal Pacific Co., have completed tanium slag as the raw material. 

agreements to acquire mining rights and Brazil—In 1969, a new company was 

certain plants and equipment from formed, Titanio do Brasil, S.A. (TIBRAS) , 
| Murphyores. According to the newly signed tg produce titanium dioxide from im- 

agreement, Dillingham-Signal will pay $1.2 — ported ilmenite at a plant at Arambepe on | 

million plus royalties for an operating dry the coast, 58 kilometers north of Salvador, 

mill at Cudgen, N.S.W., several coastal pri- Bahia. The plant will utilize a sulfate 

“mary treatment plants, a large modern process developed by Laporte Industries, 
warehouse on the Brisbane River, and sub-  [ tq, an English firm, which has licensed 

| stantial mineral reserves held by N.S.W. T]IBRAS to use it. Initial production of 

Rutile Mining Co. Pty., a Murphyores sub- pigment is scheduled for 1971 at an an- 

sidiary. Mining rights have been acqujred jyyal rate of 22,000 metric tons of TiO. per 
on Moreton Island, as well as options to year. By the end of 1970, the plant had es- 

| acquire rights to mine on Fraser Island off sentially been completed, and the sulfuric 
Queensland’s central coast. These proper- acid unit had begun producing acid from 

ties are held by another Murphyores sub- imported sulfur. TIBRAS also formed a 

sidiary, Murphyores, Inc., Pty., Ltd. new company, Rutile e Ilmenita do Brasil, 
: S.A. to commence large-scale production of 

Table 12.—Australia: Exports of mineral sands in southern Bahia. A 50-per- 

ilmenite and rutile concentrates, cent interest in this company will be 

| _ by COUNETIES owned by Industrial Mining and Invest- 

| _ Short tons) ment, Ltd., a private concern linked with 

Destination 1968 1969 1970» Australia’s Kathleen Investments Group. 

___ The company has rights over five explora- 
| ILMENITE! . : 
CO Ssétion. areas and, if sufficient heavy mineral 

France -—- oo socc 7777 136,635 123, 896 98, 626 can be proved, dredging and separation 

| Japan. ----- soon 75,501 127.369 223 ,801 operations will start in 1972 or 1973. 

paited Seas. *§a'se9 atiosi ggrita Currently only one plant produces, tie 
Other countries...... 23.689 26.741 30,931 mium dioxide in Brazil, Companhia Quim- 

Total_....... 443,420 634,502 647,060 ‘© Industrial S.A. CIL, in S4o Paulo. 

a What may be a major deposit of tita- 

EE CSO—isinium: att Tapia, located 50 kilometers to 
Canada... --------- 26,648 2,998 11,726 the south of Araxd in western Minas Ger- 

Germany, West_____- 7.865 10,995 5,959 ais, is being explored. This volcanic chim- 

Japan oie oe eee 32 331 33. 058 ney has been known for many years as an 

United Kingdom... 18,572 34,778 37,437 interesting but not necessarily commercial 

United States--...-- 164,828 168,386 192,746 occurrence of pyrochlore. Reportedly, the 
eee = Tide is found with the pyrochlore as per- 

Total._.._.---- 319,194 335,007 368,289  oyskite or anatase. No active development 

» Preliminary. has taken place although the Government 

* Includes leucoxene. has done considerable drilling in the area. 

Belgium.—NL Industries has announced France.—Tioxide, S.A., a subsidiary of 

plans to increase titanium dioxide produc- British Titan Products, is to increase pro- 

tion capacity at its plant operated by De- duction capacity for titanium dioxide from 

rives du Titane, S.A., a wholly owned 31,000 long tons per year to 60,000 tons by 

Belgian subsidiary. The plant, located at mid-1972. The new plant will use the sul-
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fate process. This is the second capacity Table 13.—Malaysia: Exports of increase of titanium dioxide at Tioxide’s ilmenite, by countries Calais plant in the last 2 years. In 1969 (Short tons) 
the company completed a small expansion ‘Destination +1968 1969. *«de70” of 6,000 tons. It is expected that this latest ————————__ "P1970 capacity increase will be the last at Tiox-  WUpestands 77-7771 188-472 146.187 1187, 547 ide to use the sulfate method. Singapore__..--_2... 3 10 NA Thann et Mulhouse is also planning to Total..._..... 188,698 146,197 2212,145 increase the titanium dioxide capacity at)©|©§ ——————____ ee vec its Le Havre site, to 110,000 tons per year Vapeoen ailable. . _ by 1972. This plant was increased from ? Total as reported. | | | 52,000 to 61,000 tons per year in 1969 and oo. 
will shortly be at 78,000 tons per year. Korea, Republic of.—A small titanium | _ India—Indian Rare Earths Ltd, an- dioxide pigment plant based on the sulfate nounced plans to double Capacity of its process is to be built at Inchon by Han- Chavara dry separation plant by the end  kuk Titanium Co. The plant will be engi- of 1972. The plant will be capable of pro- neered by Meiji Sangyo Co., Ltd., of _ ducing 100,000 tons of ilmenite and 6,000 Japan, and will have an initial capacity of tons of rutile annually. | | 3,500 tons per year. It is expected to be on Italy.—Montecatini-Edison $.p.A. will stream before the end of 1971. 

_ build a 30,000-ton-per-year chloride-process Norway.—Plans for the expansion of il- titanium dioxide plant at Scarlino on the menite mining operations at Tellnes, Nor- , coast of Tuscany where a 55,000-ton-per- way, by Titania A/S, an affiliate of NL In- | -year sulfate titanium dioxide plant is near- _ dustries, were announced in the first half ing completion. | - of the year. The $6 million expansion will | Japan.—Japan’s total production of tita- increase production to 1 million tons per nium sponge by two producers, Osaka year of concentrate within the next 2 Titanium Co., Ltd., and Toho Titanium years. Capacity was boosted from its initial . | Co., Ltd., was 10,174 short tons. Titanium 300,000-ton rate to 500,000 tons per year in — slag production by Hokuetsu Metal Co., 1969 and was to be at a 650,000-ton level ~ the only producer now operating, was by September of 1970. At the projected 1- | 8,683 short tons. Shipments of sponge to- million-ton rate, the Tellnes deposit is ex- __ taled 9,480 short tons, of which 4,740 was pected to last for at least 100 years. 
for domestic consumption; exports ac- Sierra Leone.—A consortium of two Ger- | counted for an equal amount. A third man firms, Farbenfabriken Bayer AG, and sponge producer, New Metal Industry Co., Preussag A.G., was granted a prospecting began trial operations of its newly in- license by the Sierra Leone Government 
stalled sponge plant toward the end of the over a 3,000-square-mile concession. The | year. The plant has a capacity of about concession area is adjacent to the lease - | 200 tons per month and employs a one- held by Sherbro Minerals. Ltd. Despite | step sodium-reduction process developed by modifications to its plant, Sherbro Minerals Nippon Soda. was again unsuccessful in raising produc- | Japan’s largest producer of titanium tion to anything like its rated capacity of _ dioxide pigment, Ishihara Sangyo Kaisha, 100,000 tons per year. Mining operations Ltd., is to build a new 30,000-ton-per-year again failed to show a profit, and the com- chloride-process pigment plant. The new pany reported a loss of about $3 million plant will employ the process of the Amer- for the year. | 
ican Potash and Chemical Corp. under li- United Kingdom.—Laporte Industries, cense. Tohoku Chemical Co., 50 percent Ltd., inaugurated and placed in operation controlled by Japan’s second ranking pro- Europe’s first full-scale plant to produce ti- ducer of titanium dioxide pigment. Sakai tanium dioxide pigment by the chloride Chemical Industry Co., was formed to process. The new plant, which has a ca- build and operate a 15,000-ton sulfate- pacity of 40,000 tons per year, is located at process titanium pigment plant at Akita. Stallingborough, Lincolnshire. British Titan The plant is expected to be completed be- Products, was also constructing a chloride- | fore the end of 1971 and will increase Sak- process plant at Greatham. The 30,000-ton- ai’s titanium dioxide capacity to approxi- capacity plant is expected on stream early mately 40,000 tons per year. in 1971.
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a TECHNOLOGY a | 

The increasing demand for rutile in Carpco Research and Engineering, Inc. A 

spite of dwindling | reserves, has created laminar flow of ore solids is converged 

considerable interest in the upgrading of through a first zone so as to stratify the 

ilmenite. Development of commercial up- components. The flow is immediately di- 

grading processes was initiated in the early verged into a second zone of laminar flow 

1960’s by the ilmenite industry in Western [0 decrease the depth and velocity of the 

Australia. Though various processes devel- slurry and to spread the strata evenly. The 

| oped around the world have achieved rea- desired values fraction is then taken imme- 

sonable success, full-scale commercial diately from the slurry. Thus, ilmenite and. 

production of a consistent upgraded ilmen- — rutile can be separated from zircon, garnet, 

ite product is not. envisaged before 1972. and other commonly associated minerals.® 

The major mode of attack entailed in the Reflecting more advanced and sophisti- | 

several processes developed or being devel- cated use of. titanium, the producing in- 

oped involves increasing the Ti02 content dustry introduced: several new products in 

to over 90 percent, and the reduction of 1970. ITMCA marketed’ stress-free, com- 

impurities such as iron, chromium,: and pletely flat titanium alloy plate; Reactive 

‘vanadium. Bureau of Mines personnel have Metals introduced new 60-inch-wide tita- 

reviewed the proposed processes for mak- nium alloy and commercially pure tita- 

ing a rutile substitute.4 nium sheet. Valenite Division of Valeron 

The Bureau of Mines and industry col- Corp. unveiled tungsten carbide cutting 

| laborated in a program to determine the tools, to which a thin super-hard: coating 

occurrence. and recoverability of heavy of pure titanium carbide is metallurgically 

minerals in the sand and gravel operations bonded. Gould, Inc., introduced a light- 

in Alabama.5 7 weight. porous titanium fiber mat as a 

A US. patent covering a method of up- potential answer +o the growing public 

grading ilmenite was issued and assigned concern over noise pollution generated by ~ 

to National Lead Co.6 The patent de- commercial | jet aircraft.9 ‘The titanium 

scribes a method and apparatus for contin- fiber material is strong, corrosion-resistant, 

uously leaching a metallized titaniferous accoustically absorbent, and 40 percent 

iron ore to obtain a reduced-iron concen- lighter than its steel fiber counterpart. The 

trate suitable for chlorination in the pro- NeW ™mat is likely to find primary applica- 

duction of titanium tetrachloride. Metal- "07S ™ absorbing sounds from jet engine =~ 

lized ore is leached with dilute sulfuric air intakes, auxiliary engines, and aircraft 

acid in an upright leaching tower divided compartment walls. A special titanium 

into a first rough-leaching zone and then a brazing process was developed by Aeronca 

plurality of superimposed . finish-leaching and used in producing the first full-sized 

a zones wherein successive portions of the brazed titanium honeycomb panel for the 

iron content are leached out. SST. Honeycomb panel is used for lightly 

A method for producing pure titanium loaded areas of the wing and tail assembly, 

b , . ; a an area of about 17,000 square feet per 

y the alkali reduction of its chloride was plane.10 

P atented.? A reaction vessel 1s equip ped A new nonconsumable electrode process 

| with a three-outlet nozzle for discharging 5, melting and casting titanium and other 

titanium chloride and molten magnesium 8 5 

entrained within an inert gas enveloping * Work cited in footnote 2. — 

stream into a downwardly extending flame coveny ioe Heavy” sand James oo BOW ge 

from the upper portion of the vessel. The and Gravel Operations. BuMines Tech. Prog. 

stream of reaction pro ducts is then cooled Reronchar ALP. Method for Treating a_Solid 

to agglomerate the titanium particles but Particulate Material with a Solid. U.S. Patent 

not the magnesium particles, so that a sep- 3 88 DY. Method for Producing Tita- 

aration can be made in a collecting cham- nium and Other Reactive Metals. U.S. Patent 

ber at the bottom of the vessel. aa ae a. ab ved Laminar Flow 

A patent was granted for an improved Sluice po oncentrator. U.S. Patent 3,509,997, May 

laminar-flow sluice concentrator for con- > American Metal Market. V. 77, No. 99, May 

centration of ilmenite and other finely di- 25,1970, P. 15 al Market. V. 77, No 939 Dec 

vided ores. The patent was assigned to 7, 1970, p. 16. ° OE INO OE
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reactive metals was placed on the market. The tendency of titanium metal to wear | 

The Schlienger melting process can use 100 excessively has virtually restricted the use 

percent titanium scrap, sponge, or combi- of titanium to nonmoving parts in aircraft 

nations of sponge and scrap. The system .and automobiles. In a new process, a 

' basically consists of a material-feed process, tough metallurgical case is imparted to the 

and electrode assembly dipping into a wa- surface of the metal by a 2-hour immer- 

ter-cooled melting chamber. The latter in- sion in molten salt at 1,500° F. The metal 

cludes a water-cooled copper crucible and _ is then cooled and water quenched.1? 

a unique water-cooled casting mold. The . 

furnace system can be operated from vacu- 11 American Metal Market. V. 77, No. 220, en 

ums in the micron range to positive Noy. 18, 1970, PP. I, 5. V. 71. No. 8 A 
pressures.11 . 1970, oe aie ngineering. . ’ oO. , ugust
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By Richard F. Stevens, Jr. a - _ 

During 1970 domestic production of (stu), the European price rose to about 7 
tungsten concentrate rose 17 percent to 8.1 $80 per stu in late February and averaged | 
million pounds of contained tungsten. Im- $70 per stu during the year as shipments 

_ ports for consumption fell to a 29-year low from China (mainland) were discontinued | 
of 1.3 million pounds. Exports of concen- or significantly reduced. To fill the supply : 
trate increased threefold to 19.5 million deficit. caused by the withdrawal of 
pounds as the United States continued to Chinese exports, substantial amounts of 

: be a net exporter of tungsten. To meet in- tungsten purchased from GSA by traders | 
creased domestic demand, which rose by 28 were sent to West and East European 
percent, 15 million pounds of tungsten in countries. : a 
concentrate were purchased from U.S. Gov- As a result of relatively large sales 
ernment stockpiles during the year. - made in 1969 from GSA stocks, there ap- - 

Although the domestic price of tungsten, pears to be a significant amount of tung- 
- concentrate during 1970 remained stabi- « sten that is uncommitted to the final con- 

lized by the General Services Administra- sumer. : 
tion (GSA) tungsten disposal program, —————— 

( ) 8 P progr . 1 Physical scientist (Metallurgy), Division of 
and averaged about $49 per short ton unit Ferrous Metals. 

Table 1.—Salient tungsten statistics 
(Thousand pounds of contained tungsten and thousand dollars) 

eee a ns Pt PS ct SS SS ASN 

| 1966 1967 1968 1969 1970 a 

United States: . | 
Concentrate: 

Production... ___....._--_--.-.----.-.----+-- W 17,170 +*7,496 6,904 8,105 
Shipments__.._...-..----------------------- 7,166 6,569 7,866 7,004 7,798 

Value____..---------------------------- $15,088 $18,562 $19,377 $18,195 $21,890 
| Consumption. ___...........--------------- 18,058 18,860 11,038 18,053 16,700 

Releases from Government stocks. ___.....---- 8,273 6,393 3,225 $38,314 14,993 
Exports 1___....__......------.-.----------- 101 974 623 7,151 19,470 
Imports, genera]__._.._........--.----------- 4,203 2,004 1,824 1,534 1,299 
Imports for consumption__.........--.------- 4,298 1,699 1,743 1,503 1,284 
Stocks, Dec. 31: Mine and plants. ___.......-- 1,940 2,109 1,177 1,569 2,282 

Primary products: 
Production. _.___...-..-.-..--..-_-.-------- 15,111 12,604 10,538 138,334 18,308 
Consumption___._........-...---.-----.---- 16,285 18,663 13,108 16,056 15,352 
Stocks, Dec. 31: 

Producers. _....__-..--...---.--.------- 4,660 5,168 4,747 3,392 4,467 
Consumers... __......-.-------------_-- 1,640 2,518 2,364 1,778 2,698 

World: 
Ore and concentrate: 

Production_._......-..---.--.---.---------- 63,085 62,725 68,380 70,749 74,017 
Consumption____......-.---.-.-----.----.-. 65,441 62,628 64,410 76,889 83,603 

t Revised. W Withheld to avoid disclosing individual company confidential data. 
1 Estimated tungsten content. 
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Legislation and Government Programs.— average price of the tungsten concentrate 
. On March 4, 1970, the Office of Emergency sold in April was $49.99 per stu. Over 10.4 

Preparedness (OEP) changed the non- million pounds of tungsten in concentrate : 
nuclear war stockpile objective and sub- was awarded, for domestic consumption 
objectives for tungsten and tungsten-bearing only, in June, at a second sealed bid sale. 
materials as follows: Prices ranged from $48.02 to $60.58 per stu — 

and averaged $50.43 per stu. | 

_— eo On July 10, 1970, a new tungsten dis- 

Material objective objective -—«iPOSal_-Cbill was signed into law (P.L. 
_—_  ___ 91-325) which authorized the disposal of 

ieeatent 35,785,000 55,655,000 100 million pounds of tungsten excess to 
stockpile requirements. However, since 

Tungsten carbide powder: | 410,000 2,289,000 OEP increased the basic tungsten objective 
Pounds W content (2,000,000) (1,900,000) in March, only about 71 million pounds of 

Tungsten, ferro: , tungsten was available for disposal. Late in 

| | Pounds cous 1,960,000 ---------- July a joint Government-industry meeting 
| ‘tent.......---- (1,800,000) (.....--.--) was held to discuss various methods of re- 

Tungsten, metal pow- , leasing the tungsten that would be accept- 
der, hydrogen Te- | _ able to all sectors (producing, consuming, 
- Poundsi___.._... 1,880,000 1,410,000 and trading) of the tungsten industry. 

Pounds Wcon- (1,600,000) (1,200,000) THe announcement of GSA’s two-phase 
Tungsten, metal pow- | disposal policy was made on October 22 

der, carbon reduced: ' and finalized on December 11. Under one 

Pounds ‘--------- 590,000 645, 000 phase, excess tungsten concentrate was of- 
-Pounds W con- - 

tent__.____.__- (500,000) (547,000) fered to domestic consumers only, on a 

| Tungsten, crystalline /first-come, first-serve,” basis at a “shelf 
| carbide: 1 4,.875.000 @) price” of $55 per stu adjusted for premiums 

Pounds W con- and penalties. About 325,000 pounds of 

tent_..--.----. (1,100,000) (?) tungsten ‘in concentrate was sold late in- 

Total tungsten, Ib-.... 44,000,000 60,000,000 | December at an average.adjusted price of 
om $3.48 per stu. Under the second phase of 

needed toneod mount of tungsten in concentrate this program, tungsten concentrate for ex- 
2 Removed from list. port was offered for sale on a sealed bid - 

basis, however, the price of material sold 
Through January 1970 the GSA contin- could not be below the adjusted “shelf 

ued disposing of tungsten concentrate for price” ($55 per stu). No sales under this 
domestic consumption only, on a “first- phase were reported in 1970. 
come, first-serve” basis at a “shelf price” of In addition to other stockpile releases 
$43 per stu. The price was adjusted for during the year, a sale of approximately 
premiums and penalties, and GSA sold 2.3 561,000 pounds of tungsten was made in 

| million pounds of contained tungsten at April under a U.S. Army contract for shell 

an average price of $42.99 per stu. cores and ordnance projectiles.. Because 

| In April about 1.4 million pounds of this material, subcontracted to Kennametal, 
tungsten contained in concentrate was sold _Inc., was for U.S. Government use, the price 

for domestic consumption only, on the was reduced by the amount of U.S. duty 
basis of sealed bids at adjusted prices, ($5.55 stu) from $43 to an adjusted aver- 
ranging from $47.99 to $52.01 per stu. The age of $37.43 stu.
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Table 2.—U.S. Government tungsten stockpile materials inventories and objectives 
(Thousand pounds, tungsten content) 

Inventory by program Dec. 31, 1970 

Material Objective National DPA Supple- Total _ | 
(strategic) inventory mental 
stockpile stockpile 

Tungsten ore and concentrate: ! / 
Stockpile grade______...-..---------- 55,656 73,748 13,049 3,304 90,101 
Nonstockpile grade__......-.-------- ---------- 40,509 1,754 1,052 43 ,315 

Total inventory....-.-.----------- ---------- 114,257 14,808 4,356 183 ,416 
Ferrotungsten_._______------- eae eee eee 2,141 -..2--2- 0 -------- 2,141 a 

Tungsten metal powder, hydrogen reduced: . 
Stockpile grade____..........-------- 1,200 1,196 -L.------)) ---+---+-+- 1,196 
Nonstockpile grade___._._...--------- ---------- 1020 Leute eee ee 102 

Total inventory. ..-_--------------  ---------- 1,298) -2------ +e eee 1,298 

Tungsten metal powder, carbon reduced: | 
Stockpile grade__...._.__..-.---.----- 547 546  .--eeee ete 546 
Nonstockpile grade__......----..---- ---------- VW cen eee eee ee 171 

Total inventory....-..------------ ---.--..-- 1 —T1T 

Tungsten carbide powder: . | 
. Stockpile grade____....--.-...--.---- 1,900 841 _Lie ie 1,080 1,921. 

Nonstockpile grade____.-.....-------  ---------- 1120 whee eee tee 112 - 

Total inventory__-..-.------------  ---------- 958 9 -------- 1,080 2,033 

1 Includes 266,349 pounds of tungsten concentrate sold but unshipped. . 

DOMESTIC PRODUCTION | | 

Tungsten mine production in 1970, stim- duction. Partially as a result of adding : 
ulated by higher. prices, rose 17 percent new equipment to its tungsten recovery | 
compared with the previous year, and plant, production of tungsten at Climax 
mine shipments increased 11 percent. Al- rose about 17 percent. In addition, a third 
though 47 mines in eight States reported operation, the Tungsten Queen mine and 
production and/or shipments of tungsten mill (the former Hamme mine) near Towns- 

| concentrate in 1970, only two mines oper- ville, Vance County, N.C. was reopened 
ated continuously throughout the year: the during the year by its new owner, Ranch- 
Pine Creek mine and mill of the Mining ers Exploration &. Development Corp. By 
and Metals Division, Union Carbide Corp., yearend, the mill was operating at about | 
near Bishop, Calif.; and the Climax mine’ 60 percent of capacity. Early in 1971 the 
and mill of the Climax Molybdenum Co., mill is scheduled to be operating at about 
a division of American Metal Climax, 90 percent of its initial designed capacity 
Inc. (AMAX), at Climax, Colo. Both of 600 tons of huebnerite per day. Initial 
companies reported increased tungsten pro- mill production is expected to reach 1.4 to 
duction in their 1970 annual reports. At 1.5 million pounds of contained tungsten . 
Pine Creek, tungsten was the major min- per year. A provision was made so that an- 
eral value recovered along with minor ual output can be readily expanded to 

amounts of molybdenum, copper, silver, 923 million pounds of contained tungsten. 
and gold. Union (Carbide processed schee- Most of the concentrate recovered is re- 
lite ore on a “straight through” basis  portedly exported. When in full initial 
and produced ammonium paratungstate production, this mine will be the third 

| (APT), an intermediate processed form of jJargest domestic tungsten mining opera- 
tungsten suitable for ready conversion to tion. If production is expanded, the mine 

_ tungsten metal powder. At Climax, the could rank with the second largest U.S. 
major mineral value recovered was molyb- tungsten producer. Minor amounts of 

denum. Concentrates of tungsten, tin, pyr- _lead, silver, copper, and pyrite will also be 

ite, and monazite were recovered as by- recovered. The mine is currently estimated 
products and were entirely dependent to contain proven and probable reserves of 
upon the rate of molybdenum pro- about 1 million tons of huebnerite ore av-



1126 MINERALS YEARBOOK, 1970 

eraging from 0.50 to 0.55 percent WO3 Tulare Counties, Calif.; Lake County, 

_ (tungsten trioxide). Through December Colo.; Custer County, Jdaho; Churchill, 
1970 all of the production was sold at a Elko, Humboldt, and Pershing Counties, 

producers price of $68.50 per stu. Nev.; and Tooele County, Utah. The exact 

Additional intermittent tungsten produc- source of small quantities of tungsten pro- 

tion and/or shipments were also reported duction in Californis, Nevada, and Montana 

| from Mohave, and Santa Cruz Counties, was unknown and credited to “Undistrib- : 

Ariz.; Inyo, Madera, San Bernardino, and uted.” | 

Table 3.—Tungsten concentrate shipped from mines in the }Jnited States 

Quantity Reported value f.o.b. mines ! 

Year Short tons Short ton Tungsten Average Average 
60 percent units content Total —_—siperr unit per pound 
WO, basis WO;32 (thousand (thousand) of WO; of tungsten 

. pounds) oS 

1966 *_..--.------------- 7,580 451,772 7,166 $15,038 $33 .29 $2.10 
1967 t_.....-.----..----- 6,901 414,119 6,569 13 , 562 32.75 2.06 — 
1968 ?....--.....-.-.---- 8,264 495,891 7,866 19,377 39.07 2.46 
1969 7.222222. ---- 7,360 441,547 7,004 18,195 ~ 41.21 2.60 
1970_,...----.-...------ | 8,194 491,621 7,798 21,890 44.53 2.81 

» Revised. 
- ; | 

1 Values apply to finished concentrate and are in some instances f.o.b. custom mill. 
2 A short ton unit equals 20 pounds of tungsten trioxide (WO:3) and contains 15.862 pounds of tungsten. 

. National Lead’s antimony mill at Love- sten-copper mine. The concentrated Yellow 
lock, Nev., was converted into a tungsten Hammer ore was sold to Nevada Scheelite 
mill with the installation of new equip- Division of Kennametal, Inc., at Fallon, 

ment and the rearrangement of existing Nev. | 
mill circuits. General Electric Co. (GE) awarded a 

A commercial tungsten discovery by Sil- tungsten concentrate purchase. contract to 
ver Star-Queens Mines near Wells, Nev., Tungsten Properties Ltd., of Imlay, Nev. 

was reportedly sufficient to warrant con- ‘The contract will enable the Segerstrom 

ploration program conducted to date indi- ten, Nev., which formerly operated as the 

cates an ore body of at least 30,000 tons, Nevada-Massachusetts Co. A plant.to proc- 
averaging 0.7 to 1.0-percent WO3. Until | eye . | 

we wo ess tailings was being constructed, and 
additional exploration is conducted to 1 “und for mini nd con 
prove the extent of the ore body, no spe- plans were underway for mining 3 co 
cific size for the mill can be determined. C¢nttating tungsten ore. | 
Initially, selective shipments of high-grade A report issued during the year covered 
ore will be sent to Silver Star’s tungsten the number of employees, wages, value 

mill at Gold Hill, Utah. The Gold Hill added in mining, cost of supplies, value of | 
mill processes about 50 tons per day from shipments, and capital expenditures in the 
Silver Star’s nearby Yellow Hammer tung- tungsten ore and ferroalloy industries.? 

CONSUMPTION AND USES 

Tungsten carbides continued to repre- supply-demand patterns and _ projected 
sent the major end use of tungsten, ac- these relationships to future years.3 

counting for 46 percent of the total con- 2 Bureau of the Census. 1967 Census of Min- 
: * . ° era ndustries: ungsten res and Ferroalloy 

sumption. Consump tion of intermediate Ores, n.e.c. U.S. Department of Commerce, Prel. 

tungsten products used to make the end Rept. MIC67(P)-10C-3, March 1970, 6 pp. 
. . 3 American Metal Market. International Molyb- 

use items was: tungsten carbide (38 per- denum Report, Sec. 2. Aug. 31, 1970, 16 pp. 
——_——. Recycling: Practical Answer to the Prob- 

cent), tungsten metal powder (34 per-  jems of Air Pollution, Water Pollution, Solid 
cent), scheelite and scrap (21 percent), Waste, Sec; a 1970 Secondary Metals Supp., Mar. 

and ferrotungsten (7 percent) . oh oe Tungsten Section, Sec. 2. Feb. 16, 1970, 
. , pp. 

Several special reviews of tungsten were Griffith, Robert F. Tungsten. Ch. in_ Mineral 

published that discussed and evaluated eae as. roblems, BuMines ‘Bulletin 650, 1970,
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Figure 1.—Domestic shipments, imports, consumption, and average price of tungsten 
ore and concentrate.
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The Chemical and Metallurgical Divi- be in full operation by November 1971. 
sion of Sylvania Electric Products, Inc. Prior to the adaption of this LIX system 

began construction of a new two-story, Sylvania recovered tungsten almost exclu- 
28,00) sana foot plan ‘ in Towanda, Pa., sively from wolframite. 

to chemically process “ow-grade tungsten During the year the Stellite Division of 
ores. The liquid ion exchange (LIX) facil- . . 
we . . . . . Union Carbide Corp. in Kokomo, Ind., was 
ities will provide a significant increase in hased b , 
the production of APT from scheelite or Purchased by and became an operating | 

, wolframite. Partial occupancy of the new unit of the Cabot Co. M&R Refractory 
plant was expected in March 1971 and the Metals Inc., of Springfield, N.J., became a 
new production facility was scheduled to’ subsidiary of the Whittaker Corp. 

| Table 4.—Production, shipments, and stocks of tungsten products in the United States 

(Thousand pounds of contained tungsten) 

Hydrogen Tungsten | 
and carbide powder | 

carbon ————-————————-——- Chemicals Other! Total 2 
reduced Made from Crushed 
metal .=—ss meetal and 

. powder powder crystalline 

: 1969 . | | 
Gross production during 'year_.-_____-- 9,205 5,531 2,831 11, 556 2,599 31,722 

- Used to make other products listed here- 6,517 -.-.-.-- ) -------- 10,418 1,452 18,387 
Net production___.______-.2 2-2 eee 2,688 5,531 2,831 1,188 1,147 13 ,334 
Shipments 3__....._._....._.----.-..- 8, 756 5,571 3,414 7,019 2,640 27,400 
Producer stocks, December 81___._---- 1,369 216 408 1,180 _ 220 3,392 

a Gross production during year......._-. 9,478 5,031 2, 847 | 16,413 2,354 36,122 
Used to make other products listed here_ 5,989 .....--. -------. | 11,875 1... 17,814 
Net production.____.__.-.....---.---- 3,589 5§,031 2,847 - 4,588 2,354 18,308 
Shipments 3______._.....-.---.-.--.-- 7,840 4,912 2,961 . 10,632 2,386 28,730 

. Producer stocks, December 31_______-. 1,772 . 381 701 =1,411 202 4,467 

1 sarge) ferrotungsten, scheelite (produced from scrap), nickel-tungsten, self-reducing oxide, pellets, and 
scrap (1969). 

2 Data may not add to totals shown because of independent rounding. - 
3 Includes quantities consumed by producing firms for manufacture of products not listed here. 

Table 5.—Consumption, by end uses, and stocks of tungsten products 
| in the United States in 1970 | 

(Thousand pounds, contained tungsten) 

. Ferro- Tungsten Tungsten Other 
tungsten! metal carbide tungsten Total 4 

, . powder2 powder materials 3 

Steel: - ° . 
Carbon steel___. eee eee eee eee WwW WwW 
Stainless and heat resisting. _............. 121 W uuu 131 252 
Alloy (excludes stainless and heat resisting) ___ 185) _.- Lele. WwW WwW 185 
Tool__._...-.------------------------_--e 601 W Liieeee- 874 1,475 

Cast irons...........-..-.----------.-.-.------ Lo weet ee ee fee . WwW 1 
Superalloys...._.-.--..-..-.--.------.----.--- 49 WwW W 216 265 
Alloys (exclude alloy steels and superalloys): 

Cutting and wear resistant materials_-____.___ WwW 1,042 5,311 675 7,028 
Other alloys §_._.....-----_-.--------.---- 46 397 WwW 106 549 

Mill products made from metal powder_...----.. -~.--.-.-- 3,306 WwW WwW 8,306 
Chemical and ceramic uses____._-.-...-._------ WwW WwW W WwW WwW 
Miscellaneous and unspecified___........-..----- 39 426 A476 1,350 2,291 

Total 4___._____--.----.--..------.----- 1,049 5,171 5, 787 3,353 15,352 
Consumer stocks Dec. 31, 1970____..__....____.-- 361 643 659 1,085 2,698 

WwW Withheld to avoid disclosing individual company confidential data, included in ‘‘Miscellaneous and 
unspecified.”’ 

1 Includes melting base self-reducing tungsten. 
2 Includes both carbon-reduced and hydrogen tungsten metal powder. 
3 Includes tungsten chemicals, natural and synthetic scheelite, tungsten scrap, and other. 
4 Data may not add to totals shown because of independent rounding. 
5 Includes welding and hard-facing rods and materials and nonferrous alloys.
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_ A significant contribution to manufactur- to 0.0003 inch) titanium carbide coatings 

ing productivity was the commercial devel- are vapor deposited on tungsten carbide 

opment of “itanium.-co ated, tungsten car- tools and significantly reduce the coefficient | 

bide cutting tools, which speed production . | 

and last two to three times as long as of friction between the tool and work- 

uncoated cutting tools4 The thin (0.0002 _ pieces. 

| PRICE AND SPECIFICATIONS | 

Throughout the first 4 months of 1970 tion in February when it was reported at — 

the price of imported tungsten ore and 758 shillings per long ton ($81.32 per stu) . 

concentrate was quoted at $43 (nominal) Because of this price differential, the 

per short ton unit (stu). From June United States continued to be a net ex- 

through early October, the nominal quoted porter of tungsten concentrate during the 

price ranged from $50 to $55 per stu. year, a OS 

These prices followed those paid to GSA The cause of the high European price 

for purchases of tungsten concentrate from | | . , 
. _ . was reported to be due almost entirely to 

Government stockpiles. Effective in mid- _ . ; : : 
es the continued reduction of tungsten ship- 

October, the price was quoted at $55 ts fr ‘land Chi Thi ti 

(nominal) per stu and reflected the new ments trom maimlan ia. is action 

“shelf price” set by GSA. As quoted in forced most of the industrialized countries 

Metals Week and in Metal Bulletin (Lon- of East and West Europe, which had pre- 
don), the world tungsten price, shown in _Viously received all or a significant amount 

table 6, remained above the nominal GSA of their supply from mainland China, to 

price ($43 to $55 per stu) during the year. seek most of their tungsten requirements 

The world price reached its highest quota- from free world sources. The price of APT 

Table 6.—Monthly price quotations of tungsten concentrate in 1970 | , 

. _ . - : : . : - 

a . Wolfram and scheelite: _ Equivalent quotations, dollars 

London market, shillings per short ton unit of WOs, 

Month | per long ton unit of WOz, 60-percent basis 

60-percent basis: 
aa ete | 

Low High Low High . Average 1 

January_._-------------------------- 652 701 «$69.98 $75.15 $72.54 
February__._---------------------+-- 730 158 | 98.24 - 81.32 19.78 

March. _...------------------------- 694 730 74.38 18.24 76.31 

April_.__.--------------------------- 641 676 68.73 72.48 70.60 

May_-_.-.-.------------------------- 656 703 70.61 75.42 73.02 

June__....-.------------------------ 681 735 72.98 78.78 75.88 

July_.......------------------------ 6717 733 72.62 78.65 75.64 

August___...-.---------------------- 648 683 69.46 73.20 71.33 

September..-_-..---------------------- 620 - 652 66.45 69.93 68.19 

October. _...------------------------ | 533 562 57.12 60.29 58.70 

November-.-...---------------------- 543 579 58.19 62.11 60.15 

December _.. ..----------------------- 568 605 60.96 64.84 62.90 . 

1 Arithmetic average of weekly quotations. Equivalent 1970 average price $70.42; duty $5.55, equivalent 

average price, duty paid, $75.97 per short ton unit. 

_ delivered to contract customers, was in- lots) was quoted by Metals Week at $4.50 | 

creased during the year, and ranged from = per pound of contained tungsten, com- 

$56.38 per stu (metallurgical grade) to pared with the 1969 quotation of $3.06 per 

$58.43 per stu (catalytic grade). A conver- pound. The quoted price of hydrogen-re- 7 

sion fee of $11 per stu was charged for duced tungsten metal powder (99.99-per- 

converting tungsten concentrate to APT. cent purity) rose, and ranged from $5.43 

The quoted prices of both carbon- and to $6.36 per pound of contained tungsten 

hydrogen-reduced ‘tungsten metal powder at yearend 1970, compared with $4.91 to 

increased during the year, reflecting the $5.75 in 1969. 

higher price of tungsten concentrate. At __ = 

earend, carbon-reduced tungsten metal 4 Wilson, R. A. TiC Coated Inserts Are Level- 
y oe gs ers. Iron Age, v. 206, No. 22, Nov. 26, 1970, pp. 

powder (99.8-percent purity in 1,000-pound = 3740, |
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In Metals Week, the quoted price of fer- $4.00 per pound of tungsten during the 
rotungsten in lots of 5,000 pounds or year. | 

more, 44-inch lump, packed, f.0.b. destina- In 1970, the U.S. dealer (export) price 
tion, continental United States, 70 to 80 Ff fenrotunes oot was quoted at $4.50 per 
percent tungsten, effective January 1, 1970,  POUnC OF Tungsten. . P creased » ho $3.65 J \ y ft f Although not quoted, the price of schee- 

“reas " per pound o ung" — lite concentrate for direct addition to steel 
: sten to $3.75 per Pp ound. The _ price of _ melts was believed to be from about $47 

UCAR, Union Carbide’s special high-purity to $54 per stu, equivalent to about $2.96 
ferrotungsten, was increased from $3.86 to to $3.40 per pound of contained tungsten. 

| FOREIGN TRADE © | 

Exports.—Exports of | tungsten concen- the year to 404,862 pounds, gross weight, 
| trate (table 7), increased almost threefold valued at $2,139,706. These exports were 

| in 1970. This represented material pur- shipped to the United Kingdom (29 per- 
. chased from the GSA. stockpile and cent), Austria (26 percent) , France, Japan, . 

shipped by traders primarily to Europe to and West Germany (12 percent each), and 
take advantage of higher prices. Reexports Canada (6 percent). . 
of tungsten concentrate and products are = Jy_1970, tungsten and tungsten alloy 
listed in | table 8. 7 wire exports, primarily to West Germany 

In 1970 exports of unwrought tungsten (30 percent), Canada (17 percent), and , 
_ metal and alloys in crude form, waste, and Brazil (10 percent), rose 78 percent to 

scrap rose 64 percent to 1,463,101 pounds, 110,986 pounds, gross weight, valued at 
. gross weight, valued at $2,820,923 and were $2,651,996. Exports of wrought tungsten 

shipped. primarily to West Germany (73 and tungsten alloys fell 72 percent to 

percent), the United Kingdom (15 per- 105,723 pounds, gross weight, valued at 
| cent), and the Netherlands (7 percent). $1,205,794. Shipments were primarily to 

Tungsten and tungsten alloy powder ex- West Germany (45 percent), Canada (22 
ports increased more than sixfold during percent), and Japan (10 percent) . 

| Table 7.—U.S. exports of tungsten ore and concentrates, by countries 
(Thousand pounds and thousand dollars) 

A tn 

1969 1970 | 
| Country eee 

Gross Tungsten Value Gross Tungsten Value 
weight content! weight content} 
eee 

Austria_.-...- eee 86 44 a 
Belgium-Luxembourg. -.._......____- 618 819 824 2,634 1,359 $3 , 873 
Canada. -_.-----2-2--- ee 457 236 713 469 242 958 
Czechoslovakia.._.--.-22----2--- eee fee tee teen eee 1,837 - 948 3,382 
France. ._..-..-.----------------.-- 649 335 1,004 452 233 809 
Germany: 

Bast__...-..---------------.--- 1,452 749 2,234 1,556 803 2,481 
West. ..---.------- eee 3,913 2,019 5,344 11,771 6,074 18,915 

India__.......-.------2- 2-2-8 93 48 144) Leelee Lee eee ee 
Italy__.-- 2. ------- eee 26 14 a 
Japan_.....-..--------------------. 2,156 1,112 2,917 3,723 1,921 6,358 
Mexico._._.........----- 2-2 ee (2) (2) 1 2 1 q 
Netherlands --__...--.-----..-.--.-. 1,175 606 1,690 1,609 830 2,655 
Poland_.__...---.-------------.-.-- 548 283 796 3,004 1,550 4,538 
South Africa, Republic of._.-...-.---2 22 eee LeeLee. 300 155 565 
Sweden__-___._.-._--.-------------- 246 127 424 1,708 881 2,595 
U.S.S.R__. eee 228 118 366 896 462 1,411 
United Kingdom... ............------ 2,212 1,141 3,224 7,773 4,011 12,584 

Total. .-.-...---------------. 13, 859 7,151 19,829 37, 734 19,470 61,131 
eee 

1 Tungsten content estimated by multiplying the gross weight by a factor of 0.516 equal to 0.65 (to convert 
from 65- to oe Percent WOs basis) times 0.7931 (to convert from WO; to W basis). 

Less than 4 unit.
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Table 8.—U.S. reexports of tungsten year, primarily from West Germany (40 
materials in 1970, by country percent) and Canada (34 percent), in- 

and product — , creased over fivefold and totaled 73,275 
(Pounds, gross weight) pounds of tungsten valued at $518,070. 

Product and country _ Quantity Value There continued to be no imports of semi- 
Tungsten ore and concentrate: fabricated tungsten in ingots and shot dur- 

Germany, West_.i---.---. 187,647 $341,447 ing the ar 
Tungsten wire: } | § the year. — 

Netherlands__....-.-----. 490 »-:11,178 Imports of tungsten waste and scrap , 
Tungsten, wrought: | _.-. 2,931 61,9837 containing over 50 percent tungsten, fell 12 | 

- | Netherlands_.....-.-+---~ a8 3,929 percent to 27,763 pounds. of tungsten val- vot ons 
Sweden -------2onnonnnnn __ 1042 ‘ued at $149,835 in 1970 and were received 

Total, wrought_-------- 3,819 66,908 primarily from West Germany (41 per- 
oo cent), Canada (28 percent), and the Neth- 

Because of the significant interest ex-  erlands (27 percent). During the year, im- - 
pressed by industry and Government in ports of unwrought tungsten in lumps, — 
the flow of processed tungsten products, grains, and powder increased elevenfold to | 
effective Jan. 1, 1971, export data on ferro- 74,659 pounds of tungsten valued at 
tungsten and ammonium paratungstate $491,682. These imports came primarily - 
(APT), which previously had been in a from West Germany (87 percent) and , 
“basket” category and consequently una- Mexico (12 percent). During 1970, imports = 
vailable will be reported separately. of wrought tungsten increased by 40 per- 

| Imports.—During the year, general im- cent to 6,946 pounds, gross weight, valued 
ports of tungsten concentrate and imports at $478,827. This material was imported 
for consumption both decreased 15 percent. from Austria (38 percent) and the Nether- | 

Imports of tungsten carbide during the lands (30 percent). 5 

Table 9.—U.S. imports 1 of tungsten ore and concentrates, by countries 
(Thousand pounds and thousand dollars) . 

* : 1969 1970 © . 
Country eee 

Gross Tungsten Value Gross Tungsten Value 
weight content weight content | 

Australia__..._._.------------------ 235 182 $848 2 ---  -ee eee ++ eee | 
Canada_-____----.----.------------.- 1,870 1,046 2,284 © 2,048 1,234 $2,986 
Mexico____.._._------.--.-- he 2 1 1 45 27 70 
Peru___._.--.---------------------- 449 256 671 66 88 157 
Portugal. _..-..--....--..-.-------- 168 99 298 wee wane nen ee eee eee 

Total. _...------------------- 2,724 «1,584. 8,527 = 2,159 1, 299 3,213 

1 Data are “general imports”’; that is, they include tungsten imported for immediate consumption plus mate- 
rial entering warehouses. 

Table 10.—U.S. imports for consumption of tungsten ore and concentrates, by countries a 
(Thousand pounds and thousand dollars) 

1969 1970 
Country —_—— OF 

Gross Tungsten Value Gross Tungsten Value 
. weight content weight content 

Australia _..-...---------.---------- 179 101 $266 ...----. --------  --------- 
Canada_.--.-.-...-..---.---------- 1,870 1,046 2,234 2,048 1,234 $2,986 
Mexico__._..-.-.---.---..-.-------- 2 1 1 25 12 83 
Peru_____-------------~.---.------- 449 256 671 66 38 157 
Portugal. ___ 22-2... 2 eee 168 99 273) nee eee eee 

Total__._.--------------.---- 2,668 1,503 3,445 2,139 1,284 8,176 

Table 11.—U.S. imports for consumption of tungsten and tungsten carbide forms 
(Thousand pounds and thousand dollars) 

nnn SOC 
Ingots, shot, bars, Wire, sheets, and 

y and scrap other forms, n.s.p.f. Total 
ear —_— 

Quantity Value Quantity Value Quantity Value 

1968__-_.---- 1 ------eee-- 44 $51 r 29 ® $426 73 t $477 
1969 __.._.--------- eee -- 83 65 r 80 r 652 r 63 * 617 
1970___._........_..--.--_-.---.-.-.- 35 173 190 1,560 225 1,733 

* Revised. .
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: _ Table 12.—U.S. import duties on all forms of tungsten 7 
(Tungsten content per pound of contained tungsten) 

Tariff — Rate of duty! 
elassifi- . Article —_—_——wr 

. eation . Effective Jan. 1, 1970 Effective Jan. 1, 1971 

601.54 Tungsten ore___.._.---.----------- $0.35 per pound____.------ $0.30 per pound. 
603.45 Other metal bearing materials in chief _ 

value tungsten_____.._.-----_---- $0.294 plus 14 percent ad $0.25 plus 12 percent ad val- 
. OO valorem. orem. 

607.65 Ferrotungsten__._.___.._--.--.__._-_ $0.294 plus 8.5 percent ad $0.25 plus 7.5 percent ad 
valorem. — valorem. 

629.25 Waste and scrap containing by weight 
not over 50 percent tungsten______. $0.29 plus 8.5 percent ad $0.25 plus 7.5 percent ad 

valorem. valorem. 
. 629.26 Waste and scrap containing by weight 

over 50 percent tungsten_._....... 14.5 percent ad valorem__.- 12.5 percent ad valorem. 
629.28 Unwrought tungsten, except alloys in . , 

lump, grain and powder___-...-_.. $0.29 plus 17.5 percent ad $0.25 plus 15 percent ad 
valorem. valorem. 

629.29 Unwrought tungsten ingots and shot__ 14.5 percent ad valorem_-_/ 12.5 percent ad valorem. 
629.30 Unwrought tungsten, n.e.ce__._------- 17.5 percent ad valorem__-. 15 percent ad valorem. . 
629.32 Tungsten alloys, unwrought, contain- 

ing by weight not over'50 percent “3 
tungsten._____...--------------- $0.294 plus 8.5 percent ad $0.25 plus 7.5 percent ad 

- valorem. valorem. 
629.83 Tungsten alloys, unwrought, contain- 

ing by weight over 50 percent tung- 
~ gten________-__-_.__....---.-.._. 17.5 percent ad valorem__.. 15 percent ad valorem. 

629.35 Wrought tungsten._.........------- -----do_-.--.------------- Do. 
416.40 Tungstic acid___.........---------- $0.29 plus 14 percent ad . $0.25 plus 12 percent ad 

valorem. .- valorem. 
417.40 Ammonium tungstate__.......------ --.--do_.-.----.---.------- Do. 
418.30 Calcium tungstate._._..-.---------- -----do_..---------------- Do. 
420.32 Potassium tungstate __-------------- ~-.--do_...-.--L---------. | —~*+Deo. 
421.56 Soditm tungstate._.._..__-.-.------ -----do_.---.------------- - Do. 
422.40 ‘Tungsten carbide.__..___..-.------- $0.294 plus 17 percent ad $0.25 plus 15 percent ad 

. valorem. valorem. 
422.42 Other tungsten compounds, n.e.c_.--- $0.29 plus 14 percent ad $0.25 plus 12 percent ad 

valorem. valorem. 
423.92 Mixtures of two or more inorganic com- 

pounds in chief value tungsten__.-._ -..--do_._...-.----------- Do. 
RT 

1 Not applicable to Communist countries. 

| Imports of calcium tungstate during As in the previous 4 years, there were 

| 1970 decreased 8 percent and totaled no imports of foreign tungsten concentrate 

19,064 pounds of tungsten valued at into the Virgin Islands or shipments of 
$164,706. This material was received from ; 
West Germany (85 percent) and the processed tungsten products from the Vir- 

United Kingdom (15 percent). gin Islands to the continental United States 

There were no imports of material clas- during 1970. 

aa v oener pananeataiens verials In In accordance with the “Kennedy 
ief Value Tungsten” during the year. In . . oe . 

. gs & yea round” of tariff negotiations, the U.S. im- 
previous years, this category was believed , 
to primarily cover synthetic scheelite. Dur- Port duties on all forms of tungsten were | 
ing 1970 there continued to be no imports further reduced, effective January 1, 1971, _ 
of ferrotungsten. as indicated in table 12. 

WORLD REVIEW 

A meeting of the Working Group of the also interested in the representativeness of 

United Nations Committee on Tungsten tungsten price quotations, an official repre- 

was held in November at Geneva, Switzer- sentative from the United Kingdom was 

land. This eight-member body met to pre- invited to attend as an observer and to 

pare a review of the prevailing world comment on the methods of determining 

tungsten situation. It was composed of tungsten price quotations used in the 

Government representatives from Australia, United Kingdom. Representatives from the 

Austria, Bolivia, Portugal, South Korea, Governments of France and the Nether- 

Sweden, the United States, and West Ger- lands also attended the meeting as observ- 

many. Because the Working Group was ers.
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| Table 13.—Tungsten: World production by countries 
a (Thousand pounds of contained tungsten) }! 

Country 2 . 1968 1969 1970 p 

North and Central America: 
Canada____._______--------.---------------------------------- 72,855 3,223 2,956 
Guatemala___.- ie ee 26 9 -ee eee ee eee eee 
Mexico.___----.-.--------------------------------------------- 586 635 . 586 . 
United States._______.-_---------.----------------------------- 7,496 6,904 8,105 

South America: ; . 
Argentina_._.___.__---------------~--------------------+--.------ 408 322 e 260 
Bolivia ___----.---------------------------- eee eee -- 78,904 4,059: 4,068 
Brazil_._...-..2.-...---...------------- +--+ ee eee eee ee '957 2,222 2,557 

_.Peru____----- uv --------- - --- e-ee 71,221. 1,619. 1,828 oe 
Europe: my 

Austria_.-.-_---.-_,-4--------------------------------~-------- r 309 353 © 350 
. Italy_.__----------------------------------- +--+ +--+ ee 8 3 e3 

Portugal. __- 0... 1... --------------------------- 3,049 2,934 3,935 
‘Spain__._ eee ee eee ee eee 273 443 430 
U.S.S.R. ¢__ ~~ = + ---------- )=—«18 , 700 14,300 14,800 

Africa: , 
Congo (Kinshasa) _-.........----------------------------------- 86 pS 
Rwanda________._.-------.---------------------- + - eee 708 374 e 400 
South Africa, Republic of..._._..--.-------.--------------------- | 51 64 7 
South-West Africa, Territory of 3_..........-.------_----.-------- 240 212 © ~ = 189. 
Tanzania_______________--------------------.--- +--+ ee 33 13 Leek 
Uganda. _____...-.-----.-.-----------+ ee ee 97 117 152 

Asia: 
Burma_______--___-_.---.-------------- ~~ ee r 430 353 419 

_ China, mainland ¢_-____.-..---------------------------------"-. 17,600 17,600 17,600 
India_____._-__.-_-__-- n-ne e- 44 - 46 40 
Japan_________.____-._-.---------------------- eee ee eee eee T1,LTT 1,348 1,493 
Korea, North ¢____._____-.-..----.---2.------------------------- = 4, T20 4,720 4,720 
Korea, Republic of. _...._.-.-----:---+------------------------ ™4,614 | 4,345 4,564 — 
Malaysia__.__.._..____-_------------------+-----------+---+------ 143 = 804 300 
Thailand____.__.____.___-------_-.---------------------------- 71,096 1,442 1,567 . 

Oceania: Australia____.___.._....-_------__-------------------------. 2,549 2,756 2,743 

Total________.._-__-.--_.---------_--.----------------------- ™68,380 | 70,749 74,017 

e Estimate. P Preliminary. t Revised. — 
1 Conversion factors: WO; to W, multiply by 0.7931; 60 percent WO; concentrate to W, multiply by 0.4758. 
2 In addition to the countries listed, the following also produced tungsten, but reliable data are not avail- 

able: Hong Kong, New Zealand, Nigeria, and Southern Rhodesia. 
3 Data are for the South-West Africa Co., Ltd. only, and are for the year ended June 30 of the year stated. 

Table 14.—World consumption of tungsten ores and concentrates, by countries 1 
. (Thousand pounds, tungsten content) 

oe : 1968 1969 1970> 

Actual consumption: . : 
Australia__.......-..--.---------------------------------------  °110 e110 88 
Austria__......-__--_----------._--.---.------------------------ 2,822 8,395 4,387 . 
Canada______.___--___--____------------- eee) 1, 182 1,049 e1,100 
Czechoslovakia____...----..--.-------------------+-------------- 73,770 3,023 e 3,085 
India_______.-__-_.-_.-------------- +--+ 194 e200 . e 200 
Japan____...____...-----------------------------+------------ 4, 998 7,302 8,962 
Portugal___._...---------------------------------------------- 525 688 © 763 
Sweden. ________--_------------------------------- ee) 72,578 8,371 3,289 
United Kingdom_______...__-._---.---------------------------- 75,348 7,079 - 8,691 | 
United States.______._______--__-.----------------------------- 11,088 13 ,053 16, 700 

Apparent consumption, including stock variations: 
France______.__._._--.--_--_-_-----~------ eee ----- 2) 1, 964 3,329 3,192 

Apparent consumption, excluding stock variations: 
Argentina_______.___--.-....-_-------------------------------- 119 66 e777 
Belgium-Luxembourg____..........----------------------------- 79 275 270 
Bulgaria ?___.~...-..--.--.-------.--------+--------+--+--------- 75 80 80 
China, mainland?2____._......__...----.------------------------ 1,875 1,400 1,450 
Germany: 

Bast ?_...- 2 ee ee eee 430 800 850 
West_____________------ +e ------- 7 5, 622 9,299 7,112 

Hungary 2. ___._._-..----.--.-_--------------+------------------ 40 50 50 
Italy_..._____...--------.-----------------+------------------- 62 53 152 
Korea, North?____.__._-.--_.._---------~.---------------------- 3,500 3,500 3,500 
Netherlands. _______-__..---.-_-------.~------------------------ 284 489 496 
Poland_____________-.-_-~----_--- eee ee eee = 738,807 3,422 3,924 
South Africa, Republic of 2. ___......---------------------------- 620 630 700 
Spain_____.....----.----------------------+-------------------- 128 26 °35 
U.S.S.R. 2__ eee -------- = 18, 750 14,400 14,650 

Total. _________.__-----__-__-.....-------.---.-------------- ™ 64,410 76,889 83 , 603. 

e Estimate. P Preliminary. r Revised. 
1In addition, the following countries are known or believed to consume tungsten concentrate but specific 

data are not available: Brazil, Denmark, Finland, Israel, Norway, Romania, Switzerland, Yugoslavia. 
2 Estimated by author of chapter. | 

Primary Source: United Nations Committee on Tungsten.
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_. _ Australia.—King Island Scheelite (1947) workings, was being developed in an at- 
Ltd., a subsidiary of Peko-Wallsend Ltd., tempt to extend the known tungsten re- 
began a $10 million project to rebuild its serves of the area. 
open pit tungsten mining-processing com- Brazil.—Scheelite concentrate averaging 

| plex at Grassy, Tasmania. A new concen- better than 70 percent WO 3 was produced 
trator, being constructed 1 mile north of in the Currais Novos and Lajes areas of 
the existing complex on King Island, will Rio Grande do Norte. The Brejui mine re- | 
have an initial annual capacity of 450,000 mained the major operation in the district 

| tons of ore with provision for subsequent producing 1.2 million pounds of a 73-per- 
| expansion to 600,000 tons per year. As part cent WOgs concentrate. Work continued in 

| of the expansion project, a 1,600-foot break- the area by the joint Departmento Na- | 
water was being built on King Island to  cional de Producado Mineral—U.S. Geologi- 
permit more rapid and efficient loading of cal Survey (DNPM—USGS) tungsten proj- 
Ships. Feasibility studies conducted by both ect team toward accumulating ore reserve — 
the Tasmanian and Commonwealth Gov- information, developing improved mining 

| _ €rnments recommended that a new deep- methods, and designing a centralized mill- 
: water port for King Island be located at ing facility for the district. | | 

Currie, rather than at Grassy, as requested Burma.—During the year, the Burmese 
by Peko-Wallsend. a Government installed a new tin-tungsten 

Abaleen Minerals N.L. estimated reserves smelter at Namtu with an improved capac- 
of tungsten minerals at its property near ity to provide concentrate for export 
Kempsey, N.S.W., to total 1.3 million short rather than ore. | 
tons. Open pit mining operations were Five. technicians from the Soviet firm 
conducted and: material was stockpiled at a Tyazhpromexport conducted a rehabilita- 

| rate of 500 tons of ore per day until mid- tion survey of the Mawchi tin-tungsten | 
year, when a pilot plant with a crushing mine under a contract with the Burmese 

| and treating capacity of 15 tons per hour, Mineral Development Corp. (MDC). By 
| together with three separating tables, was mid-1970, Mawchi’s monthly production of 

put into operation. Abaleen conducted fur- mixed tin-tungsten concentrates was less 
ther tungsten exploration work in the lo- than 50 tons, significantly under the tar- 
cality and plans to install a large volume geted production of 100 tons of ore per 
treatment plant to process the company’s month. 
expanded wolfram reserves. _ West Germany signed an agreement with : 

Evaluation of old workings at the Spot- Burma for the rehabilitation of the 
| ~ ted Dog tungsten deposit near Mt. Garnet, Heinda tin-tungsten mines near Tavoy in 

Queensland, by Overland Mining N.L., in- the Tenasserim Division. German _techni- 
dicated the existance of at least 250,000 cians attempted to rationalize the extrac- 
tons of ore assaying 0.4 percent WO3, min- tion of tin-tungsten mineral ores from ex- 
able by open pit operations. A recovery isting mines in the Tenasserim area, rather 
plant having an initial capacity of 500 tons than to develop new ones. 
of ore per week was established on the Canada.—Production of high-quality 
site. It is anticipated that the ultimate ca-  scheelite concentrate by Canada Tungsten 
pacity of this unit will be increased to Mining Corp. Ltd. (CTMC), the country’s 
1,000 tons per week. major tungsten producer, fell 8 percent in 
Bolivia——The Chojlla mine of Interna- 1970 at the mine and mill at Tungsten 

tional Mining Co. (50-percent owned by (formerly Flat River), Northwest Territo- 
W.R. Grace & Co.) located northeast of La ries, near the Yukon border. Mine produc- 
Paz in the Yungas region is the country’s tion totaled 186,340 short ton units of WO3 
largest tungsten producer. Because of di- (almost 3 million pounds of contained 
minishing reserves and current unfavorable tungsten), and the concentrator was oper- 
foreign investment conditions, production ated at 94.68-percent capacity, treating an 
was expected to decrease. Current mine ore average of 512 dry tons of ore containing 
production averages 0.76 percent combined 1.36 percent WO3 per day.5 The concentra- 
tin and wolfram content. Ore in place, av- tor operated on schedule for the first half 
erages 0.44 percent tin and 0.32 percent of the year and averaged 80 percent recov- 
wolfram, which indicates that the mill op- 

crated at top efficiency. A new mine in the ada), "Annual "Report 1970, Toronto Canada, Same mountain, but above the Chojlla April 1971, 9 pp.
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ery. As scheduled, a higher ratio of chert and hard metal (carbide) uses and to the : 
to skarn ore was mined at the open pit probability that China was _ stockpiling 
operation during the 1970 summer mining tungsten. | 
season. Treatment of this harder ore taxed Processing of tungsten concentrate to 

crushing and grinding circuits beyond metal is done chiefly at two plants: one in 
their rated capacity, resulting in a lower Shanghai and the second in Peking. In ad- 

recovery for the second half of the year. dition to producing tungsten metal, the 
Overall average scheelite recovery of WOz Shanghai plant produces tungsten light 
in 1970 dropped to 75.95 percent from bulb filaments, drawn wire, electronic tube 
78.81 percent in 1969, as the grade of ore - grids and: plates, and- tungsten’ carbide ~ 
milled fell from 1.54 percent WOg in 1969 tools. The Peking plant also reduces tung- 
to 1.39 percent WOs3 in 1970. A continuing sten ore concentrate to metal for use in 
program was carried out to improve recov- the manufacture of electronic components. | 
ery and to determine the most economical The Nan-ching Electric Tube- Plant, al- 
and efficient methods of treating a blend though of lesser importance than the 

of skarn and chert ore. Shanghai and Peking plants, also produces - 
In addition to the scheelite, 366224 tungsten metal. | , 

pounds of byproduct copper was produced China produces most of its hard alloys 
_ during the year, a decrease of 21 percent (principally tungsten carbide) for cutting 

compared with 1969. This large -decrease tools, rock drill bits, and precision instru- . 

indicated that the concentration of byprod- ments at the Tung Fang Alloy Plant in 
uct copper in the scheelite ore fell signifi Kiangsi Province. The plant produces a | 

: cantly. wide variety of tools and other shapes 
‘On December 31, 1970, CTMC estimated from sintered tungsten carbide. Some hard 

its reserves of ore in place at 558,000 tons, metals and other relatively high tungsten = 
averaging 1.56 percent WO3. In addition alloys are produced at the Chung-Kiang , 
89,000 tons of ore averaging 1.43 percent Nonferrous Metal Plant. | | 
WOx3 was stockpiled. The stockpiled ore Mongolia.—Tungsten ore was recovered 
contains about 2 million pounds of tung- from the Ih Hairham and _ Burentsogt 
sten. The stockpile material and esti- mines. The tungsten recovered from these 

| mated reserves are adequate to sustain the mines was converted to concentrates at on- 
current rate of operation for about 4 years. site mills before being shipped to the | 
CTMC announced that a study of methods _U.-S.S.R. for further processing. | 
for extending the mine’s life indicated that . pery—The Mitsui Mining and Smelting | 

| to maintain the current production rate (Co, Ltd., was scheduled to install a 10-ton- 
with the available lower grade ores, mill- per-day capacity processing mill adjacent to 

ing capacity would have to be expanded to the Acopalca mine (in Ancash Province) 
about 750 tons of ore per day.é to mill high quality (4-percent W0Os) 

Encouraged by rising tungsten prices, Ca- tungsten ore. Reportedly, Mitsui plans to 
. nadian Exploration Ltd., a subsidiary of produce 120 tons per year of 65-percent 

Placer Development Ltd., planned to begin W0Osz concentrate for shipment to Japan. 
production from its Invincible scheelite Cerro de Pasco Corp. continued to be 
property near Salmo, British Columbia, in the major Peruvian tungsten producer. 

mid-October. The orebody was estimated Output from its San Cristobol mine was 

to contain 480,000 tons averaging 0.65 per- concentrated at Cerro’s nearby Mahr Tun- 
cent WOx3. Mining and milling was pro- nel concentration plant. Output was in ex- 
posed to be conducted at a rate of about cess of 70 tons per month. 

10,000 tons of ore per month. The com- Poland.—Much or all of the tungsten 

pany will make use of milling equipment formerly supplied to Poland by mainland 
previously used in treating its Emerald China is now being obtained from Western 
and Dodger ore bodies in the same area countries. During the year, a Polish in- 
during an earlier operation that was termi- qystrial mission announced that it had of- 

nated in 1958. fered to give Bolivia machinery and equip- 
China, mainland.—The marked curtail- ment to mechanize its mining industry in 

ment of mainland Chinese tungsten ex- _ 
ports was believed to be due to increased *The Northern Miner (Canada). Canada 
domestic consumption in steel production OU8se" stay OL 1970, Geneiae on. “1, grade
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exchange for 4,000 tons of tin, 80,000. tons exceed 10 years. The mine was: expected to 

of zinc, and 4,000 tons of tungsten. 7 initiate production late in 1971. - 

Portugal—Beralt Tin and Wolfram Sweden.—AB__ Statsgruvor announced 

Ltd., the country’s major tungsten pro- Plans to reopen the Yxsjéberg scheelite . 
ducer, announced that combined production. ™ine in central Sweden late in 1970 or 
of wolfram and tin concentrates in 1970 early in 1971. Production capacity was ex- 

| was 18 percent higher than in 1969, but pected to be 500 tons of high-grade schee- 
fell 66 tons short of the target owing to a__ lite (73 percent WO3) and about 100 tons 
labor shortage and low productivity in the of lower-grade scheelite per year. Most of 
long-wall stopes.? It was apparent that the the output will be used to meet the na- 
tin and copper content ef the ore in- tion’s domestic consumption requirements. 

creased with depth. The mill continued to _ United Kingdom.—The open pit Hemer- 
operate efficiently during the year, and the on tungsten mine, about 6 miles north of 
grade of concentrate was maintained at a Plymouth and which Was. worked during 
high level. The selective screening and jig- World War II, was being reevaluated. Ex- 

| ging plant installed at Barroca Grande Ploration of the deposit in which the 
during the previous year made it possible tungsten content appears to increase with 
to increase output of the preconcentration depth, was being conducted to determine 
plant and to discard a greater proportion the extent and grade of the reserves. Me- 

. of waste. : a tallurgical tests will be conducted to estab- 
Part of a major expansion at Beralts’ lish suitable recovery practices that will 

Panasqueira mine and mill involved mak- yield recoveries of 60 to 70 percent. Inter- 
ing alterations and increasing the capacity est in Hemerdon has grown as tungsien s 
of an aerial ropeway, which transports ore price and demand increased, and TESETVES 
from the mine to the beneficiation plant.8 of present suppliers dwindle. With inferred 
When completed by yearend 1970, the’ ex- reserves of 5.6 million tons, proposals have 7 

panded system will increase capacity by 50 been made for a 10,000-ton-per-day, large- . 
percent to 2,400 tons. Through the use: of scale, low-grade, open pit mining opera- 
modernized automated operations, the con- (on. - , oy . 
tinuing labor shortage will be offset. US.8.R.—An extensive new tn-tungsten 

| oo : ore deposit was reported in the Kazakhs- | 

South-West Africa, Territory of——The jan and a second commercial tungsten ore 
Nord Mining Co. of America announced deposit was located in the maritime terri- 

plans to develop a new scheelite mine in tory of the Soviet far east. To process and 
the Rehoboth district south of Windhoek. recover tungsten from this and another de- 

At a projected production rate of 130,000 posit in the area, an ore dressing complex 
tons per year, the life of the mine should was reportedly being built. 

TECHNOLOGY : | 

Studies conducted by Bureau of Mines’ cal properties.10 After being high-energy- 
researchers evaluated methods of elec- rate extruded to 100-percent density, the 
trowinning tungsten from wolframite material was rolled conventionally to sheet. 
[ (Fe,Mn) WO,] concentrates.2 Direct elec- The mechanical properties compared favor- 
trowinning from wolframite dissolved in ably with sheet prepared from commer- 
molten sodium salt mixtures was unsuc-_ cially produced hydrogen-reduced tungsten — 
cessful, yielding impure products. Electro- powder. 
winning from a halide-tungstate melt, —TBeul Tin and Wolf Lid. (Lond A 

which was obtained by high-temperature, nual “Report and Accounts 1970. oo 50. 197, 
: two-phase extraction of tungstic oxide 16, Bp. Kiel, Z r OP a T 

(WOs) from wolframite, produced tung- yg,t'epkicl, Zama ¥, Pagasaucira, Tungsten 
sten metal of 99.9-percent purity. Tungsten Mine to Mill in Portugal. World Min., v. 6, No. 
carbide was electrodeposited from the }%; Beem he Mee Kent Uchi da, and M. M. 
halide-tungstate melt. Wong. Electrolytic Preparation of Tungsten Metal 

Bureau metallurgists evaluated electro- Mines Reet. of a S44 bebruee wnD'8 an | 
won tungsten metal powder with respect 10 Keith, G. H., J. Ss. Winston, and H. G. Iver- 
to consolidation, fabrication, and mechani- BuMines Rept. of Inv. 7385, May 1970. 1 4 pp. eet.
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A report issued during the year evalu- acid into sodium tungstate with a recovery 
_ ated the current status of high-temperature rate of 98 percent, compared with 80 per- 

oxidation resistant coatings and indicated cent when ammonium hydroxide is em- 
that satisfactory coatings do not exist for ployed. 
use on tungsten above 3,300° F.11 Further A new air pollution control unit atop 
work on silicide-base coatings on tungsten the exit gas stack at Sylvania’s tungsten 
was not recommended and a new approach products plant at Exeter, N.H., was re- | 
to coating, such as the multilayer tech- ported to be 99.9-percent. effective. The | 
nique, must be developed. stack uses a thermal incinerator to convert 

| - A new way to improve the properties of toxic nitrogen dioxide to harmless carbon _ 
tungsten powder used to make cemented dioxide, nitrogen, and water vapor. 7 
carbide was described. This method utilizes “Wi Nauonal R nC 4. Summary R Ct 

: . : ational Research Council. Su ary Report: 
a chloride process in which tungsten chlor- High Temperature Oxidation Resistant Coatings | 
ide are reduced with hydrogen to a prede- —A Report by the National Materials Advisory 
termined particle size.12 Board. NMAB-263, Nat. Acad. Sci.—Nat. Acad. 

p € Size. Eng. Wash., D.C., March 1970, 54 pp. Powd 
A new pro rading tungsten amguist, Lans. ew Tungsten Powder 

process for i 8 8 for Producing Carbides. Modern Developments in 
concentrates that contain 40 to 75 percent powder Metallurgy (Proc. of International Pow- | 
WO3 was developed by Canada’s Depart- der Metallurgy Conference, New York, 1970), v. 

. > > pp. 

ment of Energy, Mines and Resources (Ca- “Ruth, John P. New Tungsten Process Devel- 
nadian patent 836,441). The process is oped: am. Metal Market, v. 77, No. 136, July | 
available for license through the Canadian is Chemical Week. Upping Tungsten Tonnage. | 
National Research Council (Ottawa) .13 In V. 2°; No. 18, May 6, 1970, pp. 47-48. New W 

. . ; ; . a this process caustic soda converts tungsten t Tengsten V. 171, No. 7, Way 1970, pp. 81-86.
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Urani | ranium 

By Walter C. Woodmansee * | | | 

[ Despite a growing short-term surplus of cular 8, Revised, in preparation for re- 

| uranium, the domestic uranium industry sumption of leasing certain AEC-controlled | 

was characterized by continued growth in properties in uranium-mining areas of the 

| most sectors during 1970. Exploratory and Western United States.? The tracts, com- 

‘developmental drilling for uranium, en- prising 40 square miles in Colorado, Utah, 

| tirely by private industry, remained exten- and New Mexico, are the remainder of 

| sive although reduced from the record more than 700 square miles withdrawn by 

| pace of 1969. New reserves were established the Government during 1948-54 and not 

as a result of this exploration. Both mine returned to the public domain. Certain 

| and mill production showed moderate in- tracts contain ore deposits discovered by 

| creases, compared with 1969, but milling AEC-sponsored exploration. | 

| operations continued substantially below New environmental legislation had in- 

| productive capacity. Regardless of this ex- creasing impact on the AEC’s regulatory 

| cess capacity, four new mills were under program. The AEC and the nuclear indus- 

* construction. try continued efforts toward development 

Private industry continued preparations and implementation of safeguard and envi- 
for anticipated future growth in uranium > ronmental programs for nuclear power- 

demand. A number of nuclear fuel process- plants. Amendments were proposed to li- 

ing, reprocessing, and fabricating plants  censing regulations _—_for siting of 

were planned or under construction. De- reprocessing plants and disposal of high- 

mand was growing for certain uranium level radioactive waste materials.3 The 

compounds, enriched uranium, and pluto- AEC issued four operating licenses for nu- 
nium. Research and development studies clear powerplants, and 27 were pending. 

on advanced nuclear reactors were empha- Twenty-two States had joined the AEC in 

sized by both Government and industry. assuming certain regulatory authority gov- 
There was an upsurge in orders for nu-  erning the use of nuclear materials. The 

clear powerplants, compared with the AEC initiated a program of contractual ar- 

slackening during 1969, although nuclear rangements with individual States for envi- 

power plant completion and operation yonmental monitoring services at power re- 

continued behind schedule because of envi- actor installations.4 

ronmental problems and construction de- Exploration—Despite the long-term pro- 

lays. ; ; . ; jections of high demand for uranium, 
On the international scene, important  tarting perhaps in the late 1970's, the 

new uranium resources were under devel-  year-term soft market has discouraged 

opment, particularly in Australia and Af-  jarge-scale investment in exploration and 
rica. Discoveries in the Northern Territory development. However, surface drilling for 

of Australia are especially notable, because yyanium, wholly by private industry, con- 

they appear to be potential new sources Of tinued at a fairly fast pace in 1970, al- 

low-cost uranium. As nuclear power reac- though total footage completed was 21 per- 

tors continued to proliferate worldwide, 

: several of the industrialized nations(non- ~~~ , 

Communist) made preparations for estab- te Physical scientist, Division of Nonferrous Met- 

lishing uranium enrichment facilities. a“s Federal Register. V. 35, No. 219, Nov. 10, 

Legislation and Government Programs. TUS Atomic Energy Commission. The Nuclear 

—In November the U.S. Atomic Energy Industry 1970. November 1970, pp. 348-355. 

Commission (AEC) announced the publi- — + U.S. Atomic Energy (Commission. Annual Re- 

cation of Domestic Uranium Program (ir. Bet, '0 Congress for US January > PP: 
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cent below the record high of 1969. (The cent; and New Mexico, 22 percent. Opera- 

total of 23.5 million feet drilled in 1970 ting companies reported a number of dis- 
does not include drilling for mining claim coveries in the Western United States. 
validation or underground longholing and © An AEC survey of company drilling 
diamond drilling, which totaled about 2 plans at mid year indicated that 52 compa- 

million feet.) Nearly 90 percent of the nies planned 78 million feet of drilling 
footage drilled was confined to three States during 1970-73 at an estimated cost of 
—Wyoming, 41.7 percent; Texas, 25.8 per- $120 million. 

Table 1.—Salient uranium concentrate (U3Qg) statistics 

(Short tons U 303 unless otherwise specified) . 

. . 1966 1967 1968 #1969 1970 

Production: _ 
Domestic: . - . 

Mine:! . 
Ore_____....___-_____thousand tons_- 4,329 5,272 6,448 5,904 6,324 
Content of ore. .__-_....--------~--- 9,906. 10,657 12,570 12,281 12,768 
Average grade of ore___percent U30s_- 0.229 0.202 0.195 0.208 0.202 
Recoverable ¢2.._......._..---------- 9,520 10,330 # 12,070 11,870 12,340 
Value e3_________________thousands_. $152,281 $165,239 $182,698 $142,161 $149,464 

Mill, concentrate 4_..........-.....-..... 10,590 11,250 12 ,340 11,610 12,900 
World e§___2 eee ee 19 , 520 19,098 23,005 23,056 23,707 

Purchases of concentrate: . | 
Atomic Energy Commission (AEC): 

Quantity. -.....-.-----_----------- 9,488 8,425 7,337 . 6,184 2,510 
Value_.....___._.-__.._-__--thousands_. $151,773 $184,785 $117,026 $72,336 $28,078 

_ Price per pound_....._._.-.--.---------- $8.00 $8 .00 $7.98 $5.85 $5.59 
Private industry ®__._....-...--.------.------ 100 700 5,000 r6,200 9,300 

Imports, concentrate__.___....-.----------------- 2,123 1,309 470 1,504 665 
Reserves 6____._.______..__..-.._-thousand tons__ 141 148 ~ 161 204 246 
Employment 7___-_.._......---number of persons... © 7,000 6,751 8,355 9,059 8,165 

_eEstimate. §* Revised. . 
1 Receipts at mills; excludes uranium from leaching operations, mine waters, and refinery residues. 
2 Based on mill recovery factors. 
3 Based on estimated recoverable content, average AEC price, and estimated average price for private sales. 
4Includes marketable concentrate from leaching operations. . 
& Non-Communist only. 
6 At $8 per pound U30s. - 
7In exploration, mining, and milling, at yearend. 

Sources: U.S. Atomic Energy Commission and U.S. Bureau of Mines. 

| : Table 2.—Surface drilling for uraniuin 

| | 1969 1970 

Type of drilling: 
Exploration_ million feet.. 20,470 17,981 
Development__.__.....do__.. 9,385 5,547 | | 

Total_..._...-...-.--.... 29,855 23,528 
Number of holes: 

Exploration. __......--.-.-. 47,850 43,980 
- Development__._....--..... 28,012 14,874 

Total___..-._____-_..--.. 75,862 58,854 
Average depth per hole: 

Exploration .........------ 428 409 
- Development____._..--.---- 335 373 

Source: U.S. Atomic Energy Commission. 

DOMESTIC PRODUCTION 

Mine.—Mine shipments to mills totaled Output was from 263 producing sources, 

13,037 tons of UgOg in ore, compared with including 216 underground mines, 27 open 

12,595 tons shipped in 1969. Shipments of Pts, and 20 others (leaching, mine water, 
contained U3Og by State were as follows: and raffinate). Of total mine output, 52.9 

New Mexico. 6.056 - Wvomi 3 415 percent was from underground mines, 44.8 
ew MEXICO, 0, tons; yoming, 9; percent from open pits, and the remaining 

tons; Colorado, 1,549 tons; Utah, 874 tons; 93 percent from the other sources, mainly 

and other States (mainly Texas) , 1,197 tons. leaching operations.
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There were a number of significant years, shipments from this mine averaged 1 

mine developments during 1970. On Febru- percent U3Os. 

ary 1, American Metal Climax, Inc. closed Late in the year, Dawn Mining Co., a 

its 10 mines in the Uravan mineral belt of | subsidiary of Newmont Exploration Ltd., 

western Colorado and eastern Utah, owing was working a mine at Kendricks Bay in 

to the weak prospective short-term market Alaska.’ 

for uranium. Rio Algom Corp., the US. —H——__— , . 

subsidiary of Rio Algom — Mines Ltd., a 5 Mining Record. V. 82, No. 48, Dec. 2, 1970, 

- major Canadia ium-mini p. I. = ; - 

| ajor Canadian uranium-mining company, 6 Skillings, D.N. Schwartzwalder Uranium Mine. 
continued development of its large new Skillings Mining Review, v. 59, No. 5, Dec. 12, ee 

ore body in the Big Indian district, near 1970, np. 1, 8-9. | , 
oa ae : . 7 Skilli Mini Review. V. ; . ’ : 

Moab, Utah. A ventilation shaft, 16 feet in 12, 1970 ne 4. ining Review. V. 59, No. 50, Dec 

diameter, was completed to a depth of ~ 

2,686 feet in November, and a similar pro- Table 3.—U.S. uranium milling statistics | 

duction shaft had reached 2,500 feet. Pro- in 1970 . 

ductive operations were scheduled for (Short: tons U3Os unless otherwise specified) 
: 

1972.5 Development work continued On Operating mills... .-.-.--------number-- 17 | 

Humble Oil & Refining Co.’s 2,000-ton- Average daily milling rate__--tons of ore-_ 18,100 

_per- day. open-pit operati on in. the Powder Mill receipts, content of ore. ------------- 12,768 

, River Basin, near Douglas, Wyo., where in- Mill feed: | oe 

itial production was planned for 1972 and Gener tt 8 N° TTTTTITITITTIITEL_ "80 
full-scale operations for 1973. In the Am- a T | a 

brosia Lake district, New Mexico, Kerr- Recovery tate. 200 pereent - 18 68 

McGee Corp. completed a shaft, 784 feet Production_--------------------------~- 12,900 — 

deep and 161, feet in diameter, by. rotary Shipments. ~~~ -----n-nsaonenn enna noo 13, 037 

drilling techniques, the largest and deepest Content of ore, Jan. 1, 1970. ee ofa | 

: . Yontent of ore, Dec. 31, pone eee 

in the country by this method. Concentrate, Jan. 1, 1970_...-------- 8,529 
The Cotter Corp. Schwartzwalder Mine, Concentrate, Dec. 31, 1970_---------- 3,396 

Jefferson County, near Denver, Colo., the ™ Process: trate, Jan. 1, 1970...--.-_---- 407 - 

premier vein-type uranium deposit in the Concentrate, Dec. 31, 1970-.--------- 430 

: ° ° 
UE TEE aimnansnAanESnn nas aa 

United States, continued to produce a, rela- 1 Concentrate from leaching operations, mine 

tively high-grade ore (0.60 percent U30g) waters, and refinery residues. 

at a rate of 300 tons per day.® For several Source: U.S. Atomic Energy Commission. | | 

_ Table 4.—U.S. uranium milling companies and plants in 19701 | | | 

, 
, 

+ 

. oo Capacity | 

Company Plant location (tons of ore ° 

a . . per day) 

The Anaconda Co_......------------------- Bluewater, N. Mex. eee een eeeee---- =: 38, 000 

Atlas Corp__..-.-------------------+------ Moab, Utah_-_--..------------------------- 1,500 

Continental Oil Co.-Pioneer Nuclear, Inc__--.- Karnes County, Tex----------------------- 21,750 

Cotter Corp--.---------------------------- Canon City, Colo___.---------------------- 450 

Dawn Mining Co_.__-....------------------ Ford, Wash____--------------------------- 500 

Federal-American Partners._.__.....---------- Gas Hills, Wyo____.--.-------------------- 950 

Humble Oil and Refining Co__.-_...--------- Powder River Basin, Wyo_....------------- 72,000 

Kerr-McGee Corp__.----------------------- Grants, N. Mex___.___-------------------- 7,000 

Mines Development, Inc. ___...------------- Edgemont, S. Dak______------------------- 650 

Petrotomics Co____ ..---------------------- Shirley Basin, Wyo---.--------------------- 1,500 

Rio Algom Mines, Ltd_-_.------------------- Moab, Utah_____------------------------- 2 500 

Susquehanna Corp----.--------------------- Falls City, Tex_._.------------------------ 1,000 

Do... __.. eee ene eee eeee-e--------- Ray Point, Tex______----------- +e e-- 1,000 

Union Carbide Corp. -....------------------ Uravan, Colo. ..------------norenenennnne= 2,000 

Do______-.._------------------------- Rifle, Colo. 

Do_____.. ene ene ene eee eee ---- ++ -- Gas Hills, Wyo_._..----------------------- 1,000 

United Nuclear-Homestake Partners-- ------.- Grants, N. Mex...------------------------ 3,500 

Utah Construction and Mining Co-_-_-.------- Gas Hills, Wyo......---------------------- 1,200 

Do... _... eee en eee eee eee e-ee------- Shirley Basin, Wyo_._.-------------------- 31,200 

Western Nuclear, Inc. _..-.----------------- Jeffrey City, Wyo------------------------- 1,200 

Total. .__.__- oe en en nn enn ew nn nnn nr 31,900 

1 Does not include mill of American Metal Climax, Inc., at Grand Junction, Colo., which was closed early in 

the year. 
2 Under construction; planned completion in 1972. 

2 Under construction; planned completion in,1971. 

Source: U.S. Atomic Energy Commission.
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| Mill—Production of U30g in concentrate Enriched Uranium—The AEC’s gaseous 
at 17 operating mills in the United States diffusion plants at Oak Ridge, Tenn., 
increased 11 percent in 1970. Capacity Portsmouth, Ohio, and Paducah, Ky., were 
was enlarged at the Petrotomics Co. mill operated at only partial capacity because : 
in the Shirley Basin, Wyo., and the Dawn of a power. reduction program. Owing to | 
Mining Co.’s mill at Ford, Wash., was re- electric power shortages, a portion of the 
opened during the year. The new mill of scheduled power was transferred to munic- sO 
Susquehanna Corp. at Ray Point, Tex., ipal needs for a limited period during the 
went on stream in 1970. Early in the year, summer months. The level was increased 

... American Metal Climax, Inc. closed its mill. to. 2,500 megawatts in October, the. begin- ek 
at Grand Junction, Colo., as well as its ning of a series of increases that were a 

mines in the Uravan mineral belt. scheduled to raise total power capacity to : 

Four new mills were under construction 6,000 megawatts by 1978. The AEC re- 
: during the year. Their completion will in- Ported that during fiscal year 1970 produc- 

crease total annual mill capacity to about tion of enriched uranium required to meet | 
19,000 tons UgQg. Kerr-McGee Corp., domestic commercial and foreign demand 

United Nuclear Corp., and Western Nu- WAS 47 percent higher than in 1969. a | | 
- clear, Ine. planned additional mills, but no ae es 7 | 

firm construction schedules were  an- _ Table 6.—Planned US. production of 
| nounced. a, | enriched uranium _ 7 

| . . . _ (Metric tons of separative work units)! | 
Special Nuclear Materials—Uranium = ——________________—_ 

Hexafluoride—Sufficient commercial capac- Fiscal year Preeti 
ity apparently exists or is planned for a Annual Cumulative? 
processing normal uranium to UF at rates 1970..........-2...... 6,900 20,200 
that will meet the demand for enriched 1975_..._-.------------ 16,400 | 81,800 
uranium. Kerr-McGee Corp. completed its 1980------------------_. 25,700 196, 600 . 
$25 million Sequoyah plant for UF. prto- t Measure of work expended in separating a quan- 

duction in eastern Oklahoma. In July the tity pf urantum at e given assay into two parte one 
first shipment was made—38,000 pounds, deficient in U-%5 to a specified tailings grade. 
valued at $250,000 or $6.58 per pound.8 2 Includes inventory of 18,300 tons. | 

The company planned to double capacity Source: United States Atomic Energy Conimission. 

in the near future. Allied Chemical Corp. oo, eo | 

completed expansion of its Metropolis, Ill,  , Domestic and foreign orders for toll en- 
UFs plant to 14,000 Separative Work Units richment services increased rapidly during 

| (SWU) per year. The company reported the year. AEC revenues were $60.8 million 

that its processing period was reduced during 1969, the first year of the toll <n- 
| from 6 to 3 months, richment program, $104 million ($70 mil- 

SO . lion domestic, $34 million foreign) in 
The AEC maintained capacity for UFe 1970, and were expected to reach an an: | 

production from normal uranium only at  jyal rate of $850 million by 1980. Early in 
its Paducah, Ky., plant. the year, the AEC announced that orders : 

Private capacity does not exist for con- had reached $1.18 billion in 11 domestic 
| version of slightly enriched uranium in and 24 foreign contracts covering 30 

nonirradiated scrap and irradiated fuel ele- years.9 As of September, long-term con- 
ments to UFg, but Allied Gulf Nuclear tracts totaling $437 million were concluded 
Services, Inc. (Barnwell, S.C. plant), Nu- with five domestic companies, and orders 
clear Materials and Equipment Corp. with 17 domestic and 29 foreign customers ; 
(NUMEC) (Leeds, S.C. plant), and Nuclear totaled $1.7 billion.10 By yearend, orders | 
Fuel Services, Inc. (West Valley, N.Y. had increased to $2.3 billion in 53 
plant) planned this capacity in connection agreements.11 
with their fuels-reprocessing programs. In Plutonium.—Studies continued on_ plu- 
addition, General Electric Co.’s fuel recov- tonium fuels for use in the breeder reac- 
ery plant, near Morris, Ill., is designed to Them 

annually reprocess 330 tons of slightly en- M ining Record. V. 81, No, 28, July 15, 1970, | 
riched fuels, starting in 1972. NUMEC’s ® Mining Congress Journal. V. 56, No. 7, July 

plant at Apollo, Pa., has capacity for con- 19 Ps ar ’ ’ all Street Journal. V. 176, No. 63, Sept. 
version of highly enriched uranium, re- 28, 1970, P- He Engineering News. V. 48, No 
covered from spent fuels, to UF. 51, Dec. 7, 1970, pal. CWR Me RD INO
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tor. The AEC phased out its work on plu. NUKEM UOz pellet process. Nuclear Fuel 

tonium recycle. Research and development _ Services, Inc., owned by Getty Oil Co. and 

have been taken over by industry, where Skelly Oil Co., continued construction at 

plutonium, produced in reactors, was ex- West Valley, N.Y. Jersey Nuclear Co., an 

: pected to be recycled in reload cores. Dem- affiliate of Standard Oil Co. of New Jersey, 

| onstration fuel elements, containing plu- also has new facilities under. development, 

tonium and uranium oxide in fuel rods, at Richland, Wash. © 

were placed in light water reactors Radioisotopes.—The market for radioiso- 

(LWR) for irradiation under Edison Elec- topes continued to expand at a rate of | 

tric Institute, United Nuclear Corp., and about 10 percent annually. Private in- 

| Commonwealth Edison programs. During dustrial capacity for production, processing, 

1970, the first large-scale commercial con- and distribution was growing, but the AEC 
. tact for replacement fuel with. recycled continued to play a major role. Production 

| plutonium was awarded to Westinghouse of the actinide isotopes, particularly cali- 

Electric Corp. in connection with its sale  fornium-252, progressed significantly during 

| of two nuclear units to the Tennessee Val- the year. The AEC produces . research 

_ ley Authority (TVA) .: Private interest re- quantities at its high-flux isotope: reactor 
mained high in plutonium recovery, recy at Oak Ridge National Laboratory 

| cling, and ‘storage. The AEC estimated (ORNL) and is developing capacity for 

: that recovery (in nitrate form) would be large-scale continuous separation of califor- 
about 1,000 pounds in 1971, 14,000 pounds  nium-252 and other radioisotopes at Savan- 

in 1975, and 40,000 pounds in 1980. nah River. The AEC expects that by 1972 
Fuel Fabrication—Industry has devel- kilogram quantities of certain radioisotopes 

oped the capability to produce essentially and more than 15 grams of californium- 

all types of nuclear fuel elements. How- 252 will be available annually. Ultimately, 
| ever, this capability was considered limited 100 grams or more of californium-252 per 

_ for highly specialized types of fuels. A year may become available. a 
| number of nuclear-fuel processing and fab- The AEC announced production of the 

ricating plants were under construction , . . - . 
| . . eye argest quantity of californium-252 in one 

: or expansion as fuel orders from utility b | eats | | : 
conapani tor manufacturers, and for- atch—110 milligrams recovered and puri- 

aes eae atid, ‘ fied at ORNL from a Savannah River pro-_ 
eign customers multiplied. NUMEC and at Pp 

| United Nuclear Corp. completed major ex- duction run. The AEC planned to supply 

pansion: programs. Allied Gulf Nuclear the bulk material to industry, which 1s en- 

Services, Inc. planned additional fabricating couraged to develop other services, includ- 

- facilities. In February, Babcock & Wilcox ing encapsulation and secondary recovery. 

Co. concluded an agreement with Nu- The market evaluation program and appli- 

clear-Chemie und Metallurgie G.m.b.H. cations development for  californium-252 

(NUKEM), West Germany, on licensing a were further advanced during the year.12 

CONSUMPTION AND USES 

After a sharp drop in 1969, demand for tons, 28 percent higher than that indicated 

uranium followed renewed expansion in by a similar survey a year earlier. In addi- 

nuclear reactor orders in 1970, despite ris- tion, of 6,300 tons U3;0g committed to for- 

ing costs, construction problems, and envi- eign buyers, 4,400 tons had been delivered 

ronmental delays. An AEC survey of the by yearend, including 2,100 tons in 1970. 

nuclear industry fuel supply situation re- Scheduled domestic deliveries were well in 

vealed that uranium-milling companies de- excess of estimated requirements through 

livered about 10,000 tons UsOg to electric 1975. AEC purchases in 1970, the final year 

utility companies and reactor manufactur. of the AEC uranium-procurement pro- 

ers during 1966-69 and 9,300 tons in 1970. gram, were 2,510 tons U3Ox. 
These committed deliveries are scheduled 
to peak in 1973 and are contracted for as = 

late as 1988. The total domestic uranium “U.S. Atomic Energy Commission. Califor. 

commitment through 1988 was 108,600 pivm-252. Progress Rept: No 6, January
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Table 7.—Projected U.S. commercial nium needs had been met for the first _ 
uranium delivery commitments three refuelings (estimated at yearly inter- 

(Short tons U:08) vals) . | oo 

y Commitments ! The AEC also reported that orders for . 
ear En eae . bd . 

Annual. Cumulative Ue by utility and reactor companies were 
—— the equivalent of about 10,000 tons ura- 

1966-69. - - ------------ ---"57555 10, 000 nium in 1970, including some 2,000 tons 
1971... --------------- 12;800 . 32,000 for foreign reactors. This does not include 
1972____-~-- +--+ 11,300 43 ,300 ; ; 1973... 222777 13000 56° 300 UF¢ derived from the reprocessing of scrap 
1974. ..-.------------- 11,800 68,100 and irradiated fuels. There was little de-  —_ 

76 ---- ee 12,000 80,100 ; i : in 1976. 22222222 27777777 5600 35°700 mand for this service, although industry 

1977... --------------- 5200 90,900 planned these facilities for future UFe, 
1978__._-----.--.----- 4,400 93,300 . 
1979_____...-------__- 3/900 99,200 Tecovery. | : 
1980... ------.-.----- 2,500 101,700 U.S. annual demand for enriched ura- 

1In the post-1980 period, through 1988, an addi- lum services was estimated to be at a 
tional 6,900 tons have been committed. In addition, $100 million rate in 1970, and other non- 
6,300 tons have been committed to foreign buyers, of . , - oe 
which 1,900 tons were scheduled for delivery after Communist world annual demarid was esti- 
1970. | mated at $30 million. By 1980, the USS. 

Source: U.S. Atomic Energy Commission. market was expected to reach a $600 mil- 

Table 8.—Projected U.S. commercial lion annual rate, and the entire non-Com- . 
| uranium requirements | munist world market may reach $1 billion 

(Short tons U,0s) , yearly.18 More than 2 million pounds of 
——_——— ———_|_ i —— enriched uranium in the form of UF, was 

Year Estimated requirements = supplied to domestic industry during the 
oo Annual | Cumulative fiscal year that ended June 30, 1970. 7 

1971.................. 6,900 6,900 The AEC also estimated the 1970 domes- 
1972... eee 10,200 17,100 i i i 1978 14’ 000 31° 100 tic commercial nuclear fuel market at $59 . 

1974.._............... 16,700 47.800 million for first cores and $14 million for 
1975... -------------- 18,400 66 , 200 1978022277 31°100 87° 300 replacement fuel, based on fuel costs of | 

1977_..._......_.._.... 24.400 111:700 $90 per kilogram of contained uranium. 
1978__._.-------------- 28 ,600 140,300 “4 1979077777777 700 172'000 The annual market in 1980 _was expected 
1980_...._.........___- 34.200 1206,200 to be $189 million for the initial fueling 

eee m~©6 s and ~=$352 million for the fuel reloads. In 
1 Projected to 1985, annual demand is 59,300 tons we 

in that year, and cumulative demand is 452,100 tons. fiscal 1970, the AEC shipped 2,035,000 
Estimates are based on fueling characteristics sup- pounds of enriched uranium in the form of 
plied by reactor manufacturers, 0.2 percent U-2% . . 
enrichment. tailings assay, and plutonium recycle UF, to domestic processors and fuel fabri- 

: starting in 1974 and resulting in demand reduced by cators for use in commercial reactors, Gov- 
2 percent in 1974 and 12 percent in 1980. ° i 
g - US. Atomic E Commission ernment-sponsored reactors (exclusive of 
OmRees Me AY nergy v0 one plutonium-production types), and fuels 
The survey also indicated that 86 per- processed and fabricated in the United 

cent of the uranium required had been or- States for foreign reactors. The foreign 
dered for initial fuel loadings in reactors market was 355,136 pounds in the form of ‘ 
operating, under construction, or sched- : 
uled, and that more than half the ura- 18 Page 58 of work cited in footnote 3. 

Table 9.—Uranium fuel supply arrangements for domestic nuclear reactors 1 
(Percent. of total generating capacity) 

| First Reloads ? | 
Source of supply core 

1 2 3 4 5 6 7 8 9 10 11 12 18 14 

Lease from AEC_.._...-.-..-..---. 1 2 2 1 1 41 212 «2«2 2 2.2 Le ole ee fe 
Primary producers...............-.. 48 41 34 81 23 19 12 5 5 4 8 2 2 2 1 
Reactor manufacturers.............. 87 30 31 29 20 14 10 5 4 83 8 .. 1. .. | 

Total._.............---..--. 86 7 67 61 44 34 28 11 10 7 6 2 2 2. 1 

1 Includes reactors operating, under construction, and scheduled, totaling 85,200 megawatts. 
2 Refueling estimated on annual basis. 

Source: U.S. Atomic Energy Commission.
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UF, in fiscal 1970, compared with 202,355 ceramics, and refractories, depleted ura- 

pounds during the preceding fiscal year. In nium is being employed increasingly as a 

addition, domestic processors and fabricators shielding agent. Late in the year, the AEC 

supplied 477,867 pounds of enriched ura- issued a license, the first of its type, for the : 

nium in processed or fabricated fuels to manufacture of two uranium casks by 

foreign customers during fiscal 1970 (334,600 National Lead Co. These casks will be used 

_ pounds in fiscal 1969). 7 for shielding during transportation of radio- 

For its own programs, the AEC placed active spent fuels from the gas-cooled re- 

| orders of $79.2 million with industry for actor under construction at Fort St. Vrain, 

fabricated nuclear fuels for naval reactors Colo.14 - | oe 

| and other purposes during fiscal 1970, sub- The AEC continued its programs, re- 

stantially less than the $147.8 million dur- quiring continuing supplies of uranium, 

ing fiscal 1969. Both foreign and domestic for national defense, reactor development, 

_ demand for enriched uranium is expected space nuclear systems (nuclear rockets and 

to escalate steadily in the future. space power and heat systems) ; isotopic 

| Table 10.—Enriched uranium supplied | systems development, and peaceful nuclear 
oo to industry _ explosives (Plowshare) 15 By far the great- 

(Pounds uranium) 7 est future consumption of uranium will be 

in nuclear fuels for commercial nuclear 

: ___Yeart _UFs Other forms Total power reactors. A total of 14 reactors with 

: 1960___...... 190,038 7,496 197,534 designed capacity of 14,336 megawatts were 

eee cc. Botte «=~ @30'0a2 «ordered in 1970, compared with only seven 
1967-.-....-- 374,748 187,965 Feactors with capacity of 7,200-megawatts 
1969.___----_ 1,536,208 _._...... 1,536,208 in 1969. Five new plants began operations 

1970.--------_ 2,085,016 500 2,085,516 in 1970, adding 3,203 megawatts to total 
| _ 1 Fiscal year ending June 30. - operating nuclear generating capacity. 

er Source: U.S. Atomic Energy Commission. Overall, 20 plants (7,498-megawatts capac- 
| During the next several years, the AEC, ity) were operable, 53 were under con- 

domestic industry, and foreign programs struction, and 36 (including one in Puerto 

_ will require increasing quantities of plu- Rico) were planned, totaling 109 reactors 
tonium for research and development, in- ‘th desioned capacity of 86,894 mega- 

cluding experimental and demonstration we gree capacny Ne mS 

reactors. The AEC estimated the market at watts. . According to the Federal Power 

1,100 pounds of plutonium in 1970 and Commission, nuclear generating capacity 
4,400 pounds in 1975. | comprised only 1.8 percent of the national : 

In addition to its industrial uses as energy total in 1970 but was expected to 
counterweights, ballasts, catalysts, alloys, reach 25 percent by 1980. | 

| | | STOCKS 
_. According to the AEC, its stockpile of tons at yearend, 133 tons U3Qg less than at 
uranium in excess of projected needs was the first of the year, and utility companies | 
equivalent to 50,000 tons UgOg. Studies and reactor manufacturers reported a total 
were underway regarding disposal of these of 7,400 tons U3Og in inventory (including 
stocks. In addition, the milling companies all materials in concentrate form, title to 
reported a total U3Og inventory of 3,396 which was held, regardless of location) . 

PRICES AND SPECIFICATIONS 

During fiscal year 1970 (ended June nium-procurement program, which ended 

30, 1970), the AEC purchased 4,010 tons on December 31, 1970. Since inception of 

U3Og, valued at $45,954,000, at an average the program in 1948, the AEC purchased 
price of $5.73 per pound. For the remain- 173,665 tons U3Og at an average price of 
ing half of the calendar year, the AEC 9 —_W_ _ 
purchased an additional 1,295 tons U3Ox, “Ag remical Week. V. 108, No. 1, Jan. 6, 1971, 

valued at $14,416,000, at an average price Pas Pages 131-213 of work cited in footnote 4. 
of $5.57 per pound.1é These purchases 16 U.S. Atomic Energy Commission. Statistical 

marked the termination of the AEC’s ura- oe se industry. Grand Junction,
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$8.52, for a total value of nearly $3 billion. The AEC announced price increases for 

AEC purchase prices during 1970 were enrichment services, based on revised Ura- 
| based on the following formula: $1.60 per nium Enrichment Services Criteria, pub- 

pound, plus 85 percent of allowable pro- lished in the Federal Register of August 
duction costs per pound during the 6-year 25, 1970. The prevailing rate of $26 per 
period from 1963 through 1968, with a SWU would be raised to $28.70 per SWU, 
maximum price of $6.70 per pound. effective February 22, 1971, and, as of June 

According to the Nuclear Exchange 1970, the escalated ceiling was raised to 
Corp., private prices for 1970 delivery $32.91 per SWU. On December 23, 1970, 

. ranged from $6.00 to $6.20 per pound the AEC submitted proposed new enrich- | 
. Uz3Og, but a new level at about $6.30 per ment services criteria to the Joint Commit- 

pound seemed to be emerging.17 For pur- tee on Atomic Energy, which included a 
chases 3 to 5 years ahead, quotations are proposed price increase to $32 per SWU. 
listed at gradually increasing prices until The AEC also proposed .a revised base 
the $8-per-pound rate is reached, near charge for plutonium containing 80 per- | 
1976. oe | cent Pu-238, and establishment of a base | 

For conversion services from U30g to charge for plutonium containing 90 per- 

UF,, the Kerr-McGee Corp. base charge cent Pu-238. The price for the former | 

was $1.13 per pound .U at the first of the would be $0.70 per milligram, and ior 
year and was escalated to $1.24 per pound higher concentrations (containing not : 

__U, effective March $1, 1970. The Allied ON than $135 part per million Pur?) 
} * ace | \ the price is $1.25 per milligram. - Chemical Corp.. base rate of $1.04 per Early in the year, the AEC announced a 

pound U was raised to $1.197 on the same . 
date. Since the Kerr-McGee rate usually 5-year extension (to December 31, 1975) of 

, 4 : Y the guaranteed price of $13 per gram for 
| includes charges for sampling, transporta- — yranium-233, which is produced in thor- | 

tion, and UF¢ production, the rates of the iym-fueled reactors. This price is subject 
two companies were believed to be similar. to deductions for the’ presence of other 
Both are based on a 99.5-percent yield and wyranium isotopes and to adjustment if 

penalties for unusual impurities above charges for uranium enrichment are re- 
specified limits.18 — , vised. | - 

FOREIGN TRADE oo | 

Exports of the various uranium and nu- | Pursuant to subsection 161V of the 
clear materials attained record highs in Atomic Energy Act of 1954, as amended, 

1970. Shipments of uranium Ores and con- foreign uranium cannot be enriched in the | 
centrates, containing some 20 tons U3Q0g . . . 
valued at $7 per pound, were the first siza- United States for domestic consumption. 

ble exports of these raw materials in sev. The AEC considers this regulation tempo- 

| eral years. Increases were especially pro- rary and that it will be withdrawn when 

nounced in exports of uranium it is no longer needed to maintain a viable 
compounds, stable isotopes, and various ra- domestic nium minin d milling in- , 
dioisotopes and other radioactive materials. Oomesti¢ Urania ining an® mang } 
Data on exports of AEC-produced nuclear dustry. Some 665 tons of U3Og from Canada, 
materials, including enriched uranium, ura- France, and the Republic of South Africa 

nium-233, patonma ane neavy water. were imported for enrichment and then 
were provided by the ’s Division o . : 
International Affairs. These data, although reexport of the enriched product. 
available only for fiscal year 1970. (ending ~ at Engineering . 
June 30, 1970), indicate a continued rise in 4, Ae ee ee Journal. V. 171, No. 
exports of fuel materials for U.S. reactors x, Page 51 of work cited in footnote 5. 
in foreign countries. 1970 eo eer: V. 35, No. 103, May 27,
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Table 11.—Foreign trade in uranium, uranium-bearing materials, and other nuclear 

: - materials, by principal countries | 
a 

1969 1970 Principal sources and 

Product ——_—— destinations, 1970 

Be Quantity Value Quantity Value . 

‘ EXPORTS . = . 7 — . 

Uranium: | | oO 

Ores and concentrate, U 20s 
content__.....pounds_ . 84 $641 40,828 $286,711 Canada 89,831; Italy 997. 

- Compounds 1_.....do_-.. 105,620 $16,561 4,045,549 24,579,293 United Kingdom 2,007,967; 
, — . - Switzerland 1,066,924; 

oo Canada 555,954. 

Metal including alloys ! | . 
do. _._ 788 26,182 5,503 86,021 Japan 4,885; Canada 335. 

Isotopes (stable) and their com- a 

pounds. _._....-.---------- NA _ 9,263,939 NA 34,689,780 — cme ; Japan 

Radioactive materials: Radio- - . 

isotopes, elements, and com- . . 
pounds ?2___thousand curies.. 5,669,844 5,894,937 8,105,520 4,847 ,247 West Germany 1,905,384; 

. ; Japan 1,799,590; Canada 

. 1,360,035; Australia 

. oe oe 1,188,877; Nigeria 683,105. 

Special nuclear materials 3222. — NA 27,766,071 NA 79,920,628 West Germany $36,694,736; 

oy Japan $22,041,736; Spain 

- : . $10,824,165; France 

. $4,458,642; United Kingdom 

. $3,504,324. wo 

IMPORTS . 

Uranium: sO - 
Oxide (U:0s)----pounds._ 3,008,361 14,600,618 1,829,367 7 ,789,367 Canada 830,441; France 

276,736; Republic of South 
: | Africa 221,000. 

Other compounds. -do___. 1,277,952 8,849,515 2,681,301 20,459,856 United Kingdom 1,266,759; 

s Canada 805,199; France 

a ar : 506,155. 

Isotopes (stable) and their com- . 

pounds___....---.,------- NA = $350,272 NA 428,375 Canada $211,240; Israel 
. Cg $77,844; Norway. $37,966; 

United Kingdom $35,285. 

a Radioactive materials: Radio- : 
isotopes, elements, and com- _ 4 oe 
pounds 2___thousand curies__45,297,376 4,696,930 7,769,906 3,471,441 Canada 5,346,118; West 

Germany 1,007,217; Italy 
1,001,875. 

i 
ee 

NA Not available. ~ 

1 Includes thorium. 
2 Includes carbon-14 and cobalt-60. 
3 Includes plutonium, uranium-233, uranium-235, and enriched uranium. 

Table 12.—U.S. exports of AEC-produced nuclear materials, by countries, 

, | in fiscal year 1970 1 | 
(Pounds) 

Enriched uranium 
———______—_—_——_—- Uranium- Plutonium Heavy 

Country # Less than Greater than 233 (Pu) water 
20 percent 20 percent (D20) 

U-235 3 U-235 4 
Tne EET 

Australia. _......-_--_-_..----------- ee +- + ----- 24 _- --..--- (5) - 4,000 

Canada______._.--_-------.-----_-------- %6 99 __..---.- (5) 2,064,000 

Denmark_._._._.._-__.-.-------------------- 24 12 _.------.- (5) eee eee ee 

Euratom ¢______.-_..---.----------------- 17,078 2,628 8 81.3 (5) 

Greece___....---------------------- eee eee eee 120 _--ee eee Lee eee eee Lene e+e 

International Atomic Energy Agency (IAEA) - 36 9 _LLLieee Lene eeeee) --------- 

Japan___..------------------------------- 1,895 125 __-.----- 2.2 (5) 

Norway..--------------------------------- 35 (5) wee ee ene eee ene ee eee nee eee 

South Africa, Republic of.--......-.--------. --------- 2 _wuu-----  --------- 12,000 

Spain__...------------------------------- $88 ___------ _--------) --------- == +--+ --- 

Sweden_________------------------------- 340 57) open eee Leen =e ee 

Switzerland_._._...-_---------------------- 6,146 _...----. --------- --------- (5) 

United Kingdom. ------.------------------ 172 198 __..-..-- 5 owe ----- 
aE 

Total___..----------------~--------- 26,190 3,166 8 84.0 2.080.000 

1 Fiscal year ends June 30, 1970. 
2 Initial destination; may not be country of final destination. 
3 Mainly for use as power reactor fuel. 
4 Mainly for use as fuel in research and test reactors and other research applications. 

& Less than 4 unit. . 
¢ Belgium, France, West Germany, Italy, and the Netherlands. 

Source: Division of International Affairs, U.S. Atomic Energy Commission.
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a | ~ WORLD REVIEW | | : 

The International Atomic Energy Table 13.—Estimated world demand 

Agency and the United Nations Economic for uranium+ | 

Commission for Europe held a symposium (Thousand short tons U:0s) 
e ° . eee eer 

, on the economic integration of nuclear | Demand 

power stations in electric power systems. Year al Cumulative 

The meetings, at which a number of pa- __ ,_Annual Cumulative 

pers were presented by representatives 1970. wn nen n nnn nee n eee 12 i 

from many countries, were held in Vienna jggp.22227200T B80 
during October 5 — 9, 1970. It was pointed NoCommunstwolialy SSS ° 

out that nuclear power is expected to com- _ ee ve os y A ain 
nr . . ource: European Nuclear Ennergy Agency an ter- 
prise 10 to” 15 percent of total world elec vational Atomic Energy Agency. 

tric generating capacity in 1980, and an in- oo, - 

creasingly . larger share thereafter. B ecause Table 14.—Estimated world demand for. 

the technical and economic considerations enriched uranium 1 

in nucle ar power development differ from (Thousand metric tons of separative work units) . 

: those in conventional powerplants, the §£—@——————————————_____—__ 

symposium was considered beneficial to Year | Demand 

countries planning nuclear development. : . Annual Cumulative 

A recent publication of the European j979_ |. .----------- A 4 

Economic Community (EEC) provides 1975_.-------------------- 19 65 

data on Community uranium requirements 1980. .-------------------__ #288 

and nuclear reactor development plans.20 1 Non-Communist world only. Does not include | 

A total of 48 reactors with total capacity  Ssrmine for uranium derived from plutonium 

of nearly 18,000 megawatts were in opera- Source: International Atomic Energy Agency and 

tion (3,090 megawatts), under construc- European Nuclear Energy Agency. | 

tion, or projected early in the year. The ee wT ee 

cumulative uranium requirements of the Argentina.—The Comission Nacional de 

EEC at the end of the century were esti- Energia Atomica (CNEA) announced the 
mated at 360,000 to 580,000 tons. discovery of a sizable uranium deposit, - 

. Angola —Junta de Energia Nuclear of known as Sierra Pintada, in Southern 

Portugal and Urangesellschaft m.b.H., West Mendoza ea. The aeons val 

Germany, concluded a joint venture agree- or ‘ies a uded more than 9, on 

ment for uranium exploration in the Ores. we . a | 

Dondo and Malange areas, east of Luanda, 2 Metal’ Bulletin Monthly.. No.. 1, January 

Angola. Mozambique also is included in 1971, pp. 40-43. | 4 Minit j al. V. WI1LN 
. ngineering an ining Journal, V. » No. 

the agreement. | 9, September 1970, p. 201. an 

Table 15.—Uranium oxide (U;03): Free world production, by countries 7 

| | — (Short tons) mG . 
: . : . . een : 

OO Country ! ts - 1968 1969 . 1970» | 

Argentina. --..-~---------------------------- nnn nn errr nnn nnn rrr nena 4% “64  °65 

‘Australia °_......------- o-oo een nnn nen e nnn nn nn en een enn en eenene---- 380. 330 880 

Canada___....------------------ - = en ee nnn nn nn nnn ne eee 8,700 38,855 4,011 

France... nnn n wen ene een ne en ee nn nen ene enn een n eee een tee? 1,626 21,690 *1,627 

Gabon © #.-...--------- 9-002 0 0000020 o OTT 585 595 468 

iger___-.-.----------------
 = nnn nnn nn nnn nnn nnn nnn ener nnennne stergg rrr 

Malagasy Republic ¢ 4__._...----------------------------------2-eenen enn | PS 

Portugal ©. _..--------------- =n nnn nnn nner nnn nen nnn near enn nenne 105 105 105 
South Africa, Republic of. __....------------------------------------------- * $8,882 8,979 4,119 

WeEGEN ©. 2 28 2 on nn nn nn ne sen eee ee meme nnaaras 

United States ?___.....-.--.---~-------------- + en ee een nnn 12,570 -12,281 12,768 
ee 

Total... ..-----eenencecenennencenne ween en nnn nnn n neon ene n == === === 7 28,005 123,056 28, 707 

e Estimate. » Preliminary. °* Revised. Ot . 

1 In addition to the countries listed, mainland China, Czechoslovakia, United Kingdom, East Germany, 

West Germany, Hungary, India, Japan, Mozambique, and the U.S.S.R. are believed to have produced uranium 

oxide but information is inadequate to make reliable estimates of output levels. 

2 Content of uranium ore produced. 
3 Content of chemical.concentrates produced from domestically mined ores. 

4 Content of uranothorianite exported.
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a Early in the year, the CNEA announced to 3,000 feet wide. Average grade appears 
_ plans for the country’s first nuclear power-. to be 0.20-0.30 percent U3Oxg. Late in the 

plant, a 319-megawatt, heavy-water, natu- year, the chairman of the company an- 
ral-uranium reactor to be built some 40 nounced potential at 70,000 tons UgOg.?5 

miles north of Buenos Aires. The project. The Mary Kathleen. mine, Queensland, 
is a joint venture with the Siemens group, which was closed in 1963 following com- 
West Germany. Completion was originally pletion of a Government -program, was ex- 
scheduled for mid-1972, but late in the pected to reopen: Mary Kathleen Uranium 
year the project was far behind schedule. Ltd. has two new contracts for 2,700 tons 

| The Government projected a nuclear U30g to. be delivered during 1974-79. Cus- | | 
| generating capacity of 6,000 megawatts in tomers are a U.S. utility company and Rio 

: the year 2000, about 20 percent of total Tinto Zinc Mineral Services Ltd.26¢ Explo- 

electrical generating capacity2? ration in the mining area has established 7 __ 
Australia—Major uranium discoveries  ijlion tons of ore at 0.12 percent U3Og 

were announced by two companies in the and 2 million tons possible at 0.10 percent 

| -. Serves were announced in Queensland and eraging 0.06 percent U 30g were in 
~ South Australia. ‘Exploration, often involv- stockpile.27 

ae foreign participation, continued at a The Australian Government announced | 
fast pace throughout the year. At yearend, oy eo eo . 

oe oe . |. plans to close the uranium processing 
31 companies. were searching specifically De a . 

, . ‘ , .’ plant at Rum Jungle, Northern Territory, 
for uranium, and others included uranium pa 7 ae 
in their exploration programs.23 by April 1971. A large stockpile of ura- 

| peo a programs. . nium oxide has been accumulated at 
Because of the important’ new uranium eae: 

} 3 eee . . . nearby Lucas Heights. The Government 
resources, the Government acted to limit Oe | 

. wee . . planned to open up the reserved area to 
foreign participation in uranium properties rivate prospecting. | 
to protect the national interest. Revision P P "P 5- . Oo 

| of export controls was expected also. For- _A group including Exoil N.L. and ‘Trans- 
merly,..exports were limited to achieve oil N.L. has announced low-grade ore re- 
self-sufficiency in uranium. Increased re- Serves of 2.5 million tons in the Mount 

serves will permit the release of larger Painter area, South Australia.28 The group 
quantities to the export market. - also reported a discovery near Lake Frome, 

In July Queensland “Mines Ltd. an- 2/80 in South Australia, at a depth of 400 

nounced discovery of a uranium deposit at et “, | 
| Nabarlek in the Northern Territory, 170 _Australia’s first nuclear power reactor, a 

miles east of Darwin..The deposit consists 500-megawatt plant, was proposed for sit- 
of lenticular ore bodies over a north-south ing at Jervis Bay, New South Wales. It 
strike length of 3,600 feet in Precambrian will be owned by the Government and op- 
metasediments. The mineralized surface erated by the Electricity Commission of 
area is up to 300 feet wide. The deposit New South Wales. Reactor type was not 
dips east-northeast at 50°.24 One ore lens firmly established, although the heavy-wa- 
reportedly assayed at an average of 27 per- ter type, operating on natural uranium 
cent U30g. The company initially planned mined and fabricated in Australia, report- 

a small open-pit operation if sales con-  ¢dly was favored. | 
tracts could be made. Westinghouse Electric Corp. was inter- 
Queensland Mines Ltd. also reported siz- ested in purchasing Australian uranium 

able uranium reserves at Westmoreland, under a long-term agreement and in asso- 

Queensland, near the Northern Territory 
border, and at Valhalla, 28 miles north of US. Emb B Aires A 5 

.S. Embassy, Buenos Aires, Argentina. State 
Mount Isa. Department Airgram A-601, Dec. 24, 1970, p. 6. 

The second major discovery was an- b 23 Mining Engineering. V. 22, No. 12, Decem- 
. eae er » p. 8. 

nounced by Peko Mines N.L., a subsidiary 24Northern Miner. No. 28, Oct. 1, 1970, pp. 
of Peko-Wallsend Ltd. and Electrolytic 1, and 11, k 0 
Zinc Corp. of Australia, Ltd. The deposit, Nov 2.1970, in, Market, V7, Now 21” 
called the Ranger 1, is located 40 miles a1. Metal Bulletin. No. 5524, Aug. 14, 1970, p. 
southwest of the Nabarlek deposit. The 27 World Mining. V. 6, No. 1, January 1970, p. 
anomalous area extends intermittently 4 43, 4 6 
miles in a north-south direction and is 600 1970. V. 274, No. 7036, June 26,
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ciating with Australian interests in uranium ing program” between the .Government | 
exploration, development, and processing.29 (75 percent) and Denison Mines Ltd. (25 | 

According to the Australian Atomic En- percent) was announced.34 It involved the 

ergy Commission, Australian nuclear power stockpiling of 6,467,000 pounds U3Og dur- 
_ capacity will be 11,500 megawatts in 1990 ing 1971-74. 

and 36,000 megawatts by the end of the The Port Hope, Ontario, uranium hex- 
century. | | | afluoride (UFg) plant of Eldorado Nuclear 

Brazil.—Reserves at the Agostinho de- Ltd. was in continuous production at an an- 
posit, near Pocgos de Caldas, Minas Gerais, nual rate of 2,500 tons in midyear. The a 

exceed 1,000 tons U3Og, according to the company planned to double production by 
| Comisséo Nacional de Energia Nuclear 1974. Delivery of UF, to customers, mainly 

(CNEN) . About 500 tons of ore averaging in Japan, Sweden, and West Germany, 
0.22 percent U3Og has been stockpiled for began in September. 

processing study. — There was a continuing shortage of 
Early in the year, a final decision was heavy water for Canadian Deuterium Ura- 

made to construct Brazil’s first nuclear nium (CANDU) nuclear reactors under 

powerplant, a 500-megawatt installation, in construction or on order in Canada. | 
the Angora dos Reis area, State of Rio de Atomic Energy of Canada Ltd. reportedly — 
Janeiro. Later in the year, invitations to needs 2,000 tons of heavy water by 1972. | 
bid on the reactor program were an- Three heavy water plants, each of 400 
nounced. — _ tons’ annual capacity, were under construc- 
Canada.—Uranium production was at a tion. Because of the shortage, Canada pur- 

rate similar to that for 1969. Uranium chased 55 tons of heavy water from the 
oxide shipments totaled 4,010 tons, valued U.SS.R. This apparently was the first 
at $50.2 million or $6.26 per pound.30 U.S.S.R. sale of nuclear materials to a 

Four companies were in active production ™ajor Western country. Further deliveries 
during the year—Denison Mines Ltd., Rio from the U.S.S.R. were expected.35 
Algom Mines, Ltd., and Stanrock Uranium Finland.—Finnish authorities ordered a 
Mines Ltd., all at Elliot Lake, Ontario, 440-megawatt, pressurized-water reactor, | 
and Eldorado Nuclear Ltd. at Uranium the first in the country, and two turbogen- 
City, Saskatchewan. Stanrock suspended its erators from the U.S.S.R. The estimated 
leaching operation during the year; the cost is $120 million, of which Finland will 
others operated at partial capacity. Explo- provide 55 percent and the U.S.S.R. the re- 
ration’ activity was well below the 1969 mainder through 20-year credits. The 
level. A few private U3Og sales contracts plant will be situated in the town of Lovi- . 
were announced. isa. The U.SS.R. will. supervise construc- 

Gulf Minerals Co. continued develop- tion and will supply fuel elements for 20 ) 

ment of its $50 million, 2,000-ton-per-day years. . 
Operation at Rabbit Lake, west of Wollas- The Committee for Energy Supply pro- | 
ton Lake, northern Saskatchewan. Uranerz- posed two nuclear power reactors (600 and 
bergbau G.m.b.H., West Germany, ac- 720 megawatts) for the Helsinki area. 
quired a 49-percent interest and agreed to In December Finnish authorities notified 
provide a market for 4 million pounds he International Atomic Energy Agency . 
UsOg per year. This was considered the that Finland proposed purchasing fuel ele- 
largest private uranium sale made tO ments from Gulf Energy and Environmen- 

_ date.31 This ownership arrangement was {a} Systems, Inc., San Diego, Calif. 
approved by the Canadian Government,32 
which earlier in the year had acted to ~ | 
limit foreign participation in uranium 197 ag Journal. V. 276, No. 7065, Jan. 15, 
operations.33 2% Williams, R. M. Uranium. Canadian Min. J. 

_ Following completion of the second ura- v. otis February A071, PP, Te 120. Aug. 19, 

nium stockpiling program, the Government 1970, p- 5. Record 81. No. 88 S 93 
prepared to offer further assistance to keep jg7o, pn ger BH No 38, Sept. 23, 
the mines open at mimimum levels of 3 Bureau of Mines. Mineral Trade Notes. V. 

efficient production. The Canadian stock- °7s’Aterican*Metal Market. V. 17, No. 246, Dec. 
pile contained 9,500 tons U3Og. Late in the 28, 1970, p. 12. 

year, an “emergency joint venture stockpil- 9, 1970. Suv Journal. V. 176, No. 105, Nov.
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Table 16.-Estimated world growth of nuclear generating capacity, by countries 1 

oe | (Megawatts) 

. . Country _ 1970 1975 1980 

Argentina. __-_------------------------------- nono n nnn woennee 300 1,300 

Australia. ..._....--------- 2 nn nn ee ane 500 1,000 

Austria_.._._.----------+--------- = ee een nner rane 600 1,800 

Belgium__._..__-.----------------------------- ener 100 1,300 3,600 

Brazil...._._...---_------ eee nn nn ne een enn n rr ne rttogse -ng-sen 1,500 

Canada_________--------- en nn nn nn nn nn ene errr rrr 200 2,500 8,000 

Denmark..___.------------------------ + --- = nnn nen nner peewee Tee eee 600 

Finland..____.----------------- -- + 2 - en nn ne ne eens orgies 400 800 

France... ___-- ---- ene nn nn enn nnn nn nnn nn nnn nnn rrr 1,500 2,600 9,200 

Germany, West... ..----------------------------------- nn nrrrrrne 800 11,100 25,000 

Greece... enn enn nn nn nnn nnn nen nn nn ener rrr ree reer gts 400 1,200 

India___..-------------- ---- - + en nn nn enn nnn nner 600 2,300 6,400 

Israel. _..----------- - en nn nn nn nn enn nn neers rae wnaneeee 600 

Italy ___.------------------------------ enn nn nnn nen 600 1,400 8 ,000 

Japan__..-.------------------ 2 - on nn nn nnn nnn 1,300 8,400 23,500 

Korea, South___...----------------------------- 22 -- nner rrr Cece 600 2,700 

“Mexico_._..-------------- ---------- oon 600 2,000 

Netherlands. __..---------------------------------- errr rrr 100 500 2,000 

New Zealand____.-.--------------------------------- nnn rrr rrr rrr rere ~ 800 

Norway.---------------- nnn nnn nnn nnn nnn nnn nnn rrr ter eene certras orate 500 | 

Pakistan... -------------------- == ene nnn ne nnn ener cnr ceerene . 500 1,000 

Philippines... _.-...-. 2-2 2---noeee en eee enn en nnn e een eee ence ene ceeceee ceteet+ 1,200 

Portugal. ___..------------------ +2 -- ee nner renner nrnne crccccr rtm — 500 

South Africa, Republic of_--__-.-.-------------------------------- errr orga 500 2,000 

Spain. _....-.------------------------- een nner rrr 600 2,500 7,000 

Sweden ___ ___- eee en nn nw nw nnn nn nn nn en nnn rn renee scans 400 8,800 7,500 

Switzerland___.-----------------------------------r nnn nnn rrr 400 1,800 3,500 

aiwan_..__.__-_-- een nnn nnn nnn renee scents 600 2,000 

Thailand..__.._.._-_----------------- een nn nner stern ostrccee 400 

‘Turkey___-__------------------- <n nnn nnn eee eee eee nee 800 

‘United Kingdom_-_.._...------------------------------ nr 5,300 11,700 26,200 

United States... none nnn n ene n en eeennneeeeceeenececeee---7+ 6,100 62,000 150,000 

Total... cece cence ee cence ee ce cece ecedeeceeeeceeeeeeeeeee---- 18,000 116,900 302,600 | 

1 Non-Communist world only; data as of April 1970. . 

‘Source: European Nuclear Energy Agency and International Atomic Energy Agency. 

| ~ France.—France’s first nuclear power- and is expected to be 4,000 megawatts in 

plant using enriched uranium fuel will be 1975, according to the West German Min-_ 

built at Fessenheim in the northeastern istry of Science,37 and 25 percent of total 

part of the country. Planned capacity is energy output is expected to be nuclear by. 

900 megawatts, the largest nuclear plant in 1980. However, environmental problems 

France. Selection of a reactor type using were posed. The Reactor Safety Commis- 

enriched uranium was the result of a reor- sion may insist that a 1,200-megawatt 

ganization of the nuclear energy program. plant, planned for Ludwigshaven, be arr 

It was decided to discontinue the gas underground installation. 

graphite reactor, which uses natural ura- Greece.—The test reactor at the Demo- : 

nium fuel.36 critus Nuclear Research Center supplied 

Germany, West.—A tripartite agreement about three-fourths of Greek demand for 

for production of enriched uranium by the radioisotopes and was under expansion to 

gas centrifuge process was signed with the provide essentially all these requirements 

United Kingdom and the Netherlands. De- by 1973. 
sign and engineering work will be centered The first stage of a $1 million, 3-year 
in West Germany; the two other partners exploration program was scheduled to start 

will each have an enrichment facility with at favorable uranium areas in Macedonia, 

an annual capacity of about 50 tons en- near the Bulgarian and Yugoslav borders. 

riched uranium. The project is sponsored by the United 

Since completion of the first commercial Nations Development Program ($850,000) 

nuclear reactor, 12 have been ordered or and the Greek Government ($150,000) . 

were under construction. The first fast ———H 

breeder reactor was planned for construc- 3 Chemical & Engineering News. V. 48, No. 7, 

tion at Weisweiler, near Aachen. Nuclear Feb. 16,1970, p. 25. V. 275. No. 7082, Oct. 16 

. : inin ournal. V. » No. , Oct. , 

power capacity was 900 megawatts in 1970 4970, p. 340.
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India.—The uranium concentrating plant sisting the state-owned Korea Electric Co. 
of the Government-owned Uranium Corp. in the project. The plant, scheduled for 
of India, Ltd. at Jaduguda, Bihar, operated operation in November 1975, will be the 
at nearly full rated capacity of-1,000 tons country’s largest power producer. | 
of ore per day. Ore reserves at the nearby Mexico.—The Comisién Nacional de 
mine were reported to be on the order of 1 Energia Nuclear (CNEN) continued explo- 
million tons. Lower grade deposits at Umra ratory work. on two areas in the State of 
and ‘Udaisagar, near Udaipur, Rajasthan, San Luis Potosi and was authorized to pre- | 

were being tested by.heap-leaching methods. pare proposals for exploitation of deposits 
“A 10-year program, 1970-80, in nuclear in Durango. According to the President’s —— 

and space research ‘was proposed by the annual report, ‘proven ore reserves were in- 

Indian Department of Atomic Energy.38 creased to 4.4 million tons, containing 

The program includes nuclear powerplant 2,800 tons of UzOg (0.064 percent U3Osg, or 
capacity of 2,700 megawatts by 1980, in- 1-28 pounds of U3QOg per ton) . 
cluding three new plants; development of — Early in the year, the Comisién Federal 

a gas centrifuge for uranium enrichment; de Electricidad (CFE) asked for bids on a 
and a 500-megawatt prototype fast-breeder  600-megawatt, $120 million, nuclear plant, 
reactor. — probably to be built on the coast north of 

Construction continued on India’s third Veracruz. The CFE reported that seven 
nuclear power station, at Kalpakkam, on ids were received for a 600-megawatt | 
the east coast, 35 miles south of Madras. Plant to serve Mexico City. CFE decisions | 
Twin Candu-type plants, each of 200-mega- Were [0 be based on comparative advan- 
watt capacity, were planned. | tages of nuclear or fossil-fueled plants and, 

_Italy—AGIP Nucleare, part of Ente Na- if a nuclear plant is decided upon, | 
zionale Idrocarburi, the state-owned oil whether natural uranium or enriched ura- a 
and chemical firm, and Montecatini Edison = "™U™ fuel is more desirable.** - , 
will build a UFg prototype plant to study. Netherlands.—A_ centrifuge manufactur- 

production technology of this compound, nS plant was built, and a small-capacity 
which is used in uranium enrichment. The ‘*P exmen tal enrichment plant was under 
plant will initially produce 20 tons UF, © ereement. with vest “Germany sn or he , 

annually. . United Kingdom for uranium enrichment. ° 
Japan.—A Toky o Institute hg f Technol- Both installations will be located at Al- 

ogy report described a uranium enrich-  scjo, Overijssel Province, the Netherlands. . 
_ Ment process in which a uranium com-) woo Germany al ‘build ‘ch. , 

. . many also will build an enric : 

P ound is passed through a small tube with rent facility in the same area. Electric 4 

a cation-exchange resin.3? power producers expected that at least 
By 1984, Japan was expected. to have total four nuclear power reactors, having a total 

nuclear capacity of 36,000 megawatts in 45 = capacity of 1,500 to 2,000 megawatts, will 
plants.40 The Japan Atomic Industry Con- be completed in the Netherlands by 1980. 
ference forecast cumulative uranium de-  fyowever, the availability of large quanti- | 

mand of 190,000 tons to 230,000 tons by ties of natural gas at relatively low cost 
1990. Existing long term contracts total was expected to delay commercial nuclear 
only about 30,000 tons. power development. Gas-Unie, the domes- 

The Japanese Government in conjunc- tic gas distributor, contracted with Ebasco 
tion with a number of trading and electric Services, Inc., the U.S. engineering consul- 
utility companies formed Overseas Ura- tant firm, for a study of the competitive 
nium Resources Development Corp. to seek _ position of nuclear power.42 
out and develop foreign uranium deposits. Niger.—Open-pit mine development con- 
The Government-financed Power Reactor tinued at the Arlit deposit, operated by 
and Nuclear Fuel Development Corp. con- ee 
ducted research on UFe, and -centrifuges for 38 Department of Atomic Energy. Nuclear India. 

uranium enrichment. V's Chemical Week. V.ri06; No. 16, Apr. 22, 
Korea, Republic of.—Ground was broken 197). ,P- 56. S. G. Japan’s Nuclear Plans Impor- 

for a $175 million, 595-megawatt, pressur- tant to Canada. Foreign Trade, v. 134, No. 6, 

ized-water, nuclear Pp owerplant at Kori, on Ot Bovean oe PRiinee Mineral Trade Notes. V. 
the Republic of Korea’s east coast. West- 67, No. 6, June 1970, pp. 30-31. 
inghouse Electric International Co. is as- Deparenete Aine ant he Hague, Amster 2 on
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Société des Mines de T’Air (SOMAIR). year United Nations Development Program 

. Production started late in the year and to- was underway. Areas of anomalous radioac- 

-taled 59 tons of concentrate. The first tivity were discovered during the first 

stage called for a 825-short-ton-per-year stage, from 1964 to 1968. Further radiome- 

mill, with expansion to 1,650 tons U3Og __ tric surveying, geochemical work, mapping, 

“per year by 1974. The concentrate will be and drilling were planned for the second 

hauled by rail to port in Dahomey, pend- _ stage.*? — 

. ing completion of a new haulage road to South Africa, Republic of.—In July. the | 

| join the ene south boone Oe oa Government announced that the Atomic 

head in Dahomey.*s out rench nergy Board had developed a new and 

technical personne] and more than 500 Ni- unique process for uranium enrichment, 

| gerians are employed in the project. The yeportedly not an adaptation of either the 

Niger Government holds a 16-percent inter- gaseous diffusion or the centrifuge method. 

est in o Niger Goverment “the French Plans were made to develop the. process on 
| ’ - a pilot-plant stage. new compan ra- 

| Commissariat de l’Energie Atomique (CEA), eon Dovichmens Corp. of South ” Africa 

and the Japanese Overseas Uranium Re-  [td., was to be formed to conduct further 

sources Development Co. (representing 20  yesearch on uranium enrichment8 
companies in Japan) concluded an agree- . os mai 

| ment for dcvelep ment of a uranium deposit, Palabora | Mining . Co., the "S42 copper 

| at Akokan, 12 miles south of Arlitas Ex: Producer, was building a $42 million 
ploration was scheduled to start in July. plant at its Phalaborwa mine for recovery 

: + : of byproduct uranium oxide from a heavy 

The CEA will finance 70 percent, and the mineral concentrate containing uranothor- 
oo Japanese consortium 30 percent, of the first ;.nite. The South African Atomic Energy 

. stage. Developmental costs of the second pig in conjunction with the National 

stage will be financed as follows: Japanese, stitute of Metallurgy, has developed a 

25 percent; Niger Government, 30 to.40 per- process for recovery of uranium and by- 
cent; and the CEA, the remainder. The product thorium sulfate49 | 

CEA and the Japanese will take equal | . . | . 
| shares of the production.45 | Uranium in excess ‘of contract require- 

A; A third uranium deposit was reported at ments was stockpiled. The original ura- 

. Imouraren, 30 miles south of Arlit, where nium mills have been modernized, most by 

a mineralized zone was intersected by drill- incorporation of the solvent extraction 
ing at depths of 450 to 1,200 feet. | process, which reduced operating costs and 

Pakistan——The United Nations Develop- produced a higher purity urantum oxide. 
ment Program has allocated $400,000 ‘for olvent extraction has also been adopted at 

uranium exploration in the Dera Ghazi all new uranium recovery plants. | | 

Khan area. Survey work was scheduled for The Nuclear Fuels Corp. of South Africa 

October, following the monsoon and sum- Pty. Ltd. (NUFCOR) sponsored research 

mer season. on treating old slimes and tailings dumps 

A 200-megawatt, pressurized-water reac- from gold-mining operations. These mate- 

tor was planned for East Pakistan, Ateliers  Tials total millions of tons and contain 

de Construction Electriques de Charleroi, low-grade uranium values. One process is 

a Westinghouse subsidiary, was selected as based on bacterial oxidation of pyrite in 

main contractor by the Pakistan Atomic the slimes.50 

Energy Commission. The Commission had _ 

engaged Motor-Columbus A.G., the Swiss . . _. 

consulting firm, as its technical and eco- 6, June 1970, p- ony wining Journal. V. 171, No- 
nomic advisor.46 i. Mining and Minerals Engineering. V. 6, No. 

° . , November 1970, p. 49. 
" Somat Bo Nears I somal, a 6 ‘ American. Metal Market, V. 77, No. 64, Apr. 

subsidiary oO nte Nazionale rocarburli, , » p. 16. 

Italy, continued exploration for uranium. o. $6. oreign Trade. V. 135, No. 3, January 1971, 

A West German consortium relinquished | “ éhmerican. Metal Market. V. 76, No. 83, May 

its concession, and Western Nuclear, Inc, 4 South African Mining and Engineering Jour- 

United States, suspended operations about nal. V. 81, No. 4043, pt. 2, July 31, 1970, p. 

midyear pending evaluation of completed © Mining Journal. V. 276, No. 7063, Jan. 1, 

exploratory work. 9h Eecinecring and Mining Journal. V. 171, No 
The $1.8 million second stage of the 10- 49 October 1970, p. 89.
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The Atomic Energy Board established a 1970, conversion of the installation to an a 

Division of Site and Installation Licensing. oil-fueled plant was considered.55 

At midyear, South Africa’s first nuclear ' Four commercial reactors, with a total 

power reactor had reached the advanced capacity of 2,500 megawatts, were under 

| planning stage. The site is Duynefontein, construction. Sweden's _ first commercial | 

| Cape Province, where completion was power reactor, the 440-megawatt Oskar- 

scheduled for 1977-78. A total of 20,000 shamn I, went critical in December. Con- 

megawatts of nuclear power was projected — struction work started on the 580-megawatt | 

- -—-for the year 2000.52 a Oskarshamn II, which was scheduled for 

South-West Africa—An extensive drill- completion in 1974. By 1980, plans call for = 

ing program at Réssing has resulted in the | 12 nuclear power installations and more | 

| discovery of a large, low-grade ore deposit. — than 7,000 megawatts of total nuclear ca- 

Bulk sampling and pilot-plant testing were — Pacity. | | 

- underway. The mineralized area is 5 miles ‘Switzerland.—The first nuclear reactor in | 

| long, up to 1 mile wide, and of undeter- Switzerland using enriched uranium fuel | 

mined depth. The deposit will be mined will be built at Kaiseraugst on the Rhine = 

reported to be 0.03 percent UgOxg, or 08 effort of Swiss, French, and West German 
pound per ton.52 General’ Mining and Fi- interests. General Electric Co. and Sogerca, | 

nance Corp. and Rio Tinto Africa (Pty.) a subsidiary. __of France's Générale 

Ltd. were cooperating in mine develop- d’Electricité, will build the nuclear | 

- ment. The United Kingdom Atomic En- facilities°6 . | 

ergy Authority contracted to purchase | Bernische _ Kraftwerke AG. (BKW), : 

7,500 tons:of UsOg during 1976-82.53 -_ Berne, continued construction of a 306- 

Spain.—Further- progress was made on megawatt plant at Muehleberg, near Berne, os 

“nuclear power facilities. Plants were under scheduled to start producin g electr icity late 

construction at Vandellos and Santa Maria in nn Ww was also seeking Government | 

, de Garofia. In April the first part of an 80- approval or a -Ewo-unit installation, each 

ton enriched-uranium-fuel ‘core arrived’ in of 5 0 megawatts, * at Gr aben, 30° miles | 
Madrid. : oe Se north of Berne.57 - oe | 

Twin-unit nuclear power projects were” | United } singe m.—A_ geologic see eethern | 

planned at Almarez* and Lemoniz. Two _ Sance Project or uranium in Hort perm 

electric tility companies. have joined Scotland, conducted by the Institute for 

forces to contract on a: combined basis. Geological een: See on KAEAD oe 

Thirteen bids were received from six sup- |... casentially corplet éd oy e re me 

pliers in four countries. The reactors were 400. y sere Anica ancient ue ee 

expected to be in the 500-to 900-megawatt tons ere: fairly. widespread in ‘Sutherland | 
| range. oo? | and Caithness,Counties, and further study 

oe - ne appeared justiied.58 = 79: 
Another two-unit nuclear installation re el ood co d - th Bree 

was planned by Fuerzas Eléctricas de Ca- — dva ay ae cool a Dene 1,200-megawatt, 

talufia, S.A., of Barcelona. A tentative site advance’ gas-coole UNBENESs | B reactor. | 
has been selected, where one plant would - This installation was originally intended to : 

be completed in 1976, and the other in De the first commercial application of this _ 

1981. Light-water, enriched-uranium types, concept. Completion, _ originally scheduled 

| in the 800-megawatt range, were consid- for September 1971, has been delayed, 

ered.54 . | = Canadian Mining, Journal. V. 91, No. 9, Sep- 

—_— : tember 1970, pp. . 

Sweden. In January Swedish and U.SS.R. 52 U.S. Consulate, Johannesburg. South Africa.. 

officials signed a 30-year agreement to State Department Airgram A~33, Mar. 5, 1970, 1 
. . Pp. 

oop Th on peaceful “lud of o hang en 53 Mining and Minerals Engineering, V. 6, No. 

gy. The agreement includes exchange of 10, October 1970, p. 44. 

unclassified information, delivery of nu- 84 Bureau of Mines. Mineral Trade Notes. V. 

clear equipment and materials on a com- 67. Oe niet November 190 PMO a Sept. 2 

mercial basis, and tell enrichment of Swed- 1970, p. 89. —— a " 

ish uranium in the U.SS.R. 5 3 Ghemical fo Engineering News. V. 48, No. 
. pgs . , Dec. 21, » p. 31. 

Necessary design modifications continued 5? Foreign Trade. V. 135, No. 2, Jan. 16, 1971, 

to delay operations at the 140-megawatt, PP. 31-32. 

heavy-water reactor at Marviken. Later in 19700 tas and Industry. No. 37, Sept. 12,
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Table 17.—Status of development of the liquid-metal fast-breeder reactor in 1970 | 

| = Power (megawatts) Initial 
Status and country —_—— operation 

a a Thermal Electrical — 

Operating: 
° United States. ....--.2----- eee 200 : 66 1963 

Do_..--.--------+--------- eee 62.5 20 . 1964 
Do__.---.-5----- ++ eee 20 W---------- 1969. 

France....-...-------------------------.------------- 40 ...--..--_. 1967 
United Kingdom. -..--..---2---2----2-L eee ee 60 15 _ 1959 
U.SS.R_.-.2.----------- eee nee Beek e eee 1959 

Do. ___--------------- eee ee 60 12 1970 
Under construction: = me . | . 2 

United States_._.....-.-- 2-2-2 oe eee or (| ee 1974 
France_.....-..--------------------- eee - 600 -: 250 1973 . 
United Kingdom_-___._________----------.--.-.-._..._e 600 250 1972 
U.SS.R_...----2------ 22 1,000 150° 1971 

Do_...---------- n-ne nen eee eee 1,500 - 600 1973-75 
Planned: rs a | a : 

‘United States_-.....222------ eee --------- 750-1, 250 300-500 1976 
Ttaly..-..---- 22-2 eee «AO ee 1975 
Japan... 225-2222 eee eee eee 100) Loewe 1973 
a 750 — 300 1976 

West.Germany_-__._.-.-.-----.---- ee 58 20 1972 
4) Dole iii e eee een eee nee ene eeeee 730. | 800 1975 

Source: U.S. Atomic Energy Commission. — Oo, , . Low . 

probably until the end of 1973. The main a proposed new: company, British Nuclear _ 
problems were in design and corrosion.59 Fuels Ltd. a : 

_ The UKAEA concluded a 3-year agree- U.S.S.R.—Russia reportedly has received 
| ment with Combustion Engineering, Inc., orders for equipping. more than 20 nuclear 

| United States, for conversion of 3 million power units. in Bulgaria, Hungary, East. 

pounds of U3O0g to UF¢ at its Springfields, Germany,: Romania, Czechosloyakia, and 
Lancashire, fue] plant. The UFg product Finland. Lo a 
will be returned to the United States for A fast-breeder reactor (FBR) program is 

| | enrichment.60 ss underway. A 350-megawatt FBR has been 
| The Production Group, UKAEA, repre- ~ completed. at Melekess, a similar plant is 

sents British participation inthe tripartite under construction at Shevchenko, and a 
uranium-enrichment agreement, also. in- 600-megawatt unit is under construction in 

: | volving the Netherlands - and West Ger- the Ural Mountains.61 A number of power 

many. According to the UKAEA Annual reactors of. various types were planned for 
Report for 1969-70, a gas centrifuge plant service during 1971-75. 

_ will be commissioned ‘at Capenhurst in Late in the year, the U.S.S.R. negotiated 
1972. Eventual capacity will be 40 to 50 with representatives of nuclear companies 
tons separative work units. The’ UKAEA in. Finland, France, West Germany, and 

_ will transfer its functions in the project to Sweden to provide toll enrichment services. 

, | | WORLD RESERVES | 

The current edition of a report on The former is based on nearly 118 million 
world (non-Communist) uranium re- tons of ore averaging 0.21 percent U3O3 
sources, prepared for the Organization for and represents a 55,000-ton increase from . 
Economic Cooperation and  ODevelop- the first of the year. Domestic potential re- 
ment. (OECD), lists total established re- serves ($8 per pound) increased by more 
serves of nearly 840,000 tons UgOg (at less §=£—~__ 
than $10 per pound) and 880,000 tons Economist. V. 236, No. 6624, Aug. 8, 1970, 

UsOg as estimated additional reserves **o nfining Magazine. V- 128, No. 4, October 
(same price) .62 Reserves are subject to re- 1970. p. 345. de. V. 185, No. 5, Feb. 27, 1971 

vision upward, because of increases mainly , 4700) 0 
in the United States and Australia. Accord- D 82 Organization for Economic Cooperation and 
: evelopment. Tranlium esources, roductton, 
ing to the AEC, U.S. reserves at yearend nq Demand. A Joint Report by the European 
were 246,000 tons UsOg at $8 per pound Nuclear Energy Agency and the International 
and 300,000 tons U3Og at $10 per pound. Aromic Energy Agency. Paris. September 1970, 54
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than 100,000 tons to 490,000 tons U3Og. | Preliminary estimates for two major dis- | 

These increases resulted from the large- coveries in the Northern Territory of 

scale private exploratory drilling programs, Australia indicate a substantial reserve in- 

which peaked in 1969 but remained sub- crease. In addition, new reserves were re- 

stantial in 1970. | ported in other parts of the country. _ 

' ‘Fable 18.—World uranium reserves and production capacity, by countries 1 

_ (Short tons) Oo | 

- oe eee Annual capacity | | 
Country Reserves ?. 

' - Planned Attainable 
- . oo - 1978-74 - 1975 

Argentina. __....-------------------- eee eee nee e eee 10,000 88 88 
Australia_._.........-.----------------------------- ++ eee $21,700 . 1,500... 1,500 

. Brazil.......------.-------------------------------------- 1,000 .--------.  -.~-~---+--- 
Canada. .._.....---------~--------- 6-2 ee ee eee ee 282 , 000 5,500 13,000 

Central African Republic__...-..--------------------------- 10,400 — 780 780 

France......------------ nn nn nen eee eee eee . 45,000 .. 2,800 2,800 

Gabon... _-__- ~~~ enn noe nee n nen nee n enn nneeneene-------- 18, 500 180 780 
Italy__...-.-..------ bee eee eee eee eee «21,500 .. 120 120 

Japan....--.-.--- 2 ----- nn ne eon en en ne ee nee | 2,700... 40 , 40 

Mexico_......-..------------------------ 2-2 e+ eee 1,300 200 200 
Niger. 2... -2.-----1---2----- + - eeeeeeee 26 ,000 970 +. ~~ 1,940 

Portugal. _.__.---.-----4--------- = - ee ne eee nnn nen ne 9,600 800 | 300 
South Africa, Republic of_--..-.---------------------------- 200, 000 6,000 6,000 
Spain ---~-------2-- 2 nnn nnn 11,000 _» 650 550 

urkey......-----2--- en en nn nnn ee ne nee eens 2,800 -....--.--- -...-------- 

United States..........---.------------------------------- £250,000 19,000 23 ,000 

Yugoslavia-..--...--.----------- eo ee nen nee ee ene ee 1,300 we new wenn ne meena nna mm 

 -Potal...------- eee eee eee eee eee e eee e---- 889,300 38,138 50, 598 | 

1 Non-Communist world only. .. ss. 7 : 
- 2U 20s at less than $10 per pound; data as of April 1970. 

3 Subject to major revision upward, based on recent major discoveries. 
. 4 Does not include 90,000 tons of byproduct U :Os. . 

Source: European Nuclear Energy Agency and International. Atomic Energy Agency. os 

ae oe TECHNOLOGY | 

The AEC continued its sponsorship of The geologically unique Orphan mine | 

large-scale research and development in all structure, Grand Canyon, Ariz., where ura- | 

phases of nuclear technology. About three- nium ore occurred in a nearly circular, 

fourths of the overall basic research pro- vertical pipe structure, 150 to 500 feet in 

gram is conducted at AEC-owned laborato- diameter, is considered to have probably 

ries and at AEC-owned contractor-operated formed by ‘solution collapse.65 The pipe 

research and development facilities. The structure and uranium mineralogy suggest | 

remainder is contracted research and a hydrothermal origin for the ore deposit, 

development.63 Because of the significance but the authors suggest the importance of 

of the environmental issue in connection. ground-water activity. | 

with nuclear development, the AEC re- A new concept for uranium ore deposi- 

. ported its sponsoring of 1,072 projects on tion is postulated for the Athabasca sand- 

environmental matters in 1970. stone of northern Saskatchewan, Canada.66 

A report compared roll-type uranium = ——. | 7 

ore deposits in Wyoming and peneconcor- 6 U.S. Atomic Energy Commission. Fundamen- 

dant tabular deposits of the Colorado Pla- tal Naclear Energy Research—1970. January 1971, 

teau, the principal sources of uranium in “Fischer, R. P. Similarities, Differences, and | 

the United States, and discusses their genetic Some Genetic Problems of the Wyoming and Col 

implications.6¢ The Wyoming ore rolls Sandstone. econ. Geol., v. 65, No. 7, November 

are considered dynamic, having been he Gomitz, V.. and P. F. Kerr. Uranium Miner: 
pushed downward by downward-moving alization and Alteration, Orphan, Mine, Grand 

oxygen-bearing ground water, whereas the Cae g7O, pp. Hoon, Ceol, v. 65, No. 7, Novem 

Plateau deposits seemingly formed as static _% Johns, R. W. Athabasca Sandstone and Ura- 
bodies nium Deposits. Western Miner, v. 43, No. 10, 
Odes. October 1970, pp. 42-52. 

s
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The paper is pertinent because the re- to the well-established solvent exchange 
cently discovered Wollaston Lake deposit process; namely, cyclone separators to re- 
of Gulf Oil Corp. is believed. to lie near place mixer-settlers and solvent exchange 
the eastern margin of the widespread and from acid leach slurries.71 Anticipated de- _ 
thick Athabasca sandstone. This discovery mand for nuclear fuels has caused a re- 

| started a wave of land acquisition, result- surgence of ore-processing research, partic- 
ing in the entire region underlain by this ularly in bacterial leaching and in the 
sandstone being covered by mineral per- reduction of the uranyl ion and precipita- 
mits. As a result of his work on the origin tion of UQo2.72 
and geologic environment of this sandstone, § Two types of countercurrent ion exchange | 
the author considers that much of the pre- columns, developed by the Bureau of Mines, 
vious exploration drilling did not. pene- were tested for uranium recovery from 
trate to deep favorable zones in a regolith mine waters in the Ambrosia Lake district.73 
at the base of the sandstone and that fu- For 1 year, mine waters containing 10 parts 
ture exploration should attempt to develop per million UzOg were processed through 

' data on this zone. bee! a compartmented, upflow-type ion exchange _ 

| A Bureau of Mines reserve study com- column of I-square-foot area at flow rates | 
_ prised not only current economic uranium up to 25 gallons per minute. Recovery 

| reserves but also low-grade, potential. re- reportedly appeared -better than that at- 
- sources, such as copper leach solutions, tained with existing ion exchange equip- 

wetprocess phosphoric acid, Florida phos- ment and commercial techniques used in | 
phates, and the Chattanooga shale.67 the district. This work is part of the Bu- 

| Kermac Nuclear Corp... completed a _ reau’s continuing Uranium Recovery Proj- 
major shaft-sinking project, the largest of ect, started in fiscal year 1969, and includes 
its type in the country, at an Ambrosia research to improve uranium-recovery tech- : 

_ Lake. property, New Mexico. The shaft is niques from ores, waters, wet-process 
784 feet deep, 16-14 -feet in external diame- phosphoric acid. (WPPA), and- other re- 

. ter, and steel-lined with external reinforc- sources, and also to improve metallurgical 
ing members to full depth. Rotary-rig techniques for the processing of commer- 
drilling was employed, using a 1614-foot cial ores. Regarding WPPA, which contains 
hard-rock bit, weighing nearly 40 tons, and 0.15 to 0.25 gram U3Og per liter, 2,000 tons 

a newly engineered 150-foot twin mast.68 U30g are potentially recoverable annually. 
Bacterial leaching tests were applied on Commercial solvent exchange techniques, 

a commercial scale in experimental stopes used to recover several hundred tons UgQOg, 
at a mine in the Elliot Lake district, were not economic because of excessive sol- 
Ontario.69 Bacteria are considered to play vent losses and high chemical costs. Re- 

| two roles: Direct oxidation of U+4 to search continued on improved extractants 
| U+6 or replenishing the supply of ferric and chemical techniques. | 
| iron, which also oxidizes uranium. The Research and development on uranium 
\ latter is considered more significant. ' enrichment for nuclear fuels continued in 

In situ leaching has been underway at many of the industrialized nations. The 
ythe Pitch mine in the Gunnison National §=—— | | 

Forest, southern Colorado, since 1968. This 87 Bieniewski, C. L., F. H. Persse, and E. F. 

operation followed 3 years of conventional sa eae ina pene ees in. “the United “grates, 
top slicing in a highly fractured fault BuMines Inf. Circ. 8501, 1971, 92 PP. il, No 
zone. Success of the leaching reportedly has 6, june loys e140. ene Journal. V. 171, No. 

_ been variable. The leach solutions were in- _° Duncan, D. W., and A. Bruynesteyn. Micro- 

‘troduced into the stopes by a system of  pjological Leaching of Uranium. British’ Colum: 
-pumps, pipelines, and 40 injection wells. nium Symposium, Socorro, N. Mex., May 1970, 9 

' Originally, natural water was the leaching P'%, Marrs, L. F. Underground Leaching of 
. agent; later, the pH was adjusted with so- Uranium ay the Pitch Nine: Mm cone: J., v- 

_ dium bicarbonate.70 it Ross, A. H. Uranium Mills Hit High Rate 
f~ Work continued on improvement of ura- of Efficiency. Northern Miner, No. 5, Apr. 23, 

| nium-processing techniques. Despite in- '%A’,Piard, R. S. Mill Men See Growing Appli- 
| creasing costs of labor, equipment, cations ior Chemical Processing Min. Eng. v. 22, 
supplies, and services, costs have decreased %3 George, D) R., and J. R. Ross. Recovery of 
in several milling operations. Development Uranium From Mine Waters, by Countercurrent 

‘ work was underway on two modifications jer iO70. ae oS A-O6A. » Ve aa, NO. NS
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Tokyo Institute of Technology reported a plutonium reactor carries an inventory of : 

new method, successful in enrichment by a 3,000 kilograms of plutonium for a full- : 

factor of 1.017 on a laboratory scale, and scale mockup of plutonium fuel arrange- | 

planned a larger test device.The process ments in future commercial reactors. 

involves isotopic separation in a long, nar- According to the AEC, the high-priority 

7 row tube filled with positive ion exchange _liquid-metal fast-breeder reactor (LMFBR) | 

resin. It is considered suitable for low en- program was directed toward fuel and ma- 

richment concentrations, such as for peace- terial development, construction and opera- , 

ful uses. Advantages are relatively low-cost. tion of experimental and test facilities, and a 

equipment and ease of handling. The gas planning a first demonstration plant, | 

centrifuge process, probably the most jointly with industry. The objective is a 

widely accepted in research and develop- burnup rate of 100,000 megawatt-days per 

mental work, was reported to have a num-_ ton of fuel. The AEC considers that, po- 

ber of advantages over the gaseous diffu-  tentially, the LMFBR is economically com- 

sion process—the need for perhaps 10 parable with the LWR and complements : 

percent as much electric power, lower capi- the LWR in that it uses plutonium pro- : 

tal investment, optimum competitive cost duced in the LWR. It also represents a 

efficiency at much lower capacity, and ease highly efficient use of energy resources, 

| of expansion by adding cascades.74 and, being a high-temperature system, its 

| Advances were made in nuclear fuel high thermal efficiency permits designs that 

technology as a result of both AEC-spon- will add less waste heat to the environment 

sored and private industrial efforts. Re- Per unit of power. Experimental Breeder 

searches sought fuel cladding with a mini- Reactor II at the National Reactor Testing : 

mum of swelling and interaction with fuel. Station, Idaho, continued testing of fuels : 

A design problem is the swelling of and irradiated materials for the LMFBR. 

stainless steel under fast neutron irradia- The Fast Flux Test Facility, to be con- 

| tion, caused by voids in the steel, formed structed at Richland, Wash., will test ra- 

by the fast neutron bombardment. Empha- diation effects on future commercial 

sis was placed on the ceramic fuels, which reactors.78 The AEC’s Bettis Atomic Power 

are probably among the fastest growing Laboratory, Pittsburgh, Pa., continued de- 

sectors of the nuclear industry. A recent velopment. of reactor core potential for 

| report describes the sintering process. in breeding in the LWR system, based on the 

the preparation of ceramic fuels into advanced seedblanket technique used at 

pellets.75 Firing requires precise tempera- the Shippingport (Pa.) Atomic Power 

tures, timing, and atmospheric conditions. Station. The Molten Salt Breeder Reactor, 

The pellets must withstand extremely high under development at the Oak Ridge 

temperatures and changes in composition (Tenn.) National Laboratory, has poten- 

and structure owing to nuclear radiation, tial for reduced fuel costs, high thermal 

which often induces radial cracks and cir- efficiency, and improved fuel doubling time 

cumferential parting. | (time required to produce a_ surplus 

In fuels reprocessing, an improvement in quantity of fuel equal to that required to 

plutonium ‘recovery during plutonium-ura- fuel the reactor) , when combined with an 

nium separation was developed by E.I. Du onsite reprocessing plant. A request was 

Pont de Nemours, operator of the AEC’s made for a 1,000-megawatt design study to 

Savannah River plant, Aiken, S.C. Hydrox- be made by an industrial contractor. . | 

ylamine nitrate, a reducing agent substi- Future underground nuclear reactor 1n- 

tuted for the sulfate, resulted in less waste’ stallations were considered for southern 

products and reduced corrosion, in addi- California and parts of Europe,7? and the 

tion to better plutonium § recovery.76 Te ok. Centrif Chem. Week 107 

Westinghouse Electric Corp. and Edison no, 12, Sept. 16, 1970, pp. 33-48. cee we 

Electric Institute jointly conducted a proj- 75 Goldsmith, F. J. Nuclear Fuel Sintering Con- 

ect designed to test the economic viability cet Age, v. 86, No. 12, December 1970, 

of the plutonium fuel assembly in the Dee Chemical Engineering News. V. 48, No. 52, 

pressurized-water reactor. Westinghouse Tt Industry Week. V. 166, No. 5, Feb. 2, 1970, 

fabricated 720 plutonium fuel rods at its PP., 18-19. GT 4 L. BI Fast 

Cheswick, Pa., plant to be used in refuel- Breeder Reactors. Sci. Am, ¥. 285, No. 5, No- 
ing the San Clemente, Calif., nuclear gen- vember 1970, pp. 13 2h. ine N vy. 48, N 

erating station in August.77 Also, an AEC 35 aug 24. 1970, oe °
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U.S. Interior Department granted an _ liquid wastes are evaporated to concen- 
| award to General Dynamics Corp. for a_ trated salt solutions, which solidify to 

feasibility study on offshore siting.8° moist salt cakes. At the reactor testing sta- | 
_ The radioisotope californium-252 as- tion in Idaho, the high-temperature flui- 
sumed greater significance in industrial dized-bed process is used. Wastes are con- 
and other applications. Because of certain verted to a granular calcined product with 
advantages, mainly as a prodigious neutron about one-ninth the volume of the original 
emitter, it has replaced other isotopes in a solution. | | 

| number of uses.81 A recent paper describes Ion exchange is used for removal of 
U.S. Geological Survey activities in nuclear troublesome cesium-137, which has a long 
geophysical exploration, including the use half-life and poses heat buildup problems | 
of. californium-252.82 The basis of this in stored nuclear residues. The ion-ex- 

. technique is neutron activation of stable change medium is an inorganic zeolite, 

elements, which then become artificially which has affinity for cesium and with- 

radioactive. The elements are identified by stands the radioactive environment.85 

measurement of energy from their gamma- Several processes . have been developed 

: ray emissions, The U.S. Geological Sur- for converting liquid wastes to inert solid 
vey has extended laboratory techniques to ceramic forms.86 A phosphate or borosili- 
vehicle-mounted equipment for use in the cate is used as the primary flux. The ce- 
field. Scientists from Battelle Pacific North- ramic form occupies one-tenth the volume 

west Laboratories of Richland, Wash. of the original liquid form. The final 
7 demonstrated this technique in a nuclear ‘product ranges. from a true glass to a rock- 

| probe for exploration on and mapping of like ceramic, which has advantages in dur- 
| _ the ocean floor.88 Rapid analysis of some ability, low dispersion potential, noncorro- 

20-30 elements can be made in their natu- sion to storage containers, resistance to 
ral environment. . high temperatures, and minimal surveil- 

There were no experimental detonations lance requirements. | 
in the AEC’s Plowshare program in 1970; In midyear the AEC announced tentative | 
efforts were directed toward interpreting selection of a salt mine site, near Lyons, 

_ results of earlier experiments in natural  XKans., for demonstration of long-term stor- 

gasfields.. New explosive designs were under age of high-level, long-lived wastes in the 
study, including special requirements for solid state. Storage would be in sealed ves- 
hydrocarbon applications. Studies also in- sels in a thick salt bed, 1,000 feet under- 

| cluded oil shale, mineral recovery, under- ground. Geological and engineering test 

ground storage, waste management, ground studies were underway at the site. 
water management, and geothermal energy Health and safety in uranium mines re- 

applications. A feasibility study was under- ceived increasing attention in 1970. A re- 
way on development of geothermal power cent report describes the variable factors 
from underground nuclear detonations. A affecting the rate of radon gas emanations 
number of engineering problems need to from yock surfaces and accumulations in 
be solved. mine openings.8?7 The author concludes that 

Radioactive waste management received pew mine development and mining meth- 

increasing attention from both the AEC ods should be planned so that conditions in 
and industry. It was estimated that some 
17,000 gallons of highly radioactive waste 2 Chemical Week. V. 107, No. 4, July 22, | 
materials were generated in 1970, and the 1970, p. 34. 
rate may reach 1 million gallons in 1980. a cee Re ro of work Exploution by Nw 
The AEC announced the Third Annual clear Techniques. Min. Cong. J., v. 56, No. I, 

Symp osium ° n Packaging and Transp orta - yaa Engineering and. Miaing Journal. V. 171, No. 
tion of Radioactive Materials to be held in 9, September 1970, p. 182. 
Richland, Wash., in August 1971. The * Industrial Research. V. 12, No. 7, July 1970, 

AEC also established a Division of Waste P*%s Godfrey, W. L., and D. J. Larkin. Ion. Ex- 

and Scrap Management to centralize re- change ene radioactive jen 13, ig70 on 
sponsibility for control over the processing, 56_58. 
transport, storage, and disposal of wastes 86 Mendel, J. E. Ceramics Make Nuclear Wastes 

_and the reprocessing of scrap materials Safe. 38. Age, v. 86, No. 12, December 1970, 
containing special nuclear materials. At the *'’Thompkins, R. W. Radiation in Uranium 
AEC’s Hanford and Savannah River plants, 1970 pp tes OBS J., v. 91, No. 10, October
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the mine are within the proposed working announced development of a process for 

level of radiation. removal of essentially all radioactive ex- 

The Bureau of Mines published a hand- _haust gases from nuclear powerplants. These 

book on radiation control in uranium gases-krypton and xenon-are removed with | 

mines, the first of a two-volume study.88 — fluorocarbon solvents by selective absorption 

The Bureau’s Mining Research Center,  stripping.8® 
| 

Pittsburgh, Pa., commenced work to de- : 

velop new techniques needed to meet cur- 

vent and future health standards in ura- 88 Rock R. L., and D. K. Walker. Controlling 

. . 
. Employee Exposure to Alpha Radiation in Un- 

nium mines. 
derground Uranium Mines. BuMines Handbook, 

Union Carbide Corp., the AEC’s contrac: 1 of two volumes, 1970, 72 pp. 

. . 8 Chemical & Engineering News. V. 48, No. 

| tor at the Oak Ridge enrichment plant, 39, Sept. 14, 1970, p. 47.





7 Vanadi 
, | 7 _ By Harold A. Taylor, Jr* oo 

Domestic demand for vanadium was contained V2O5. They sold 799,300 pounds : 

strong in the first half of the year, but it in April, 803,057 pounds in May, and | 

slacked off in the second half. Domestic 801,250 pounds in June, all off-the-shelf at — 

| production was at a slightly lower level $1.64 per pound of contained V205. GSA 

than in the previous year. The huge vol- continued making monthly off-the-shelf of- 

ume of exports of vanadium ore, oxides, ferings through October at $1.94, but made 

and ferrovanadium, was a reflection of no sales. In November, an offering was 

strong demand for vanadium overseas. The made on a sealed-bid basis but none of 

Government sold surplus vanadium pen- the bids received were accepted. The bids 

toxide during the early part of the year. - received ranged from $1.10 to $1.68 per 

Legislation and Government Programs. pound. All the sales were under strict 

—The Office of Emergency Preparedness export controls which forbade either ex- 

decreased the conventional war stockpile porting the materials, reselling and then 

objective for vanadium from 2,100 to 540 exporting it, or converting it to ferro- 

short. tons of contained vanadium on vanadium and then exporting it. 

March 4. The entire 540 tons is in the As of December 31, 1970, the Govern- 

form of vanadium pentoxide; there is no ment had an inventory of 3,345 short tons 

longer a ferrovanadium objective. of vanadium, all in the national stockpile. 

The General Services Administration Of this total, 1,200 tons was in the form of 

(GSA) sold 402,000 pounds of vanadium ferrovanadium and 2,145 tons was in the 

contained in vanadium pentoxide in Feb- form of vanadium pentoxide. 

ruary and 399,199 pounds in March on an 7 

off-the-shelf basis at $1.55 per pound of 1 Physical scientist, Division of Ferrous Metals. 

| 7 Table I.—Salient vanadium statistics | 

(Short tons of contained vanadium) | 
| . 

1966 1967 1968 1969 1970 

United States: 
. Production: 

Ore and concentrate: 
Recoverable vanadium !__.---------- 5,166 4,963 6,483 - 5,577 5,319 

Value..__......--...---thousands._ $22,210 $21,831 $28,143 $26,334 $34,923 

Vanadium pentoxide recovered_....------ 6,496 5,921 6,149 5,906 5,594 

Consumption. -_.-..------------------------- 5,481 5,245 5,495 6,154 5,134 

Exports: 
Ferrovanadium and other vanadium alloy- 

ing materials (gross weight) --.--------- 482 351 278 644 2,155 

Vanadium ores, concentrates, oxides, and 
vanadates. ._..---------------------- 886 788 463 258 973 

Imports (general): 
Ferrovanadium (gross weight) --_.-------- 8 14 626 449 21 

Ores and concentrates-___..-------------- 72, 42 31 --- --- 

World production __--_-----.-------------------- 10,029 10,266 13 ,331 14,830 16,448 

nr 

1 Measured by receipts of uranium and vanadium ores and concentrates at mills, plus vanadium recovered 

from ferrophosphorus derived from domestic phosphate rock. 

| 1163
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| | DOMESTIC PRODUCTION | | 

While the uranium-vanadium ores of the = The mill of Union Carbide Corp. at 
Colorado Plateau continued to be the Rifle, Colo., is now the only mill recover- — 
principal domestic source of vanadium, the ing significant quantities of vanadium from 

, quantity recovered from Arkansas vana- domestic uranium-vanadium ores. Ameri- 
dium ore increased. The amount of vana- can Metal Climax, Inc., closed its mill at = 
dium recovered from ferrophosphorus con- Grand Junction, Colo., early in 1970 be- 
tinued to be _ significant. Other cause of the present and prospective weak 

ious mills included vanadium residues, Idaho, plant of Kerr-McGee Corp. contin- 
spent catalysts, and imported vanadiferous qe 

. . ued to recover vanadium from byproduct | slag. The recovered vanadium pentoxide f hosoh btained wh i . 
| figures in tables 1 and 4 for 1970 are on ‘*€t*OpHOsphorus obtained when elementa 

the same basis as 1969 and do not include Phosphorus is made from Idaho phosphate . 
| _ vanadium recovered from imported vanadi- rock. The feed at some other mills also in- 

_. ferous slag. oe | cluded ferrophosphorus. | 

_ Table 2.—Recoverable vanadium of domestic origin produced in the United States, 
: | by States | 

. (Short tons of contained vanadium) 

eee 
Se State 1966 1967 1968 1969 1970 

Colorado. -__.------_---------------_----- 3,697 3,317 3,492 WwW WwW 
Utah___--- 2-2 -eeee 353 _ 471 563 WwW — 257 Other States 1______.---- 2222 e eee. =—:1,116 1,175 2,428 - WwW WwW ac 

Total__.--------------------------. = 55, 166 4,963 6,483 | 5,577 5,319 
ee 

W Withheld to avoid disclosing of individual company confidential data; included in total. 
1 Includes Arizona 1966-69, Arkansas 1968-70, Idaho 1966-70, New Mexico 1966-70, South Dakota 1966-67, 

and 1970, Wyoming 1966-67. | 

Table 3.—Mine production and recoverable Table 4.—Production of vanadium 
vanadium of domestic origin produced in — pentoxide in the United States 1 

the United States / : (Short tons) . 
(Short tons) 

Year Mine pro- Recoverable Year Gross V2.0 : . 
275 duction ! vanadium 2 weight content 

1966____---.--_-_--.- 5,685 5,166 TT 
1967___.-----------. 5, 088 4,963 1966__-..-------------- 11,955 11,595 1968___------------- 7,105 6,483 1967.----------------- 10,915 10,569 1969___------------. 5, 737 | 5,577 1968_--.-------------- 12,105 10,976 1970___------------- 5, 798 5,319 1969. ----------------- 12,120 10, 542 
OT 1970_---_------------. 11,085 ,98 1 Measured by receipts of uranium and vanadium 
ores and concentrates at mills, vanadium content. 0 . 

2 Recoverable vanadium contained in uranium and 1 Includes vanadium pentoxide and metavanadate 
vanadium ores and concentrates received at mills, plus produced directly from all domestic sources, plus 
vanadium recovered from ferrophosphorus derived small byproduct quantities from imported chromium 
from domestic phosphate rock. ores. 

CONSUMPTION AND USES 

Domestic consumption of vanadium con- vanadium and 85 percent vanadium from 
tained in ferrovanadium and other forms general sale. A new grade of ferrovana- 
declined in 1970. The decline occurred in dium containing 55 to 60 percent vana- 
all end-use categories except stainless and. dium made its debut. Foote Mineral Co.’s 
heat-resisting steels. expansion of its Cambridge, Ohio, ferroal- 

One producer removed vanadium-alumi- oy plant was delayed by almost half a 
num master alloys containing 40 percent year by a construction workers’ strike.
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Table 5.—Consumption and consumer stocks of vanadium materials in the United States 

(Short tons of contained vanadium) | . 

Sn 
: 

1969 - 1970 

Type of material — or. eee 

Consumption Ending Consumption Ending 

. ' stocks : stocks 

Ferrovanadium !______...-..----------------- 5,193 1,272 4,325 903 

Oxide___..------.--------------------------- 113 20 138 19 

Ammonium metavanadate_....---------------- 110 11 44 11 

Other 2._-.-.-------------------------------- > 739 203 627 91 . 

. . 
. ———_————————— 

. 

Total. ._------------------------------ 36,154 / 841,507 ~~ 5,184 1,024 woe 

'~ 1 Includes other vanadium-iron-carbon alloys. 

2 Consists principally of: vanadium-aluminum alloys, plus relatively small quantities of other vanadium 

alloys and vanadium metal. 
8 Data may not add to totals shown because of independent rounding. . 

| Table 6.—Consumption of vanadium in the United States, by end uses 

(Short tons of contained vanadium) 
cn OO 

: End use | | 1970 | 
a 

Steel: . : . 

Carbon__..__._--- -- - - oe nn en nn nnn nn ne nn nn nn nnn ern ne nnn nec nrns 1,050 

Stainless and heat resisting. _--------------------------------------------------- 48 

Alloy (excluding stainless and tool) _------------------------------------------7-- 2,420 

Tool___------- en penn nen nn nnn nnn rrr nner nnn rn rns 473 

Cast irons. .___.__-_---- -- en enn nn nn nn nnn nn ne nn rn nnn enn rere ner errcn 51 

Superalloys_...-.--------------------2-------- een nn renner 41 . 

Alloys (excluding alloy steels and superalloys): 

Cutting and wear-resistant materials__.--------------------------------0 7 rrr rr rre WwW 

Welding and alloy hard-facing rods and materials___-~----------------------------- 11 

Nonferrous alloys___.---.-------------------------
------ 2 one errnrrrrrrne 485 

Other alloys 1___....------------------------------
- een ern rrr 17 

Chemical and ceramic uses: 
Catalysts__..:----2---------------------- 22 en ee nn nner nnn 125 

Other 2 ee ee a ow ow ww a on nn nn ae 11 

Miscellaneous and unspecified_......---------------------------------------
 ere nnn 402 

Total. .____--.---- ee eee nn nn nnn nnn nee rn cre nce rerns 5,134 

W Withheld to avoid disclosing individual company confidential data, included in “Miscellaneous and 

“unspecified.” . 
1 Includes magnetic alloys. 
2 Includes pigments. . 

PRICES 

Prices quoted by Metals Week for export cal-grade air-dried vanadium pentoxide | 

of merchant, technical-grade vanadium also rose. They ended 1969 at $1.51 per 

pentoxide continued the rise begun in pound of contained V2O5 for fused and 

1969 until June, after which month they $1.54 per pound of contained V2Os for air 

leveled and then declined moderately. The dried. From January 1 to June 30, the 

price quoted at the beginning of the year prices were $1.64 for fused and $1.66 for 

was $1.75 per pound of contained V205, air dried, f.o.b. plant. From July 1 to De- 

free alongside ship (f.as.) U.S. shipping cember 30, the prices were $1.94 for fused 

port. The quote rose to $2 on January 26 and $2.02 for air dried, f.o.b. plant. 

and ranged between $2 to $2.20 from Feb- GSA sold its vanadium pentoxide at a 

ruary 2 to March 16. Prices continued to shelf price of $1.55 per pound of contained 

rise and from March 23 to April 27 ranged 2.0; in its February and March sales. In 

between $2.40 to $2.50, continued at $2.50  i,, April, May, and June sales, the vana- 

through June 15, and topped off for the . . . 
. dium pentoxide went for $1.64. After rais- 

year in the $2.50 to $2.60 range from June. th ce to $1.94 i iv. GSA made 

29 to September 28. From October 5 to ‘8 ©1© PHEl UO $1.94 in July, ma 

November 30 prices held in the $2.10 to ° additional sales. 

$2.30 range, and ended the year at $2. The domestic price for standard ferro- 

The domestic producer prices for 98 per- Vanadium began the year at $3.12 per 

cent fused vanadium pentoxide and techni- pound of contained vanadium, f.o.b. plant,
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rose to $3.47 on January 2, and reached ers began the year at $4, reached $4.40 in 
the yearend level of $4.12 on July 1. The early February, hit the $4.75 to $5 range 
Prices for Carvan and Solvan began the from late February to mid-June, peaked at 
year at $2.96 and rose to their yearend lev- $4.90 to $5.25 from mid-June to early Oc- 
els of $3.48 f.0.b. plant on July 1. The tober, and settled back to end the year at : 
quote for ferrovanadium exported by deal- $4.50. : 

FOREIGN TRADE | 
Exports of both ferrovanadium and va- | average declared value. for exports of ferro- 

nadium ores, concentrates, and oxides were yanadium was $2.81 per pound of alloy, 
much higher in 1970 than in 1969, al- compared with $2.20 in 1969 and $1.90 in 
though the last 2 months of 1970 saw a 1968. ae | 
decline in the exports of both categories. . ; | | No imports classified as ores and concen- The average declared value for exports of ‘ved in 19 é di | ore, concentrates, and technical-grade ox- ‘tates arrived in 1970. Imports o _vanadi- 
ides was $1.67 per pound of contained va- ferous slag, classified as metal-bearing resi- 
nadium pentoxide in 1970. This compares dues, came from Chile, the Republic of 

oO with $1.41 for 1969 and $1.19 in 1968. The South Africa, and the U.S.S.R. 

, | Table 7.—U.S. exports of vanadium, by countries 

| | - (Thousand pounds and thousand dollars) | | 

Vanadium ores, concentrates, 
Ferrovanadium and other pentoxide, vanadic acid, 

. vanadium alloying materials vanadium oxides, and vana- | 
i containing over 6 percent dates (except chemically 

- Destination . Vanadium (gross weight) pure grade) (vanadium 
- content) 

| : 1969 1970 1969 1970 
- a Quantity Value Quantity Value Quantity Value Quantity Value 

. a Se rere " 

Argentina. ______.______- — _e 44 $139 _-- Se 5 $12 ' Australia._._..222-- 2 2 e --- --- 20 70 aoe --- (dy Q) 
Austria_._.......2---___- --- --- —_— --- a --- 91 298 
Belgium-Luxembourg_ --___ --- --- 132 858 1 $1 14 41 
Brazil__.._-2--22-2 2 8 1 $3 _ 28 85 4 10 --- --- Canada______._____.___._ 245 521 912 2,161 35 81 22 62 Chile__.___._-.._-________ --- --- --- --- 1 1 1 3 Colombia___..-__________ --- ~-- (1) 2 () (1) _— --- 
Czechoslovakia___________ --- --- ~-- --- --- --- 123 328 
France__._..2__2_-_ 79 214 125 372 28 109 172 456 Germany: 

Bast__.-2-2 Le wee ee 275 812 --- a --- ~-- 
West___.--_-_________ 373 769 402 1,269 172 447 662 2,130 Hong Kong______________ (4) 1 a _-- ee _-- --- _-- 

Hungary__________._____ a ee 32 51 --8 oe --- _-- India___._---__2 2 ee --- --- 156 418 ee --- 15 48 Tran__-------- eee eee Le --- _-- --- --- --- 35 64 Italy_.-----------2 2 ee --- 72 220 19 37 45 151 
Japan__-------- 2 107 200 1,102 3,044 107 248 307 828 
Libya__.-_--.-.---______ --- a a oe 2 4 —— --- 
Mexico__.__-..---________ 110 205 254 726 7 20 8 31 Netherlands___._.-._____ 94 228 335 1,036 106 221 165 430 New Zealand____________ --- a — a _— a 1 2 Poland.._.-.__..2--_ Le. --- --- es a --- wae 2 6 South Africa, Republic of _ _ ae —_— — _-- _— _. (2) 1 
Spain__._-__-_-2 2 2 eee 37 85 108 363 _-- _- --- --- 
Sweden__________.._____ 173 495 220 739 23 95 187 663 
Trinidad and Tobago_--—__ --- se — a 1 3 _— --- 
United Kingdom_____-____ --- a val 191 10 28 87 248 Venezuela______________- 69 118 —_— _-- a oe se --- 
Yugoslavia_____________- --- --- 21 71 _-- —_— --- --- Zambia_________________ _—— a a an _-e __. 4 6 tO 

Total_______..__-. 1,288 2,834 4,309 12,127 516 1,300 1,946 5, 808 eee 

1 Less than 14 unit.



- VANADIUM | 1167 

oo ‘Table 8.—U.S imports of ferrovanadium, by countries 

(Thousand pounds and thousand dollars) 

a 
| 

- General imports Imports for consumption 
a I SSS 

Country an 1969 1970 1969 1970 

- Gross Value Gross Value Gross Value Gross _— Value 

- weight weight - weight weight 

Australia_--------------- 31 $53. _-- --- 31 $53 _-- ae 

Austria__..-------------- 262 384 --- --- 255 878 — --- 

~~... Belgium-Luxembourg.---.- | 159 268 --- --- 153 | 258 --- a 

France_-_._.------------- 26 43 --- ~-- --- --- --- ane - 

Germany, West__-.------ 128 223 31 $86 111 189 47 $114 

Italy__.----.------------ 42 51 _-- --- ‘42 51 --- --- 

Sweden. __.-.-.--------- 94 167 11 29 94 167 ee --- 

United Kingdom._------. 155 183 _-- ee T7 94 --- --- 

ae 

| - Total._.....-.---- 897 1,372 — 42 115 763 1,185 47 114 

, _ WORLD REVIEW a 

In addition to the countries listed in and then slacked off. Prices and US. ex- 

table 9, the U.S.S.R. and Chile produced ports acted similarly. 

vanadiferous slag from iron ores, and some ~ Australia—An Australian-French-Ameri- 

other countries had relatively small vana- can group is considering development of a 

dium production from secondary sources, vanadiferous oil shale deposit at Julia 

wastes, or as a byproduct recovered along Creek, Queensland, on the Townsville- 

with other metals. In Canada, an oil refine | Mount Isa Railway. The attractions of the 

ery of Petrofina Canada, Ltd., has a by- deposit include nearness to” transportation, 

product plant with a capacity of about 100 proximity to the surface (450 feet), and 

short tons of contained vanadium per year the availability of low-cost power from 

which recovers vanadium pentoxide from burning the spent shale. Technical reasons 

fly ash produced by burning petroleum dictate that the deposit must come on 

coke. The Japanese recover byproduct va- — stream at a rate of about 5,600 tons of 

nadium from several different sources. West contained vanadium per year. Accordingly, 

Germany probably recovered vanadium a study of the prospective market in Eu- 

from South-West African lead vanadate rope is underway.2 

concentrates (credited to South-West Af- South Africa, Republic of.—Highveld 

rica in table 9), from vanadiferous slags, Steel and Vanadium Corp., Ltd., produced 

and possibly from other sources. about 27,500 tons of vanadium-bearing slag 

The great international demand for va- WMeal Bullet Lond No. $812, July 3 

nadium reached its height around mid-1970 —_ 1970, °. 19. etin (London). No. » july >, 

Table 9.—Vanadium: World production from ores and concentrates, by ‘countries 1 

(Short tons) 
a 

Country 1968 1969° 1970 P 

Finland 2_._---.----------------------------- erence
 1,321 1,484 1,450 

France @3_________-------------------------- oon re 100 100 100 

Norway °__------------------- nnn rrr 940 1,010 1,080 

South Africa, Republic of: 
Content of pentoxide and vanadate products_...------------- 7 2,257 r 2,859 2,665 

Content of vanadiferous slag product ¢_ --------------------- r 1,600 r 3,300 5, 434 
a 

Total ¢....----- ew eee e eee ee eee e eee eee ceceeeee-- 8,857 r6,159 8,099 

South-West Africa, Territory of (in lead-vanadate concentrate) °_ __ 630 500 400 

United States (recoverable vanadium) --------------------------- 6, 483 5,577 5,319 
e 

i 

Total. .....--------ee eee e een e eee n eee eee eee eee eceeee-  :18, 881 14,8380 16,448 

e Estimate. P Preliminary. t Revised. | 

1 The U.S.S.R. and Chile are known to produce vanadium in slags from iron ores, but data are insufficient 

for estimation. 
2 Vanadium in vanadium pentoxide product. 

3 Byproduct from bauxite.
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for export in the fiscal year which ended - mine in-the Rustenburg district which will 
June 30, 1970. They continued to make. supply the needed additional ore. 

7 progress towards reaching capacity, al- South-West Africa—Ore bodies: in the 
though not as much progress as antici- deeper section of the Berg Aukas mine, 
pated; the iron plant producing the slag now made accessible by a new shaft, came 
had reached about 90 percent of capacity into production and markedly improved 
by the end of the fiscal year. A fifth pre- the output of lead vanadate. | 
reduction kiln which is coming into pro- U.S.S.R.—A pellet plant inaugurated at __ 
duction early in 1972 will increase plant the Kachkanar iron mine in the Urals. is 
capacity. expected to greatly increase blast furnace 

The company’s Vantra Division received efficiency and hence increase the output of 
a third small kiln, which will enable it to vanadiferous slag. The ore is a low-grade 
keep production at the present level when titanomagnetite, having an iron content of 
an anticipated drop in ore grade occurs. approximately 17 percent but a high vana- — 
An additional large kiln has been ordered dium content. A beneficiation. plant uses 
which will increase plant output by 40 magnetic separation to give a 63-percent 
percent. The large kiln will be commis-. concentrate. Formerly this fine concentrate 
sioned around mid-1971, as will. a new went directly into the blast furnace. 

| Oo _. TECHNOLOGY : 
The Bureau of Mines continued its re- convection sodium loops indicate that 

search. on vanadium-base alloys by study- vanadium-base alloys are sensitive to the 
ing the properties of molybdenum-titanium activity of oxygen, carbon, and/or nitrogen 
additions. The alloy with the highest in sodium. Alloys containing over 10 per- strength contained 20 percent molybde- cent titanium ate not stable in the sodium 

| num, 10 percent titanium, 0.1 percent car- reactor coolant. The most stable alloy 
bon, 05 percent. silicon, and 0.5 percent tested was V-5Ti-15Cr.6 
yttrium. It maintained high strength up to. The discovery of new ways of making 
1,200°C. This alloy had a 10,000-meter vanadium-base alloys and the investigation | strength/density at 800°C, which was ap- of additional vanadium alloy systems may 

| preciably greater than that of a variety of also lead to the use of vanadium in fast- | commercial high-temperature alloys such as__ breeder reactors. Aluminothermic reduction _ 
Udimet-M 252, Mar-M 302, Inconel X-750, of vanadium pentoxide followed by elec- and AIS! 670.3 _ tron beam melting without an intermedi- 

The Bureau also studied the phase rela- ate vacuum sintering step can yield 
tions of the vanadium-oxygen system in high-purity vanadium. Purity was over 99.9 
the vanadium-rich region below 1,200°C to percent. A high-purity vanadium ingot 
determine the solubility of oxygen in vana- yields the V-15Cr-5Ti alloy via arc melt- 
dium and the interrelationship of the ing. The low cost of using the processes 
three phases existing in this region.4 Should attract the metals industry.7 A 

Oxygen impurities in sodium strongly af- = 
fect the mechanical and corrosion proper- * Keith, G. H., and J. S. Winston. Develop- ties of vanadium alloys which otherwise ment. of Rept, OF rae 508 Tagium-Base Alloy. 
might be usable as fuel cladding materials *Henry, J. L., S$. A. O’Hare, R. A. McCune, in sodium-cooled fast-breeder reactors. A gnd MiB, Krug: The Vanadiutn- Oxygen System: mathematical internal oxidation model: ex- Below 1,200°C. J. Less-Common Metals, v. 21, 

plains the hardened zone which forms Nea 70 and I. H. Devan. Effect of Ox- when vanadium-titanium and vanadium- ygen in Sodium on Vanadium and Vanadium AI- aluminum alloys react with the oxygen im- ys. J. 1970 conmion , Metals, v. 22, No. 4, De 
purities. The oxygen reacts with the tita- ‘Litton, F. B., J. H. Bender, and L. A. 

ALOe ecenmum fo give the TiO2 or ie or ise Alimuaton, of Vanadium, and Vana. AlzO3 precipitate which forms the hard- lurgical Trans., v. 1, No. 2, February 1970, pp. ened zone.5 In addition to the mathemati- AE Wane, C. T., E. F. Baroch, $. A. Worcester, 
cal model, some experimental research was and Y. S. Shen. Preparation and Properties of conducted on this problem. Corrosion tests ih: Furity Vanadium and gr STi. Metal- 
on vanadium-base alloys in four forced- [ge ces 27%? “1+ No. 6, June 1970, pp.
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phase diagram developed for the vana- tetrachloride by precipitating vanadium 

dium-rich portion (0 to 37 percent nickel) | compounds with hydrogen sulfide, drying 

‘of the vanadium-nickel system shows that the precipitate, and oxidizing the precipi- 

adding nickel can lower the melting point tate to remove vanadium oxychloride.11 

of vanadium from 1,900° to 1,280°C. The Another proposed process removes vana- 

solid solubility of nickel in vanadium in- dium and other metals from acidic ore so- 

creases from 6.8 atomic percent nickel at lutions (no higher than a pH of 3.5) by 

800°C to 24.0 atomic percent nickel at adding iron powder and maintaining the 

1,280°C.8 
solution at 115°-150°C until most of the 

New processes devised to separate vana- metals — precipitate as oxides = Or - 

dium from such materials as iron ore pel- hydroxides.12 

lets, granite, crude titanium tetrachloride, 

and ore leach solutions could increase the 

U.S. supply of vanadium. One process in- 8 Stevens, E. R., and O. N. Carlson. V-Ni_ Sys- 

volves mixing the iron ore with 2 to 5 tem. Metallurgical Trans., v. 1, No. 5, May 1970, 

percent sodium carbonate, pelletizing the PF, Michal, E. J. (assigned to National Lead 

mixtur ting i inter ’ Co.). Process for Removing Vanadium From Iron 

ure, heating it to sinter the pellets 6,0," U.s. Pat. 3,486,842, Dec. 30, 1969. 
and form sodium vanadate, and leaching 10Goni, J. C. (assigned to Bureau de Re- | 

the roasted material with water to dissolve cherches Geologiques et Minieres). Processes for 

. “ae Extracting Metals From Rocks or Ores. U.S. Pat. . 

the vanadate.® Extracting vanadium and 3.511,645 Mar. 11, 1970. 

other metals from granite by chelating the “Ferrero, F., G. Sironi, and A. Garberi (as- 

d k with luti f li ‘d signed to Montecatini Edison S.p.A.). Recovery 

ground rock with a solution of oxalic act of Vanadium. British Pat. 1,200,577, July 29, 

and citric acid and decanting the metal- 1970. | . 

es luti . li id suited to 2 Fitzhugh, Jr., E. F. and D. C. Seidel (as- 

containing solution gives a liquid sulle signed to Republic Steel Corp.). Recovery of Mo- 

treatment by conventional methods.1° Van- lybdenum, Vanadium and Uranium From Solu- 

| adium is recoverable from crude titanium May 5. isonet ing Salts. U.S. Pat. 3,510,273, |
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| | By Frank B. Fulkerson ' | 

Tn 1970 production of crude vermiculite ~ spectively. The average unit value of crude = 
in the United States decreased 8 percent in vermiculite increased 4 percent to $22.78 
quantity, and 4 percent in value. Quantity per ton, and the average unit value of ex- 
and value of exfoliated vermiculite sold or foliated vermiculite rose 7 percent to : 
used declined 12 percent and 6 percent, re- $85.11 per ton. - 

a oe. DOMESTIC PRODUCTION 4 | 

Crude Vermiculite——Output decreased 8 particle sizes, at its Libby, Mont., proces- 
: percent from that of 1969 to 285,000 tons sing plant. | | 

and a value of $6.5 million. Only three Exfoliated. .. Vermiculite—Twenty-five 
mines produced crude vermiculite.in 1970 companies in 31 States produced 221,000 
compared with eight in 1969. W. R. Grace _ tons of exfoliated vermiculite. The follow- 
& Co., Zonolite Division, supplied the prin- ing six States, listed in order of output — 
cipal production from its mines in Lincoln supplied 43 percent of the exfoliated ver- 
County, Mont., and. Laurens County, S.C. = miculite production: California, Florida, 

The Patterson Vermiculite Co. mine in Texas, New Jersey, South Carolina, and II- . 

Laurens County, S.C., also was active. W.  linois. W. R. Grace & Co., Zonolite Divi- 

R. Grace & Co. annownced plans to in- sion, the largest producer, operated 23 — 
crease capacity principally in the smaller. plants in 20 states. — | | 

| Table 1.—Salient vermiculite statistics 

| - 1966 1967 1968 1969 . 1970 

United States: oo: . : 
Sold and used by producers: _ 

Crude____........--.---thousand short tons_-_ 262 255 290 310 285 
Value_________..._.._.__thousand dollars._ $4,955 - $4,974 $5,684 $6,805 $6,501 . 
Average value per ton______-2___..------. $18.91 $19.51 $19.60 $21.95 $22.78 

. Exfoliated__...._.........thousand short tons__- 193 180 213 250 221 
Value___._.__...._..---thousand dollars__ $15,130 $14,278 $16,845 $19,916 $18,809 
Average value per ton____._.__.--.-..---. $78.39 $79.32 $79.08 $79.66 $85.11 

World: Production, crude_._._._...-thousand short tons... _ | 382 371 421 466 432 

CONSUMPTION AND USES 

The end-uses for exfoliated vermiculite  riculture (horticulture, soil conditioning, 
in 1970 were as follows: aggregates’ (con- fertilizer carrier, litter), 14 percent; and _ 
crete, plaster, cement) and _ insulation miscellaneous uses, 6 percent. | 
(largely as loose fill) , each 40 percent; ag- | 

) PRICES 

The Engineering and Mining Journal $22.78 per ton, compared with $21.95 per 
quoted nominal yearend prices for crude ton in 1969. The average unit value of all 
vermiculite, beneficiated at the mine, as fol- exfoliated vermiculite, f.o.b. processing 

lows: Per short ton, f.o.b. mines, Montana plants, was $85.11 per ton, compared with 
and South Carolina, $18 to $35; and South $79.66 per ton in 1969. 

Africa, c.i. Atlantic ports, $29.55 to 

$40.15 - The average mine value of all do- 1Industry economist, Division of Nonmetallic 
mestic crude vermiculite sold or used was _  inerals. 

1171
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| FOREIGN TRADE 

Crude vermiculite was imported duty- of South Africa continued to be the only 

free into the United States. The Republic important source of vermiculite imports. 

WORLD REVIEW 

A review of vermiculite uses and world - South Africa, Republic of.—Vermiculite 

- markets was published.2 _ .... production. decreased..5..percent.compared. 

Canada.—Six companies exfoliated ver- with 1969. The only major supplier of ver- 

miculite at 10 locations in 1969. The miculite outside North America, Palabora 

plants were located in Vancouver, British Mining Co., decided to expand and modify 

Columbia (two plants); Calgary and Ed- its existing plant instead of building an 

-monton, Alberta; Regina, Saskatchewan; entirely new mill. Production was to be in- 

Winnipeg and St. Boniface, Manitoba; St. creased from 140,000 tons.to 175,000 tons 

Thomas, Ontario; and Lachine and Mon- per year while at the same time permit- 

treal, Quebec. The following end-use per- ting processing of lower grade ores. About 

centages were reported by exfoliated ver- 1 year would be required to complete the 

miculite producers in 1969: Loose fill modifications, but no disruption of produc- | 

insulation,'71 percent; plaster aggregate, 11 tion was expected. The company uses a 

percent; insulating concrete, 7 percent; and dry milling process. It was originally 

| miscellaneous uses, 1] percent. All crude planned to adopt wet processing, which 

vermiculite exfoliated in Canada was im- would increase recovery of vermiculite 

ported from the United States and the from serpentinite and pyroxenite ores, but 

Republic of South Africa.3 : costs proved to be too high.5 - 

India—The problem of separating ver- Uganda.—The Minister of Mineral and 

miculite from biotite was studied by the Water Resources reported that vermiculite 

Ore Dressing Section, Metallurgy Division, deposits in the Namekara and Bukusu 

Bhabha Atomic Research Centre, Trombay, areas were tested and found to be high 

Bombay. Vermiculite ore from Kasipa- grade.é 

| tanam mines, Andhra Pradesh, was used in — 

the tests. A method of preferential grinding ~~ 

and separation of vermiculite was devel- 2 Industrial Minerals, Vermiculite: A Market in 

i Transition. No. 38, November 1 » pp. 9-16. 

, oped. The separated mineral was further  “"\Wwiton, H. S. Lightweight Aggregates, 1969. 
enriched by two processes: magnetic sepa- Dept. of Enerey, Mines, and Resources, Ottawa, 
nes net June 1970, 4 pp. , 

/ ration and exfoliation. The tests showed 4Ganzu, G. L., and K. K. Majumdar. Studies 

that for export purposes, vermiculite could on the Beneficiation of Vermiculite. Indian J. 

be separated from biotite by magnetic sep- Mines, Metals 305 Fuels. V. 18, No. 8, August 

aration and for local consumption it could 3Industrial Minerals. Palabora to Modify Ver- 
i i ul ive better miculite Plant. No. 35, August 1970, p. 31. 

be exfoliated, which would give € Mining Magazine. Minerals in Uganda. V. . 

grade and recovery. | 123, No. 4, October 1970, p. 341. 

, Table 2.—Vermiculite: Free world production by countries 

7 (Short tons) 

nn 

Country 1968 1969 1970 > 
ee 

Argentina__.____..-.._...------------------- -- --- nner t 4,766 5,023 ¢ 5,100 

Brazil cee eee eee--- 2,724 04,240 0 4,240 

India______._______--___ ue ne ee eee ner 2,588 4,388 801 

Kenya___..-.-..__--------------------- nnn nnn 308 855 1,839 

South Africa, Republic of.._._._---------------------------eenneeeeee 121,458 142,184 134,367 
Tanzania_____________--_-_-_.------------ enn nner 33 136 165 
United States (sold or used by producers) _.-..--------------------------- 289,504 309,467 285,331 

Total... ee eee eee eee eee enn ne] 7 421,376 466,293 431,843 

i 

OO 

e Estimate. » Preliminary. * Revised. .
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Table 3.—Republic of South Africa: Exports of vermiculite by countries 

(Short tons) 

eer A 

Country 1968 1969 | 1970 

Australia__....-.---------------------+---------------+------- 3,988 3,666 
Belgium. -_...------------.----------+------------------------- 851 1,449 

Canada_..__-.-------_-------------- +--+ +++ ee 3,850 4,892 

Finland. ......-------_--------ee nee nnn een ee eee een eee Qo. 977 | 
France_._._._------2-- + ee een en en eee nee 9,899 9,381 |. 

Germany, West_-_.....-.-.---------------+-------------------- 13,058 14,947 

Italy... -- oe en eee eee eee 20,164 27,021 
Japan____..-.------------------------- = ---- een ene 4,647 ~ 1,343 _ NA oe 

Netherlands. __...._..-_-.-----------~~-------- +--+ eee 1,283 1,348 

Spain___..--.-..---.---------------------------------------- 3,902 4,096 

Sweden.______-_- ee ene ne nee ne ee ne ee nn ene ene nee ene 1,584 2,521 | - 

Switzerland_____...._-_-_-_--.--------.--------------------- == (4) 716 

United Kingdom. _____...---.-----------------------=-------- 27,745 27,335 

United States____.._._.___---------.-------~--- +--+ oe 10,576 6,497 

| Undisclosed_.._.--------------------------------- 2-2 4,505 3,395 | 

| Total... ene ee ee eee eee eee 106, 052 115, 584 _ 127,612 

Total value 2_._._.--_-----=--------- eee eee ene eee ----- =, 119,344. $2,409,697 $3,150,288 

Average value per ton ?_______-------------------------- $19.98 $20.85 $24.69 
ne 

NA Not available. _ . Oo | | 

1 Not reported individually; may be included with undisclosed. . 

2 Converted to U.S. currency at the rate of 1 rand equals US$1.40. 

a a TECHNOLOGY | 

In a method for flameproofing paper or A thermal-insulated, water-repellent 

. fabrics, finely divided vermiculite ore was board was prepared from a mixture con- . 

soaked in a sodium chloride brine, washed sisting of asphalt-coated, exfoliated vermic- 
with water, steeped in a lithium chloride li hal d llulosic fiber.20 

brine, again washed, and water-exfoliated. " ite, asphalt, and a Cellulosic er. 

| The resulting sludge was applied to the | 

paper or fabric, and the coated paper or 
fabric dried.7 - TLand, E. W., and C. W. Orgell (assigned to 

An j d. di fired. slopi f W. R. Grace & Co.). Process for Flameproofing. 

n improved, direct-fired, sloping furnace Combustible Materials. U.S. Pat. 3,540,892, Nov. 
was devised for expanding sized vermicu- 11, 1970. 

: : . : 8 Johnson, C. W. Apparatus for the Heat 

lite ore or perlite and tank annealing the Treatment of Comminuted Material. U.S. Pat. 

expanded material.8 | 3,522,610, Oct. 13, 1970. 

The surface hardness of. fresh concrete c 9 Jackson, W. R. (assigned to W. R. Grace & 

toe , : ° .° O.). ase ardenin Oo oncrete 1t ine 

was improved by covering it with a blan- Vermiculite. U.S. Pat. 5,499,070, Mar. 3, 1970. 

keting layer of minus 8-, plus 40-mesh ex- 10 Kawam, A., and M. V. Ernest (assigned to 

foliated vermiculite. The layer was up to6 W._R. Grace & Co.). Method of Forming Wa- 
‘nches in thick 9 y P ter-Laid Vermiculite Roof Insulating Board. U.S. 

inches in thickness. Pat. 3,533,907, Oct. 13, 1970.
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Table 4.—Vermiculite exfoliating plants in the United States in 1970. 

eee 
Company State County 
ee 

Arizonolite Co___-_.----.__.-..._._.... Arizona_____.._-... Maricopa... : 
California Zonolite Co________...__.._-.California___....._. Alameda, Los Angeles. 
Carolina Wholesale Florist Co___....____.... North Carolina_._.. Lee. |. a 
Cleveland Gypsum Co., Division of Cleve- Ohio...___......... Cuyahoga. 

land Builders Supply Co. . a 
Coralux Perlite Corp. of New Jersey__.... New Jersey_._._...._. Middlesex. 
Filter Media Co., Inc__-.____.._--.-----. Louisiana___....._.._ St. John the Baptist. 
Hyzer & Lewellen_____-__...._._.__._.._-.  Pennsylvania____._._ Bucks. 
International Vermiculite Co_-__.__._...__.. Illinois_____..._._.. Macoupin. 
La Habra Products, Inc____......_._._.-... California...__.... Orange. . 
McArthur Co____------------------.--. Minnesota___.._._... Ramsey. 
Mica Pellets, Inc___.._.._.-.__-.-_..._. Illinois_____.___... De Kalb. 

. The B. F. Nelson Manufacturing Co___-_._. Minnesota__._._..._.. Hennepin. 
Patterson Vermiculite Co__....._......_.._ South Carolina_.__.__ Laurens. . 
Robinson Insulation Co____.-__.---..--. Montana__.___._.. Cascade. 

, _ North Dakota____._ Ward. 
Solomon’s Mines, Inec___-_-.-......-..-.. Arizona__-........ Maricopa. . . a 
Southwest Vermiculite Co__._.._._...-... New Mexico__.__.__. Bernalillo. . 
Supreme Perlite Co____._._____.2..._... Oregon____..._.... Multnomah. 
Texas Vermiculite Co__.___..__.__........ Oklahoma_______.._ Oklahoma. _ a . 

. Texas_..........._ Bexar, Dallas. 
Verlite Co. (Schmelzer Sales Assoc., Inc.)_. Florida_._._...._.. Hillsborough. 
Vermiculite of Hawaii, Inc.......--._---. Hawaii---_.__.__.... Honolulu. . 
Vermiculite Industrial Corp.__......_..... New Jersey_.._..._.. Essex. 3 «|. . 
Vermiculite-Intermountain_____._........ Utah.._......_.... Salt Lake. .. 7 no 
Vermiculite-Northwest, Inc__.._....._..... Oregon_.____..__._ Multnomah. 

Washington_._.____. Spokane. 
Vermiculite Products, Inc_____.._.....___. Texas.....--_..._.. Harris. . 
Zonolite Division, W. R. Grace & Co____. Arkansas.i_.._____ Pulaski. 

Colorado__..._..... Denver. oe 
Florida__._......._. Dade, Duval, Hillsborough, Palm Beach. 
Georgia___........ Fulton.. oe - 

_ Jilinois....-._.._..- Cook. . . 
: Kentucky___.-.... Campbell. .. | . , 

- Louisiana___....... Orleans. — oO 
‘ . Maryland___......_ Prince Georges. | 

. Massachusetts._..._.. Hampshire. - 
Michigan__._...... Wayne.  — 
Minnesota___.._.... Hennepin. I 
Missouri__........ St. Louis. 
Nebraska___....... Douglas. 

: New Jersey_____.._ Mercer. 
New York__...._.. Cayuga. - 
North Carolina___.. Guilford. 

~ Pennsylvania__.__.. Lawrence.. DO . 
South Carolina___._ Greenville. . . 
Tennessee___.____._ Davidson. ~ 
Wisconsin.___.___... Milwaukee. 

EEE



By Albert D. McMahon * o 

Most all segments of the domestic zinc cent, to 15 cents per pound on August 24, 
| industry suffered setbacks in 1970 after the 1970; this quotation continued through the | 

strong growth of the preceding 2 years. All end of the year. | - : 
elements of zinc supply and consumption In 1970, U.S. mines produced 534,000 
declined following the general downward tons, approximately 3.5 percent less than 
trend in industrial activity. The lower de- - in 1969. Smelter production of slab zinc 
mand and increasing inventories at pri- dropped 14 percent, and imports of zinc in 
mary producers’ plants resulted in produc- ore and metal declined 13 percent and 17 
tion curtailments of 10 to 15 percent at percent, respectively. Consumption was 
most smelters and refineries early in the down 14 percent as producers’ stocks rose | 
year; additional cutbacks were made later almost 50 percent and consumers’ invento- 
to control another buildup of smelter _ ries fell 12 percent. | 
stocks. Demand for zinc declined progres- The free world zinc mine production in- 
sively and was substantially reduced in the creased 3 percent; smelter output was — 
last 2 months of 1970 because of the Gen- down approximately 2 percent. Consump- 
eral Motors Corp. strike. Imports of zinc in — tion fell in most countries except Japan, 
ore and concentrates and imports of slab where the smallest increase in years was 
zinc were much lower than those of 1969. reported. | a . 
The price of zinc resisted the pressure for | | 

ion t the ken- | | 
a reduction through most of wea . 1 Physical scientist, Division of Nonferrous Met- 
ing market situation but was lowered 0.5 aig, - 

OO - Table 1.—Salient zinc statistics | a 

1966 1967 1968 — 1969 1970 . 
| : 

United States: 
Production: 

Domestic ores, recoverable content 
. a short tons... _ 572,558 549 , 413 529 , 446 553 ,124 534,186 

Value__.__.._.__.----thousands.. $166,044 $151,562 $142,950 $161,512 $163,650 : : 

Slab zine: . . 

7 From domestic ores__short tons... 523,580 438 , 553 499 ,491 458 , 754 408 ,953 

~ From foreign ores__...--.do..-. 501,486 — 500,277 521 , 400 581 , 843 A73 ,858 

_ From serap_-_..--.-.-----do---- 83,263 73,505 79 , 865 70 , 553 77,156 . | 

| Total_......._......---do..-_ 1,108,329 1,012,885 1,100,756 1,111,150 954,967 
_ Secondary zinc!..____-...-.-.do_-.- 277,967 (247,254 276,092 307,714 264,074 

Exports of slab zine. ___.........-do_--- 1,406 16,809 33,011 9,298 288 
Imports (general): 

Ores (zinc content)__._......--do..-. 521,320 534,092 543 , 866 602, 120 525 , 759 
Slab zinc_.._.._...........-.do_-.. 278,175 222,112 304,576 324,776 270,418 

Stocks, December 31: . 
At producer plants. __..-__._-do__-- 64,798 81,916 65,379 65,788 98 ,314 

- At consumer plants__._.-.---.do..-. 129,593 102 ,535 101,818 102 , 007 89 ,551 
Consumption: 

Slab zine__..._-..--.--------do..__ 1,428,666 1,250,673 1,350,656 1,385,380 1,186,951 
All classes__-._-...----------do..__ 1,820,012 1,605,862 1,745,357 1,814,167 1,571,596 

Price, prime western, East St. Louis 
. cents .per pound... 14.50 18.85 13.50 | 14.65 15.32 

World: 
Production: 

Mine._._..__..----_----short tons_." 4,942,018 5,830,400 5,483,540 5,891,661 6,060,604 
Smelter_____.-_-------------do_... 4,498,252 4,547,754 5,100,953 5,472,473 5,407,129 

Price: Prime western grade, London 
. ; cents per pound. - 12.75 12.37 11.89 12.96 18.42 

ee rn rn itt SP Ss ss 

1 Excludes redistilled slab zinc. 
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. _ Figure 1.—Trends in the zinc industry in the United States. 

_ Legislation and Government Programs. vc. tries attended. The Study Group in- 
—Genera] Services Administration sales of vestigating zinc consumption in 1970 con- 
zinc continued during the year on an off- cluded that efforts to curb inflation in the 
the-shelf basis. Sales through the end of United States and other countries brought 
December for commercial consumption varying degrees of industrial stagnation. 
amounted to only 25 tons, and 22,583 tons Because of the general economic situation 
remain in the existing disposal authoriza- during 1970, zinc production forecasts 
tion. No zinc was sold to the Agency for made for certain countries by the Group 
International Development in 1970. Sales had not been fulfilled, and, even with the 

50 oon government agencies amounted to cyrtailment of mine and smelter output, 
, ons, and 22,187 tons remain of the producers’ inventories rose to unexpected 

50,000 tons authorized in 1965 for govern- . 
: higher levels. For 1971, the Study Group 

ment use. The stockpile inventory at the dicted th dest uvt in th 
end of 1970 was 1,141,490 tons of zinc, ine PC'S at a modest upturn in the 
cluding government commitments not de- level of economic. activity would support a 
livered. near balance in estimated world produc- | 

The International Lead and Zinc Study ion and consumption. Zinc uses in galva- 
Group held its 14th session in Geneva on nizing and zinc-base alloys were forecast to 
November 16-20 to review past events and rise with industrial activity. Many delega- 
to determine outlook for these metals. tions urged repeal of tariff and other trade 
Representatives from 27 of the 30 member __ barriers on lead and zinc and that no re-
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strictive initiatives be adopted by member (GATT) as the appropriate forum for ne- 

governments. Reference was made to the gotiations of tariff and nontariff barriers 

General Agreement on Tariff and Trade on trade. | | 

DOMESTIC PRODUCTION | 

- casts for tonnage and grade have: since 

MINE PRODUCTION been exceeded. Improvements in haulage 

- Mine production of recoverable zinc in equipment at the New Market joint vor 
the United States was 534,136 tons in 1970 ture and ventilation at the Coy mine were 

a decline of 3.5 percent from that of the completed for xP ansion of mine capacity. 
. _ American Zinc’s east ‘Tennessee ore reserves 

previous year. Decreases were recorded for ae ee . 

13 States and increases, for nine. ‘Tennes- were increased nearly 3 million tons in 

see, producing about 6,000 tons, or 5 per- mn ny surface ane undergroun€. drilling, 

cent less than in 1969, continued to rank which resulted in the addition of a year's 

first with approximately twice the produc- sup Py ore. wae Flat Gap ane J ffer- 

tion of second-place: New York. Colorado’s ub ; i Y eee Gulf e * Joey ind 3 a 

production increased 3,000 tons to replace inc, a the Fine Mine Works ae “the 

Idaho for third place, only 2,000 tons be- ” i : } 
hind New York; Idaho dropped to fifth United States Steel Corp. in the east Ten- 

place. Missouri moved into fourth place nessee comp lex op erated throughout the 

with the largest growth of any State in )-*" New Jersey Zinc continued explora- 

1970; in 4 years zinc mine production from tion develop ment in aS thee ae en 
| ae > nessee area, principally through a pliot 

et 00 te to 700 aN Tenge redtetions shaft at Elmwood, which was completed in oe 

; . es -_ September 1970. The work continued to 
in Idaho, New Mexico, and Montana with . . . .. 

small declines in other States west of the de lineate the ze mineralization more pre- 
es cisely, which indicated the development of 

Mississippi, allowed the eastern States to . . 
ain 1 percentage point, providing 57 per- 2 low-cost mine operation.3 Production of 

Bent of S production. >P Be" P zinc concentrates at Copperhill by Cities | 

| . _ Service Co. increased by a small amount in 

une sources of Zine production in we 1970. Work continued on a large construc- 

are shown in table according to the tion program, which is expected to in- 

Caen ee ions ate cuentoutpat of ion, ing, copper 
follows: 50 percent from zinc ores; 29 per- and suture ace DY aE “ Oe 

° , cent when completed in . Included is 
cent from lead-zinc ores; 10 percent from gy : d ‘zati i 

pansion and modernization of sulfuric 
lead ores; 8 percent from copper-lead-zinc acid producing facilities to .one of the 

ores and te Percent from rae 73. mil, world’s largest opranons converting metal- 

; -  lurgical gases to acid.4 | 
lion tons of zine cre mined in 1970 was. Mine son i he sec- 

- va production in New York, the sec 

3.67 percent, compared with 8.9 million ond ranking State, was just 150 tons below 
tons of ore averaging 3.93 percent in 1969. that of 1969 and entirely from the Balmat 

The 25 leading mines listed in table 5 and Edwards mines of the St. Joe Minerals 

accounted for 78 percent of domestic re- Corp. (Corporate named changed from St. 

coverable mine production. The five lead- Joseph Lead Co. May 1970). The mines 

ing mines produced 29 percent, and the worked continuously on a 6-day per week 

first 10 contributed 46 percent. basis throughout the year, and the labor- 

With 22 percent of the national total, he ner “Ne "t cha “c Or : 3-year oe tio c 

Tennessee was the leading producing State e new No. 4 shalt and varee-pm ed . 
in 1970, : sition it has held si 1958 underground equipment were plac in 

m > 2 Posi } Ss held since * service for enlarging mine capacity. Prog- 
American Zinc Co. mined 2,838,000 toms of | 

ore and produced 125,000 tons of zinc con- . 2 American Zinc Co. Annual Report. 1970, pP. 

centrates in Tennessee. Ap roduction goal "3 Gulf & Western Industries, Inc. Annual Re- 

of 2,000 tons per day was attained at the port. 1970, p. 20. 70 

Immel mine early in the year, and fore- 93. Cities Service Co. Annual Report. 1970, pP-
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ress continued with the construction of a Missouri became _ the fourth-ranking 
new concentrator, which will have twice State in 1970 with a 23-percent increase in 

" the capacity of the present mill at 4,300 production over that of 1969. The Buick 
tons per day.5 mine and mill operated by the Missouri 

Production in New Jersey, Pennsylvania, Lead Operating Co. produced 32,000 tons and Virginia by New Jersey Zinc was ap- of zinc concentrates of its first full year of 
proximately 500 tons lower than that of Operation.® The Ozark Lead Co.’s zinc pro- 
1969. Large expenditures were made and duction from the Ozark mine was some- 
planned for the Friedensville, mine Mine What greater than that of 1969. Mining op- 
output in Kentucky declined to 4,200 tons, erations were reduced to a 5-day week 
a 16-percent drop below that of 1969. during the fourth quarter.10o The Mag- 

In Wisconsin American Zinc closed three ™OMt Mune at Bixby, Mo., operated by small mines and Ivey Construction Co. Cominco-American Inc. mined 859,000 tons 
closed its mine and mill. State production of ore having a combined average lead-zinc 
decreased 10 percent from that of 1969. grade of 11.9 percent.11 Mine oufput in 
Mine output in Illinois rose 22 percent to Kansas drop ped 38 percent from that of 16,800 tons. 1969 principally because of the closing of 

Colorado moved up to third place in Eagle-Picher Industries, Inc.'s _ Swalley 

1970 with a 5.5 percent increase in produc- mine. OO ahoma oor) in 1970 was 3 
tion to 56,700 tons, a record high for the P | . State. New Jersey Zinc’s Eagle mine pro- In Idaho production fell 27 percent to 
duced the largest tonnage of zinc. New- 41,000 tons due to the closure of the Page 

| mont Mining Corp.’s Idarado mine was Mine in 1969 and the diversion of zinc in 
second, and the Sunnyside mine of Stand- lead smelter slag. Production increased at 
ard Metals Corp. ranked third. Production Bunker Hill Co.'s (subsidiary of Gulf Re- 
of ore at the Idarado mine was down 13 ‘Sources & Chemical Corp ) own mane. A 
percent because of a shortage of skilled "CW Muning method was introduced using 
and semiskilled workers. Sublevel stoping small trackless equipment and inclin ed in the wide mineralized areas was intro. '2™ps instead of drifts, shafts, and raises. 
duced late in the year using multidrill The new techniques _have increased 

| jumbos and rubber-tired loading and haul- efficiencies and lowered mining costs in the ing equipment to improve productivity. 2T€4S where used.12 The Star-Morning unit 
Ore reserves were lowered by adjusting the OPerated by Bunker Hill and Hecla Min- ore grade and increasing the minimum ‘8 Co. produced 215,500 tons of ore aver- 
mining width because of increasing costs of  28!Ng 6.77 percent zinc, 5.24 percent lead, production. Resurrection Mining Co. and 2.45 ounces of silver. Ore reserves were 
owned by Newmont Mining and the Amer- increased principally from development 
ican Smelting and Refining Co., work on the 7,500-foot level. Mining the 
(ASARCO) continued to develop their Star-Morning veins on the 7,300-foot level 
joint venture at the Leadville Unit. The 404 sinking the shaft to the 7,500-foot 
Black Cloud shaft was complete at 1,650 level were started during the year.13 Mine 
feet in February 1970, and construction of OUtput of zinc in Utah was only 214 tons the 700-ton-per-day concentrator was begun less than in 1969. The United States Smelt- 
and scheduled for completion early in ing Refining and Mining Co, processes ore 
1971. Ore reserves remained at 2,401,000 from the U.S. and Lark mine in Lark, 
tons averaging 9.5 percent zinc, 5.13 per- §£——-——— 
cent lead, 2.64 ounces of silver, and 0.084 * St. Joe Minerals Corp. Annual Report. 1970, 
ounce of gold per ton.7 < Gulf_& Western Industries, Inc. Annual Re- 

The recoverable zinc mined in Maine P?% A970, “Mining Corp. Annual Report, 
during 1970, entirely from the Penoboscot 1970, PP. 19. ing Corp. Annual R 1970 
mine of the Callahan Mining Corp., was p. i SNE DSTI MOTD. ADDRES. , 
19-percent greater than in 1969. However, vjhmerican ig! Climax, Inc. (AMAX) An- ; . t. ,p. 7. in 1970, the best production year, ore re- "% Kennecott Copper Corp. Annual Report. 
serves were reduced because of a lower 1970, p. 13. Lid. A 1 Report. 1970 9 
copper price. Under the prevailing condi- 12 Gulf Resources ee "Chemical “Corp. Annual tions the deposit will be exhausted in Report. 1970, p. 12. 
1972.8 8 % Hecla Mining Co. Annual Report. 1970, p.
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Utah, at its flotation mill in Midvale, ore was extracted than in 1969, increasing | 

Utah. The concentrates produced are costs, lower metal prices, and declining ore 

treated on toll by other companies, and grades combined for a disappointing year 

the refined zinc is returned to the of operations.22 
company.1¢ Production by the Tintic Divi- | 

sion of Kennecott Copper Corp. increased SMELTER AND REFINERY PRODUCTION 

almost 100 percent over that of 1969. All Slab zinc production at smelters and 

ore came from the Burgin mine; a small ; . . 
. electrolytic refineries in the United States 

quantity of development ore was mined at decreased 14 percent from that of 1969, to 
the Trixie mine and an area between the . P , , | 
Bursin and Ball Park mi lized areas. approximately 955,000 tons; this reflected 

gin a ark minera a 
The sround water table at the Burgin was the cutbacks initiated earlier in the year to 

ve BF en fable 4 Urey he growing buildup of produc- 
being gradually lowered after an increase ane tock ' R growing hh d P b 
in pumping capacity.15 ers’ stocks. Reviewing monthly data pub- 

ae lished by the Zinc Institute the lowering 

In 1970, the Mayflower mine, owned by of refined zinc production and shipments 

New Park Mining Co, and operated by that began in November 1969 fluctuated 
Hecla, produced 115,672 tons of ore, which through the first quarter 1970, and in Feb- 

assayed 2.85 percent zinc. Ore reserves were ryary production was the lowest since the 

reduced from 257,000 to 240,000 tons. strike curtailed output of March 1968. Pro- 

Downward projecting veins cut on the  quyction rebounded in March but then de- 

2,600 and 2,800 levels were disappointing clined progressively to new lows in August 

when compared with the 2,400 and devel- and November. Monthly shipments ranged 

opment work was curtailed.16 The Anacon- from 83,250 tons down to 66,653 tons, for 
da Company, in a joint venture with an average of 76,012 tons per month com- : 
ASARCO conducted geological and mine pared with an average of 95,774 tons in | 

development work to delineate new lead- 1969, | 

zinc-silver reserves for United Park City Most all zinc smelters and refineries op- | 

Mines Co.17 erated at reduced levels in 1970. Notices of 

The United States Smelting Refining cutbacks in production began late in 

and Mining acquired the mining proper- March when the National Zinc Co. an- 

ties, claims, and mill facilities of New Jer- nounced a 25 percent reduction effective : 

sey Zinc in Bayard, N. Mex. The Hanover March 29, 1970. St. Joe Minerals said it , 

mine, included in the purchase, was closed would cut production 13 percent in April 

in August 1970 and has not been and thereafter would consider the problem 

reopened.18 Production at ASARCO’s on a month-to-month basis. Mattheissen & 

Ground Hog mine was considerably higher Hegeler Zinc Co. had been operating at 75 

than that of 1969, and 122,417 tons of ore percent capacity since the end of January, 

was mined and milled. The zinc concen- taking advantage of the lower demand pe- 

trates produced contained 14,179 tons of riod for repairs and maintenance. Ameri- 

zinc.19 . can Zinc followed with a 10 to 12 percent 

Cyprus Mines Corp.’s Bruce mine near reduction. The Bunker Hill and New Jer- 

Bagdad, Ariz., operated close to capacity, S¢y Zinc initiated cutbacks in April and 

producing 7,600 tons of zinc. Deepening Blackwell Zinc trimmed its production 9 

| the shaft for development of two new lev- percent at Blackwell, Okla., in May. On 

els was approved. Known reserves are esti- §=§=—————__ 
mated to maintain operations for 6 years, 14 United States Smelting Refining and Mining 

Co. Annual Report. 1970. p. 4. 
and the two new levels are expected to 5 Kennecott Copper Corp. Annual Report. 

add another year of operation.20 In De- 1970, p. 13. 
cember 1970,. AS ARCO closed its Van 9. Mining Co. Annual Report. 1970, pp. 

Stone mine at Northport, Wash., because 1970. 2 giinaconda Company. Annual Report. 

reserves had been exhausted.21 Pend Oreille 18 Unsited States Smelting Refining and Mining 

Mines and Metals Co. mined 223,729 tons Co. Annual Report. 1970, P- 3; Refining Co 

of ore in 1970 and produced 4,698 tons of ASARCO) Annual Report. 1970, p. 7. 
zinc in concentrates. Approximately 30 per- ” Cyprus Mines Corp. Annual Report. 1970, 

cent of the year’s production was from the Phi American Smelting and Refining Co. Annual 

900 level where a major development pro- Report. {9D P d Metals Co. Annual 

gram was also conducted. Although more Report. 1970, p. 5. ines and Metals 0:
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September 21, 1970, 1 week after the start equipment costing $2 million to purify 
of the General Motors strike, American plant effluents. The horizontal-retort zinc 
Zinc closed its electrolytic plant at East St. smelter at Amarillo, Tex., produced less 
Louis, Ill, and indicated that the auto zinc in 1970 owing to a shortage of labor. 

| strike was the precipitating factor. Continued operation under the State Air 
Refined zinc production by primary smel- | Control Board’s regulations is questionable. | 

ters and electrolytic refineries was derived The plant is working under an extension 
: from the following: domestic ores, 42 per- of a variance granted earlier pending re- 

cent; foreign ores, 50 percent; and scrap, sults of feasibility studies to control 
8 percent. In 1970 the quantities of slab zinc emissions.24. American Zinc increased slab 
produced from domestic and foreign ores zinc production 3 percent, to 130,000 tons, 
were 12 percent and 19 percent, respec- in fiscal 1970. The electrolytic refinery at 
tively, lower than. those of 1969, and there Sauget, Ill., operated at 95 percent of rated 
was an increase of 9 percent in production capacity and the horizontal retort smelter _ 
from scrap. Primary zinc refined by elec- at Dumas, Tex., had, a good year until 
trolytic plants was down 13 percent from April 1970 when production was reduced 
that of 1969 and accounted for 41 percent to control the rising inventory of slab zinc. 
of total slab zinc produced; smelter pro- In October 1970, the electrolytic refinery 
duction of primary zinc was 18 percent was shut down because of a large inven- 

| lower than that of 1969 and made up of tory, unsettled market conditions, and 
51 percent of the total. Redistilled second- principally, the General Motors  strike.25 
ary slab zinc produced from scrap by pri- Blackwell Zinc Co., Inc. (subsidiary of 
mary smelters increased 9 percent over AMAX) horizontal-retort zinc smelter at | 
that of 1969 and contributed 7 percent of | Blackwell, Okla., produced 81,000 tons of 
the total; the increase from secondary slab zinc in 1970, a 9-percent decrease 
smelters was 14 percent for only 1 percent from that of 1969 because of the weakened 
of the total. Production of all grades of market demand.26 In 1970, The Anaconda 
zinc were lower than that of 1969, how- Company produced 152,000 tons of zinc, 

| ever, the percentage distribution was about compared with 180,300 tons in 1969. Ap- 
the same with special high grade at 42 proximately all production was refined at 
percent; prime western, 34 percent; high the Great Falls, Mont., electrolytic zinc 
grade, 11 percent; brass special, 8 percent; plant; 55 percent of the total was treated 
and intermediate, 5 percent. . on toll for other companies. Adverse gen- 

St. Joe Minerals produced 192,000 tons eral economic conditions and the automo- 
_ Of refined zinc at their electrothermic zinc bile strikes late in 1970 reduced demand, 

smelter at Monaca, Pa., a decrease of 11 which caused cutbacks in production.27 
percent from that of 1969. Production of | Bunker Hill curtailed zinc production at its 
zinc oxide was 35,000 tons, approximately Kellogg, Idaho, electrolytic plant early in 
the same as that of 1969. Zinc oxide capac- April 1970 due to the lessening of demand. 
ity will be increased to over 50,000 tons Zinc metal production was reduced to 
per year with plans to double French-proc- 96,000 tons, from 106,000 tons in 1969.28 
ess oxide production. Additional facilities In September 1970, New Jersey Zinc moved 
are planned for recycling greater quantities its corporate headquarters from New York 

| of zinc-base industrial wastes and residues. City to Bethlehem, Pa., to be closer to key 
Improvements of environmental aspects at operations located at Palmerton, Pa. The 
St. Joe's two smelters were scheduled for lack of demand for zinc metal because of 
1971 at a cost of $4.5 million.23 ASARCO’s reduced automobile production, growing 
electrolytic zinc refinery at Corpus Christi, substitution of plastics for zinc diecastings, 
Tex., was damaged in August by Hurri- increased competition from zinc imports, 
cane Celia; the damage cost approximately and lower demand by the steel industry en- 
$500,000 and nearly 15 days’ production. hee 1970 
Construction of fluid-bed roasting facilities pp. x ire Minerals Corp. Annual Report. , 
was begun and scheduled for completion Re. American Smelting and Refining Co. Annual 
in 1972. Two old flash roasters will be re- SP erican vince Co. Annual Report. 1970, p. 
placed which will result in lower operating 6. AMAX A IR 1970. p. 8 
costs and increased capacity. This plant 27 The Anaconda Company. °F ual Report. 
has no air-quality problems; however, wa- 1970, Pe oF & Chemical C Annual ter-quality control regulations will require Report. 1970, p. 12. emucal orp. annua



ZINC 1181 

couraged widespread discounting and in- of the recycling of semimanufactured al- 
creased pressures to reduce the price of loys, primarily zinc-base and copper-base 
zinc. A change of 0.5 cent in the price of alloys, accounted for 79 percent of the 
zinc can affect pretax profits by approxi- total new and old scrap processed. The 
mately $1 million per year.29 | | largest decreases from 1969 were for new 

Slag-Fuming Plants—For: many years and old copper-base scrap, which made up 
five slag-fuming plants have treated hot almost all the total decline. Most of the 
and cold lead blast-furnace slags contain- zinc recovered (48 percent) was accounted 
ing from 7 to 15 percent zinc to produce a for in reconstituted copper-base alloys 
zinc oxide fume. The zinc oxide is subse- (brass and bronze); slab zinc was next - 

quently delivered to zinc smelters or elec- with 22 percent; zinc dust, 9 percent; and 
trolytic refineries for recovery of the chemical products, 12 percent. a 

contained zinc and to other consumers of Byproduct Sulfuric Acid.—In 1970 there 

zinc oxide. The following five plants were were 16 plants with facilities for roasting | 

operating in 1970: © zinc sulfide concentrates, and 10 were 

| Company Plant Location equipped with sulfuric acid producing 
American Smelting and units. Four of these plants were solely 

TESARGO) __.....-.--_-------Selby, Calif, Toasting operations producing zinc oxide 
American Smelting and | _ for delivery to zinc smelters or refineries 
(ASARCO) _.----.-----------E] Paseo, Tex. for the recovery of zinc or for sale to 

The Anaconda Company ----East Helena, Mont. other consumers of zinc oxide; three of 

The Bunker en he Bee Idaho these had sulfuric acid plants. Six plants; 
Refining Co. __---.-------------Tooele, Utah one electrolytic refinery, three horizontal 
During the year, the material processed retort smelters, one vertical retort smelter, 

consisted of 698,700 tons of new hot slags, and one roasting plant, did not have sul- 

75,000 tons of cold old slags, and 10,700  furic acid producing facilities. In 1970 pro- 
tons of residues. The yield of zinc oxide duction of byproduct sulfuric acid from 
fume was 126,400 tons containing 87,560 the zinc plants and three lead smelters was 
tons of recoverable zinc, compared with 1,086,207 tons, compared with 1,086,938 

144,900 tons of fume and 94,700 tons of tons in 1969. a 
zinc in 1969. Zinc Dust.—Production of zinc dust was 

Secondary Zinc Smelters.—Zinc recovered 51,136 tons in 1970, or 7 percent lower 

from processing secondary materials than that of 1969. Of this total, approxi- 
amounted to 339,500 tons, compared with mately 29,200 tons was produced from 

376,400 tons in 1969. New scrap consisting metal distilled from scrap. 

CONSUMPTION AND USES 

Zinc consumed in the United States as  sand-casting alloys, 1 percent; rolled zinc, 3 

refined metal in slab or other forms to- percent; zinc oxide, 4 percent; and other 

taled 1,186,951 tons (1,385,380 tons in uses 3 percent. For the first time since 

1969) ; the zinc content of ore and concen- 1961 galvanizing used more zinc than die- 

trate consumed to make pigments and salts casting alloys, which reflected the 1970 

and used directly in galvanizing was slump in the automotive industry. De- 

124,781 tons (126,712 tons); and the zinc creases in most all categories followed the 

content of scrap to make alloys, zinc dust, general downturn in the economy. In com- 

and salts totaled 264,074 tons (302,075 parison with 1969, the use of slab zinc de- 

tons) ; the overall total was 1,575,806 tons, clined 4 percent for galvanizing, 29 percent 

a drop of 12 percent compared with 1969. for brass products, 20 percent for zinc-base 

Slab zinc consumption of 1,186,951 tons, alloys, 16 percent for rolled zinc, and 21 

as reported by approximately 700 plants, percent for other products. The amount of 

was 13.3 percent less than that recorded zinc oxide made from slab zinc increased 6 

for 1969 and the lowest annual total since percent because of the continuing rise for 

1963. Galvanizing accounted for 40 percent photoconductive use. 
of the total slab zinc consumed; brass 

products, 11 percent; diecasting alloys, 38 2 Gulf & W Industries, Inc. Annual Re- 
percent; dies, rod alloy, and slush- and port. 1970, p. an meUsTIeSs nes "
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The distribution by grade of slab zinc 223,770 tons; leaded zinc oxide increased 5 
consumed in 1970 is as follows: Special percent to 5,200 tons. The zinc chloride 
high grade, 47 percent; high grade, 9 per- produced was approximately 46,800 tons, 
cent; intermediate, 1 percent; brass special, or 2 percent less than in 1969; zinc sulfate 

10 percent; prime western, 33 percent; and dropped to 53,170 tons, 15,300 tons below 
remelt, less than one-fourth of 1 percent. production of the previous year. 

Relative to 1969, consumption of special- Zinc pigments and compounds were 
high-grade zinc dropped 19 percent, but made from various zinc-bearing materials 
for prime western zinc the decline was including ore, slab zinc, and scrap. Lead- 
only 1 percent, which confirmed the lower free zinc oxide was made by the following 
quantity for diecastings in the automotive processes: 60 percent was produced from 
industry. - ores by the American process, 24 percent 
The slab zinc consumed by rolling mills from metal by the French process, and 16 

in 1970 at 41,000 tons was 16 percent percent was derived from secondary mate- 
lower than that of 1969; the production of rials and residues. The zinc contained in 
rolled zinc products fell from 46,540 tons zinc oxide produced from ore was 107,273 

to 39,234 tons, also a 16-percent drop. The _ tons and in zinc sulfate, 8,278 tons; 77 per- 
amount of photoengraving plate produced cent of the zinc oxide was from domestic 
was less than 400 tons under that of 1969, ores and 23 percent was from imported 

at 10,364 tons; however, the strip and foil ores; 43 percent of the zinc sulfate was 

rolled was down over 8,000 tons, or 26 per- from domestic ores and 57 percent was 
cent below that of 1969. In 1970, there was from imported ores. The amount of zinc 
a 16.5 percent increase in the unit value of in pigments produced from the zinc in do- 
rolled zinc produced, which almost bal- mestic ores represented 16 percent of the 
anced the loss in quantity of products. Im- domestic mine production, the same _per- 
ports of rolled products—plate, sheet, and centage as in 1969. Leaded zinc oxide was 

| strip—dropped 18 percent to 692 tons, and produced solely from ores, zinc chloride 
exports fell 48 percent to 1,412 tons. The from slab zinc and scrap, and zinc sulfate 
unit values of imports and exports also in- from ores and scrap. | 
creased 40 percent and 29 percent, respec- Four grades of leaded zinc oxide, classi- 
tively. The total tonnage rolled in 1970, fied according to lead content, were pro- 
including 18,300 rerolled from scrap, was duced. Only a very small quantity of 5 
57,310 tons, compared with 70,900 tons in percent or less leaded zinc oxide and a 

1969. minor quantity containing 35 to 50 percent | 
Consumption of slab zinc by States was and over were produced; the more than 5 | 

headed by Illinois, again with 14 percent to 35 percent grade made up most of the 
of the total, followed by Ohio, Pennsylva-. production. Some lithopone, a coprecipitate . 

nia, Michigan, Indiana, and New York. of zinc sulfide and barium sulfate, was 
The industries using zinc in these six produced, but quantities are withheld to 
States accounted for 68 percent of the total avoid disclosing individual company confi- 
slab zinc consumed. The largest uses were dential data. 
for diecastings in Michigan, Illinois, New Consumption and Uses.—The shipment 
York, and Ohio and galvanizing in Ohio, of zinc oxide for various uses in 1970 was 
Pennsylvania, Indiana, and Illinois. Con- 3 percent lower than that of 1969. Rubber 
necticut, Ulinois, and Michigan showed the accounted for 52 percent of the total re- 
largest quantities used for brass mil] prod- quirement and used approximately 4,500 
ucts. tons less than in the previous year. The 

quantities for paints, chemicals, and agricul- 
ZINC PIGMENTS AND SALTS ture were substantially below those of 

1969, but for photocopying and other uses 
Production.—Production of zinc pig- major increases were recorded. The 16-per- 

ments and compounds at 329,000 tons in cent rise for photosensitive copying paper, 
1970 was 4 percent below that of 1969. to 31,850 tons, reflects almost a threefold 
Total shipments were 6 percent lower than expansion of this use in the last 5 years. 

production, which indicated an increase in Consumption of leaded zinc oxide was 
producers stocks. Production of lead-free almost equal to that of 1969, but the use 

zinc oxide was up 3,400 tons over 1969 for paint, which accounted for 75 percent 
production, a 1.5 percent increase to of the total, increased 6 percent, and the
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balance for other uses dropped 15 percent. countries increased 42 percent, to 1,541 
The total zinc sulfate shipment was 16 tons. The leading recipient was again 
percent lower than that of 1969 because South Vietnam with 1,392 tons, followed 

the requirement for agriculture declined by Canada and Venezuela with 42 tons 
10 percent and for other uses 19 percent. and 16 tons, respectively. The total value 

-Prices—The prices of American-process, of exported pigments was $2,866 million, 
lead-free zinc oxide and all other grades up 75 percent OVCF that of 1969. d 

were established October 1, 1970, when a d see et ono pigments and Ore ere s 

0.5-cent increase raised the quotation for ecreased in 1970 to 20,766 tons, down from 
Ameri . 23,518 in 1969. The decline was accounted 
merican-process zinc oxide to 17 cents , : 

for principally by the 17-percent drop in 
per pound; and. for French process lead- : . . : : 

4 . . receipts of zinc oxide. Zinc oxide ac- 
free, high-purity, and electrophotographic } , 

| counted for 12,073 tons; 6,200 tons came 
to 17.5 cents, 18.0 cents, and 19.75 cents , " } 

. . from Mexico, Canada was the next largest 
per pound, respectively. The prices of . } 

. . supplier, 4,400 tons; the Netherlands fol- 
leaded zinc oxide were 14 cents per pound . 1 | } 

: lowed with 800 tons; Belgium, 222 tons; 
for 12 percent grade, 15 cents for 18 per- . | : 

Spain, 165 tons; and smaller amounts were cent, and 16.75 cents for 35 percent grade. ~ ; . 
7: . -anul hydrate. j supplied by the United Kingdom, West 

| Zinc sulfate, granular mono yorate, I Germany, France, and Poland. Seventy- 
dustrial-grade 36 percent in 100-pound. seven tons of lithopone, down 71 percent 

. bags was quoted at 10 cents per pound from 1969, came from West Germany and 
throughout the year. The price of zinc the Netherlands. Zinc chloride imports 
chloride, 50 percent, in tank cars, was in- were down 16 percent at 1,151 tons and 

| creased in the first week of July from 6.20 — goijowed the 1969 pattern; the greater por- 
to 6.40 cents per pound for 100-pound lots, tion came from West Germany, 781 tons; 
where it remained through December. Belgium, 295 tons; and 75 tons from Can- 

Foreign Trade.—Exports of zinc oxide ada, the Netherlands, and the United 
to 41 countries in 1970 amounted to 6,326 Kingdom. Zinc sulfate imports increased 

tons, a 67-percent increase over 1969, West slightly to 6,298 tons; Mexico supplied | 

Germany was the largest customer with 3,365 tons and Australia supplied 2,813 
1,308 tons, followed by Canada with 1,298 tons. The total value of imported zinc pig- 
tons, Australia with 789 tons, and Belgium ments and compounds was $4,106 million, 
with 449 tons. Lithopone exports to 36 compared with $4,476 million in 1969. 

STOCKS 

Producer Stocks.—The buildup of stocks uary 1 to 555 tons at the end of March. 
of slab zinc at primary smelters and refin- Accumulations in the next 3 months in- 
eres that began in the last quarter of 1969 creased stocks to the year’s high of 1,157 
conned to af 1970 progressively i the tons at the end of June. Reduced produc- 
early months of 1970, reaching a high at tion and larger shipments in the third the end of May. The cutbacks of produc- i dj . 413 t 
tion at smelters and refineries begun in 4¥tter towered inventories to 419 tons a 

February effected reductions in stocks in ‘he end of September. Production, ship- 
June and through September to the lowest ™ents, and inventories increased in the last 

for the year. Further slackening in de- quarter as yearend stocks rose to 738 tons. 

mand, owing principally to the automobile Consumers Stocks.—The total of slab 
strike, caused a decrease in shipments, and inc inventories at consumer plants de- 
stocks rose in October, November, and De- clined 12 percent in 1970, to 89,551 tons. 
cember to 97,576 tons. Inventories at sec- Declines in all grades except intermediate 

ondary smelters fell from 885 tons on Jan- contributed to the 12,500-ton drop.
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PRICES | | 

. The East St. Louis quoted price of pound) on January 1, 1970, where it re- 

prime-western-grade slab zinc established mained throughout the year. This quota- 

September 15, 1969, at 15.5 cents per tion is that charged by most non-US. pro- 

pound continued unchanged in 1970 until ducers in foreign markets, as published by 

August 20, when one company reduced its the Metal Bulletin of London, for Good 

price 0.5 cent to 15 cents per pound. All Ordinary Brand (GOB) zinc (prime western 

other producers lowered their prices by equivalent), cif. European ports, subject 

: August 24 when the East St. Louis basis to premiums to cover duties, grades, and 

became quotable at the new rate. This geographical charges. The London Metal 

price continued through the end of the Exchange (LME) average monthly quota- 

year. The foreign producers’ price was tion varied throughout the year within a 

lowered from £130 per metric ton (U.S. 0.5-cent range from a high of 13.60 cents 

equivalent 14.15 cents per pound) to per pound in September and the low of 

£127.95 per metric ton (13.93 cents per 13.11 cents per pound for December. 

FOREIGN TRADE | 

Exports of slab zinc in 1970 dropped and 12 percent of the metal; Japan fur- 

drastically from 9,300 tons to just under nished 12 percent of the metal and Aus- 

300 tons. Exports of rolled zinc products, tralia contributed 11 percent. Imports for 

sheets, plates strips, etc., was almost halved consumption followed the same pattern, but 

to 1,400 tons, down from 2,700 tons in the totals of ores and metal were 75,000 

1969. Canada received 1,006 tons, and the and 10,000 tons less, which indicated that 

balance went to 13 other countries and some zinc imported prior to 1970 was re- 

some unidentified destinations. | - leased from a warehouse. | 

General imports of zinc in ore and of — There were no changes in the tariff rates 

zinc metal decreased 13 POT. and 17 in 1970. The duties on unmanufactured 

Deen eee eS0 Tone and metal, 270413 Zine and zine-containing mata a ee 
tons. Canada, Mexico, and Peru continued ollows: Slab zinc, 0.7 cent per pound; zine | 

oe ores, concentrates, and fume, 0.67 cent per 

to be the ranking sources of ore supply. . 

Canada, Japan, Peru and Australia were pound (on ZINC content less specified al- 

the major suppliers of metal. Canada ac- lowable deductions for processing losses) 5 

counted for 60 percent of the imported 7N€ scrap 0.75 cent per pound; and zinc 

zinc in ore and 45 percent of the total im- dust, 0.7 cent per pound. The duty rate 

ported metal. Mexico followed with 25 for unwrought alloys of zinc, which in- 

percent in ore and 3 percent in metal: cludes diecasting alloys, is 19 percent ad | 

Peru supplied 9 percent of the zinc in ore valorem. 

WORLD REVIEW 

Algeria.—Work was started on an elec- zinc metal at the Comodoro Rivadavia 

trolytic zinc refinery at Ghozaouet. Planned _electrothermic smelter. Capacity production 

refined zinc capacity is reportedly about of about 15,000 tons of zinc was also at- 

45,000 tons per year. A sulfuric acid plant tained at the Rosario electrolytic plant of 

was also planned. Compania Sulfacid, S.A. (50-percent owned 

Argentina.—Compania Minera Aguilar, by Aguilar), and planned expansion is ex- 

S.A., an affiliate of St. Joe Minerals, pected to double its capacity by the end of 

completed expansion of its mine and 197] .30 

mill facilities in 1970, and zinc concentrate Australia.—In 1970 production of zinc in 

production was increased to 84,276 tons concentrates was approximately 560,000 

from 46,662 tons in 1969. Compania Metal- tons, slightly higher than in 1969. The 

See oduced (© Od S078 °Y ne ate Joe Minerals Corp. Annual Repott. 1970,
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Broken Hill companies (North Broken ducing 78,000 tons of zinc in zinc concen- 
Hill Ltd., Broken Hill South Ltd., and trate, an increase of about 4 percent over | New Broken Hill Consolidated Ltd.) pro- that of 1969. | duced 9 percent less in 1970 than in the Electrolytic Zinc Co. of Australasia is the previous year. However, output by Mount operating company for E. Z. Industries Isa Mines, Ltd., was up 16 percent and the Ltd., which controls the Rosebery, Farrell, marginally higher output by the Electroly- and Hercules mines in western Tasmania 
tic Zinc Co. of Australasia, Ltd., accounted and the smelter and refinery near Hobart. 
for the small rise in Australian zinc concen- In 1970, 314,400 tons of ore was mined, av- trate production. eraging 17.3 percent zinc. From the milling 

At the Mount Isa mine zinc-lead-silver of 311,500 tons of ore, 85,700 tons of zinc reserves were increased by 7 million tons. concentrate was ‘produced averaging 55 Because no change was indicated for the percent zinc. Zinc production capacity of reserves at the Hilton mine, drilling at the electrolytic plant at Risdon was in- closer intervals was started to develop in: creased 12 percent during the year by in- formation for a reassessment of the ore re- stalling an additional rectifier and cooling serves. New intersections with the ore body tower on one cell unit and uprating the reveal a high zinc content in relation to rectifier on three other cell units; the lead and silver values. Zinc reserves at the leaching and purification sections were en- Mount Isa mine in June 1970 were 52 mil- —_Jarged accordingly. Output of the principal lion tons of 5.9 percent zinc and at the products at the refinery was as follows: - Hilton mine 35 million tons of 9.6 percent Zinc 168,232 tons; cadmium, 390 tons; sul- | zinc.31 furic acid, 238,270 tons; superphosphate, Broken Hill South is one of the four pro- 134,494 tons; and ammonium sulfate, 
ducers of zinc-lead-silver ore at Broken 39,922 tons. | 

| Hill. In 1970, 206,660 tons was extracted Bolivia.——In 1970, Mina Matilde, a re- from the No. 7 shaft and Browne shaft cently developed high-grade underground 
sections of the mine and mill, yielding zinc mine was operated under a 20-year . 
31,184 tons of zinc concentrate averaging contract by a U.S. consortium. The Boliv- 51.9: percent zinc that was sold to Electro- jan Government revoked the concession to lytic Zinc of Australasia. Cobar Mines Pty. this property in April 1971. 
Ltd. (76-34 percent owned by the Broken Brazil—Companhia Mercantile Indus- Hill South) produced 16,949 tons of zinc trial Inga successfully modified the proc- 
concentrates. assaying 50.3 percent zinc sg of their electrolytic zinc plant on the from ore taken from the CS.A, mine. The fjha da Maderia near Sepetiba Bay. In 
concentrates were exported to Japan.32 1970, after several years of experimenting 

New Broken Hill Consolidated is the using silicate ore from Vazante, Minas Ger- largest producer of zinc, lead, and silver at ais, the plant produced 99.99 percent zinc 
Broken Hill. In 1970 the amount of ore at the rate of 22 tons per day for the first 
milled was down 12,000 tons, to 1,093,000 time. Zinc powder and zinc oxide were tons, and the zinc content of concentrate also produced. The ore at the mine report- 
produced was 16,300 tons lower at 147,900 edly averages 7 percent zinc and is up- tons than that of 1969. Ore reserves were graded to a 30-percent concentrate. The 
essentially unchanged from 1969 with 6 company planned to expand capacity to 30 million tons assaying 14.0 percent zinc, 9.5 tons per day by the end of 1971 and to 
percent lead and 2.5 ounces of silver per 100 tons per day by the end of 1972. Zinc 
ton.33 concentrates will be imported from Peru North Broken Hill mined 516,700 tons of to insure sufficient supply for the plant. 
ore in 1970, milled 518,400 tons and pro- Cadmium is being recovered as a byprod- duced 48,524 tons of zinc concentrate, uct. 
which was 1,500 tons less than in 1969. Ex- A second electrolytic zinc plant recently 
ploration and development over the past 12 constructed and operating on Vazante sili- 
years have rep lenished the ore TESETVE just 31 Mount Isa Mines Ltd. Annual Report. 1970, slightly more than the rate of mining.34 pp. 10-11. 

The Zinc Corp. Ltd., a wholly owned sub- meen ail South Ltd. Annual Report. 
sidiary of Conzinc Riotinto of Australia, is 197. NOD Broken Hill Consolidated Ltd. Annual the fourth producer at Broken Hill. This Report. 1970, pp. 15-16. company treated 897,000 tons of ore pro- 1970 Orth, Broken Hill Ltd. Annual Report.
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cate ore is located at Tres Marias, Minas concentrates and a bulk lead-zinc concen- 

Gerais. The plant reportedly was designed _ trate were produced, The bulk concentrate 

for a capacity of 12,000 tons per year but and some of the lead concentrate were 

encountered problems and produced far treated in the Imperial Smelting Furnace 

less in 1970. at Belledune; lead concentrate was also 

Total output of both plants was about shipped to custom smelters in Canada and 

12,000 tons in 1970 and is expected to Europe. The zinc concentrates were shipped 

reach 20,000 tons in 1971. Imports of to custom smelters in Belgium and the cop- 

46,000 tons of zinc was required to meet per concentrates were smelted at Murdoch- 

Brazilian demand in 1970, which was ville, Quebec. Zinc-lead ore reserves at the 

slightly less than in 1969. No. 12 mine totaled 69.6 million tons aver- 

Canada.—Mine production in 1970 in- aging 8.7 percent zinc, 3.5 percent lead, 0.28 : 

creased 4 percent to 1,366,000 tons. The percent copper, and 2.5 ounces of silver per 

following eight new mines started produc- ton; at the No. 6 mine reserves were 13.1 

tion in 1970; four in western Canada, Co- million tons of 5.9 percent zinc, 2.2 per- 

lumbia Metals, Copperhill, Silmonac, and cent lead, 0.3 percent copper, and 1.8 

Venus; two in Manitoba, Fox and Dick- ounces of silver per ton. The East Coast 

stone; and two in Quebec, D’Estrie and Smelting and Chemical Co. Ltd., a wholly 

Weedon. Expansion at three established owned subsidiary, operated the Imperial 

mines, Anvil, Heath Steele, and Reeves Smelting Plant at Belledune, 30 miles 

MacDonald, and production from the new north of the Brunswick mines. Annual 

mines more than offset the closing of the rated capacity is 42,000 tons of. zinc and 

Zenmac and Canadian Exploration and the 33,000 tons of lead; the 1970 production 

lower production at a few older mines. was 36,614 tons of zinc and 90,072 tons of 

Some production was lost at Bathurst and ___jead.37 

Manitouwadge because of strikes. : 

Refined zinc production totaled 460000 , In ey Comino. $06 produce 4 280 

tons, 6,000 tons below that of 1969 and ons OF stay Mes 290 Fons OF ee 
tons of metallic cadmium, and 6 million 

85,500 tons below rated smelter and refin- ; eos , 
wos . ounces of silver. Annual rated capacities of 

ery capacities. Construction of the electro- . 
Ivti . - ; the electrolytic zinc plant and the lead 
ytic zinc plant at Timmins, Ontario, ; ss . 

. an . smelter at Trail, British Columbia, are 
began in 1970; completion was scheduled . 

: . 263,000 tons of zinc and 190,000 tons of 

for early 1972. The plant will have an an- . was 
. lead. Ore reserves at Cominco’s British Co- 

nual capacity of 120,000 tons of refined ; ; +1: 
. . lumbia mines (Sullivan, Bluebell, and A. 

zinc and will operate on concentrates pro- 5) Gacined slightly at th d of 1970 to 

duced from the Kidd Creek zinc-copper- ae! ah ined sis Y ini “19 Hi t 

lead-silver mine at Timmins.35 f ve 1s a sine. Reson " . the. Pine 

Anvil Mining Corporation Ltd. began of tead ane ane eserves 4 ae 
oduction at its 6,600 ton per day mill in Point mine in the Northwest Territories 

pr , P y increased 4 percent, to 43.5 million tons 
September 1969 and in 1970 produced . ea, 

. containing 3.6 million tons of lead and 
165,000 tons of 50-percent zinc concentrate, . . 

zinc. Exploration and development work 
105,000 tons of 64-percent lead concentrate, tinued at the Caribou zinc-lead-copper- 

and about 5,000 tons of a bulk lead-zinc continued atme art zinc-lead-coPP. 
: Le ; silver deposit in New Brunswick in which 

concentrate containing approximately 50 Comi h 95-percent interest.38 

percent combined lead and zinc. The lead ominco has a éo-pert . 

and zinc concentrates are sent to Japanese During 1970, the Hudson Bay Mining 

smelters under an 8-year contract. Ore re- and Smelting Co. Ltd. increased reserves 1 

serves are estimated at 68 million tons con- million tons at its Flin Flon and Snow 

taining 9 percent combined lead and zinc Lake mines to 19 million tons, assaying 3.3 

and 1.2 ounces of silver per ton.36 percent zinc. A new copper-zinc mine, the 

Brunswick Mining and Smelting Corp. Dickstone, began production in 1970. The 

Ltd. owns zinc-lead-copper-silver deposits 

in Gloucester County, near Bathurst. In _ wo 

1970 a total of 1,481 tons of ore from the revnaining ma (London). Mining. Annual 

No. 12 underground mine and _ 1,100,700 " Cyprus Mines Corp. Annual Report. 1970, 

tons from the No. 6 open pit mine were Prag Mining Journal (London). Mining. Annual 

milled in two concentrators near the No. Review. 1971, p. 257. . A i 

12 mine. Separate zinc, lead, and copper reve m3 (London). Mining. “nnua
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concentrator treated 1.71 million tons of anda) produced 124,130 tons of slab zinc in 
ore, averaging 3.9 percent zinc, and pro- 1970.40 

| duced 102,000 tons of 47.4 percent zinc Texas Gulf Sulphur Co. owns the Kidd 
_ concentrates. The 1970 output of the elec- Creek zinc-copper-silver-lead open pit mine 

trolytic zinc refinery was 78,622 tons, 1,100 15 miles -north of Timmins, Ontario. The 
tons less than that of 1969. Oxide fume re- Mill at Hoyle, Ontario, 17.5 miles away, 
covered at the copper smelter, which has three 3,000-ton-per-day circuits. The 
amounted to 8,650 tons and assayed 29.6 Kidd Creek property is operated by Ecstall | 
percent zinc, and 32,500 tons of zinc oxide Mining Ltd., a wholly owned subsidiary of 
produced at the slag fuming plant, which Texas Gulf. In 1970 the concentrator 
contained 23,431 tons of zinc were proc- treated 3,586,000 tons of ore and produced 
essed to slab zinc. Pilot plant testing of 582,800 tons of 52-percent-zinc concentrates. 
the Sherritt Gordon-patented pressure These concentrates are shipped to custom 
leach process on Hudson Bay Mining Co. smelters and refineries in. the United 
concentrates is planned if laboratory re- States, Europe, and Japan. The electrolytic 
sults confirm expectations. Should this zinc refinery currently under construction 
process prove favorable, conventional roast- _is designed to process about half the zinc 
ing of zinc concentrates and generation of concentrate output and to produce 120,000 
sulfur dioxide fumes will be eliminated.39 tons of slab zinc. The plant also includes a 

Noranda Mines Ltd’s. Geco mine resumed sulfuric acid unit with a capacity of 
production on February 2, 1970, after a 230,000 tons per year.41 | 
73-day strike. During the balance of 1970, Wilroy Mines Ltd. mined 476,970 tons of 
the mill treated 1,366,000 tons of ore aver- ore averaging 3.97 percent zinc and 1.8 
aging 3.89 percent zinc and produced zinc ounces of silver per ton from its three 
concentrates containing 41,880 tons of zinc. Manitouwadge operations. In 1970, 388,000 
The ore and concentrates were delivered to tons of ore was milled yielding 15,824 tons 
Canadian Electrolytic Zinc at Valleyfield, of zinc. Ore reserves as of December 31, 
Quebec. Ore reserves increased 400,000 1970, were 1,051,963 tons, which averaged 
tons, to 29.2 million tons averaging 4.63 3.6 percent zinc, 1.25 percent copper, and 
percent zinc. Mill capacity was expanded 1.62 ounces of silver per ton. . 
to 5,000 tons per day. Noranda has sub- Finland.—Outokumpu Oy began zinc 
stantial interests in other mining compa- concentrate production at its Vihanti mine 
nies including Brunswick Mining and in 1954 and at the Pyhasalmi in 1962. 

: Smelting, Mattagami Lake Mines Ltd., and Until 1969, when their electrolytic zinc 
Orchan Mines Ltd. The Mattagami mill plant at Kokkola started production, the 
treated 1.4 million tons of ore averaging concentrates were exported. Finland’s zinc 
9.1 percent zinc. At the end of 1970 ore re- _— metal production in 1970 was 69,000 
serves were 16,696,000 tons containing 9.2  tons.42 
percent zinc. An ore body found by Matta- Honduras.—The New York and Hondu- 
gami near Sturgeon Lake in Northwestern ras Rosario Mining Co. had another year 
Ontario was taken over by Mattabi Mines, of expansion at the El Mochito mine, a 
Ltd. (60-percent owned by Mattagami). _silver-gold-lead-zinc property. Ore reserves 
Indicated ore reserves are 12,866,000 tons were increased 16 percent, to 2,125,000 tons 
averaging 7.6 percent zinc. Over 8 million of ore, which averaged 9.73 percent zinc, 
tons grading 8.9 percent zinc will be 9.23 percent lead, 12.3 ounces of silver per . 
mined by open pit methods. Orchan Mines ton, and 0.008 ounce of gold per ton, The 
milled 414,500 tons of Orchan ore averag- mill processed 270,025 short dry tons of 
ing 11.1 percent zinc, 125,000 tons were ore, which was 11 percent more than that 
mined from its subsidiaries, New Hosco of 1969. The zinc content of zinc concen- 
Mines and Bell Allard Mines, which were _ trates produced was 17,272 tons.43 
closed in May and November, respectively, - Hudson Ba Mining and Smelting Co. Ltd 
when ore reserves were exhausted. Ore re- Annual Report. 1970, Dp 15-17. ee , 
serves at the Orchan Mine at the end of * Noranda Mines Ltd. Annual Report. 1970, 
1970 were 2.5 million tons averaging 9.7 per- P “4? Texas Gulf Sulphur Co. Annual Report. 
cent zinc. Canadian Electrolytic Zinc Ltd., 1970. 4. Magazine. V. 123, No. 4, Octob 
(62.5 percent owned by Mattagami Lake, jg79™ i "aMagazine. V. Oy. Annual Report, 18.7 percent by Orchan Mines, 9.7 percent 1970, P. 6 k and Hond Rosario Mini 
by Kerr Addison, and 9.1 percent by Nor- Co. Annual Report. 1970, pp. be
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Japan.—Slab zinc capacity is being cent more than in 1969, but concentrate 

raised from 760,000 tons to 806,000 tons. production for export and refining at 

Production in 1970 was 745,000 tons, com- 67,825 tons (zinc content) declined 17 per- 

pared with 785,000 tons in 1969. Industry cent. The San Vincente zinc deposit owned 

growth is reportedly restricted by public by Cia. Minera San Vincente and operated 

complaints against pollution principally as- by Cia. Minera San Ignacio de Morococha 

sociated with byproduct cadmium produc- S.A., began production in 1970 with an 

tion. Japan is the frée world’s second larg- output of more than 70,000 tons of ore 

est consumer of zinc. The annual level of containing 20 percent zinc. Concentrates 

demand is expected to reach 1 million tons are trucked to Callao for export to Japan. 

in 1974. | The Homestake Mining Co. arranged the 

Mexico.—In 1970, zinc production in- financing of $6.5 million for Compania Mi- 

creased 4.8 percent, to 291,000 tons. Ex- nera del Madrigal with the Japanese com- 

ports of zinc concentrates increased 13,000 pany Marubeni lida for the Madrigal proj- 

tons, to 326,400 tons in 1970; imports of ect. Total investment is about $11 million 

refined zinc decreased 3,000 tons, to 38,100 to open up the Santa Rosa vein, which has 

tons. The planning of two electrolytic zinc 1.03 million tons of proven and probable 

refineries was interrupted due to the weak- ore averaging 6.1 percent zinc and 4.2 

ening in the zinc price. Industrias Pefioles ounce per ton of silver. Homestake has a | 

S.A. started constructing its Torreén plant 57-percent interest in Compania Minera 

late in 1970 but advanced the completion del Madrigal through a subsidiary Com- 

| date to mid-1973. The estimated cost of pania Madrigal. 

the plant was $52 million. ASARCO was Tunisia—In 1970 production of zinc in 

expected to begin constructing a similar ore was 7 percent less than in 1969. Italy 

plant in late 1971. No location has been continued to be the best customer for zinc 

announced. . ore followed by Switzerland, Poland, and 

Peru.—Cerro de Pasco Corp. produced Romania. No significant new investment | 

75,830 tons of refined zinc in 1970, 12 per- was made in 1970 for zinc production. | 

TECHNOLOGY 

Zinc Abstracts, a monthly publication, fessional papers were published by the Bu- ; 

prepared jointly by the Zinc Development reau of Mines44 and the Geological , 

Association (London) and Zinc Institute, Survey.45 

Inc. (New York) , review all current world —# Powell, H. E., L. L. Smith, and A. A. Coch- * 

literature on the uses of zinc and its prod- ran. Solvent Extraction of Nickel and Zinc From 

ucts and all published research work. ‘3° pposphiate Solution. BuMines Rept. of Inv. 

These abstracts are available, free of Neumeier, L. A., and J. S. Risbeck. Influence 

charge, from the Zinc Institute, Inc., 292 chews ang Cee eaee rties Of eene-Copper and 

Madison Avenue, New York, N.Y. 10017. Zinc-Titanium-Copper Alloys. BuMines Rept. of 

The International Lead Zinc Research imechwaneke, Alfred” E., Wilbert L. Falke, and 

Organization (ILSRO) sponsors a research S77 Ms, Cemssehs Raince’ Techy Prog. Rept. 29, 
program, which is reviewed twice a year 1n —1970, 18 pp. 

its Research Digest. Three parts of this 4 Cox, D. P. Lead-Zinc-Silver Deposits Related 

. . . to the White Mountain Plutonic Series in New 

program published in the Research Digest Hampshire and Maine. U.S. Geol. Survey Bull. 

are related to zinc: Part I—Diecast and  1312-D, 1970, pp. D1-D18. . 

wrought zinc; Part II—Zinc for conversion ani On BC oosits of and Pehe. Finn oS eonnt 

protection; and Part III—Zinc chemistry. and Kansas. U.S. Geol. Survey Prof. Paper 588, 

The ILSRO Research Digests are also McKnight, E. T., W. L. Newman, and A. V. 
available from the Zinc Institute. Results Heyl, Jr. Zinc in the United States, Exclusive of 

of several research investigations and pro- ee 19, TGgo (Reprinted 1970). Mine Res.
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Table 2.—Mine production of recoverable zinc in the United States, by States 
(Short tons) 

State 1966 1967 1968 1969 1970 
Arizona__..------22 22 15 ,985 14,330 5,441 9,039 9,618 California. ____2.222222 222! 335 441 3,525 3,327 8,514 Colorado______---_---- 22 54,822 52,442 50 , 258 53,715 56 , 694 Idaho___-______-_-2_ 22” 60 ,997 56 , 528 57,248 55,900 41 , 052 _ Milinois___--_- 15,192 20,416 18 ,182 13 , 765 16,797 Kansas________.____.__. 2... 4,769 4,765 3,012 1,900 1,186 Kentucky____.__..-..- 2. -.--_.___..._____. 6,586 6,317 4,603 4,988 4,189 Maine_________.22-_-22- 2! ween eee ee eee eee 5,099 7,639 9,114 Missouri______._______-_-_-___........ 0.27 3,968 7,430 12/301 41/099 50,721 Montana_._______..---..--________.._____. 29 ,120 3,341 3,778 6,143 1,457 Nevada. _____-__..--.--.-_-_______..._.._. 5,827 3,035 2,104 941 127 New Jersey____.-__...-._______._____._.._. 25 , 237 26,041 25 , 668 25 ,076 28 ,683 New Mexico____...___._.__.__.__.__...._. 29 ,296 21,380 18 , 686 24,308 16,601 New York____-_-...-.-_._________.._....___. 13,454 70,555 66 ,194 58 , 728 58,577 Oklahoma_____-__-__.._._._________......... 11 ,237 10,670 6,921 2,744 2,650 Pennsylvania__.__.____.____.______._._.__. 28 , 080 35 , 067 30 ,382 33 , 035 29 , 554 South Dakota_..____.....-...-_________..-. _....’ ween nnn eee eee eee 1 Tennessee______._......________...._____.. 103 ,117 113 , 065 124 ,039 124, 532 118 ,260 Utah.__--- eee 37 ,323 34,251 ‘33,153 34,902 34,688 Virginia. _._._.-..--._.__________......___. 17 ,666 18 , 846 19,257 18 , 704 18 ,063 Washington_._..._.....____..__..__.___.__.. 24,772 21,540 13 , 884 9,738 11,956 Wisconsin. _____.._.....__________....___.. 24,775 28 ,953 25,711 . 22,901 20 ,634 OO 

Total___ 22-2 572 ,558 549 , 413 529 , 446 553 , 124 534,136 Tasos 
ee 

Table 3.—Mine production of recoverable zinc in the United States, by months 
. (Short tons) 

. Month 1969 1970 Month . 1969 1970 
January__.._____________ 42 ,205 44,137 August_..-.--________ 47,289 45 ,266 . February___...__________ 43 ,040 44,754 September______________ 47 ,403 42 ,478 March_____.._-__-_____- 45,076 47,677 October________________ 47 ,303 42,192 April___--- 48 ,112 47,144 November______________ 46 ,325 42 ,360 May-..--.-----_-_-____ 48 , 067 44,584 December____._._______ 45 , 467 42 ,397 June__-.-. 22-2 47,151 45 ,305 ——_-—--—- July__---2 2 45 , 686 45 ,892 Total__.-.-_-____. 553 ,124 534,136 

eee
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Table 4.—Production of zinc and lead in the United States in 1970, by States 

and class of ore, from old tailings, etc., in terms of recoverable metals 

(Short tons) 

I I 

Zine ore Lead ore . Zine-lead ore 

ee 

State Gross Zinc Lead Gross Zine Lead Gross Zine Lead 

weight con- con- weight con- con- weight con- con- 

(dry tent tent (dry tent tent (dry tent tent 

basis) basis) basis) 

Arizona-_-.-------- 450 63 1 360 2 31 2,010 100 36 

California__.----_ --------- ------- ---2-2 -----37t35 777773 7777778 (1) (1) (2) - 

Colorado....----- 295,821 31,456 2,390 1,429 2 37 357,247 13,315 10,337 

Idaho__._-------- (2) (2) (2) 36 ,085 509 3,225 2927,449 239,608 256,113 

Kansas._..------- 61,654 1,178 QW ___--_-.-. ------ ------+-- 634 13 9 

Missouri__._----_ --------- ------- ------ 38 815,880 50,721 4421,764 ---------. ------; ------g 

Montana---_------ 4,994 1,361 147 11,390 39 636 26 2 3 

Nevada.___------ --------- ------- ------ 3,697 78 266 556 24 27 | 

New Jersey_.----- 168,723 28,683 ------ ---------- ------ -------- -"39%57199 716 054 ~u----- 

New Mexico- ----- (2) (?) (?) lle, uuuuu--- 7. 162,190 216,054 23,546 

New York._-----. 175,965 15,810 ---... ---------- ------ -------- 566,306 42,767 1,280 

Oklahoma. ------- 64,367 1,865 AQT... en ee eee wee ee eee ween enn ee ween en ree rree 

Oregon___-_------ --------= -nn-geq corn errr rr rrr Ta 

Pennsylvania..... 622,499 29 554 _..-- -------- = nee nnn cere corre reer 

South Dakota__.-. --------- ------- ------ --- enor corr rrr rr cera 

Tennessee._._.--- 4,156,482 107,922 _.---- ---------- --<--- ---7---- --5724°>478 £3] 599 840.105 

Utah....----.---_ --------- ------- -2-22- (5) (5) (5) 5 456,676 531,529 540,105 

Virginia__..------ 670,395 18,068 3,356 _.-------- ------ -------- ---s2--s75 [777a22 “Ga 77a 

Washington---_. ~~ (8) (8) (8) Te le ee--- = 8 661, 872 611,956 66,784 

Wisconsin......-- 749,488 20,634 461 __._._---- -nneee wn nee nnn weer nen cree crete 

Other States__.... 825,094 11,205 586 ______-_--- enn e ee ween nee ween eee creer creer 

; Total_.._.. 7,295,482 267,789 7,689 8,868,841 51,351 425,959 3,134,966 155,368 118,240 

Percent of 
total 
zine-lead. .-------- 50 1 __-------- 10 75 .--.------ 29 21 

In 

Copper-zine, copper-lead, All other sources 7 © . Total 

and copper-zinc-lead ores 
i 

ee 
nr 

Gross Zine Lead Gross Zine Lead Gross Zine . Lead 

weight con- con- weight con- con- weight con- con- 

, (dry tent tent (dry tent tent _(dry tent tent 

basis) basis) basis) 

Arizona...------- 180,953 9,402 210 40,314,819 51 7 40,448,592 9,618  — 285 

California_._.---. --------- ------- -=---: 1104,215 13,514 11,772 104,215 3,514 1,772 

Colorado_...----- .361,002 10,553 7,180 118,078 1,368 1,911 1,188,077 56,694 21,855 

Idaho__.__------. --------- ------- ------ 574 ,392 935 1,873 1,587,926 41,052 61,211 

Kansa8._..__----. --------- ------- conn ne enn ene enn e reer r rrr 62,288 1,186 80 

Missouri_._------. --------- ------- ------ ----gs-nae coo Ee 777775874 8,815,880 50,721 421,764 

Montana_.__-_--- --------- ------= ----=- 31 ,037 55 210 A7T,447 1,457 996 

Nevada. .-------- 673 13 28 103 ,384 12 43 108,310 | 127 364 

New Jersey_..---- --------- ------- ------ -z-z5e-sa% 777293 7777777] 168,723 28,683 _.----- 

New Mexico.__--- --------- ------- ------ 1,127,137 547 4 1,289,327 16,601 3,550 

New York._-.---- --------- -----e- coer g-gn 70832 7777 aaa 742,271 58,577 1,280 

Oklahoma..------ --------- ------- ------ 8 ,297 785 370 72,664 2,650 797 

Oregon_..-------- --------- ------- ------ 800 __--.- (8) 300 ___---. (8) 

Pennsylvania_._-. --------- ------- ------ ----rrrrgg rrr yr 7—=8 622,499 29,554 _------ 

South Dakota_.... --------- ------- ------ 49 1 3 49 1 3 

Tennessee__.--.-. 1,680,070 10,3388 -_-.-. ---------- ----55 -----755 5,836,552 118,260 ___---- 

Utah........----- 115,762 3,101 5,117 11,322 58 155 583,760 34,688 45,377 

Virginia.._...---- --------- ------- ------ for ogernn orgs a 670,395 18,063 3,356 

Washington_..--.. --------- ------- ------ (8) (8) (8) 661,872 11,956 6,784 

Wisconsin._...--- --------- ------- ------ ---252°225 73737 777" "Gae 749,488 20,634 761 

Other States__.._. 214,148 9,114 ------ 348,171 9,781 996 887,413 30,100 1,532 

Total...... 2,502,608 42,521 12,535 42,741,201 17,107 7,344 64,543,048 534,136 571 , 767 

Percent of 
total 
zine-lead_ ..------- 8 2 _--------- 3 1 _-.------- 108 100 

a 1 Lead-zine ore and ore from “Other Sources” combined to avoid disclosing individual company confidential 

ata. 
2 Zine and lead-zinc ores combined to avoid disclosing individual company confidential data. 

3 Includes minor amount of lead tailings commingled with ore at mill; excludes barium sulfate ore. 

4 Includes lead recovered from barium sulfate ore. 

5 Lead and lead-zinc ores combined to avoid disclosing individual company confidential data. 

6 Zine ore and ore from ‘“‘Other Sources” combined with lead-zinc ore to avoid disclosing individual company 

confidential data. 
7 Lead and zinc recovered from copper, gold, silver, fluorspar, and uranium ores, and from smelter slags, mill 

tailings, and miscellaneous cleanups. 
8 Less than 4 unit.
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: Table 5.—Twenty-five leading zinc-producing mines in the United States in 1970, 
in order of output 

Rank Mine County and State Operator _ Source of zine 
1 Balmat____.--...___...._ St. Lawrence, N.Y___.__ St. Joe Minerals Corp_.. Lead-zince ore. | 2  FEagle__.._...-___.....___ Eagle, Colo_____......__ The New Jersey Zine Co_ Zine ore. 3 Friedensville_____._...._._ Lehigh, Pa.____------- ~---do_ 2 Do. 4 Sterling Hill__............ Sussex, N.J____________ ----do_.__ 2. Do. 5 Young.__--...- 2 _ 2 _ Jefferson, Tenn______.._ American Zine Co______ Do. 6 Bunker Hill__..-__________ Shoshone, Idaho__.___._. The Bunker Hill Co... -- Lead-zine ore, lead- 

zinc tailings. 7  Austinville and Ivanhoe_.__ Wythe, Va____.._._____ The New Jersey Zine Co_ Zine ore. 8 Immel______-_-- Knox, Tenn___________ American Zine Co______ Do. 9 Zine Mine Works____.__.._ Jefferson, Tenn_.._____. United States Steel Corp_ Do. 10 New Market____._________ ----do_______..-...... New Market Zine Co___ Do. " . 11 Buieck__--_--.__.__...___. Iron, Mo________._..... Missouri Lead Operat- Lead ore. . ing Co. 12 -Edwards_________________ St. Lawrence, N.Y_-..-_ St. Joe Minerals Corp.__ Zine ore. 138 Burgin_________________ Utah, Utah____________ Kennecott Copper Corp_ Lead, lead-zine 
_ ores. 14 Jefferson City_____._._____ Jefferson, Tenn__.____.__ The New Jersey Zinc Co_ Zinc ore. 15 Star-Morning_____________ Shoshone, Idaho____._._ Hecla Mining Co_____._ Lead-zine ore. 16 Ground Hog_____________. Grant, N. Mex_._-.__._ American Smelting Do. 

and Refining Co. 
(ASARCO). 17 = Viburnum________________ Crawford, Iron, and St. Joe Minerals Corp__. Lead ore. 

Washington, Mo. 
; 18 U.S. and Lark________.___ Salt Lake, Utah___..... United States Smelting Lead, lead-zine 

Refining and Mining ores. 
Oo. 19 YTdarado_____________ Ouray and San Miguel, Idarado Mining Co____-_ Copper-lead-zine 

olo. ores, 20 Copperhill__-_____________ Polk, Tenn___________. Tennessee Copper Co__. Copper-zine ore. 21 Penobscot Unit___________ Hancock, Maine______._. Callaham Mining Corp __ Do. 22 Shullsburg____.____.______ Lafayette, Wis_________ Eagle-Picher Industries, Zinc ore. 
ne. 23. =Filetcher__.___________.___ Reynolds, Mo__________ St. Joe Minerals Corp__. Lead ore. 24 Flat Gap_____ 2... Hancock, Tenn______.._ The New Jersey Zine Co_ Zine ore. 25 Mascot No. 2..--.....-... Kmox, Tenn___________ American Zine Co______ Do. | 

Table 6.—Primary and redistilled secondary slab zinc produced in the United States 
. | (Short tons) 

1966 1967 1968 | 1969 1970 | 
Primary: - 

From domestic ores__._______.___._.____ 523 , 580 438 ,553 499 ,491 458 ,.754 403 ,953 From foreign ores_.___.________________ 501, 486 500 ,277 521,400 581, 843 473 , 858 eee’ 
Total______-_ 222 1,025,066 938,830 1,020,891 1,040,597 877 ,811 Redistilled secondary____._______...._______ 83 , 263 73 ,505 79 ,865 70,553 77,156 

Total (excludes zine recovered by re- 
melting) --..----.-.--.--------.--__ 1,108,329 1,012,335 1,100,756 1,111,150 954,967 a 

Table 7.—Distilled and electrolytic zinc, primary and secondary, produced in the 
United States, by methods of reduction 

(Short tons) 

Method of reduction | 1966 1967 1968 1969 1970 
Electrolytic primary________________________ 433 ,576 371 , 267 398 , 265 453 , 539 393 ,280 Distilled_.__--_-_-_ ee 591 , 490 567 , 563 622 ,626 587 , 058 484,531 Redistilled secondary: 

At primary smelters_____-__________ 71,560 58 ,341 67,101 60 , 607 65,776 At secondary smelters__...___.._..______ 11,703 15,164 12,764 9 946 11,380 eee eet 
Total. __----- eee 1,108,329 1,012,335 1,100,756 1,111,150 954 ,967 TTT 

eee eet
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Table 8.—Distilled and electrolytic zinc, primary and secondary, produced in 
the United States, by grades 

(Short tons) 

Grade 1966 - 1967 1968 1969 1970 

Special high. .._......----.---------------- 452,722 436 , 849 449 ,659 468 , 792 401 ,273 

High..__-------------.-------------------- 139 ,814 92 ,956 117 ,224 136 , 416 109 ,025 

Intermediate__...........----------1------- 23 ,555 26 ,522 56 , 686 57,180 52,480 

Brass special_____.....----_---------------- 103,184 91,079 75 ,840 89 ,306 71,811 

Prime western._._._....-.----------------- 389,054 364 ,929 401 ,347 359 , 456 320 ,378 
ne 

Total._..___.____-_____-------------- 1,108,329 1,012,335 1,100,756 1,111,150 954 ,967 

eT 

Table 9.—Primary slab zinc produced in the United States, by States where smelted 
(Short tons) 

ee 

State 1966 1967 1968 1969 1970 
nn 

Idaho__.__._.-.-.----.-------------------- 90 ,983 92 ,134 102 ,946 105,700 95 ,637 

Illinois. .......--__..---.------------------ 96 ,809 115,659 119 ,657 131 ,243 110,835 

Montana_____.__-..----------------------- 174,821 111 , 834 142 ,929 174,034. 148,697 

Oklahoma_-_____-_------------------------- 165 ,162 163 , 826 172 ,174 143 ,575 124,811 

, Pennsylvania and West Virginia__.-.--.-----. 291,403 271,192 302 , 884 286 ,164 222 ,096 

TexaS.______.__--------------------------- 205,888 184,185 180 ,301 199 ,881 175 , 735 

. Total____....._--------_------------ 1,025,066 938,830 1,020,891 1,040,597 877 ,811 

- Table 10.—Primary slab zinc plants by group capacity in the United States in 1970 

nn 
SEU Et SEnEIEEESS EEE nnn nan 

Slab zinc 

Type of plant Plant location capacity 
(short tons) 

ne 

Electrolytic plants: . . 
American Smelting and Refining Co. (ASARCO)------.-- Corpus Christi, Tex._.-.---_) 

American Zine Co_...-------------------------------- Sauget, Til___.__-_____..__.-| 453,000 

The Anaconda Company -_.--------------------------- Great Falls, Mont.._..----- 

The Bunker Hill Co___._._.__---_-------------------- Kellogg, Idaho__.---------- 

Horizontal-retort plants: . 

American Smelting and Refining Co. (ASARCO)-_--.----- Amarillo, Tex_------------- 

American Zine Co_________--_-----_------------------ Dumas, Tex. .------------- 

Blackwell Zinc Co., American Metal Climax, Inc. (AMAX)-_ Blackwell, Okla------------ 

National Zine Co._.___.------------------------------ Bartlesville, Okla_---------- 

Vertical-retort plants: 107 ,000 

Matthiessen & Hegeler Zinc Co____-------------------- Meadowbrook, W. Va__----- . 

The New Jersey Zinc Co____._------------------------ Depue, Ill__.-------------- 

Do____...-_.-.--------------------------------- Palmerton, Pa___-.-------- 

St. Joe Minerals Corp_._..---------------------------- Josephtown, Pa------------ 
er 
i 

ee 

Table 11.—Secondary slab zinc plants by group capacity in the United States in 1970 

rrr 

Slab zinc 

Company Plant location capacity 
. (short tons) 

re 

American Smelting and Refining Co. (ASARCO)-_-.----------- Sand Springs, Okla__...----) 

Do______ ee eee nee ee nee eee nee eee nee ee eee -------- Trenton, N.J_------------- 

American Zine Co__..------------------------------------ Hillsboro, Ill-.-.----------- 

Apex Smelting Co___..----------------------------------- Chicago, Til.._------------- 

Arco Die Cast Metals Co._____--_-_------------------------ Detroit, Mich_------------- 

W. J. Bullock, Inc__._--.--------------------------------- Fairfield, Ala_...---------- 

General Smelting Co____....------------------------------ Bristol, Pa_.--.------------ 35 ,300 

Gulf Reduction Co_____..-_------------------------------ Houston, Tex.-..---------- 

H. Kramer Co__.._____-------_-------------------------- El Segundo, Calif-_--------- 

Pacific Smelting Co_..._.-.------------------------------- Torrance, Calif........----- 

Sandoval Zine Co. ___------------------------------------ Sandoval, Tl_--..---------- 

Superior Zine Corp. -.------------------------------------- Bristol, Pa__..._.---------- 

Wheeling-Pittsburgh Steel Corp---------------------------- Martins Ferry, Ohio-_---~---- 
a
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Table 12.—Stocks and consumption of new and old zinc scrap 
in the United States in 1970 

(Short tons) 

. 
ne 

Consumption 
Class of consumer and Stocks Receipts —————_____—__—_____——___ Stocks 

type of scrap Jan.11 . New Old Total Dec. 31 
scrap scrap 

eae 
Smelters and distillers: 

New clippings.__....._.._._---.___ 113 527 5 597 43 
Old zine_____--2-2- eee 471 6,510 ___..___- 6 , 242 6,242 739 
Engravers’ plates._.____.__-______ 245 3,245 .-_____- 3,202 3,202 288 
Skimmings and ashes_____....-... 11,621 71,470 12,274 2 - 12,274 10,817 
Sal skimmings_....__...._-_______ 114 403 298 _______- 298 219 
Die-cast skimmings___._____.______- 2,823 5,429 6,090 _._____. 6,090 2,162 
Galvanizers’ dross__-.__.-....----. 12,851 73,331 62,581 _______- 62,581 23,601 
Diecastings.__........._____--__- 3,374 38,629 ___.___. 39 ,043 39 ,043 2,960 
Rod and die scrap__-.-_--....-.--. © 1,227 1,902 __._____ 2,270 2,270 859 

_ Flue dust______.222 2222 3,600 6 , 057 7,280 ______L- 7,230 2,427 
Chemical residues. .....__________ 4,067 11,500 7,086 ___..__- 7,036 8,531 

Total.__.-.__..--.--.________ 40,506 219,003 156 ,106 50,757 206,863 52,646 

Chemical plants, foundries, and other - 
manufacturers: . 
New clippings_.._..-...-.---------. ---eee ee Lee eee eee eee Lee nee nek 
Old zine___._-.---2 2 + | | 21 21 11 
Engravers’ plates___-.__.._.----.. ---- 2-2) penne eee eee eee eee eee eee ee eee eee 
Skimmings and ashes_____________ 2,290 9,868 8,786  __.-___- 8,786 3,372 
Sal skimmings.____.___.__-_______ 5,441 11,155 8,614 __._____ 8,614 7,982 
Die-cast skimmings___...-...----. -------- eee eee eee eee eee eee eee eee eee 
’Galvanizers’ dross___..._.....- 2 -2-----e teen e eee eee eee eee eee eee eee 
Diecastings..__..._...___.._____- 18 369 ________ 373 373 14 
Rod and die scrap_______________- 14 50 _____ Le 57 57 7 
Flue dust__..__..._---_-__-_-______ 489 3,620 3,090 ____-___ -3,090 1,019 
Chemical residues______.________. 1,305 23 ,315 20,825 __._-__- 20 ,825 3,795 

Total._...--..___-- 2-222 _____- 9 ,559 48,407 41 ,315 451 41,766 16,200 

All classes of consumers: 
New clippings.___._....-.-_..-__- 113 527 597 __ ule 597 43 
Old zine._..-..---- eee. 473 6,540 ____ LL. 6 , 263 6 ,263 750 
Engravers’ plates__.____._________ 245 8,245 ________ 3,202 3,202 288 
Skimmings and ashes____.______... 18,911 81,338 81,060 _______- 81,060 14,189 
Sal skimmings-_.__._._.___-_-_-__ 5,555 11,558 8,912 ____ L_e 8,912 8,201 
Die-cast skimmings__________..__- 2,823 5,429 6,090 _____._. . 6,090 2,162 
Galvanizers’ dross._...._....-.... 12,851 73 ,331 62,581 _______- 62 ,581 23 ,601 
Diecastings___.._.....-..-_-____- 3,392 38,998 -.______- 39 ,416 39 ,416 2,974 
Rod and die scrap____._________-_- 1,241 1,952 LLL Le 2,327 2,327 866 
Flue dust._....._-_--_._-__-__-.___ 4,089 9,677 10,320 __..__-- 10 ,320 3,446 
Chemical residues____......._-___ 5,372 34,815 27,861 __.___-- 27,861 12 ,326 

Total. _..-..------_----------. 50,065 267,410 197,421 51,208 248,629 68 , 846 
Ne Ne 

1 Figures partly revised. 

Table 13.—Production of zinc products from zinc-base scrap in the United States 
(Short tons) 

re 
Product 1966 1967 1968 1969 1970 

eee 
Redistilled slab zine_.___..._...-_---.---______- 83 , 263 73 ,505 79,865 +*70,553 77,156 
Zine dust__.._-... 2 34,326 32,801 37 ,903 33 , 747 29 ,605 
Remelt spelter_____...%_..._.---_-- eee 6,970 4,831 3,580 3,978 3,494 
Remelt die-cast slab_____._.....__-__.-__-___-_- 13 ,003 14,520 14,570 16 ,979 16,686 
Zinc-die and diecasting alloys_.......--...___.__- 4,333 3,882 4,128 4,401 4,361 
Galvanizing stocks._.___......-.------------_---- 1,585 1,690 2,107 1,849 762 
Secondary zinc in chemical products_-...._......._ 39,834 38 , 289 45 ,654 45 ,298 40,668 
a 

t Revised.
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Table 14.—Zinc recovered from scrap processed in the United States, by kinds of | 

scrap and forms of recovery 

(Short tons) 
, 

Kind of scrap 1969 1970 Form of recovery 1969 1970 
ne 

New scrap: As metal: 

Zinc-base__..._.---------. 184,668 131,859 By distillation: . 

Copper-base.....--------- 156,381 182,159 Slab zinc 1____.._-.-. 68,677 75 ,453 

Aluminum-base___.--.---- 3,494 3,145 Zine dust.__._...----- 338,241 29 ,191 

Magnesium-base - - - . ------ 221 211 By remelting_.-.--------- 5,639 4,210 

Total__..--.----------- 294,764 267,374 Total__....----------- 107,557 108,854 

Old scrap: In zine-base alloys__---------- 19,980 19,708 
Zine-base_.___._..--------. 40,284 41,255 In brass and bronze__.__----- 196,244 163,625 

Copper-base____..-.------ 37,975 27,868 In aluminum-base alloys_.__.-. 6,853 6 , 242 

Aluminum-base.__...----- 3,288 2,959 In magnesium-base alloys.__... 459 435 

Magnesium-base _ _ -_------ 80 1 In chemical products: 

— Zine oxide (lead-free)_._.-. 21,049 20 ,186 

Total...._.._..---------- 81,627 72,153 Zine-sulfate.__.___...----- 11,986 9,171 

——— Zine chloride_._-.--.------ 10,917 10 ,606 

Grand total_.___..__.-_--. 376,391 339,527 Miscellaneous___....----. 1,346 705 

Total. _...._---------- 268,834 230,673 

Grand total.__.__.----- 376,391 339,527 

nc 
1 Includes zine content of redistilled slab made from remelt die-cast slab. 

Table 15.—Zinc dust produced in the 
United States 

cs 

. Value 
Short 2 ————____—_—_————_ 

Year tons Total Average 
(thousands) per 

pound 
a 

1966____---.- 55,485 $20, 418 $0 .184 

1967___.----. 50,273 18 ,098 -180 

1968____----. 61 , 566 22,041 .179 

1969_____---_ 55,055 21,361 .194 

1970____--.-- 51,136 20,045 .196 | 

a 

Table 16.—Consumption of zinc in the United States 

(Short tons) 

. nc 

1966 1967 1968 1969 1970 

Slab zine.....__--------------------- ™1,423,666 11,250,673 r1,350,656 1,385,380 1,186,951 

Ores (recoverable zinc content)_.-.-----  } 126 , 696 1114,301 1124 ,109 1126 ,712 124,781 

Secondary (recoverable zinc content) ?- - - 269 ,650 240 , 888 270 , 592 802 ,075 259 , 864 
OO 

Total. __....------------------ ™1,820,012 r 1,605,862 r 1,745,357 r 1,814,167 1,571,596 

nnn 

r Revised. 
1 Includes ore used directly in galvanizing. 
2 Excludes redistilled slab and remelt zinc.
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| ‘Table 17.—Slab zinc consumption in the United States, by industry uses | 
(Short tons) 

SSS 

| Industry and product 1966 1967 1968 1969 1970 
Th ————— 

Galvanizing: _ 
Sheet and strip____...____._________ 277,781 r 250,000 t 273,276 t 268 , 682 253 ,155 Wire and wire rope_________________ 39,114 36,745 36 , 089 32 ,348 30,857 Tubes and pipe_______._.__._. 68 , 848 61,792 63 , 621 65 , 898 64,479 Fittings (for tube and pipe)__________ 10,150 11,768 13 ,801 11,418 9,498 Tanks and containers_______________ 4,285 4,137 3,815 5,561 3,924 Structural shapes___________________ 17 ,838 18,779 20,238 19 ,454 18 , 761 Fasteners__..-.-___________________ 4,340 4,234 4,826 5,536 5,318 Pole-line hardware.____.____________ 11,400 9,985 9,050 9,409 9 ,938 Fencing, wire cloth, and netting______ 15 ,821 16,544 15 ,984 17,984 18,114 Other and unspecified uses___________ 59,859 «558, 486 58 ,074 57,091 60,205 

Total__.-..-----2- 2 t 509 , 436 t 472,470 t 498 ,774 t 493 ,381 474 ,249 
Brass products: 

Sheet, strip, and plate___.___________ 97 ,095 67 ,237 86,185 90,777 61,672 Rod and wire_____...______________ 60,079 40,759 49 ,888 56 ,989 41,459 Tube__ 2 12,148 8,884 9,818 10,928 9 ,086 Castings and billets_..........._____ 3,378 2,295 2,286 5,958 4,606 Copper-base ingots_______._.._______ 9 352 - 8,121 12,153 13 , 642 _ 9,946 Other copper-base products__________ 3,500 4,241 1,576 1,175 978 

Total___---..--- 2. 185 , 552 131 , 537 161 ,906 179 ,469 127 , 747 
2 enn 

Zinc-base alloy: 
Diecasting alloy_______._____.______ 596 ,371 525 ,960 551, 896 565 , 839 453 , 490 Dies and rod alloy_____._____.______ 495 420 807 504 87 Slush and sand easting alloy___._____ 9,170 8,738 10,243 10,048 . 10,059 

Total__-__-2------- eee. 606, 086 585,118 562,946 576,391 463,636 ~ Rolled zine___._--__ 2 52,612 45 ,443 48 ,943 48 ,650 41,065 Zinc oxide____-- 22-2 -- ee 28 , 438 29 , 774 34,937 41,447 43 ,829 
eS 

ne Other uses: 
Desilverizing lead_______._________. 2,776 1,394 2,973 3,957 — 3,642 : Light-metal alloys__.________________ 10,239 8,805 | 8,422 | 7,562 3,985 Other }___ 28,577 26,132 31,755 34 ,523 — 28,798 oo 

Total__--_- 22-2 41 ,592 36 ,331 43,150 46 ,042 36 ,425 

Grand total__...2-2 2 71,423,666 *1,250,673 1,350,656 1,385,380 1,186,951 OO 

t Revised. 
1 Includes zine used in making zinc dust, bronze powder, alloys, chemicals, castings, wet batteries, and. mis- cellaneous uses not elsewhere mentioned. 

Table 18.—Slab zinc consumption in the United States in 1970, 
by grades and industry uses 

(Short tons) 

- Special High Inter- Brass Prime 1 Industry high grade mediate special western Remelt Total 
grade 

Galvanizing.____.__........ 24,108 24,080 1,697 106,171 315,985 2,213 474,249 Brass and bronze.___.._.... 36,993 57 , 416 192 5,741 27 , 292 113 127 , 747 Zine-base alloys.__.___.____. 460 ,470 1,169 12 196 1,365 424 463 , 636 Rolled zine_._-__22_222.. «15,844 12,461 5,829) ________ 7,481 ________ 41,065 Zine oxide.._______________ 7,697 6,380 ___.----. _____ 29,752 ________ 43 , 829 Other___...-....__________ 14,876 2 , 843 299 5,810 12 ,554 43 36 ,425 eee 
Total_____..________ 559,483 104 ,349 8,029 117,918 394,379 2,793 1,186,951 

1 Includes select grade.
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Table 19.—Rolled zinc produced and quantity available for consumption in the | 
United States | 

a 1969 1970 | 

Value Value 
. Short — Short ——— 

. tons Total Average tons Total. Average 
(thou- per (thou- per 
sands) pound sands) pound 

Production: } . . 
Photoengraving plate__.__......-.. 10,745 $7 ,958 $0.370 10,364 $7 ,812 $0 .377 
Other plate over 0.375 inch thick-__ WwW WwW WwW WwW WwW WwW : 
Sheet zinc less than 0.375 inch thick _ Ww WwW WwW WwW WwW WwW 
Strip and foil._..--_.-..-.....-.. 31,970 14,151 .221 23 ,570 12 ,052 . 256 
Rod and wire__...-._.--__-_----. Ww WwW WwW WwW WwW WwW 

Total rolled zinc_..--.......--.. 46,540 25 , 850 .278 39 ,234 25 ,447 .324 
Exports. _......-_.._.-.---.-------_- 2,714 1,746 .322 1,412 1,173 -415 
Imports____-....._----.--_--.-_----- 966 418 .216 692 419 .303 
Available for consumption_._.-_...._... 44,974 .__-.... ----.--.- 38,016 -_-..--. _.-_----- 
Value of slab zine (all grades)__.....-._ --------  -------- a Oy .153 
Value added by rolling.._.-..--..-.-.- --------  -------- i) 171 

W Withheld to avoid disclosing individual company contidential data; included in total. _ 
1 Figures represent net production. In addition, 24,388 tons in 1969 and 18,076 tons in 1970 were rerolled 

from scrap originating in fabricating plants operating in connection with zinc-rolling mills. 

Table 20.—Slab zinc consumption in the United States in 1970, 
by industries and States 

(Short tons) 

State Galvanizers Brass Die- Other 3. Total 
mills } casters 2 

Alabama. .__.__-.--.-..-----_-------- 40,587 W LL W 41 ,979 
Arizona. _.__-_.-.------_- 2 W eee ee eee ee WwW WwW 
Arkansas__._____...-_.-.--.----- ee eee eee eee eee wee ee WwW WwW 
California. __......_-..-.------.-_---.- 29 , 806 2,282 13 ,373 1,106 A6 , 567 
Colorado. ____.---.-.-----_--.------- WwW W WwW WwW 3,489 
Connecticut.___..-..-----.---------- 3,475 30,277 WwW WwW 40 ,373 
Delaware_______._-_-__-_-_-_--_------- WwW WwW WwW WwW 2,652 
Florida.........-.-.-.--_--.-.---.--- W ieee W ___------- 3,517 
Georgia_.....------------_-.-------- W _-_ ieee | WwW 
Hawaii__....-...-.--_---.-_--.-_---- a WwW 
Idaho__.____-____-- eee eee eee eee Lee WwW WwW WwW 
Illinois. .__.-..-..-.----------------- 43 ,633 22,796 76,509 23 ,210 166 ,148 
Indiana____.-_-....-.----_--.------- 56 , 488 Ww 24,954 WwW 112 ,947 
Towa__..--.--.---------_-.---------- rr WwW 1,090 
Kansas__.-..-.--.--.----- ---------- --------e WwW W ue__------- WwW 
Kentucky___.__.._-_.-__-_--_-__--_- WwW W eee ee WwW | WwW 
Louisiana_.........-..--...---------- OS W 1,670 
Maine_____.-.-----------_---------- W eee eee ee ee eee eee eee ee WwW 
Maryland______.---. + ee W eee ee ee eee eee WwW WwW 
Massachusetts__...-_...--.----.----- 3,079 W -...------ Ww 8,079 
Michigan_.__......-.--.--.---------- WwW 12 ,370 110,159 WwW 126 ,906 
Minnesota__._....---.---- eee WwW W ieee eee ee Leen 2,354 . 
Mississippi. _............-..-_---.-_- W eee ee eee eee eee WwW 
Missouri____-._._..---__-_.-_-_-.--- 11,221 WwW 7,854 WwW 20 ,918 
Montana.____-__-_.-- ~~ eee Lee eee eee eee eee eee eee eee WwW WwW 

'  Nebraska_...___...----.-------.----- 1,375 W ieee ieee WwW 2,088 
New Hampshire_.________.--.------_  -1-------e a WwW 
New Jersey_.-.-...-.-----.----_----- 2,809 5,327 WwW WwW 15,558 
New York.._...._-------.-----___--- 11 , 208 WwW 66 ,817 WwW 92,394 
North Carolina_..........-.---._----_ W ieee. Ww Ww. WwW 
Ohio. _...--.-.--.-----2--2-- eee 90 ,370 WwW 61,751 WwW 160 , 086 
Oklahoma...-..-_..--..--.--_.--_--- 8,422 ___.-__._, WwW WwW 12,869 
Oregon._.._.-_.--------------- eee 725 WwW WwW WwW 826 
Pennsylvania_...._.....--.--.-.----- 62 ,929 12 ,647 22,970 52 ,655 151,201 
Rhode Island___..-.._.--------_-__- a WwW WwW 
South Carolina___...__-.--.--_-_----_ W ieee eee tee eee eee eee eee -e wW 
Tennessee. _....-.---_-_-- eee | WwW WwW 2,690 
Texas___.-_--------.---------------- 14,261 Ww Ww WwW 41 ,341 
Utah__._.-_-- 22 eee Ww W ieee eee eee eee WwW 
Virginia_.......-.--.--.--.--_--- +L WwW Ww Ww WwW 339 
Washington_...___._..._..-..-..__.-_- 868 ______-___ _---.----- 489 1,357 
West Virginia______.-__-__._.-.- ~~. 28 ,681 a WwW 32,071 
Wisconsin. __......---.--------.----- 1,380 WwW 9 ,023 WwW 16,575 
Undistributed___.........-.--.------- 60,719 Al ,935 69 , 802 43 ,816 76,074 

Total 4___._._-._...--_.-.-.----- 4712 ,036 127 ,634 463 ,212 121 ,276 1,184,158 

W Withheld to avoid disclosing individual company confidential data; included with “‘Undistributed.” 
1 Includes brass mills, brass ingot makers, and brass foundries. 
2 Includes producers of zinc-base alloy for diecastings, stamping dies, and rods. 
3 Includes slab zine used in rolled zine products and in zinc oxide. 
4 Excludes remelt zinc.
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Table 21.—Production and shipments of zinc pigments and compounds 1 in the 
United States 

1969 1970 

Shipments Shipments 
Pigment or Produce ———__-____-—___——-_ Produc-__§ ————_-____________- 
compound tion Value 2 tion Value 2 

(short Shortt ——————————_ (short Shortt = ————_——-—_—- 
tons) tons Total Average tons) tons Total Average 

(thou- per (thou- per 
sands), ton sands) ton 

Zine oxide *____.-.....-_. 220,358 219,723 $65,492 $298 223 , 769 213,283 $58,531 $274 
Leaded zine oxide?__.-... 4,949 6 ,956 1,609 231 5,201 6,951 1,588 | 228 
Zine chloride, 50° B4_._._ 47,909 48,909 WwW W 46,8384 45,444 Ww WwW 
Zine sulfate__.......----. 68,482 64,592 12,135 188 58,170 54,069 7,225 134 

W Withheld to avoid disclosing individual company confidential data. 
1 Excludes lithopone; figure withheld to avoid disclosing individual company confidential data. 
2 Value at plant, exclusive of container. 
3 Zine oxide containing 5 percent or more lead is classed as leaded zinc oxide. 
4 Includes zine chloride equivalent of zinc ammonium chloride and chromated zinc chloride. 

| Table 22.—Zinc content of zinc pigments 1 and compounds produced by domestic 
manufacturers, by sources 

(Short tons) 

1969 1970 . 

Zine in pigments and com- Total Zinc in pigments and com- Total 
Pigment or pounds produced from— zine in | pounds produced from— zinc in 
compound —————_——————_ pige  ———__—___ Pig- 

Ore Sec- ments Ore Sec-. ments 
———_—————-_ Slab ondary = and ———_————— Slab ondary and 
Domes-_‘ For- zine mate- com- Domes-_ For- zinc mate- com- 

tic eign rial pounds tic eign rial pounds 

Zine oxide_______ 82,643 23,949 41,362 28,115 176,069 82,446 24,827 48,829 27,851 178,953 
Leaded zine oxide 1,705 1,589 ._.-._ -----.. 3,244 1,531 1,977 -_---- ------ 3,508 

Total__.._ 84,848 25,488 41,362 28,115 179,313 83,977 26,804 48,829 27,851 182,461 
Zine chloride 2... -----. ------ WwW W 11,682 1... ----.-. WwW WwW 10,607 
Zine sulfate_._.... 5,503 5,842 __.._.__ 10,897 21,742 3,548 4,730 -----. 8,156 16,434 

W Withheld to avoid disclosing individual company confidential data. 
4 1 Excludes zine sulfide and lithopone; figures withheld to avoid disclosing individual company confidential 
data. 

2 Includes zine content of zinc ammonium chloride and chromated zinc chloride. 

Table 23.—Distribution of zinc oxide and leaded zinc oxide 
shipments, by industries | 

(Short tons) 

Industry 1966 1967 1968 1969 1970 

Zine oxide: | | | 
Rubber_____._-.---------------- 104 , 866 94,3888 111 , 797 115 ,988 111,421 
Paints__..._.-----.------------- 27,100 24,547 25 , 864 25,170 21,894 
Ceramics__._.....--.-.---------- 12,147 9,850 10,226 9,469 9,011 
Chemicals_____....-.------------ 13 ,678 17 ,509 22,769. 22,775 19 ,435 
Agriculture_.____..---------.---- 1,559 5,048 5,044 4,007 2,246 
Photocopying_.......-.---------- 11,405 14,039 21,564 27 , 566 31,850 
Other___________.____..-.-------- 22,910 16,105 16 , 562 14,748 17 ,426 

Total___.__.-_-...-_---------. 193 , 665 181 , 486 213 , 826 219 , 723 213 , 283 

Leaded zine oxide: . 
Paints___ 1-2-2 ee 10 , 462 8,644 6,356 4,905 5,212 

Pir chapels iieic? +9 elena 1,095 1,662 1,689 2,051 1,739 
Other and unspecified____.._..---- , ’ ’ ’ ’ 

Total_....--.------ 2 eee 11,557 10 ,306 7,995 6,956 6,951
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| Table 24.—Distribution of zinc sulfate shipments, by industries 

. (Short tons) 

i 

Rayon Agriculture Other Total 

Year nn 
Gross Dry Gross Dry Gross Dry Gross Dry 

weight basis weight basis weight basis weight basis 

1966.__....----- 18,659 16 , 562 19 ,334 16,891 13 , 705 9 ,372 51,698 A2 ,825 

1967____.------- WwW WwW 17 , 156 14,803 31,644 24,742 48 ,800 39 ,545 

1968__...--.----- WwW WwW 20 ,472 17,631 39,175 +*30,265 * 59,647 t 47 ,896 

1969___..------- WwW WwW 19 , 029 16,424 +45,563 +*33,861 + 64,592. t 50,285 

~ 1970_____------- Ww Ww 17 , 213 14,803 36 ,856 26 ,572 54,069 41 ,375 

t Revised. W Withheld to avoid disclosing individual company confidential data; included with “Other.”’ 

Table 25.—Stocks of zinc-reduction plants in the United States, Dec. 31 

(Short tons) 

. 1966 1967 1968 1969 1970 

At primary reduction plants- -------------------- 63 , 626 81,307 64,695 + 64,903 97 , 576 | 

At secondary distilling plants_----.-------------- 1,172 609 684 885 738 . 

Total....-------------------------------. 64,798 81,916 65,379 * 65,788 98 ,314 

eee 

r Revised. a | 

| Table 26.—Consumer stocks of slab zinc at plants, Dec. 31, by grades : 

(Short tons) 

| a 

Special High Inter- Brass Prime 

Date high grade mediate special western Remelt Total 

grade 

Dee. 31, 1969 '.__---------- 38,595. 8 ,397 628 8 ,643 45 ,565 179 102 ,007 

Dec. 31, 1970___----------- 36,617 6 ,866 974 7,014 37,908 172 89 ,551 

t Revised. . 

Table 27.—-Average monthly quoted prices of 60-percent-zinc concentrate at Joplin, 

and common zinc (prompt delivery or spot), East St. Louis and London 1 

Oo 
1969 1970 

nner 

60-percent- Metallic zine 60-percent- Metallic zine 

zine con- (cents per pound) zinc con- (cents per pound) 

Month centrates —————_—————-__ centrates__ ——______——_"_____ 

in the Jop- East in the Jop- East 

lin region St.Louis London? lin region St. Louis London? 

(per ton) (per ton) 

January__..------------------- $84.00 18.84 12.19 $100.00 15.50 13.72 

February ---------------------- 84.00 14.00 12.10 100.00 15.50 13.51 

Mareh_-_-__.------------------- 88.00 14.00 12.27 100.00 15.50 13.44 

April-----------77777 7777777777 88.00 14.02 12.35 100.00 15.50 13.31 

ay._-----.------------------ 92.00 14.50 12.62 100.00 15.50 13.24 

June__...--------------------- 92.00 14.50 12.73 100.00 15.50 13.29 

July__.----------------------- 92.00 14.50 12.84 100.00 15.50 13.39 

August__._.------------------- 92.00 14.50 13.17. 100.00 15.33 13.45 

September.---.---------------- 96.80 15.38 13.42 100.00 15.00 13.49 

October._...------------------ 100.00 15.50 18.53 100.00 15.00 13 .83 

November..----.-------------- 100.00 15.50 14.01 100.00 15.00 13.14 

December - -_---,-------------- 100.00 15.50 14.04 100.00 15.00 13.00 

—_—_ ———— i 
— —— eel 

eh 

Average for year--------- 92.40 14.65 12.96 100.09 15.32 13.42 

1 Joplin: Metal Statistics, 1970. East St. Louis: Metal Statistics, 1970. London: Metals Weék. 

2 Conversion of English quotations into U.S. money based on average rates of exchange recorded by Fed- 

eral Reserve Board. Average of daily mean of bid and asked quotations at morning session of London Metal 

Exchange.
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| Table 28.—U.S. exports of slab and sheet zinc, by countries | , 

1968 | 1969 1970 

Destination Short Value Short Value Short Value 
tons (thou- tons. (thou- tons (thou- 

. sands) sands) sands) 

Slabs, pigs, and blocks: 
Australia_._..2----22_ 2 1 $1 20 cc | Canada__-__----_--- 2 ee 326 165 670 191 69 $34 Chile... 2-2. 130 46 69 22 29 10 Colombia__-.-.-.-------22.---.-- 5 2 2 LQooeeee eee Lee Germany, West__.......___._____ 4 2 17 8 22 4 
Honduras. .__._-----.-.---- ee. Leelee 13 4 20 8 
India____.---.------2.---------- «© 82, 845 9,507 8,409 2,887 22-2 Leelee 
Tran. _ 2-2-2 12 A pene eee eee Lee Liberia____.. 2-2-2 eee tenet 3 1 21 9 Netherlands. _._..__.__.-_.--____. 2 1 2 1 21 4 
Philippines___.....222-2222 2222 _ 122 35 «6 Bo -eeee ee Lee Spain_--2-- 22 Lee eee eee Al q 
Taiwan_~_ 22-8 238 Welle ee eee eee ee Venezuela___ 2-2 4-2. q 4 26 9 33 12 
Other_.__..-- 22, 34 19 62 29 32 7 26 ne a en 
‘Total... eee. 838, 011 9,797 9,298 2,612 288 | 114 pe 

Sheets, plates, strips, or other forms, 
n.e€.¢c.: , 

Argentina. ___.-._--__--________. 38 32 22 20 Al 35 Australia. __.2.22-- 2 ee 32 26 1 2 3 4 Brazil_...2.-- 2 20 18 7 6 4 6 Canada___.2_- 2 1,976 1,414 1,188 909 1,006 825 Chile-__ 2-222 35 27 27 21 5 5 Colombia__.____-._____________ 69 64 18 15 17 18 Denmark________________..______ 12 10 2 2 -eeeee ee Lee 
Germany, West_____..-_..-_.__._ 115 84 27 20) 22 Lee , India.. 22-2 1 1 361 164 __.eeee LL Israel... eee 36 26 -§ 4 1 1 Mexico... 2-2 - 17 18 14 13 13 11 New Zealand________.___________ qT qT qT 5 12 11 Pakistan. _.2..2-__--__ 177 90 779 346 23 20 Philippines... 2-2-2, 9 q 1 1 1 1 South Africa, Republic of____._____ 87 76 1 1 14 11 Taiwan__.___.-_- 2. 47 34 33 22 54 25 
Venezuela______.___-_____ 103 94 87 81 87 19 Other___-__._-2-- ee 267 200 134 114 131 121 ee 

Total__ 2222 3,048 2,228 2,714 1,746 1,412 1,173 

Table 29.—U.S. exports of zinc, by classes 

Slabs, pigs, or blocks Sheets, plates, strips, Zinc scrap and dross Semifabricated 
y or other forms, n.e.c. (zine content) forms, n.e.c. ear T-tree eS 

Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 

sands) sands) sands) sands) 
eee 

1968__....._....._ 338,011 $9 , 797 3,048 $2 ,228 2,293 $886 15,000 $3 , 840 1969___.________ 9,298 2,612 2,714 1,746 1,989 716 28,810 6,321 1970_._.-_-__ 2 Le 288 114 1,412 1,173 3,112 1,049 25 ,528 5,635 
eee 

Table 30.—U.S. exports of zinc pigments 

eee 

1969 1970 
Kind SS 

Short Value Short Value 
tons (thousands) tons (thousands) 

Zine oxide______--_2- 2 3,779 $1,341 6 ,326 $2 ,343 Lithopone___-.__...______.___......_........___. 1,086 300 1,541 523 
eee 

Total__-- 22 e es 4,865 1,641 7,867 2,866 Sse nnn
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Table 31.-—U.S. imports of zinc, by countries 

I 

1968 . 1969 1970 . 

Country Short Value — Short Value Short Value 

tons,  _—-(thou- tons (thou- tons (thou- a 

sands) ~ sands) sands) 

ORES ; 

Australia___._-.-.----.-------------- 2,267 $410 2,940 $628 2,324 $518 | | 

Bolivia___..--.---------------------- 6,011 (1,004 -2,069 347 2,904... ~~. 489 

Canada______----------------------- 310,586 46,625 367,529 54,2138 317,992 ~ 47,153. 

Chile. ____.--_-----.---------------+--  -.  T4- 15 421 6 1,056 201 - . 

Germany, West...------------------- 5,942 881 _____.- .) eeeeee ee eee enn e ee Lee eee : 

Guatemala. ..__..------_------------ --------  -----==-- 525 19 4 ‘1 

Honduras_____---------------------- | 12,959 1,759 15,272 2,188 19 ,267 2,845 

Mexico______------------------------ 142,318 16,352 148,747 17,001 128,949 16,921 

Morocco._._------------------------ 15,715 . 1,426 5,988 614 ___-..-. --------- 

Netherlands____.._..---------------- 3,313 AWB ____---_) --------) -------=0 ----=-=-- 

Peru__.___--__----------------------- 39,899 6,071 57 ,087 8,597 48 ,037 - 1,644. 

South Africa, Republic of._-..--------- 4 ,287 643 6,525 866 5,096 - 192, 

Other_______-_--_-_------------------- ------2-00 oo eee ee 17 1 130 18 
rrr 

Total._.._.------------------- 548,366 75,604 602,120 84,560 525,759 76,512 
ee eee eee 

BLOCKS, PIGS, OR SLABS 
Australia_____.---------_------------ 19,915 4,627 34,237 8 ,896 30 ,335 9 ,359 

Belgium-Luxembourg - - --.------------ 16 ,500 4,080 13 ,296 3,416 14,371 3,876 

Canada_______.__-_----------------- 7 116,874 730,186 *148,851 r89,578 120,611 34 ,329 

Congo (Kinshasa) - _------------------ 8,146 1,850 10,621 2,742 6,300 1,695 

Germany, West. .__.----------------- ---2----) --se-5550 --25-275 «77797580 3,198 886 

Japan_.__--------------------------- 45 , 735 11,115 52,502 13 ,239 32,525 8,764 

Mexico.._____.---------------------- 19,84 4,150 12,092 2,642 7,358 1,746 . 

Mozambique__...-..----------------- 1 , 098 267 © 1,256 301 661 170 

Netherlands. __._._-_----------------- -------- 0 ---e2-ere ror tree Tor 355 1,725 2,143 

Norway-.---------------------------- 6,272 1,555 4,481 1,206 1,343 395 

Peru___..____----------------------- =: 558,, 729 13 ,655 30 ,204 8,201 31,923 9,143 

Poland_...._.-_--------------------- 9 ,454 2,366 9,495 2,498 7,129 2,284 

Spain___.-...----------------------- 2,877 691 _____--_ -------- --------  ------=-- 

United Kingdom______--------------- 738,261 r 760 r1,041 r 259 1,054 294 

Yugoslavia___--..------------------- -----2250 ------n5 385 93 114 32 

Zambia___...----------------------- 277 63 3,817 | 953 1,773 ~~ 493 

Other__...._.----------------------- 1,404 345 r 2,498 t 597 3,393 937 
i 

Total. .......----------------- *304,576 *75,710 *324,776 184,621 270,413 76,546 

t Revised. 
oe
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| | Table 32.—U.S. imports for consumption of zinc, by countries 

~ 1968 1969 1970 

Country |. Short Value —_— Short Value Short Value . - tons (thou- tons (thou- tons (thou- . ' sands) - sands) sands) 
See 

ORES 1 
Algeria._.------.-------------1.----- 727 $1220 eee eee Le Australia__-_.------------e eel. 1,286 235 4,387 $700 1,893 $366 Bolivia___--....-..-.22- 2-222 2 Le 8,619 1,455 9,407 1,489 4,098 595 Canada. _._..-__-.--------_-----_-._-. 301,306 | 44,459 326,929 48,552 263,287 40,230 — Chile______------ eee 126 29 1,025 213 1,331 267 Germany, West____.--.-...__-_-_-.-._ ___..__.  _.___... 3,701 658 10 , 438 1,638 Honduras_..____-.--2----- 6,531 925 11,517 1,614 10,001 . 1,342 Mexico_____---.--------------_--_ 101 , 554 11,204 141,720 16,0386 101,871 13 , 430 Moroceo_.__-------------.---------. . 15,675 1,897 8,848 6 
Netherlands. ______..-_-__._-2____ 3,313 418-28 eee Ll; Peru__.2_. 2-2-2 eee. = 40,287 7,368 54,925 8,591 51,269 8,330 South Africa, Republic of_.._._________ 5 , 466 857. 1,959 421 5,040 164 Sweden._____---..-22- eee Leet 593 65 _-2- 2 LL ee Other__..-.-- 2 13 2 223 30 1,542 202 ae ea 

Total__---------2 2-2. = 484,808 68,971 565,234 79,242 450,770 67 ,164 
SS SSS SS ns 

BLOCKS, PIGS, OR SLABS 
Australia__...-2----- eee. 19,915 4,627 34 ,237 8,896 30,335 9,359 Belgium-Luxembourg__._............. 16,611 4,109 +138,296 3,416 14,371 3,876 Canada.._-____------ 2. 116,874 730,186 *148,851 +*89,578 120,611 34,329 Congo (Kinshasa) __._..__.____..____. 8,146 1,850 10,621 2,742 6,300 1,695 Germany, West__-.-.....___..2-----. -------. __._.--. w------- 442 122 Japan._.--.--------2- eee. = 45,785 11,115 52 ,502 13 ,239 32 ,525 8,764 Mexico..--.-_..------2-----------_ =: 19,084 4,150 12 ,092 2,642 7,358 1,746 Mozambique__________________.______ 1,098 267 1,256 301 661 170 Netherlands. ______-..2-- 22 eee epee eeee eee. ~------- 200 56 Norway.--.--.-..----_---_-_____ 6,272 1,555 4,481 1,206 1,343 395 Peru._.---- 22 eeie-. =— 53, 729 18 , 655 30,204 8,201 31 ,923 9,143 Poland_.__-.--2-2 ee 9,454 2,366 9,495 2,498 7,729 2,284 Spain._...-_-.--_- eee 2,877 2 
United Kingdom____-..-....-..-_.... 13,261 | r 760 r1,041 r 259 1,054 294 Yugoslavia....._.2.----- 2 eee, eee eee eee 385 93 114 32 Zambia____-...-..----_--____ ee 277 63 3,799 949 1,773 493 Other__... 2-22 1,404 345 72,498 . t 597 3,393 937 a are 

Total. _-.--------------------. '804,687 °75,739 324,758 184,617 260,132 73 ,695 
A 

‘© Revised. 
1 Does not include zine ores and concentrates imported for refining and export; 1968: Canada 10,496 short tons ($1,586,637); Morocco 410 short tons ($56,875). 1969: Canada 16,235 short tons ($2,440,467); Mexico 16 short tons ($5,498); Morocco 243 short tons ($22,045). 1970: Canada 18,932 short tons ($2,748,599); Mexico 

565 short tons ($102,218); Morocco 145 short tons ($10,918). 

Table 33.—U.S. imports for consumption of zinc, by classes 

a a Ore (zinc content) Blocks, pigs, and slabs Sheets, plates, strips, 
and other forms 

Year ————_—__ ESSE 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) eee 

1968________ 484 ,803 $68 ,971 r 304,687 t $75,739 754 $290 
1969_______. 565 , 234 79 ,242 t 324,758 r 84,617 r 840 r 380 
1970___...__ 450,770 67 ,164 260,132 73,695 692 419 

Old and worn out Dross and skimmings Zinc dust Total 
CSO ----OOm9hRRHRH eS value 

Short Value Short Value Short Value (thousands) 
tons (thousands) tons (thousands) tons (thousands) 

SS ON ee 
1968___..__- 878 $119 581 $63 8,100 $2,443 t $147,625 
1969___..__- 1,770 255 716 67 8,251 2,652 167 ,213 
1970____.__- 1,497 192 418 92 9,359 3,161 144,723 eee 

F Revised. 
sian addition, manufactures of zinc were imported as follows: 1968-$446,555; 1969-* $489,480; 1970- 

216,276.
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Table 34.—U.S. imports for consumption of zinc pigments and compounds 
a 

; 1969 1970 
; Kind | 

Short Value Short Value 
tons (thousands) tons (thousands) 

a 
Zine oxide...._.------___---.-------------------- 14,565 $3 ,059 12,073 $2,764 

. Zine sulfide___.___-__-________--------------------- 355 119 349 109 
: Lithopone__..-_.....-_.___---------------------- 261 40 17 19 

Zine chloride__..........-__.-.-.-_----------.---- 1 ,367 233 1,151 228 
Zine sulfate_.___..._-._-.--_-.----.-------------- 6,236 675 6,298 651 
Zine cyanide.-__..____.-_-_---------------------- 124 83 143 96 
Zine compounds, n.s.p.f.__-.--..------------------ 610 267 675 ~ 239 — ee 

Total___.-.-_---- eee ee 23 ,518 4,476 20 , 766 4,106 

Table 35.—Zinc: World mine production (content of ore), by countries 

(Short tons) 

Country ! 1968 1969 1970 p 

=. North America: 
o Canada_________..__._--_...-.------------------------ 1,278,261 1,316,416 1,365,991 

Guatemala____...-._--------.------------------------- --------+--- 1,026 _______-_-- 
Honduras__..-_..-...------.-------------------------- 16 ,295 17 ,644 22,090 | 
Mexico__.---.-_.__...--------------------- ~~ +e 264,578 279 ,298 291 ,379 
United States.......-..---..----.-..----------- eee 529 , 446 553 ,124 534,136 

South America: 
Argentina__.....----------..--------------------+----- t 29 ,016 34,927 42 ,990 
Bolivia__......-.--_--.-------.------------------------ 12,371 28 ,875 51,239 
Brazil__.__---_---___-__ ue eee ee 5,264 5,952 e 13,900 
Chile. _....---------------- +--+ 1,383 1,629 1,456 
Colombia_____.......-.-.-.----__-_-.---------.-------- 717 466 e 429 
Beuador_.______..-..----------------------- eee 126 229 e 230 
Peru____._-__--_-_----_ eee eee 321,218 331 ,027 348 , 893 

Europe: 
Austria_._._.--- eee r13,889 15,690 17,314 
Bulgaria____.._..______.---_-----------.---------------- r 82,122 84,878 e 99,000 
Czechoslovakia__..._.....-.----_.--.-------.----------- r 10,858 11,530 e 11,600 
Finland. ...____-____--------- eee eee 72,091 78 ,044 69 ,015 

. France________.-__------.--_--------------------- +e r 24,037 22 ,156 20 ,503 
Germany, East e____._-_._.___----.--------------------- r11,000 11,000 11,000 
Germany, West_____________------.-------------------- r 121,686 122 , 069 135 ,227 
Greece____________-----_---------- ee eee r11,477 10,128 10,325 
Hungary ¢__....--.-..---_--_-------~------------------- 3,900 5,300 5,300 
Treland_____..---.----_---_----_----~-~--- eee e+e r 55,698 107 , 453 106 ,373 
Italy_.......-------- ~~~ - eee eee r 154,323 145 ,836 120 , 262 
Norway..__--_------------- ee eee nee 13 , 052 12 ,333 e 11,650 
Poland___________________ ee eee eee eee eee eee r 180,889 188 ,275 209 ,329 
Portugal__.____........_...--.--.---------- +--+ - 398 1,203 2,155 
Romania ¢ 2._________________ ee ene eee ee eee eee ee 28 ,000 33 ,000 43 ,900 
Spain. ....- 2+ -- 82,230 92 ,978 105 ,171 
Sweden___________________--__---,--------- eee r 89 ,641 99 ,318 103 ,397 
U.S.S.R.e_____.___ ee ee ee ee eee eee ee eee eee r 595,000 672 ,000 672 ,000 
Yugoslavia_.____.--____--_---------------------------- 105 , 242 106 ,624 111 ,493 

Africa: 
Algeria__.__.__--_--__---_------------------ +--+ ++ r21,140 22 ,587 18 ,689 
Congo (Brazzaville) e.___...........-.----.-.------4----- r 800 400 80 

- Congo (Kinshasa) __..__.......-_---.------------=+1--+-- 119 ,342 95,503 115 ,833 
Moroceo_____.________.._._ ee eee eee eee ee eee eee ee 85 ,033 37 ,343 19 ,923 
South Africa, Republic of_....___._.-.-------------------- ----------- ----------- e8 
South-West Africa, Territory of 3___..._._-.-------------- 27 ,332 51,412 73 ,640 
Tunisia. __..._..______________.___--------- eee r 5,628 10,313 9,612 

. As Zambia (smelter)_____.__.__----.----------------------- r 57,732 55,297 58,925 
sia: 

Burma.._.-..----.-----..-.--------------------------- r 5,088 5,393 4,483 
China, mainland e_________.._-_______------------------ 110,000 110,000 110,000 

x India_____..____________._____-_- eee eee eee eee 7,681 8,165 9 ,090 
| Tran 4_____._ ee eee eee eee 1 59,472 re 58,600 e 63 ,600 
- Japan__________--__--_-_----- eee 291 ,389 296 ,979 808 ,293 

Korea, North e____.____.__.---------------------------- r 132,000 138 ,000 143 ,000 
Korea, Republic of..___....-..._-_---.---.-------------- 21,319 22 ,688 26 , 433 
Philippines____.___.__--___-_----.--------------------- 2,472 3 , 622 8,517 
Thailand e____________.___._________-_------------------ 1,200 800 600 
Turkey ¢.___.__.._..-.--------------- eee ee eee eee r11,100 25,100 23 , 400 

Oceania: Australia.__.___....__...____--_------------------- r 465,609 559 ,031 533 , 731 a an 

Total__...__..___..__------------------------------- 15,483,540 5,891,661 6 ,060 ,604 
eee 

e Estimate. P Preliminary. r Revised. ae 
1 In addition to the countries listed, North Vietnam also produces zinc, but available information is inadequate 

to make reliable estimates of output levels. 
2 Recoverable. 
3 Data for year ending June 30 of that stated. 
4 Year beginning March 21 of year stated.
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, - Table 36.—Zinc: World smelter production, by countries | 
/ (Short tons) ie 

. 
tt ‘ os 

oO , Country ! 1968 1969 1970 P of 

North America: 
_ Camada_-_-_-- 2 eee eee 426 ,932 466 , 356 460 , 663 : 
Mexico________._---_------- 2 eee 88,227 88 ,477 88,915 “| 
United States______------------ eee. =: 1,020, 891 1,040,597 877,811 af 

South America: ms 
Argentina. _.-.-_-----------.--- 2 eee r 23 ,080 27,115 35,274 - 
Brazil__-__...-.------.------ eee 3 , 866 5,497 e 11,600 
Peru_...-------------_--------- eee 72,519 68 ,649 75,717 

Europe: a 
Austria ?_...---.------- eee 16,859 17,121 17 ,657 
Belgium 2______..--.--_-.-- 2-2 eee e t 274,456 287 , 254 265 ,877 
Bulgaria ?___----_.-_------2-2 2 eee 82,783 83 ,555 e 86,000 ‘ 
Finland____..--------.------ eee eee 1,195 61,531 
France_.__.----_----.----.--..-------______----------- * 228,635 279 ,480 250,555 
Germany, East ¢?________-__ r17,000 — 18,000 17 ,300 
Germany, West__________-________________ ee 159 ,116 162,195 165 , 593 
Italy___--..----...---_---- 2 2 eee 123 , 761 148 , 654 156 ,618 
Netherlands.__...-___-.____-_____-_ ee tr 46,381 51,397 50,952 . 
Norway-_----...-------_----- i -eeeeee 66 ,260 64,788 67,704 = = 
Poland ?____-_ 222. 223 ,200 — 228 , 700 230 , 400 os 
Romania ¢._____._-__-____-2___ ee 28 ,000 33 , 000 43 ,900 ak 
Spain__-__-_------.-----2- eee eee r 83,099 88,513 98,328 : 
U.SS.R.e__.- eee eee 634,000 672 ,000 672 ,000 : 
United Kingdom_-_______________--_______________ ii. t 157,500 166,441 — 161 ,595 : 
Yugoslavia ?.______-.__-- eee 87 ,058 89 ,352 71,676 

Africa: 
Congo (Kinshasa) _________-___..._-_--_---_--_-___-____e 68 ,975 70,252 70,272 
South Africa, Republic of-........_..-..--_-_-_-_-_--_-_-_ --- LL 13 ,057 40 ,234 % 

. Zambia... eee r 57,732 55,297 58,925 ~ 
Asia: 

China, mainland (refined) e__________________________u___ 100,000 100,000 110,000 
India_____---.--22--_ eee 22,817 25,409 25,805 
Japan_____---2- 2 eee 667 ,510 785,051 745 ,437 
Korea, North e_____-___2 eee 88 ,000 66 , 000 — 99,000 
Korea, Republic of_____....-_-______..-_______ ee 2,705 2,546 2,535 

Oceania: Australia__......--..---__-- ee 229 ,591 271,525 287 ,255 | 

| ‘Total. .-.----2------- eee e-------- 15,100,953 5,472,478 5 , 407,129 : a 
e Estimate. P Preliminary. r Revised. ' 
1In addition to the countries listed, North Vietnam also produces zinc, but available information is inade- 

quate to make reliable estimates of output levels. 
2 Includes production from reclaimed scrap.
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. Zirconium and. Hafni irconitum an atnium 

: | | By Robert G. Clarke * | 

* Zircon production and sales by domestic pile Report to the Congress, Dec. 31, 1970, 

. mining companies were about 20 percent showed no objectives for zirconium and 

es less in 1970 than in 1969, but imports hafnium materials. Stocks of the : 16,114 

. were only slightly less than in 1969. Ouput tons of Brazilian baddeleyite, 1,720 tons of 

é of zirconium sponge metal decreased, but zircon, and | ton of zirconium metal. pow- 

s production of zirconium-bearing com- der are in excess. The U.S. Atomic Energy : 

mt pounds for. chemicals and refractories in- Commission (AEC) had 1970 yearend. in- 

* creased. | : ; ventories of approximately 1,060 tons of 

& _ Legislation and Government Programs.— zirconium. sponge, 65 tons of Zircaloy as 

i The Statistical Supplement to the Stock- ingot, and 39 tons of hafnium crystal bar. 
a 

3 : | ‘Table 1.—Salient zirconium statistics in the United States | 

id Cc (Short tons) Oo | 

ON a 

ny | | Product 1966 1967 1968 1969 1970 

vi rr OO 

I Zircon: ; | _— 

pe Production_._..---------------------- | WwW WwW WwW WwW W 

Wi Exports__...------------------------- 2,311 2,729 2,026 5,395 4,335 

M4 Imports.__--_------------------------ __57, 976 59,303 59,900 95,414 94,759 | 
Wed Consumption ¢.___...----------------- 182,000 134,000 143 ,000 160 ,000 145,000 

‘| Stocks, yearend, dealers and consumers!__ 38,000 48 ,000 46,000 r 53,000 52 ,000 

Oe Zirconium oxide: 
ri Production + «on veaend Se 4,000 8,865 — 3,864 5, 702 4,957 
Ol roducers’ stocks, yearend ?__-..-------- 1,169 11,267 © 1,077 .| 1,005 1,050 

af e Estimate. r Revised. W Withheld to avoid disclosing individual company confidential data. 

yd 1 Excludes foundries. 
: 4 2 Excludes oxide produced by zirconium metal producers. 

a | DOMESTIC PRODUCTION — a 

= “Byproduct zircon from the processing of | metal production were about 40 percent of 

‘ titanium-mineral-bearing sands was ob- that of 1969. 

/ tained at the dredging and milling facili- Four firms produced 45,800 tons of 

ws ties owned and operated by E. I. du Pont milled (ground) zircon, an increase of 2.2 

- de Nemours & Co. Inc., near Starke, Fla., percent over 1969 production. Four compa- 

" and by Humphreys Mining Co. for Du __ nies, excluding those that produce metal, 

8 Pont, near Folkston, Ga. Production data produced 4,957 tons of zirconium oxide. 

v are withheld from publication to avoid Production of zirconium-bearing refracto- 

disclosing individual company confidential ries totaled 30,500 tons, of which the zir- 

data. conium oxide content varied from 33 per- 

| Statistical data on the production of zir- cent to 90 percent. Hafnium crystal bar 

conium sponge, ingot, and scrap and on output, which is produced by several firms, 

: hafnium sponge and oxide are also with- amounted to 35 tons, compared with 28 

held to avoid disclosure of company confi- tons in 1969. 

dential data. Zirconium powder and alloy -——>—___..... — . 
production and also zirconium sponge Min scientist, Division of Nonmetallic 

1205
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Table 2.—Producers of zirconium and hafnium materials, 1970 % 

Company Location . + Materials 4 

: _ ZIRCONIUM MATERIALS ~ a te 
Amax Specialty Metals, Inc________._________. Akron, N.Y____......-__ Ingot. : Do____.----.-------------------------- Parkersburg, W. Va_____ Sponge metal. é The Carborundum Co______....-._......._.-.. Falconer N.Y__.__....- Refractories. . Corhart Refractories Co__._____.......-....... Buckhannon, W. Va_.___ Do. f 

Do____-----------------------------... Corning, N.Y___2.___._- Do. x 
Do_.._-..---.------------------------. Louisville, Ky___________ Do. " 

Foote Mineral Co.___----..----......_....... Cambridge, Ohio._______ Alloys. 7 . Do._._-.------------_---__..-.--._.... Exton, Pa___._____.___. Metal powder. © 4 A. P. Green Refractories Co., Remmey Division. _ Philadelphia, Pa._....._.._ Refractories. _ Harbison-Walker Refractories Co__._..__........ Mount Union, Pa______- Do. wt Harvey Aluminum, Inc_____...._____.......2. Torrance, Calif__..______ Ingot. : Ps ~ M & T Chemicals, Inc___._____________.__2 Andrews, 8.C___....-.._ Milled zireon. | oe ‘ National Lead Co., Titanium Alloy Manufacturing . . a Div. (TAM)__.--------..2.22.2...-.--.-.. Niagara Falls, N.Y__--.- Milled zircon, chloride, oxide, o 
- , ae other compounds, powder, : ¥ 

_ alloys, refractories. a 4 
Norton Co___.. 2 ek Huntsville, Ala__.._._.__.. Oxide. oO ran ~ Ohio Ferro-Alloys Corp__._..........--.------ Brilliant, Ohio._.._..._. Alloys. a 
Frank Samuel & Co., Inc__..____.-___________. Camden, N.J___........ Milled zircon. Se . Tizon Chemical Corp___.___.._-_______-___._. Flemington, N.J___...... Oxide, other compounds. . % The Charles Taylor Sons Co____..._._.__._____. Cincinnati, Ohio____._.__ Refractories. x Do.___ 22 -. South Shore, Ky_______- ~ Do. - “i Transelco, Inc_.___._-.2_.........-..-..----- Dresden, N.Y-22 2-22 .- Various compounds, ceramics, © a — -_ —— _ alloys, | a * Union Carbide Corp__.___.______...._______.. Alloy, W.Va., and Niagara a 

. Falls, N.Y__..--_..___ Alloys. os Ventron Corp____-___-_________.._._______.___. Beverly, Mass__________ Do. ae Wah Chang Albany Corp___________________ --- Albany, Oreg____...___. Oxide, chloride, sponge metal, a . mo ingot, powder. *, Walsh Refractories Corp____..________________ St. Louis, Mo___.____.__ Refractories. . Zirconium Corp. of America_____._____________ Cleveland, Ohio_____..._ Oxide and refractories. : Continental Mineral Processing Corp___--.--... Sharonville, Ohio_.__.__. Milled zircon. . 7 
| HAFNIUM MATERIALS a ) : 

_ Amax Specialty Metals, Inc___._........_..._. Akron, N.Y_.__.__._.__. Sponge metal, crystal bar. | , __ Do_.__..-----.--.--------------..-.-.. Parkersburg, W.Va___... Oxide. | ce Nuclear Materials & Equipment Corp__________. Leechburg, Pa__.__.__._. Crystal bar. Wah Chang Albany Corp___..._____.....______ Albany, Oreg.__._...... Oxide, sponge metal; crystal . oe - bar, ingot. . . 

: | CONSUMPTION AND USES a | 

Zircon consumption in the United States Zirconium metal was used in nuclear 
in 1970 was estimated at 145,000 tons. Con- reactors, in chemical plants for corrosion re- | 

a sumption of zircon concentrate and milled sistant construction material, and in pho- 
zircon was 100,000 tons for foundries, tography for flash bulbs. Zirconium com- 
22,000 tons for refractories, and 23,000 tons pounds were used in refractories, glazes, 

| for all other uses. | enamels, welding rod, _ ferroalloys, and 
Preliminary Bureau of Census figures for sandblasting. | | | 

1970 show. that shipments of zircon and Hafnium metal, alloys, and. compounds 
zirconia brick and shapes made predomi- continued to have few uses, but research — 
nantly of either of these materials totaled and development was intensified. The 
1.8 million brick, expressed in terms of metal was used in nuclear reactors for con- 
equivalent 9-inch bricks, valued at $6.7 trol rods and was also used in special re- , 
million. In 1969, final figures for shipments fractory alloys. a 
were 2.3 million brick valued at $7 | . 
million.2 2 U.S. Department of Commerce, Bureau of the Dealers and oth ms indicate ip- Census. Current Industrial Reports. Refractories. 

. d ter fir d ship First Quarter 1970, Series MQ-32C(70)-1, July 6, ments of milled zircon and concentrate in 1970; Second Quarter 1970, Series 
1970 to the following markets: Foundr MQ-32C(70)-2, Sept. 2, 1970; Third Quarter 68 30 5” “Y 1970, Series MQ-32C(70)-3, “Dec. 16, 1970, use 68,300 tons; refractories and ceramics Fourth Quarter 1970, Series MQ-32C(70)-4, Feb. 40,800 tons; and chemical, metal, alloys, d 9, 1971. Fach 1s 4 pp. MO_32¢ Foy ractories, 
compounds, and other uses 11,700 tons. 13, 1970. 6 DP. > Series MQ-32C(70)-5, Oct.
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Table 3.~Yearend stocks of zirconium and hafnium materials 

(Short tons) ; 
i 

Yearend Yearend 
Item 1969 1970 

Zircon concentrate held by dealers and consumers, excluding foundries___-_.._._.---- * 46,000 46,000 
Milled zircon held by dealers and consumers, excluding foundries__-.-._-_------------ 6,700 6,400 
Zirconium: . 

~ Oxide____-_-__--__--- eee eee ----- = ss, 835s, 788 
Sponge__._-___._-_-.-_-_------ +--+ ee ee eee 438 625 
Ingot___..___..-__...-.-_----- ~~ ee eee 241. 442, 
Scrap__..-..----------------------- 2 eee ee eee 575. ~=— 851 

He _..... Powder__._-.------------------+---------- 4+ -- -- +--+ + ee We We 
. - Alloys... ._----------_--- ee e  -- ee - -- 635 274 

Refractories____._--_____--__-_------------_----------------------------- «= 8, 602 7,495 
Hafnium: : 

Oxide. _____-------_ eee eee eee eee eee nee WwW WwW 
Sponge_______.--.__-.-._--_.------------------------------- 31 30 . 
Crystal bar_-_------------------------------+---------------------------- 5. 11 

t Revised. | W Withheld to avoid disclosing individual company confidential data. | | | 

PRICES | _ 

Published prices of zircon, zirconium hy- for glass-polishing grade, opacifier grade, 
| dride, zirconium metal powder and'sponge, and stabilized oxide. Zirconium metal strip 

and hafnium metal products were . was quoted at $12 to $16 in 1970 compared 
unchanged from 1969. Quoted prices for with $13 to $16 in 1969. | 

zirconium oxide were unchanged except — | | oo Oo 

. Table 4.—Published prices of zirconium and hafnium materials, 1970 _ | 
a 

Specification of material Price 

Zircon: . 
Domestic, f.o.b. Starke, Fla. bags, per short ton!______._.----------------------- $56.00-57.00 
Imported, sand, containing 65 percent ZrO», c.i.f. Atlantic ports, in bags, per long 

ton 1____ eee ee ee ee ee eee 70.00 
Domestic, granular, 1- to 5-ton lots, from works, in bags, per pound 2________.---- — 04875 - 
Domestic, milled, 1- to 5-ton lots, from works, in bags, per pound 2?___-_..._.------ .055 

Zirconium oxide: 23 a 
Chemically pure white ground, barrels or bags, works per pound______-_--------- ~ 4.50 | 

. Milled, bags, 5-ton lots, from works, per pound_______------------------------- © 645 
Glass polishing grade, 100-pound bags, 94-97 percent ZrOe, works, per pound _--___- .92 

, After March 23_______...._.-----------_.--~-------------------=-------- 71 
Opacifier grade, 100-pound bags, 85-90 percent ZrOe, per pound_______--.-------- 41 

After March 23____o._- 22 eee + - 42. 
Stabilized oxide, 100-pound bags, 91 percent ZrO:, milled, per pound_-.-..-------- | 0.75-0.85 . 

After March 23_______-____------ +--+ e+e 0.80-1.10 
Zirconium hydride: 2 

Electronic grade, powder, drums, from works, per pound__-----.---------------- 14.50-16.00 
Zirconium: 4 . . 

Powder, per pound______._----------------------------------1-------------- 12.00-13.00 
Sponge, per pound____.._--------------------------------------------------- 5.50-7.00 
Sheets, strip, bars, per pound__...._.-_--_----------------------------------- 12.00-16.00 

Hafnium: 4 _ : : , 
Sponge, per pound_____._-.-.----------------------------------------------- 75.00 
Bar and plate, rolled, per pound._____--_--------------------------------------- - 120.00 

ASSP SSS hills SPSS SSS SS SSS ee eee ee . 

1 Metals Week. V. 41, Nos. 1-52, January-December 1970. 
2 Oil, Paint and Drug Reporter. V. 197, Nos. 1-26, January-June 1970; v. 198, Nos. 1-26, July-December 

1970. oo | oe 
3 Oil, Paint and Drug Reporter. V. 197, No. 13, Mar. 30, 1970. New quotes. 
4 American Metal Market. V. 77, Nos. 166-249, Aug. 31—Dec. 30, 1970. so 

FOREIGN TRADE 

Exports.—Exports of zirconium oxide Imports.—Imports for consumption of 

amounted to 717,136 pounds valued at zircon, 92 percent from Australia, were 
$599,954 and were made to 20 countries. only slightly less than the record quantity 

The th . ‘pient Canada imported during 1969. The average value 
e three major recipients were ™a * of imported zircon at foreign ports was 

19 percent; Japan, 17 percent; and, Mex- $39.08 per short ton, compared with $40.43 | 
ico, 12 percent. per ton in 1969.
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Table 5.—U.S. exports of zirconium ores and concentrates 
and zirconium bearing materials | 

1969 ° 1970 
‘Destination _ 

: a Pounds — Value Pounds Value 

Ores.and concentrates: a 
Argentina__...__...-.---.---.---.-.----- 259 , 400 ~ $38,286 247,816 $31,669 

- Austria__..-- 2 eee eee -~-------- 15,700 2,593 
Belgium-Luxembourg_..-..--.------------ 6,000 708 woe -nne ee ween nn nee 
Brazil_............---------------------- 49,867 3,740 76,000 | 4,875 
Canada______._..----.------.----------- 4,019,667 158 , 823 6,890,860 236 , 698 
Chile___. eee 45,200 5,330 30,800 3,288 
Colombia___._._..-_--.-----..----------- 14,400 2,184 250 620. 
Ecuador___........---------------_------ 30 , 800. 4,886 33 ,000 4,950 
France. -__2..----.-------.-------------- 11,000 592 39 ,909 4,586 
Germany, West____--_.___------------.--- 11,023 725 won------ pone eens 
Israel_ 2 eee eee eee eae 6,800 1,840 
Italy...._-..-------.------_--------------- 349 , 900 - 45,023 254,912 33,743 - 
Japan__._.--___---_ eee 7,600 591 1,131,541 263,127 
Mexico____._-___._-__--___---__L-- ____e 555,000 | 30,831 wane eee alana ee 
South Africa, Republic of___.....---------- | 35,600 3,201 woe eee ee ~------ ee 
United Kingdom____________--------------) ete eeee eee eee 32 , 587 2,994 

Total___.-___..------.----------.----.- 5,395,457 294,920 8,760,175 590 , 983 

Zirconium and zirconium alloys, wrought: - Co 
Australia_....-..2-- 2-22 Lee eee 1,789 4,741 573. 8,338 
Belgium-Luxembourg__..._...__.-.-2----- 501 18,292 . 814 7,756 

| Brazil_...--...-..-- 2 eee ee 78 552 42. 523 
Canada______...--.___.----------------- 262 , 876 4,506,601 228 , 439 2,792,249 
Congo (Kinshasa).._..-....------.------- | --_------ poe le eee - «68 1,170 
Denmark_____.________.__.-------_.--.--- 88 6,030 | 232 8,612 
Dominican Republic. -....------2 eee eee eee ee eee eee 4,400 47,899 
France___.__.------ eee 592 | 7,674 4,816 51,164 
Germany, West___...-------------------- 4,324 46,674 49,491 665,186 
India___-....-.-__----------------------... 4,993 _ 120,329. -4,089 | 81,351 
Israel____.-.-.--_------------------ eee eee ~----0--- 137 1,000 
Italy__...-_---_-----------------------e- 702 380,088 5,601 108 ,961 
Japan___-__----------------------------- » 21,362 181,251 46,505 579,527 
Netherlands____._.._--._-----.-_--------- 1,706 11,040 2,971 19 ,223 
Norway__._.__..____.-------------------..._. 446 13,327 2,220 | 21,738 
Pakistan. .__.-_-------------.----------- 96 938 47 525 
Portugal. _____----..--------------.----- 585 6,435 wwe nneeee wenn 
South Africa, Republic of_...__..-__-_------ 25 660 --------- wenn ee 
Spain... 2-2 96 938 ~-------- eee anne 
Sweden______.-------------------------- . 9,701. 198 , 426 16,075. 250,207 
Switzerland_____....---._----------------  --------- wee eee nee 561 2,860 
Taiwan_____-.--___-._ eee 72 - 1,875 wee eee eee ee eee eee 
Turkey______________u_ eee; 110 1,236 wau----ee ween nee 
United Kingdom____--------------------- 26,094 174,847 15,233 310,858 

Total_________-..__-.-_-.-- eee 336 , 236 5,331,454 381,844 4,959,147 

Zirconium, unwrought and waste and scrap: 
Australia__..__.-.--..---.-------.------- 64 490 wea e---e wo eee enee 
Belgium-Luxembourg__....-..------------ --.------ woe nae eee . 291 4,755 
Brazil____.....-.------------.----------- 2,840 — 11,550 -4,990 21,134 
Canada_____.-_-..---------------------- 1,371 6,143 1,505 - 21,636 
France_._._..-.------------------------- 36 ,383 187,439 20,671 145,546 
Germany, West__.._--------------------- 14,507 103 , 883 21,773 146 , 828 
Guatemala____....---------------------- 0 +--+ ----- ~-------- 94 937 
India_____._____.----------------------- ++ ------ ~-------- 660 4,620 
Italy__.._._____-.------------------------ 1,100 6,534 2,200 12,647 

. Japan__________-_----------------------- 6,223 33 , 560 31,944 177,821 
Netherlands___._.----------------------- 2,170 9,906 1,261 5,647 
Norway_--------------------------------  --------- ~-------- — 393 4,255 
Spain___________.------------- +--+ ++ +--+ --------- 98 441 
Sweden______________-__----- eee ee eee tee eee eee eee eee 20,586 194,703 
Switzerland_____._____------------------- 1,024 4,588 5,905 26 , 453 
Taiwan___._.___.__.----.--------------- > 750 7,400 ~-------- ~-------- 
Turkey__.___________-------------------- --------- woo -----e 974 3,926 
United Kingdom_______...--------------- 40,794 208,410 104,846 553 , 508 

Total_________- 2 eee 107,226 | 579,903 218,191 1,324,857 

r Revised.
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Oo Table 6.—U.S. imports for consumption of zirconium and hafnium materials, 1970 , 

- | Country Pounds Value 

| Zirconium, wrought: . 
Canada__.__..-..---_.-----------~--~------4---------- + eee ~ 280 $2,945 
France_.___._-------------------+----- ee eee ee 12 ,940 106, 421 
United Kingdom. . ._._------------------------------------------------- 1 269 

Total_.__.-_-----.-.------------------------------------------------ =: 18, 221 109, 635 

Zirconium, unwrought and waste and scrap: . 
- Canada_____._--. + -- eee ee 7,405 6,070 

~ a “oe -- France... oss nee esc eee se ee ee eee ee ee ee ee ee ee ee esis - 120,060- - ~ 456,574 ~ nn 

Germany, West___..._---------------------------- eee eee 251 580 
Japan_____-.---------------------------- +e eee ----- =111, 330 464,230 . 
Netherlands_____.-..--._---------------------------------------------- 457 = 653 
United Kingdom____----_---------~+------------------------------------ 10,406 4,753 

Total ..------------------------------------------------------------ 249,909 932 , 860 

Zirconium alloys, unwrought: - 
Canada-__..------.----------------------------------------------------- 31,5389 71,283 
Germany, West_______-------------------------------------------------- 1,912 14,430 | 

- United Kingdom. _-__-_._.-__.-~- +2 1,928. 656 . 

Total. ____------------------------ eee eee eee eee 85,3879 86,369 a 

Zirconium oxide: / 7 | " 
France_____-------.-----------------4--- es eee eee 150 -342 
Germany, West____---------------------------------------------------- 1,168 1,517 
Japan_____..----- ~~ eee 18,051 6,848 
Switzerland__...__.-..--.-----.--.---------------------- ee --eee 17 888». 
United Kingdom- --------.--------------------------------------------- 186,172 78,238 

Total___.---.------------------- 2-9 eee eee eee e---- 155,558 87,883 o 

Zirconium compounds, n.e.c.: Be | 
Canada______-----_-------------_-- ee ee ee eee 120 | 1,478 
France. ._____.---.---------------------1------- +--+ eee eee----- 499 —«d2, 051 
Germany, West. _-..---.-.-.-----.---------------_------------------.--- 11,458 — 81,168 

. Japan____-_-.--_.-----. ~~~ ----------- ~=—. 66, 614 s« 10, 998 
Netherlands. _____.--------------------.------------------------------- 2,276 2,537 
United Kingdom. _---------------------------------------------------- 833,144 288,262 - 

| Total__.._...---.------ 22 - eee eeeeee--- 914,111 385,484 

Hafnium, unwrought and waste and scrap: 
Germany, West_.___...-.------.------------------------------ eee - 86 3,550 —— 
Japan__...-.------------------------------------------------ eee 222 21,459 

Total__.-..-.----------------------------------------- 22 e 258 25,009 7 

Hafnium, wrought: France______.._..---_.---------- 2+ eee eee 6 629 . 

Table 7.—U.S. imports for consumption of zircon, by countries 

| 1968 1969. 1970 

Country Value Value Value 
Short (thou- Short (thou- Short (thou- 

RS tons sands) tons sands) tons sands) 

Australia__._._....-.--.-.----------. 58,812 $1,963 87 , 743 $3 ,510 86,816 $3,265 
Canada !_______-.-- ~~~ ee 904 85 3,818 — 93 3,104 98 | 
French Pacific Islands____........---..  ~-_.-- -~----- 3,358 60 ------ w----- 
Malaysia____.--..-.--- 22 ae 112 3 ° LLLule poe ee 
South Africa, Republic of.............. © 28 8 | 383 192 355 134 
Syrian Arab Republic_.......-...._--- 45 5 wa nnee wae eee panne | 
United Kingdom }___.--.------------- 111 5 ------ ------ 4,484 207 

Total____---/_---------------- 59,900 2,014. 95,414. 8,858 = 94,759 8, 704 | 

1 Believed to be country of shipment rather than country of origin. - 

| | WORLD REVIEW | 

Australia.—Naracoopa - Rutile Limited tween Tasmania and the Australian main- 
maintained its schedule for the startup of land. The plant, which went on stream 
a beach sand mining and. concentrating April 9, 1969, will produce 10,000 tons of 
plant at Naracoopa on King Island, be- rutile and 10,000 tons of zircon per year.
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It incorporates streamlined flow-sheets of. India.—Indian Rare Earths Ltd. (IRE) 

modern wet and dry concentrating equip- recovered zircon sand as a byproduct of il- | 

| ment, including high-tension separators, menite at two plants in the state of Kerala | 

low and high intensity magnetic separators, in Southern India. The concentrates will 

| spiral concentrators, impinging attritioners, be further processed at a proposed plant 

and dry and wet tables. Sand currently to be established at Cochin by Ferro Coat- 

mined has a heavy mineral content of ings and Colours, Ltd., a subsidiary of 

about 60 percent. The present plan will Ferro Corporation. Ferro intends to pro- 

not require a primary concentration stage vide its plants in Europe with milled zir- 

until. 1971, when lower grade mineral is con for conversion to zirconia and Zirco- | 

_ anticipated. The ore is mined by dragline nium compounds.9 OS - 

and trucked to a wet storage pile at the South Africa, Republic of.—Probably the 

plant. Lele | largest deposit of baddeleyite in the world | 

| Mineral Deposits Pty. Ltd. (85 percent today is located: at Phalaborwa (pro- 

owned by National Lead Co. of the United nounced Palabora) in the Letaba district 

States). commissioned a new 300 ton-per- of the Eastern Transvaal Lowveld. The 

hour plant north of Tuncurry, New South - Phosphate Development Corp. Ltd.—FOS- 

' Wales. The plant will enable dredges now . KOR—operates an open pit mine from 

working in low-grade areas to continue to which the main materials recovered are : 

- operate at minimum cutoff grades; this phosphate, copper, and magnetite.. The 

| will make possible the full utilization of baddeleyite mineral content is about 0.2 

oO -reserves4 = | percent but is economically reclaimable 

| Canada.—Eldorado Nuclear Ltd. began from the tailings of the other ores for 

making pure nuclear grade zirconium and which the deposit was originally. 

alloy ingot in its new $8.3 million plant at developed.1° | | | 

~ Port Hope, Ontario, rated at 300 tons per = ——_—_—_—— 

year. The production process is basically hie Engineering and Mining Journal. Naracoopa’s 

- new in that zirconium metal is extracted ity, ° Magnetic Units. ve 171, ‘No. 9, ‘September, 

from zircon sand and bypasses the conven- 1970, pp. 141-142. : 

tional sponge stage to reactor-grade zirco- on Industrial Minerals. No. 37, October 1970, p. 

nium alloys. The plant is also equipped to 5 Mining in Canada. September 1970, p. 5. 

manufacture billets and has facilities to 6 Ceylon Administration Reports, 1968-69 (Part 

carry out pickling and machining opera- TV, TQucation. aoe ne oro) US 
7 tions when required.5 ‘oy Metals Week. V. 41, No. 44, November 22, 

Ceylon.—The Mineral Dressing Labora. "sy Nretais Week. V. 41, No. 44, Nov. 22, 1970, 
, tory of the Ceylon Geological Survey has _ p, 93. | | 

produced zircon in the course of pilot ® Industrial Minerals. No. 36, September 1970, 

studies of heavy mineral sands from the P30 T he South African Mining and Engineering 

west and south-west coasts of the Island. | Journal. V. 81, No. 4034, Pt. 1, May 29, 1970, 

In addition to zircon, the concentrates PP- 1085-1091. - 
have included monazite and rare-earth ox- . 
ides containing thoria.é Table 8.—Zirconium concentrates: 

France.—France’s Ugine Kuhlmann and © Free world production, by countries 

Sweden’s Sandvik Steel formed a $2 million | | (Short tons) 

venture, with Ugine taking a 65-percent Ee 

interest and Sandvik a 35-percent interest, Country 1968 — 1969 1970 

to build a new zirconium sponge plant in OOOO 

Jarrie, near Grenoble, France. No capacity Australia. .. ae 3B Ons at era © 408 , 000 

or target date has been disclosed.7 Ceylon...__--_-----.. 28—.—s5 123 

Germany—Three companies formed a Mygind 7720277. “B/b49 276 22,469 
partnership to produce zirconium tubing Unitea States__--___- Ww Ww Ww 

for the Common Market and are building ‘Total........ 840,857 416,808 406,590 416,808 406,590 

a plant in Sprendlingen, West Germany,<©©§ ————————______ 

The venture, known as Sandvik-Universal e Estimate. | NA Notavailable. © W Withheld 
Tube, is owned 40 percent by Sandvik, 40 to avoid disclosing individual company confidential 

percent by Universal Oil Products Co., and 1 Exports of zireon from Malaysia. 

20 percent by Ugine Kuhlmann.8 brome ores vi aircon and zirconium sand by Japan
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TECHNOLOGY | 

A Bureau of Mines report summarized  crostrains anneal out at nearly double the 
preliminary progress on an investigation to temperature of tungsten carbide and indi- 
determine the occurrence and recoverabil- cate great potential for high-temperature 
ity of heavy minerals in sand and gravel applications where hardness is important.14 7 
operations in Alabama.11 It was found By carefully planning the degree of sta- 
that the sands and gravels studied con- bilization of zirconia, superior thermal 

__.. tained heavy minerals similar to those re- shock resistant properties may be 
covered from Florida beach sands. Further optimized.15— - Sonata Ae oo ne ee tenet eee 
studies for economic feasibility were indi- Hafnia and zirconia are similar in chem- 
cated. | ical and physical properties, except that at 

As part of a continuing project to de- high temperatures, the monoclinic-tetrag- 
velop refractory metal alloys for high-tem- onal inversion occurs approximately 600°C 
perature structural applications, the Bureau higher in hafnia.16 
of Mines applied solid solution and Comprehensive summaries of current 
precipitation strengthening techniques to studies on zirconium and hafnium metals, | 
improve the properties of columbium al- alloys, and compounds, amounting to 483 
loys with hafnium, tungsten, and boron references, were published during the 
additions.12 Strength and oxidation resis- year.17 | | 
tance of columbium alloys were increased 
by hafnium and tungsten; in contrast, the 18 sulli GC. u 4 ] 5s. B ng. B 

* ys : . . . ullivan, G. U., an ames S. Browning. Re- alloys oxidized more readily with increasing covery of Heavy Minerals From Alabama Sand | 

~ boron content. and Gravel Operations. BuMines TPR 22, March 
. : 1970, 14 pp. . . 

. In response to the dramatic Increase mM 12 Babitzke, Herbert R., Lawrence L. Oden, 
' interest in offshore minerals, samples were and Hal J. Kelly. Columbium Alloy Development 

With Boron, Hafnium, and Tungsten. BuMines collected from beaches and dunes around Rept. of Inv. 7388, 1976, 30 pp. 
the British Isles in a search for heavy min- 13 Hill, Patrick A., and Andrew Parker. Tin 

: : . and Zirconium in the Sediments Around the 
erals and metals with mostly negative re British Isles: A Preliminary Reconnaissance. Econ. 
sults indicated for economic deposits.13 Geol., v. 65, No. 4, June-July 1970, pp. 409-416. 

Because hafnium is becoming increas- _ Lewis, D., and L. J. Porter. Plastic Deforma- 
. . tion in Hafnium Carbide. J. of Less-Common 
ingly available as a byproduct from the Metals, v. 22, No. 4, December 1970, pp. 

i i i 439-444. 
production of pure zirconium for reactor 1 Johns, H. L., and A. G. King. Zirconia Tai- 
uses, its compounds are also more avail- lored for Thermal Shock Resistance. Ceram. Age, 
able. For example, hafnium carbide has  V- 86, No. 5, May 1970, pp. 29-31. | 

hi P . } 146 Ruh, Robert and Peter W. A. Corfield. Crys- 
the highest melting point (3890° C) of any tal Structure of Monoclinic Hafnia and Compari- 
of the transition metal carbides and was son With Monoclinic Zirconia. J. Am. Ceram. 
d ‘ned h ‘quel bl Soc., v. 53, No. 3, March 1970, pp. 126-129.. 
etermined to have a uniquely stable crys- 17 Zr-Hf Newsletter. AMAX Speciality Metals Di- 

tal lattice at high temperatures, compared vision, qinerican Metal Climax Inc., Akron, N.Y., 
with other transition metal carbides. Mi- pril 1970, 18 pp.; and November 1970, 17 pp.
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| 7 ARSENIC + a | 

Legislation and Government Programs. where a new doped gallium arsenide laser 

The Tax Reform Act of 1969 set the de- has been developed. The new laser can be 

pletion allowance on both domestic and operated continuously at room tempera- 

foreign produced arsenic at 14 percent. ture, whereas previously, heat generated in 

Domestic Production.—Arsenic trioxide — semiconductor lasers was too great to per- 

was produced in the United States as a by- mit operation for more than a fraction of 

product of base-metal ores, primarily cop- #4 second.? ; ; | 

per ore, at the Tacoma, Wash., plant of Prices—The price of refined white ar- 

The American Smelting and Refining senic, 99.5 percent, at New York docks, in 

Company. Output in 1970 was greater than barrels, small lots, has been unchanged at 

in 1969, but actual quantities cannot be 614, to 634 cents per pound since July 6, 

published. Shipments declined and yearend - 1968. Refined white arsenic in bulk carload 

| stocks were substantially more than at the lots at Laredo, Tex., was $120 per ton, and 

end of 1969. | crude white arsenic was quoted at $94 per 

. Tacoma, Wash. 
Consumption and Uses.—Apparent con- ton at * , . 

sumption. of arsenic, essentially all as Arsenic metal was quoted in London a t 

white arsenic (AsgOg), decreased for the £5 a PA long ee ee cen per aati ) 

third successive year. Calcium and lead ar- unt d Be 60 » Ww al 6 4 4 quotation 

senate chemicals were the major end prod- change fe ie 0 nomina - ‘i nee per 

ucts; minor quantities of arsenic were used pound) for 99.5-percent Diack, lumpy © 

in sodium arsenate and other chemical S©™ : 

compounds. Lead arsenate in 50-pound bags was 

. . . . quoted at 26 to 29 cents per pound 

Arsenic 3s primarily used for its toxic throughout 1970. The price of sodium ar- 

qualitites in the agricultural industry for fe 60 percent arsenic pentoxide, in 

insecticides, selective plant killers, defol- | 700; e, d eam was Anchen ed at 30 

iants, and for parasitic control in chicken “pound ° d: and sodi oe te. 94 

feed. However, evidence that persistent cents per pound; and sodium arsen 
weer , . ; ercent-soluble pink powder, 75-percent ar- 

pesticides are adversely affecting various P ‘d. in 100-pound drums was 

life forms has resulted in diminished use senous ac? P during 1970 

of arsenical pesticides. quoted at 23 cents per pound during 0. 

About 3 percent of the arsenic consumed = ————— 

is used as metal for alloying with lead and — 1 By Gertrude N Greenspoon, mineral special- 

copper. Small quantities of high-purity ar- _!8t, Division of Nonferrous Metals. 

senic are used in the electronics industry Developed. V. Meta Mare Sept. 3. 1970,'D. Tn 
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Foreign Trade—No exports of arsenic major supplier with 89 percent of the " , ‘metal or white arsenic have been reported total. Canada furnished 6 percent, Den- 
since 1945, mark 4 percent, and small quantities were | Imports of white arsenic were 3 percent received from Japan, West Germany, and | higher than in 1969 but except for that the United Kingdom. | : | year were the smallest since 1966. Sweden, Tariff—The duty on arsenic metal was 
the leading supplier of white arsenic, fur- reduced under the General Agreement on 
nished 43 percent of the total, followed by Tariffs and Trade (GATT) from 2.5 cents 
Mexico with 4] percent and France with per pound, effective June 30, 1958, to 2.2 | : 14 percent. The remaining 2 percent came cents on January 1, 1968. The rate was from Peru and the Republic of South Af- further reduced to 2.0 cents on January 1, : rica. 1969 and again to 1.7 cents on January 1, 
Receipts of arsenic metal rose 32 percent 1970. Arsenic oxide (white arsenic) enters 

over 1969. Sweden continued to be the duty free. | 

 . Pable 1.—U.S. imports for consumption of white arsenic (As2O3) content, by countries 

| 1968 1969 | 1970 °° | Country eee ee Short Value Short Value Short Value 
tons (thousands) . tons (thousands) tons (thousands) 

| Belgium-Luxembourg._____._.._.. 254 $41 17 $4 ween eee eee eee | Canada. ____-_22 22 8 2 ween nnn wane ene ene e eee eee ene France.__.--__..-2.-- 2-6, 424 ~ 600 4,336 420 2,650 $274 Germany, West________________ 14 3 a Japan____.- 199 14 mecewe eee eee eee Lee, Mexico._..._-2.222_22222----_ 7, 159 . 716 7,361 — 875 7,750 —— 867 Peru-_ 2 eee 644 52 255 19 110 | 65. . : South Africa, Republic of_.-_.-.__ 1,184 105 121 13 111 13 Sweden. __- 22 9,315 1,090 6,071 732 8,142 870 U.S.S.R__- eee) Ak Benen nnn eee eee eee Western Africa, n.e.c_._________ ___.____. waeneeeee 10 4 wenn ne nee Leelee 
Total__-2-2- 2 25,195 2,626 18,171 2,064 18,763 = 2,089 Ss 

| Table 2.—U.S imports for consumption of arsenicals, by classes | 
. . (Thousand pounds and thousand dollars) | 

1968 1969 1970 Class > > 
Quantity Value _ Quantity Value Quantity Value 

White arsenic (As201)_...---.--.....--. 50,390 $2,626 36,341. $2,064. 37,525 $2,089 Metallic arsenie_____.._.._____________ 819 583 692 568 912 1,876 Sulfide___.. 2 ole 50 12 19 5 17 5 Sheepdip______...-_____.......______.. meee e ee tee 44 9 Llle ele LL Sodium arsenate_..........____________ 75 6 110 11 186 23 Lead arsenate_________._.--2 eee 45 6 weet eeee Lele Arsenic compounds, n.e.c______________.. ween e ee Lele 10 43 42 50 ne a 

World Review.—Brazil—All white arsenic from the Chihuahua smelter. From 660 to 
produced in Brazil in 1970 was recovered 770 tons of speiss is sent monthly to the 
as a byproduct of the treatment of gold ore smelter in San Luis Potosi. After treat- 
by one company—Mineracéo Morro Velho, ment of the speiss, arsenic and antimony S.A. are processed in a Godfrey furnace, and 
Mexico——Asarco Mexicana, S.A. and __ black arsenic (95 percent As) is produced. 

Metalurgica Mexicana Pefioles account for Nearly 400 tons of arsenic (metal content) 
most of the arsenic production in Mexico. — is recovered monthly. 
At the Asarco plant in Chihuahua, speiss, The Penoles smelter at Torreén recovers 
containing about 30 percent arsenic, is re- from 120 to 165 tons of arsenic monthly covered from processing lead ore and con- from flue dusts and ships more than 600 centrate in a reverberatory furnace., Ar- tons of Speiss to the Asarco Chihuahua senic is recovered also from flue dusts smelter for treatment.
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a Table 3.—White arsenic 1 (arsenic trioxide): 
7 

Cte World production by countries | 

(Short tons) . 

Country ? 1968 — 1969 1970 » 

Oe 
| 

a : Brazil._.----------- 344 331 328. | 

Canada___------ ---- 1337 1790 100 7 

co , France_____-------- 15,282 er15,000 © 15,000 

= Germany, West------ t 746 r648 #© 460 

Japan___.---------- 789 186 974 

, Mexico.___--------- 14,915 r 8,800 7,625 

oe Peru... -2---------- 1,858 30 851 

. Portugal____-------- r 207 r272 —€§ 275 Se oe Seen 

South-West Africa’_. 2,450 r 2,444 4,478 

-- §pain__------------- 143 110 e110 
. 

Sweden..___-------- 23,259 r18,188. 18,078 

— U.S.S.R.e___.------- 77,770 r 8,630 7,880 

. United States_------ WwW WwW WwW 

ne ae <Potal.-._.-... '67,545 755,909 56,159 : | 

_ | Estimate. p Preliminary. | ° Revised. 

. ‘.°. ‘W Withheld to avoid disclosing individual company . 

a confidential ‘data. De . . 

| Oo , 1 Including calculated trioxide equivalent for out- 

oe "s put reported as elemental arsenic and arsenic com- 

. ge ee pounds. oo ” 

. In addition to the countries listed, Argentina, oS 

a -~ Austria, Belgium, China (mainland), Czechoslovakia, a 

East Germany, Finland, Hungary, Southern 

Rhodesia, United Kingdom and Yugoslavia have pro- 

. . sO duced arsenic and/or, arsenic compounds in previous : 

.-years, but information-is inadequate to ascertain 

Co whether such production has continued, and if so, at . 

: what levels. +. Sy . 

3Qutput of Tsumeb Corp. Ltd. for year ending 
7 

June 30 of year stated; data given are white arsenic . 

equivalent of reported black arsenic oxide production. 

oe CESIUM AND RUBIDIUM ° 

Domestic Production.—No cesium = or Cesium and rubidium were_ probably 

rubidium ores were produced in the used primarily in research and develop- 

United States in 1970. W. R. Grace & Co. ment. Of special interest was there use in 

and Penn Rare Metals Division of Kawecki magnetohydrodynamic generators and ther- | 

Berylco Industries, Inc., shipped pollucite mionic converters. The development of 

from stocks at plants at Erie, Mich, and these devices for commercial application 

Revere, Pa. could result in large increases in the use of 

Although cesium and rubidium were not cesium. : 

produced as metal, the production of their . Various forms of cesium and rubidium 

compounds increased. The raw material had applications in pharmaceuticals, pho- 

sources of all cesium and rubidium com-  toelectric cells, photomultiplier tubes, 

pounds produced in the United States scintillation counters, magnetometers, vac 

were imported pollucite and ALKARB, a uum tubes, infrared lamps, ultracentri- | 

residue from past lithium compound pro- _ fuges, and chemical processes as a catalyst. 

duction. Cesium and rubidium and their com- 

Cesium and rubidium compounds were pounds can be used as alternatives for 

produced by Penn Rare Metals; American each other in some cases. 

Potash & Chemical Corp., Trona, Calif.; Prices—Domestic prices of cesium and 

Cooper Chemical Co., Long Valley, N.J.; rubidium ores were not published. Metal 

and Rocky Mountain Research, Inc., Den- Bulletin quoted a nominal price for pollu- 

ver, Colo. MSA Research Corp., Calley, Pa., cite concentrates, f.o.b. source, containing a 

and Penn Rare Metals shipped cesium and minimum of 24 percent CsgO, at $11.64 per 

rubidium metal from inventories. long ton unit (22.4 pounds) of CsgO. The 

Consumption and Uses.—Statistical data American Metal Market Quotation on ces- 

on the consumption and uses of cesium ium metal, 99+ percent, was unchanged at 

and rubidium metal and compounds were TOO ce y , ; _ 

aval 
2 By Horace F. Kurtz, industry economist, Divi- 

not available. 
sion of Nonferrous Metals.
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| $100 to $375 per pound. The quotation on _—. Table 5.—US. imports for consumption —_— rubidium metal, 99.54 percent, was also _ of cesium compounds, by countries unchanged at $300 per pound. —_-- | a Le 
Cesium Cesium _ Table 4.—Prices of selected cesium and : chloride compounds, eae. Pe Country n.s.p.f. rubidium compounds Sa 

ee Pounds’ Value Pounds Value . Base price per pound ! OO Item Te «|S Germany, 
. Technical  High-purity West______ 1,278 $46,949 3,709 $137,477 . grade grade --- Netherlands__ _____.. ween ee 23 1,398 i Switzerland._ ____.. _______ 4 255 Cesium bromide________ $28 $65 United Cesium carbonate_______ 29 - 67 Kingdom__ 57 1,316 58 1,661 Cesium chloride________ 30 ' 68 TS Cesium fluoride_________ 35 75 Total____ 1,335 48,265 3,794 140,791. Cesium hydroxide_______ 35 75 

A Rubidium carbonate. ___ 45 7 . | Rubidium Fuvoride- wanne 4s ie a : h f ubidium fluoride______ 1 Bo _ World Review.—Two hundred tons o | 
. Rubidium hydroxide____ - 51 - 83 w ee ort - On d 

: T Exdhuden So. _pollucite, averaging over 20 percent CsO, 1 Excludes packaging cost, 50 to 100 pound quanti- » ’ was shipped from. Canada to the U.S.S.R. ties, f.o.b. Revere, Pa. — me . : 5 Kawecki Beryl Industries. Inc. .(wsS(ié«wLUETing’: 1970 and the latter part of 1969 by Sunes: MEweers Beryleo Industries, Ine. Tantalum. Mining Corporation of Canada Foreign Trade.—Pollucite . was imported | . Ltd. The . ore originated at the Bernic — from Africa during the year, but data on-.- Lake mine, Manitoba, Canada. quantities and value weré not available. ‘Technology.—A method has been devel- Imports of cesium compounds declined 4 — ‘oped to produce very high purity cesium | percent, reflecting reduced receipts of ce- and Yubidium metal for electronic struc- a | sium chloride. Imports of rubidium metal ture studies.4 In this technique, purified and compounds were negligible. - - .. Chloride is reduced using calcium metal. 

GALLIUM> 
Domestic Production. Gallium metal Quantity 99.99 99.999 99.9999 : was produced as a byproduct of alumina - 7 percent percent percent . . ° . - TO production by the Aluminum Company of Up to.999 grams________ $1.00 $1.10 $1.20 i | 7 - 1,000 to 4,999 grams____ .80 85 95 

America at its Bauxite, Ark., plant. Gal 5,000 to 24,999 grams. 70 75 85 lium metal, oxide, and trichloride were 
produced by Eagle-Picher Industries, Inc., Foreign Trade—Imports of gallium 
at its Quapaw, Okla., plant. (unwrought, waste and scrap) were as fol- Consumption and Uses.—The largest lows: 7 
consumption of gallium is in electronic ape 
plications. When alloyed with phosphorus, Country of origin Pounds Value a a ce et i i i , - Belgium-Luxembourg____________ 108 $14,181 
arsenic, and antimony, gallium forms ver Canada cent OB (848,181 satile semiconducting materials. Gallium Germany, West_________________ 14 1,349 semiconducting compounds are used in Na sndg Tc gh BOE i i Switzerland___________...._____ 1,869 361,126 
transistors and diodes, and to dope other United Kingdom__-.-777777777 "313 °ga° 858 semiconductor materials. Gallium is used in 3331 408 067 the construction of high-temperature __Total-------------------- _2,881_ 428,067 quartz-tube thermometers. Other uses for World Review—Toho Zinc of Japan has 
gallium are as a sealant for glass joints, as established a gallium plant in its Fujioka a constituent of solders, as backing for smelter. The plant will have a target pro- mirrors, as a low temperature lubricant, as duction of 600 kilograms of gallium per 
a component of dental alloys, and in re- year. 

search. 
4 Schmidt, P. H. The Harification ot cesium and i — i . Rubidium Metals by Chloride Reduction Under - Prices. Market Prices, Pp “tT gram, of gal High Vacuum Conditions. J. Electrochem. Soc., ium from bauxite sources in 1970 were aS v. 116, No. 9, September 1969, pp. 1279-82. . * By E. Chin, chemist, Division of Nonferrous 

follows: 
Metals.



| MINOR METALS | 1217 

Technology—A new semiconductor laser, between layers of aluminum gallium arsen- | 

developed by Bell Telephone Laboratories, ide. When current is applied, near-visible | 

operates on ordinary dry cells, needs no infrared light is emitted. The problem | 

cooling system, and is capable of operating with previous semiconductor lasers has | 

continuously at room temperature.6 This been that the required high currents gen- 

semiconductor device consists of a very erated so much heat that the lasers could | 

thin layer of gallium arsenide sandwiched operate only in short bursts. 

a - a _... GERMANIUM’ =——.— - — 

The shortage of germanium that devel- tors, Nb3(Al-Ge) was found to have a 
oped in 1969 continued until mid-1970. highcr transition temperature than _pre- 
This shortage caused a 53-percent increase viously tested materials. © a 
in the price of domestic zone refined (in- Prices—On January 15, the price of 

trinsic) germanium metal and a 70-percent zone refined (intrinsic) germanium metal 
, increase in the price of electronic grade was increased from $201.50 per kilogram to 

germanium dioxide. A significant decline $996.75, and for electronic-grade german- 

in demand started in July, and continued jym oxide from $105 per kilogram to 
through the year. Evidently this decline’ $199.50. On April 1, one company again 

followed the general weakening of overall raised the metal and oxide prices to 

business activity. Consumption of transis- $969.50 and $151 per kilogram, respec- 

tors and semiconductor diodes decreased. tively; the other two producers followed 

35 and 15 percent, respectively, from that with their price increases on April 15 and 
of 1969. The decrease was greater for ger-- May 1. Finally, on June 8, the metal and 

manium than for silicon, = = oxide increased to $293 and $167.50. 
| Domestic Production.— Primary german- Foreign Trade.—U.S. imports of german- 

ium output was obtained from smelter res- 1) metal (unwrought, waste and scrap) 

en resin from the ee the an increased 149 percent in quantity to 19,549 

re Okt hor zine en and f es for the an- pounds, and 121 percent in value to 

tate a area ane lead zine Tr the $2,101,096. The first recorded imports from 

rates trom Huorspar-zincTead Ores of the the U.S.S.R. were in 1969. In 1970, this | 
Kentucky-Illinois areg.. The domestic pro- ,,.. - lena: vows | 

. ducers of germanium from primary and se bloc country was the leading supplier with 

perm Primary 4 “9,057 pounds, or 46 percent of the total 
ondary sources. were Eagle-Picher Indus- U.S. germanium imports 
tries, Inc., of Miami,  Okla., Sylvania OB por’: | | 

Electric. Products, Inc., of ‘Towanda, Pa., 6 Chemical | Engineering News. “Lasers: The 

and Kawecki Berylco Industries, Inc., of Heat's Off. V. 48, No. 38, Sept. 7, 1970, p. 13. 

Revere, Pa. — oR _T By Herbert R. Babitzke, physical scientist, Di- 

° a: es vision of Nonferrous Metals. | 
Consumption and Uses.—Germanium - 1s | 

principally used by the electronics indus- . “ee fi : 

try; most of the germanium goes into semi- Table 6.—U.S. imports for consumption | 
} 9 ; eqs . _ of germanium, by countries _— 
conductors. The increased use of silicon in | 
the semiconductor field may be a factor 3M rn 

: . . Pounds Value 
the decline in the germanium market late , Country _ 

in 1970. Although sales were up approxi- Unwrought, waste 
wos and scrap 

mately 50 percent over 1969, significamt:;:©_ ————————W—————_—_ 

quantities of germanium weré stockpiled Belgium-Luxembourg.--------- 1,984 $646, 308 

by the users. These consumer stockpiles Czechoslovakia. _.--.---.---. 770 57,634 
i j Denmark_-_-__..-------------- 738 62,485 

could result in a decrease in demand for penmark----------77 77777777 a9 9°491 

1971. Germany, West_.-22.--7----. 2,267 201,519 
i is i Italy. ___.....--------------- , 

A new prospect for germanium is its Jepen TTT 2.009 183516 

use in optics for infrared transmission. It United Kingdom_.._.-.-..---. 2,441 158,166 | 

is probable that these optics could demand —_U-S.S-R---------------------__9, 084 768, 705 
an amount of germanium equal to the Total_____.------------ 19,549 2,101,096 

amount used in semiconductors. Gallium- Wrought 

doped germanium is being used for nu- ———_—_—__——. 

clear particle detection. In superconduc- Belgium-Luxembourg---------- 4 1,856
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. World Review.—The Democratic Repub- and zinc minerals. The concentrates were 
: lic of the Congo (Kinshasa) continued shipped to Belgium-Luxembourg for recov- 

| production of germanium in 1970. The ery of refined germanium meta] or dioxide: 
principal source was the Prince Leopold No production data are available from | 
mine near Kipushi where renierite, (Cu, the U.S.S.R., the largest exporter of ger- 
Ge, Fe, Zn, As) S, is associated with copper manium to the United States. 

INDIUM * | 

| Domestic Production—The American ported from the United States. The follow- 
Smelting and Refining Company was the ing tabulation shows. indium imported for | 
only domestic producer of indium during consumption during 1970, by source: | 
the year. Output was recorded at its plants _ _ | 
at Perth Amboy, N.J., and Denver, Colo. oe Troy | 

| Indium is produced from certain smelter 6 ounces __Value : . : . ountry ——— flue dusts and residues in which recover- | Cs _ Unwrought, waste 
able amounts of indium have been concen- — | . and scrap | 
trated during treatment of zinc ores. Canada______-_-.-_....__... 207,781 $280,640 

. Uses.—Indium was used mainly in elec- Netherlands .-~-~------------ po» 126 69, 856 | 
tronic devices as a component of solder for Japan-____.--.-.-.......... 49°778 71,133. 
connecting lead wires to germanium in Soijumiuwembourg. 27. eae Bel eee transistors and in intermetallic germanium United Kingdom.__-..---..---. 650 8, 788 

| semiconductors as a property-modifying Total__....-..--..--. 401,028 574,345 
, _ agent. The compounds of indium (arsen- oe EE apbeenntg 

ides, antimonides, and phosphides) were ~ a Wrought 
used in other seniiconductor applications. United Kingdom:.___._.---.-. | 6. 814 
Use for indium was also found as a com- | 
ponent in special solders, glass-sealing al- Canada was the largest supplier with 52. 
loys, and in dental alloys. Although in- percent of total imports; the Netherlands, _ | 
dium use as a coating for bearings in with 15 percent of total imports, increased 

7 aircraft appeared to be lessening, it was re- its shipments to U.S, . markets - by nearly 
_ ported that some interest in indium for 115-fold over. the 1969 figure, The remain- 

bearing use was expressed by the automo- ing 33 percent of imports was supplied by 
tive industry. nn | _ five different countries in varying quanti- = 

Stocks.—Producer stocks of indium de- ties.  _ a co 
creased during the year, partly because one Under the Genera] Agreement on Tariffs 
of the domestic producers ceased produc- and Trade, import duties on unwrought 

| tion. | | | ' waste and scrap metal in 1970 were 7 per- 
Prices.—Market quotations held steady cent ad valorem for the most-favored-na- 

_ throughout the year; indium metal was _ tion rate, and 25 percent for imports from 
$2.50 per troy ounce, in lots of less than Communist Bloc countries, except Yugosla- 
100 ounces, $2.05 in lots of 100 ounces, via. Duties on wrought metal were levied 
and at $1.95 in lots of 1,000 ounces. In lots at 12.5 percent ad valorem for the most-fa- 

of 5,000 ounces the price was $1.85 per vored-nation rate, and 45 percent ad valo- 
troy ounce. | rem for imports from Bloc countries, ex- 

Foreign Trade—No indium was ex- cept Yugoslavia. 

RADIUM ° 

| Although radium may find limited use —The status of health programs with re- 
throughout the world, it is used very little spect to radium and radioisotope usage and 
in the United States since less expensive 
and less dangerous radioactive substitutes 8 By Burton E. Ashley, physical scientist, Divi- 

have become available. IR john A. Ste k. mini ineer, Division of Legislation and Government Programs. Non’ Metal
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control were reviewed in pamphlets issued indicated that the fast neutrons from cali- | 

: by the U.S. Department of’ Health, Educa- fornium-252 may be more effective in 

: tion, and Welfare. treating some types of cancer than gamma 

Domestic Production.—No radium has rays from radium. Experiments showed that 

been produced in the United States for californium-252 was about three times as . 

many years. The principal dealer is the effective as radium with oxygenated tissue 

Radium Chemical Co., Inc., New York. culture, and also more effective with oxy- 

Radium Chemical also offers a reincapsula- gen deficient tissue. , 

tion service for radium. Prices—Radium prices have not been 

- -Uses.—The continuing use of radium in quoted for several years. They have been 

the therapeutic treatment of cancer is due as high as $21.50 per milligram and as low 

primarily to the penetrative power of its as $2 per milligram. Because of efforts to 

gamma radiation. During 1970, radium was license and. limit the use of radium, some 

used in radiobiological research for a com- former users have offered radium salts at 

parison of relative biological effectiveness low prices or free of charge in order to 

(RBE) of. californium-252.19 Research has dispose of the material. | 

oo | RHENIUM 22 | | 

Rhenium. production increased during porphyry copper ores. During 1970, M&R 

the year to meet the ‘increasing demand Refractories Inc., Springfield, N.J., a sub- 

for rhenium-platinum catalysts in the pe-  sidiary of Whittaker Corp., became the 

trochemical industry. As a result of this third domestic rhenium producer and re- 

situation, there was an increase in rhen- covered rhenium from molybdenite associ- 

ium prices during 1970 and some. dealer ated with Arizona porphyry copper ores. 

prices were about double those quoted by Porphyry copper deposits in Canada, 

. -- domestic producers. - - Chile, Congo (Kinshasa) , Mexico, Peru, 

: Domestic Production.—Production of the United States, and the U.S.S.R. repre- 

- yhenium, a secondary byproduct recovered sent the only significant or potential 

from molybdenite (MoSz) associated with sources of rhenium. Rhenium metal recov- 

Southwestern porphyry copper. ores, in- ery facilities existed at molybdenite roast- 

creased during 1970 to an estimated 5,900 ing plants in Belgium, France, Sweden, the 

pounds of rhenium contained in rhenium Soviet Union, the United Kingdom, the 

salts. Cleveland Refractory Metals (CRM), United States, and West Germany. . 

Solon, Ohio, a division of Chase Brass & Consumption and Uses.—A pproximately 

Copper Co. (a subsidiary of Kennecott 75 percent of the estimated rhenium con- 

Copper Corp.), was the country’s major sumption of 3,150 pounds was used as 

rhenium producer during the year. Rhen- rhenium and rhenium-platinum catalysts 

ium salts were recovered for CRM at Ken- replacing the more expensive platinum cat- 

necott’s molybdenite roasting facility near alysts used in the cracking of petroleum 

Garfield, Utah, from domestic molybdenite hydrocarbons.12 | This application received 

concentrates and from MoS, imported from added impetus from the development of 

Chile. In addition, CRM processed rhen- 

ium scrap imported in 1969 from West 10U.S. Atomic Energy Commission. Califor- 

Germany. Shattuck Chemical Co., Denver, nium-252. No. 4, August 1970, p. a ‘cal scientist 

Colo., a subsidiary of Engelhard Minerals Dineen ee ous ae Jr.» physical scien? 

& Chemicals Corp., recovered rhenium salts ; . Chemical and _ Engineering. News. 4 New ate 

from the MoS, recovered from domestic fine 22. 1970, pp. 62-63. ren 

Table 7.-Salient rhenium statistics 

(Pounds of contained rhenium) 

1966 1967 1968 1969 1970 

Production (in rhenium salts) ¢._.__..------------------ 1,620 1,725 2,400 3,500 5,900 

Consumption (metal) e¢___-----------------------5----- 1,040 850 775 2,000 3,150 

Imports (metal and scrap) ----------------Toss weight __ 84 96 436 *'9,780 210 

Stocks, Dec. 31, (metal) ¢..---------------------------- 600 40 130 1,710 2,580 

_ © Estimate. r Revised.
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_ lead-free gasolines to reduce air pollution at $352,108. Of this quantity, 9,059 pounds from internal combustion engines, | valued at $84,809 was imported from West Other applications of rhenium continued Germany in the form of rhenium scrap. to be in high-temperature thermocouples, The remaining 721 pounds represented - flashbulb filament wires, and coatings. The rhenium metal powder, which was im- development of ductile, high-temperature _ ported primarily from the U.S.S.R. (31 tungsten and. molybdenum-base rhenium percent) , Sweden (30 percent), West Ger- alloys decreased Significantly during the many: (24 percent), and France, (15 per- | year. 7 oe cent). 
. A comprehensive survey was published During 1970, imports of unwrought of the mineralogy, geology, and metallurgy rhenium metal and scrap decreased to 210 of molybdenum and rhenium found in pounds, gross weight, valued at $111,629. porphyry copper deposits around the These imports, all of which represented world. It describes the current technology rhenium metal powder, came from West associated with recovering molybdenum Germany (38 percent), the U.SS.R.. (35 and rhenium.13 | : _ percent), and France, (27 percent). There A complete translation of a Soviet publi- were no imports of rhenium scrap during cation on rhenium-refractory metal alloys the year. The rhenium from France and became available. It discusses rhenium pro- West Germany is believed to have been re- duction, alloy development, chemical, phy- covered from molybdenite obtained from | sical, and mechanical properties, heat porphyry copper ores from Chile. Rhen- treatment, weldability, corrosion resistance, ium from the Soviet Union is presumed to catalytic properties, high-temperature ap- have been recovered from flue dusts of plications, and the phase diagrams of these Russian molybdenite roasters. The average binary and ternary alloys.14 | price of unwrought rhenium metal imports A second translated Soviet publication from France and West Germany during that became available during the year con- the year, excluding the U.S. duty of 7 per-— tains a section that describes the properties cent ad valorem, ranged from $927 to $435 : and history of rhenium, rhenium  occur- per pound, respectively. The average price rence and recovery, current technology, and _ of imported unwrought rhenium metal — uses of rhenium.15 a from the U.S.S.R. excluding the 25 percent Prices.—In February 1970, Cleveland Re- ad valorem duty applicable to Communist fractory Metals (CRM) increased Prices countries, was $321 per pound in 1970. — for rhenium metal powder. The new prod- There were no imports of wrought rhen- ucer prices for contract customers were as ium during the year, and exports of rhen- follows: ium in all forms were less than 10 pounds. | | _ As part of the 5-year program of tariff . non reductions agreed upon at the “Kennedy Rhenium metal powder, 99.99 percent purity, round” Tariff Negotiations, the duties on Rhenium metal powder, over Tpoand but not *1°2°° unwrought and wrought ‘thenium from more than 5 pounds.______-__. 1,100 non-Communist countries were further re- wnot more than 20 pounder © Pou but duced. Effective January 1, 1971, the duty Rhenium metal powder, over 20 pounds but’ on unwrought rhenium metal and_ scrap not more than 50 pounds_______-_______ 1.000 Rhenium metal powder, over 50 pounds._____ ‘875 Was reduced from 7 to 6 percent ad valo- 

| rem and that for wrought rhenium from __ As a result of increased demand for rhen- 12.5 to 10.5 percent ad valorem. The duty 
tum metal powder, traders were reportedly oy, unwrought rhenium from Communist selling rhenium of foreign origin for Bloc countries remained unchanged at 25 $1,200 to $1,400 per pound. __ 

The increased price of rhenium metal was 13 Sutulov, Alexander. Molybdenum and Rhen- reflected by consumers who use rhenium ium Recovery From Porphyry Copper Ores. Uni- to make tungsten-rhenium wire. New price 250 po. of Concepcion, Concepcion, Chile, 1970, schedules, reflecting increases ranging from var Savitskii, E.M., Mas Tylkina ens) KB. Po- 1 0 88 Percent depending upon the wire 1993, 4eeievie Gaya (Rhenium Alloys). Moscow, size, were issued during the year. formation Service, Springfield, Va., TT 69-5508], 
Foreign Trade.—Revised imports of un- ‘ Songina, O.A. Izdatel’stvo ‘‘Metallurgyiya” wrought rhenium metal and scrap in 1969 fhe Tey Metals). Teoscows 14 Available From totaled 9,780 pounds, gross weight, valued $0,,,ational "echnical | Taformation service,
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Table 8.—U.S. imports for consumption of rhenium (including scrap), by countries 

(Gross weight) 

a 
eee 

1968 1969 1970 

Country eS 

a Pounds Value Pounds Value Pounds Value 

i
 

France. ....--.----------------- 17 $6 , 722 109 $58,045 58 $53 , 789 . 

Germany, West___._...---.----- 419 142,217 9,230 153 ,358 79 34,373 

Sweden________-_u eee ee ee ee eee nee ee ene eee 215 72,681 eee eee eee eee nner 

U.S.S.R..-------------- +2 n-ne one ee nne <2 --nae-- 222 71,660 73 23 , 467 . 

United Kingdom. -___.__-....---- (4) 269 4 1,864 —..------ --------- 
ne 

~  Yotal_.-.----.-- eee. 48602—s«149,, 208 r9-780 $52,108 - - -- 210 111,629 Sot eee 

r Revised. 
1 Less than 4 unit. . 

percent ad valorem and that on wrought techniques, and methods for recovering | 

rhenium remained unchanged at 45 per- rhenium from used catalysts and other sec- 

cent ad valorem. ondary sources.2° | 

During both 1969 and 1970 the import ~w&¥errante, M.J., F.E. Block, A.D. Fugate, and 

duty on rhenium scrap was suspended. . F.A, eeirvin. Recovery of Rhenium From ons: 
“as . sten-Rhenium. oys. u Mines ept. of | Inv. 

-Technology.—Investigations conducted by 7254, April 1969, ll pp. P 
Bureau of Mines engineers indicated that | 4 Davenport, 1 Vacth Hon Jon W_, Spleman, . 

: . . an owar . Vaeth. Rhenium emicals— 

. both rhenium and tungsten metal powder Their Properties and Applications. Cleveland 

could be reclaimed from scrap tungsten Refractory Metals, Solon, | Ohio, 11989, 18 PP. h 
. avenportt, illiam ” alerie ollonitsch, 

| alloys containing about 25 percent rhe- and Charles H. Kline. Recent Advances in Rhen- | 

-nium.16 By oxidizing the scrap at 950 °C the ium Catalysts. Cleveland Refractory Metals, Solon, 

- . ‘ ° . 10, pp... a 

volatile. rhenium heptoxide could be sepa Peters, John E. Rhenium.as an Electrical Con- | . 

rated from tungsten trioxide, with an over- tact Material. Cleveland Refractory Metals, ‘Solon, 

. y ° . pt io, (paper presented to ¢ ommittee 

all recovery efficiency of app roximately 96 B-4, Subcommittee IV at meeting in Pittsburgh, 

percent. a . | Pa., on Mar. 4, 1969), 27 pp. A 

4s ield, Sanford. evelopment in Aromatics 

Studies conducted by CRM evaluated the processing. Proc. API Division of Refining, v. 50, 

: technology of rhenium chemicals, the ad- 19 Pp. 340 568 a Cs McCoy. High-Severit 
. ea ; acobson, R.L., an SS. McCoy. High-Severity 

vances im rhenium catalysts, and the use Of pYENIFORMING: Route to Maximum Aromat- 

rhenium: as an ‘electrical contact mate- ics. Proc. API Division of Refining, v. 50, 1970, | 

rial.17 - oo | pp. 324-339. . ern | 

. . - Jacobson, Rel» ee. Kluksdahl, Cs. McCoy, 

i -rheni -q] ) an .W. Davis. Platinum-Rhenium Catalysts: . 

New platinum rhenium . catalysts were Major: New Catalytic Development. Proc. API Di- 

developed. Because of their unique high vision of Refining, ¥. 49, 1969, pp. bool. Movi. 

tabili ive evison, John A.,-M.H. Dalson, and John Mool. | 

sta ility, they ive excellent temp erature Catalytic Reforming Advances With E-501 Cata- 

stability, high yield, excellent regeneration lyst. Proc. API Division of Refining, v. 50, 1970, 

stability, ( - Ppp. : | 

ageuy and can be recovered from a tem Stormont, D.H. New Reforming Catalyst Fea- 

porary presence of catalytic poisons.18 tures Imported, Stability, High Yields. ei & Gas 

: ., v. 67, No. 17, Apr. 28, | - pp. . 

The use of coated powders in the pro- Sutton, E. A. Commercial Experience With Re- 

duction of dense homogeneous tungsten- cently Developed. Platforming ata Pulte API 

: ivision of Refining, v. 50, » Pp. —303. 

rhenium (W-Re) and molybdenum-rhe- 29 Peters, John E. Recent Developments in 

nium (Mo-Re) alloys is more practical, Rhenia and Rhenium Alloy Fowder Metallurgy: 

: : . - Oo etals, v. 21, No. 4, Apri » pp. 4/-3U. 
reproducible, and. economical than standard 2 Dueros, Robert, and Pierre LeGross. Influ- 

powder metallurgy techniques.19 ence of Oxidation on the Low-Pressure, High- 

. . Temperature Decomposition of Ethylene on 

Rhenium-coated tungsten powder parti- Tungsten and Rhenium ; Surfaces. Surface | Sci. 

; : . on (Amsterdam, the Netherlan ),. Vv. > o. 3, 
cles having some alloying at the Re ‘W in March 1969, pp. 425-442. 

terface were developed using a special co- Platzke, R. N., and J. D. Prater (assigned to 

reduction process. The most significant Kennecott Copper Corp. New York). Process for 
: . the Recovery of Molybdenum Values. Canadian 

advantage of using this coated powder Pat. 852,133, Sept. 22, 1970. c Co 

; i i 1 ———. (assigned to Kennecott Copper COorp., 

process 18 the reductlo n of the sigma phase New York). Process for the Recovery of Molyb- 

and the corresponding increase in both denum Values as High Purity Ammonium Para- 

trength and ductility. molybdate From Impure Molybdenum-bearing 90- 

s 8 d ! y lutions With Optional Recovery of Rhenium 

As a result of the increased demand for Values If Present. U.S. Pat. 3,458,277, July 29, 

rhenium, studies were conducted to deter- “Sakurai, Hyoichiro, (assigned to Mitsubishi ‘Pe- 
mine new methods of recovering rhenium trochemical Co., Ltd., Tokyo, Japan). Recovery 

. : . oO enium From Catalysts ntaining Nickel or 

by solvent extraction using ion-exchange  f[yon. West German Pat. 1,942,191, Feb. 26, 1970.
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The kinetics of molybdenite roasting and -. Bend. test evaluations of the weldability | 
: _ rhenium volatilization were evaluated in a of arc-cast W-25Re and W-25Re-30Mo al- 

multiple-hearth furnace.21 —_.. were loys inaicated rat the W-Re alloy had a 
, . aay a _._. . proved thermal shock resistance, but the The lattice dilation of W-Re, chromi- | fT Re-Mo alloy exhibited extensive hot i 

um-rhenium (Cr-Re) and Mo-Re alloys — tearing and poor weldability. However, plays an insignificant role in the rhenium  w.95Re-30-Mo alloy made by standard 
" ductilizing effect in the Group VIA refrac- powder metallurgical techniques exhibited tory metals,22 | excellent weldability.23 Bo 

| SCANDIUM 24 ee 
_ Scandium, produced in small quantities found in the United States was reported in 
asa byproduct of uranium processing, is 1963 to be near Darby, Mont.25 7 
being used commercially in small but. in- Uses—-Two companies are employing 
creasing amounts in the manufacture of a scandium in a new form of metal halide | recently developed high-intensity lamp. De- lamp. One version recently developed by pleted domestic supply of raw materials is Sylvania Electric Products, Inc., is called 

7 slowly being replaced by imports. Prices Metalarc.. Westinghouse Electric Corp. is for the materal and its compounds have currently manufacturing a similar: lamp. 
declined because..of the lower costs of raw Basically mercury vapor lamps containing 

_ Materials. ee sodium oxides, these high-intensity. lamps Domestic Production.—During - 1970, a also use small amounts of: high-purity | ’ reduced number of specialty chemical firms scandium metal because of the multilined : were engaged: in the production, refining, spectrum of incandescent. scandium. vapor. . - and sales of scandium. Research Chemicals, The combination of materials provides = | a division of Nuclear Corp. of America, high illuminating efficiency and a color 
Phoenix, Ariz., produced and refined scan- range close to natural sunlight. Presently dium on a regular basis. Atomergic Che- being used at night sporting events, espe- ~ 
metals Co., Division of Gallard-Schlesinger cially those televised in color, -and for auto- 

_. Chemical Manufacturing. Corp., Carle mobile -showrooms, it is expected _ that | | ~ Place, N.Y., deals in scandium and pro- usage will continue to expand into areas . duced intermittently. Sales of scandium are where strong lighting and natural color 
_ handled by Alfa: Inorganics, Inc., Beverly, rendering are important. ‘These lamps have | Mass., and King Products, Inc., Arlington, the disadvantage of costing several times | NJ. ats an more and having about one-third the life 

Several kilograms of scandium were pro- of a straight mercury vapor lamp. Compe- 
duced at about the same level as in pre- tition may also come from lamps using 
vious years. Although scandium has been dysprosium and thallium. General Electric — 
extracted from the mineral thortveitite, Co. has a jlamp employing sodium, thal- 
the primary commercial source since 1960 lium, and indium. Despite the possibility 
has been concentrate from waste solutions of competition from other materials, it is 
derived from uranium processing. Domestic estimated that the several kilograms of 
uranium mills have not produced scan- scandium now used for these lamps will 
dium-bearing solutions since 1964. Output = 
of scandium has come from producers’ “ Coudurier, Lucien, Igor Wilkomirsky, and . Georges Morizot. Molybdenite Roasting and stocks or concentrates imported from Aus- Rhenium Volatilization in a Multiple-Hearth Fur- 

tralia and Canada, | don), v. 19, No. 460, March i910, oo. Gs4¢Cao. Potential supplies of scandium from do- “°s Garfinkle, Marvin. Effect of whoviae Alloy- mestic uranium ore are large, but una- ing On Lattice Dilation of the Group VIA . ; Refractory Metals. Met. Trans., (Met. Soc. of vailable from current processing methods. AIME), v. 1, No., 1, 1970, pp. 1062-1063. Other domestic sources of scandium are _ 3 Lessmann, G. G., and R. E. Gold. Weldabil- 
ity of Tungsten-Base Alloys. Welding J., v. 48, phosphate rock and tungsten concentrate, No. 12, December 1969, 15 pp. 

but the limited scandium market does not “By John A. Stock, mining engineer, Division 
make it profitable to extract. Small J) Parker Re La snd R. G. Havens. Thortvei- amounts of thortveitite may still be im-_ tite Associated With Fluorite, Ravalli County, 
ported from Norway. The only thortveitite 118 B, 1068, pe Te pResearch, Prof. Paper



| MINOR: METALS» 1223, 

triple in the next five years. Production of from. $2.80 to $3.50 per gram, and salts 

mercury-sodium-scandium lamps is also un- (chlorides, nitrates, sulfates, oxalates, and 

derway in the United Kingdom by a sub- acetates) from $2 to $2.50 per gram. Scan- 

sidiary of Sylvania and by companies in dium foil was priced from $25 to $123 per 

Germany, Holland, and Japan. gram, and quotations for punched disks 

Other uses of scandium are for security ranged from $110 to $140 per gram (high 

classified research supported by the Gov-_ purity). Comparisons with. other. years | 

| ernment, and for tracing fluid flows in oil show significant reduction in prices in 

swells with milligram quantities of the ra- 1970. | 

dioisotope Sc#6. This latter use may face Technology. Little — information was 

competition from californium-252, which’ available on developments in technology 

has been studied in the field as a tracer.26 during the year, but a patent was granted 

Prices.—The metal has been quoted at for the recovery of scandium values from 

from $4.40 to $10 per gram, the oxide rare-earths by ion exchange.27 | 7 

| SELENIUM 2 | | | | 

Following a strong trend in the first centages to tint glass used in construction 

quarter, production and shipments of se- and transportation. industries to decrease : 

jenium during the fourth quarter declined heat transfer. In still larger percentages it | 

60 and 57 percent, respectively. | was used with cadmium to produce orange | 

: “On March 4, the Office of Emergency and red glasses used in transportation sig- 

Preparedness reduced the stockpile objec- nals and decorations. The’ use of selenium 

tive for selenium from 475,000 pounds to in the production of rectifiers declined, — 

zero. Since the inventory equals the objec- but remained about the same as in 1969 in | 

| - tive,. this quantity became available for  xerography, where it is used in an arsenic _ . 

sale after congressional approval had been ~ alloy as the photoconductive material. | 

attained. 
‘Prices.—The producers prices for com- 

Domestic Production.—Selenium was mercial and high-purity selenium were 

produced at four plants operated by the raised from $7 and $8.50 per pound to $8 

following major electrolytic copper refi. and $9.50 on January 1. On October 5 the 

ners: American Metal Climax, Inc., Car- price was raised to $9 and $10.50 per 

teret, N.J.; American Smelting and Refin- pound. Dealers: quotations dropped from 

ing Co., Baltimore, Md.; International $20 to $25 per pound in January to a level 

Smelting & Refining Co., Perth Amboy, near producers’ prices during the remain- 

N.J.; and Kennecott Copper Corp., Gar- der of the year. , | 

field, Utah. Crude selenium containing ma- Foreign Trade—Imports for consump- 

terials produced at other plants were tion of selenium declined 17 percent but 

transferred to these four plants for refin- | = 7 

ing. . | . U.S. Atomic Energy Commission. Califor- 

Consumption and Uses—Selenium was niyn22 ares: XO 2 EME St asiene 
used primarily in the glass industry. Small to the U.S. Atomic Energy Commission, January 

percentages were used to neutralize the 1971). U.S. Pat. 3,554,693, Jan: p 1971, 2 PP. 

green tint caused by iron, and larger per- of NEY Jon Wecole: physica scientist, Division 

Table 9.—Salient selenium statistics —_ 

(Thousand pounds of contained selenium) . 

ro 

1966 1967 1968 1969 © 1970 

I 

United States: 
Production. _.---------------------------7-- 620 598 633 1,247 1,005 

Shipments to consumers..-------------------- 845 659 941 1,429 1,056 

Imports for consumption - ---~---------------- 286 301 583 546 454 

Stocks, Dec. $1, producers-.--~-.------------ 197 136 428 240 189 

Price per pound, commercial grade- - --------- $4.50-$6 $4.50—-$6 $4.50-$6 $7-$8.50 $9-$10 .50 

World: Production_-___------------------------- 
1,973 2,051 1,946 2,789 2,392 

OI 

r Revised. 
.
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_ the value of imports increased 29 percent. Table 10.—Selenium: World production, Canada continued to be the principal sup- : by countries1 plier as shown in the following list: | (Thousand pounds of contained selenium) : 
U.S. imports for consumption of selenium, Country ? 1968 1969 1970» . 

Er 2 by countries Australia es 4 4 ( : Belgium-Luxembourg 3__ 54 46 5 
_ (Thousand pounds and thousand dollars) Cana dace | 63 6 +796 60 4 ee ° : nland___2. ole 16 14 | ‘Country Susatity Value Japans i. 8 

Unwrought, waste  Mexico____--__________ (2. 42 42 . and scrap. Peru___---_----___-_. 13 15 15 eee Sweden -7------------ * 168 -€170 | l ue tralia... nited States__________ 6383 © 1,247 , Canada 22 77777770ooo-- => 4028 4. ose Yugoslavia_____________ 21 " 20 35 
Por. Wet ove OY8 Total........-.-- #1,946_*2,789 2,892 

Total__..--______.- 4, ¢ Estimate, _ Preliminary. r Revised. oa ___ 434 4,105 1 Insofar as possible, data relate to refinery output Oxide (selenium only. Thus countries such as Chile, Congo (Kinshasa), — content) Philippines, and Zambia that produce major quanti- ——_—_—_—__1__——.__ ties of selenium in copper ores and concentrates, but Canada___._..--- 12 116 do not recover elemental selenium, are excluded to Germany, West__........_______ (1) 1 avoid double counting. United Kingdom_______. |” 8 101 2 In addition to the countries listed, West Germany —_—_________—__ and the U.S.S.R. are known to produce refined sele- Total.-----_ 2. 20 218 nium, but available information is inadequate to make _ 
reliable estimates of output levels. 1 Less than 4 unit. | ® Exports. 

Exports were about 25 percent less than | . _ in 1969. : | | _ ences to selenium and tellurium.29 A_ pat- 
| World Review.—The United States, Can- ent was issued 30 covering the use of niob- . ada, and Japan continued to lead the 1um (columbium) diselenide (NbSez) mixed | _ world in selenium production, with 42, 26, with carbon and resin to produce a self-lu- and 19 percent, respectively, of the free  bricating brush that is useful for high alti- 

world production. A selenium refinery with ‘ude or vacuum applications. a capacity of 20,000 pounds per year was A comprehensive study of the technology . added to the Government-owned Las Ven- of selenium and selenides 31 became gener- | tanas copper refinery, Valparaiso, Chile. ally available to researchers. Results of | Technology.—Abstracts were published original research are discussed as well as covering more than 2.600 published books information from Soviet and foreign litera- | and scientific papers that contain refer- ture. | - 

TELLURIUM = 

Demand for tellurium was about 8 per- _ bide stabilizer, and in lead to improve cor- : cent less than in 1969, which resulted in rosion resistance. Over 10 percent was used decreases in production, and imports. Ship- in rubber and miscellaneous plastic. prod- _ ments by producers increased and yearend ucts. The remainder was used in chemical stocks of refined tellurium declined to the and allied products. 
lowest level since 1963. Foreign Trade.—Imports for consump- Domestic P roduction.— Production of tel- tion of tellurium decreased 43 percent in lurium was reported by the following com- 
panies: American Metal Climax. Inc., Car- §=———_—— 
teret, N.J . American Smelting and 22 Selenium and Tellurium Development Asso- Refining Co., Baltimore, Md.; International ciation, Inc. Selenium and Tellurium Abstracts, Smelti & Refini C Perth Amb New York, 1970. 
meiung . enning O.; ert mboy, 30 Boes, David J., William Dwight Johnston, N.J.; and United States Smelting Lead Re- and Lawrence Es Globerly,_ (assigned to Westing- . ouse Electric orp.). ectrically onductive finery, Inc., East Chicago, Ind. . Niobium Diselenide Solid Lubricant Members. Consumption and Uses.—The metallurgi- U.S. Pat. 3,523,079, Aug. 4, 1970. : cal industry consumed over 80 percent of * Chizhikov, D. M., and V. P. Shchastlivyi. Se- . . . lenium and Selenides. Selenium and Tellurium the tellurium used in the United States. It Development Association, Inc., New York, 1968, was used in steel and copper to facilitate 403 BP ohn W. Cole, physical scientist. Divis; machinability, in white cast iron as a car- of Nonfoont, Metals.) Pe Screntst, Division
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HO ‘Fable 11.—Salient tellurium statistics : 
(Thousand pounds of contained tellurium) . 

rE AR A 
eee 

. 1966 1967 1968 1969 © 1970 
es 

United States: . 
Production, primary and secondary-_.-.--_.------------- 199 135 121 234 158 
Shipments to consumers._._.____------------------------ 215 172 201 . 182 209 
Stocks, Dec. 31, producers______.__-.--~---------------- 195 186 157 177 128 
Imports__.__._._....--_--.--------------------------- 18 91 71 112 64 
Price per pound, commercial grade-_-_-_-__-..-------------- $6 $6 $6 $6 $6 

World: Production___..__--.-------------------------------. 334 270 258 395 357 
eee ee eee 

quantity and 41 percent in value; they described as well as information from So- _ 
were as follows: viet and foreign literature. | 

U.S. imports for consumption of tellurium, 7 | . 
by country | Table 12.—Tellurium: World production, 

(Thousand pounds and thousand dollars) by countries + 

Country ~SQuantity—==«=*«é«walue (Thousand pounds of contained tellurium) | 

Canada___.____-.------ 29 $168 Country 2 8 69 9 
Germany, West_______-- (2) (2) _ Country? 196819691870 
Peru__.--~------------ 35 184 Canada_______--------- 71 72 59 
Switzerland___.._.-.-.- (2). 1 Japan___._..---------.._ 81 51 73 

a Peru. _._____---------- 35 38 62 
Total_...-------- 64 353 United States____-----. 121 234 158 

| Less than 74 unit. Total_......-.--. 258 395 357 

World Review.—The United States pro- p Preliminary. 3 | & 
. 1 Insofar as possible, data relate to refinery output 

duced 44 P ercent of the free world Pp roduc only. Thus countries such as Chile, Congo (Kinshasa), 
tion of tellurium; Japan moved up to sec- and Zambia that produce major quantities of tel- 

: . _lurium in copper ores.and concentrates, but do not 

ond Pp lace with 22 percent; and Peru was recover elemental tellurium, are excluded to avoid 
third with 17 percent. double counting. h listed. A lia, Bel 

: 2 In addition to the countries listed, Australia, Bel- 
Technology —A comprehensive study of gium, West Germany, and the U.S.S.R. are known to 

tellurium and tellurides was published in produce refined tellurium, but available information 

English.33 Results of original research are is inadequate to make reliable estimates of output 

THALLIUM *4 

The applications of thallium or its com- used for synthesizing new organic com- 

pounds are at the present time limited. pounds. Finally, about 5 percent is being 

The toxic nature of thallium seems to used in development research. , 

deter its use. Prices——The price for thallium in 25- 
Domestic Production—The American pound lots has been $7.50 per pound since 

Smelting and Refining Co., Denver, Colo., December 1957. 

was the only domestic producer of thal- Foreign Trade.—Imports for consump- 

lium and thallium compounds. The com- tion of thallium (unwrought, waste and 
| pany produced less thallium or thallium scrap) have doubled those of 1969, to “ 

compounds than in 1969. Shipments to 1950 pounds at a value of $4,556. Thal- 
consumers were also less than in 1969. lium containing compounds amounted to 
Consumption and Uses.—Thallium is 2,050 pounds valued at $7,235. 

used principally for electronics and low- Technology—New developments for 

melting alloys with the consumption being thallium are the thallium oxide resistive 

divided equally (40 percent for each).  gjazes for printed circuits. Interest has de- | 

Even with the curtailment of thallium veloped in the use of thallium in low tem- 
compounds as agricultural pesticides, about =__________ 
10 percent of the thallium is still being re- 83 Chizhikov, D. M., and V. P. Shchastlivyi. 

P . . 6 . Tellurium and Tellurides. Selenium and Tellur- 

leased to this end use. Organometallic jum Development Association, Inc., New York, 
chemistry consumes about 5 percent of the 1970, 297 pp. , oo ertene 

: . 34By Herbert R. Babitzke, physical scientist, 
thallium. Organothallium compounds are pjvision of Nonferrous Metals.
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- Table 13.—U.S. imports for consumption of thallium, by countries ae 

So oo 7 Compounds (gross weight) ~ Unwrought, and waste | 
o ~ © Country of origin - oe . and scrap 

a | | . - Pounds Value Pounds _. Value | 

| -Belgium-Luxembourg________--_----=------ 57 $527 450 ° = $1,696 | 
France___________2___ eee 500 1,062 Lee ele eee 

_-Germany, West_________2___-__ 22-2 ee - 1,451 3,290 . -800 2,860 | 
Japan____-- eee 8 1,081) _- Lee Lee 

a United Kingdom. ~__--.------------------- 34 1,325, pene ee eee ee eee eee 

- Total_-_ ee ee 2,050 7,235 1,250 A, 556 

| perature alloys. T1l-Hg alloy. has a low | os oo a 7 
| melting eutectic at —59° C,35 and the ter- he Hansen, Max Constitution of Binary Alloys. 

Metallurgy an etallurgical Engineering ; Series. 
nary TLIn-Hg alloy system has. even 4 McGraw-Hill Book Co., Inc., New York, 2d’ ed., 

. lower melting eutectic of —63° C, 36 which 1958, 842 pp. _ Oo , 

makes these alloys useful materials for *6 Freeberg, Benjamin F. (assigned to Vapor 
an s . Y Corporation, Lombard, IIl.).. Alloys. of Mercury. 

_ low-temperature thermometry. U.S. Pat. 3,087,811, Apr. 30, 1963.
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; . 4 GREENSAND? BS 

| Domestic production of greensand (glau- sand Co., near Sewell, N.J. Information on 

| --conite) increased 10 percent in quantity production and sales for 1970 is withheld 

and 20 percent in value compared with to avoid disclosing individual company 

that of 1969. The average annual produc- confidential data. ee 

| tion for 1966-70 was 3,276 short tons valued _A cooperative agreement between the 

at $216,000. ‘The material was used for soil. Bureau of Mines and the State of Dela- 

conditioning and. water softening. . ware (Geological Survey) to sample and 

Greensand was produced by Kaylorite evaluate Delaware greensand for potential 

Corp.,. near Dunkirk, Md., and by Inver- uses continued. - 

Oo — IODINE 2 OS | 

Consumption of crude iodine established total of 8,011,839 pounds. The stockpile | 

a record high in 1970 for the third year in objective for iodine, established by the | 

a row. Domestic output remained at the Office of Emergency Preparedness, is 8 mil- 

same level, but imports increased slightly — lion pounds. There were no deliveries or 

in tonnage and sharply in value, as com- withdrawals of iodine in the Government 

pared with 1969. © | stockpile program in 1970. = 

Crude iodine production in the free _ Depletion allowances for domestic iodine 

world rose by 29,000 pounds or approxi- producers were changed under terms of 

mately 18 percent, almost all accounted for the Tax Reform Act of 1969. Effective 

by Japan, which gained ground as the with taxable years beginning after October 

world’s leading producer. This increase, 9, 1969, the depletion allowance for iodine 

however, was still not adequate to meet from both domestic and foreign production 

demand. The short-supply situation caused 38 14 percent of gross income, not to €x- 

radical advances in iodine price, which ceed 50 percent of net income without the 

stood at $1.24 to $1.30 per pound in De- depletion deduction. ; 

cember 1969 as compared with $1.45 to Domestic Production.— The Dow Chemi- 

$1.59 in December 1970. Japan, holding at cal Co., the only domestic producer, em- 

$1.45 near the end of the year, was trying ployed a process that has been in use since 

to decide on an appropriate boost in price. the start of operations in 1964 to recover 

Legislation and Government Programs. ome iodine from wet Dries a a 

—On December 31, 1970, the Government ich., as a coproduct wi oo 

strategic stockpile contained 2,955,692 1By Donald E. Eilertsen, physical scientist, Di- 

pounds of crude iodine and _ 5,056,147 vision of Nonmetallic Minerals. nvsical scientist 

. . P. Wang, superviso sical scientist, 

pounds of supplemental stockpile for a Division of Nomutetallic Minerals.” " 

1227
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| cium and magnesium compounds, and pot- Corporation for Chilean iodine and the ash. Production was practically the same as Dow Chemical Co. for domestic iodine in- in 1969, but value increased by nearly 14 creased prices to $1.59. Prices for resub- percent. ee _° . limed. iodine and iodine compounds. in- Consumption and Uses.—Baséd on re- creased accordingly. Late in the year, higher turns from questionnaires, approximately prices were imminent because of the 4.9 million pounds of crude iodine was world iodine shortage. Quoted prices for io- consumed by 38 firms in 14 States, Lead- dine and iodine compounds at yearend ing iodine-consuming States in 1970, in de- 1970 were as follows: : scending order of magnitude, were Mis- 
souri, New York, New Jersey, and Pennsyl- - . a Per pouud 

_vania, which together accounted for more Rrude lodine, drums. ___-__-__-.___. $1.45-$1.59 oo esublimed iodine, U.S.P., drums, f.o. . than four-fifths of the total crude iodine b, works._.----2-. 2 --es_.. 3.49-8.51 | consumption, a __ Galeium iodide, 3é-pounddrume fab, 7102-2 | ‘This information is indicative of the use works _. = -- eee BOB | pattern, but is not necessarily completely Poem dodide,, 99 ands tas, - 
comprehensive. Imports alone have been ered_____.......... 2.23 
Hone cig? Tugher than reported consump: Pots de Sea oe | tion, with net. differences as follows, in _,Sodium iodide, U.S.P., crystals, 300- thousands of pounds: 1968—1,432; 1969—°: | pound drums, freight equalized. __- 3.01 — 
803; and 1970—989. A more exact estimate Source: Oil, Paint and Drug Reporter. a of apparent consumption cannot be pub- me ee | lished because U.S. production figures for Foreign Trade:—Crude iodine imported _ crude iodine cannot be revealed. _ into the United States in 1970 increased 

Increases were reported in the amount 3.5 percent in quantity and: 18.5 percent in | of crude iodine consumed in producing re- value over 1969 figures. The average value _ sublimed iodine, potassium iodide, sodium Of imported crude iodine rose from $1.01 : 
iodide, and organic iodine-containing com- Per pound in 1969 to $1.15 per pound in 
‘pounds. Major uses of iodine included 1970, reflecting increases in price by all 
photographic chemicals, household and in- suppliers. More than 5.9 million pounds of 
dustrial disinfectants, pharmaceutical prep- crude iodine was imported, 72 percent of | arations, and animal and fowl feeds. Lesser which was from Japan and 27 percent 
amounts of iodine were consumed in mak- from Chile. Imports of resublimed iodine ing ‘high-purity metals, motor fuels, iodized were nominal as compared with imports of 
salt, smog inhibitors, swimming pool crude iodine. 
Sanitizers, lubricants, and catalysts in On January 1, 1971, tariff rates were 
chemical processes. | oe lowered from 7 to 6 cents per pound on 

| Prices—Mid-1970 prices for crude io-  resublimed iodine and from 17 to 15 cents 
dine, cif. United States, were increased per pound on potassium iodide. These re- 
from $130 to $1.45 per pound by the Mit- ductions were part of a program to reduce 
subishi International Corporation for Japa- the tariffs on resublimed iodine and potas- 
nese iodine. The Chilean Nitrate Sales sium iodide to 5 and 12 cents per pound, 

Table 1.—Crude iodine consumed in the United States 

1969 | 1970 

Crude iodine consumed Crude iodine consumed Products —_——_________ eee 
Number Thousand Percent Number Thousand Percent 
of plants pounds of total of plants pounds of total 

Resublimed iodine_____.__________ 8 410 8 6 117 2 Potassium iodide_________________ 9 1,893 39 10 1,907 39 Sodium iodide__...___.-- 2. 4 Ww WwW 4 Ww WwW Other inorganic compounds________ 15 733 15 19 971 20 Organic compounds________.______ 26 1,866 38 21 1,921 39 

Total___----.--------_-____ 140 4,902 100 138 4,916 100 
WwW Withheld to avoid disclosing individual company confidential data; included with “Other inorganic 

oN onadditive total because some plants produce more than one product.
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respectively, by January 1, 1972. Crude io- methods, developed by the Mitsui Toatsu 

dine enters the United States duty free. Chemicals Co. and the Ise Chemical In- 

“World Review.—Chile—Production of dustries Co., indicate that the cutoff grade 

crude iodine in 1970 was 2,750 short tons can be lowered to 40 ppm. This means that 

(preliminary) , about 2 percent more than gas brines of Niigata analyzing 40 to 60 

in 1969. The Chilean nitrate industry, ppm might well be utilized. In _ fact, 

which produces iodine as a byproduct, Teikoku Oil Company, Japan’s largest nat- 

went through a 44-day strike that ended ural gas producer with facilities in Niigata, 

April 28. However, this did not seriously was considering entry into the business of 
affect. iodine extraction since adequate ni- iodine extraction. == 

trate was available for processing. At year- Japan’s iodine producers have been pros- 

end 1970 Chile’s iodine production capac- perous, paying 10 to 30 percent dividends 

ity was about 3,500 short tons per year. In in recent years. An export cartel called the 

view of the difficulties in selling nitrate, Japan Iodine Export Corporation was or- — | 

there were no immediate plans to expand ganized in 1959 to control prices and ton- 

costly iodine processing facilities. 7 nages. This body has been responsible for - 

Japan—Japan strengthened its position holding the price line at $1.45 per pound | | 

as the world’s foremost iodine producer of iodine at yearend. Such a price may not | 

during 1970. Its output of 6,497 short tons continue too long, however, since Chilean 

of crude iodine (5,092 tons in 1969) was Nitrate and Dow Chemical will both raise | 

approximately 2.35 times that of Chile, the prices to $2.27 in early 1971. Undoubtedly, | 

only other major world producer. More Japan will raise its price to what the 

than two-thirds of the Japanese production world market can stand, which most likely 

was exported, principally to the United would be slightly lower than prices set by | 

States, which took about 2,100 short tons its competitors. == | | | 

in 1970. Japan’s other iodine markets in- The outlook for the Japanese iodine in- | 

cluded European Economic Community dustry was particularly bright at yearend. 

(EEC) countries, the United Kingdom, Reserve estimates were raised severalfold, | 

India, mainland China, and Canada. to 3 million tons of iodine in 2 billion : 

Japan’s iodine was produced from natu- cubic feet of natural gas. Japan’s output of 

ral gas brines by six firms operating 15 iodine had already risen 29 percent in - 

plants.3 All of the plants are located on 1969 and another 28 percent in 1970. De- | 

Chiba Peninsula east of Tokyo, except One spite subsidence and pollution-control dif- os 

in the north, Niigata. Two plants came on ficulties in some operations, Japanese io- 

stream in 1970, one in March with 660 dine production is likely to increase 

short tons per year, and another in July considerably in the next few years, in view : 

with 290 tons per year. One manufacturer of the good resources available, the rising 

has a 22-mile long pipeline on Chiba to world demand, and the probability that 

deliver brine to its processing plant. Chilean output will remain at a stationary 

‘At yearend 1970 the cutoff grade for level. To further strengthen their supply 

Japanese natural gas brines was 60 milli- position, the Japanese have signed a con- 

grams of iodine per liter or 60 parts per tract to produce iodine from Indonesian 

, million (ppm), but most brines worked _ brines. : 

contained 70 ppm. Initially, the activated 7 | | 

carbon ‘process was used, and later on, the SUS. Embassy, Tokyo, Japan. State Depart- 

ion-exchange process. Further improved ment Airgram A-—51, Jan. 22, 1971, 3pp. 

Table 2.—U.S. imports for consumption of crude iodine, by countries | 

(Thousand pounds and thousand dollars) 

1968 1969 . 1970 
Country eee OT” 

Quantity Value Quantity Value Quantity Value 

Chile__.....-----------------------1--- 2,426 $2,080 2,308 $2,215 1,585 © $2,061 

Germany, West_-.-..------------------- 3 1 w---- ~---- ne eee ----- 

Hong Kong_---.-..---------------------  --<-- ----- -o--- a---- 70 74 

Japan.....-.-------------------------- 3,454 3,513 3,397 3, 538 4,250 4,684 

Total_._....-------------------- 5,883 5,594 5,705 5, 753 5,905 6,819
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Technology.—Treatment of  oil-well research advancements were in simulation 
| waste brines to recover iodine became models and classification of cloud data. 

more. attractive from an economic view- The effects of seeding, mainly with silver 
point because-of the presence of many val- iodide, depend on factors like temperature, 

7 _ uable elements, requirements of pollution . cloud nuclei present, and where and how | 
| control, and higher iodine prices4  —_ new nuclei are added. - a 

- ‘, Recent: weather modification research has A process involving’ the .use of. an 
greatly increased understanding of cloud aqueous solution of lithium iodide-lithium 
processes and the effects of various cloud bromide as the refrigerant in an -absorp- 
seeding treatments.5 The most significant tion refrigeration system was patented.6 

TUM oo 
7 Domestic output of lithium minerals, in- tation, and organic synthesis. Lithium car- | 

cluding lithium carbonate from brines, in- bonate was approved by the Food and 
| creased substantially over that of 1969 and Drug Administration for treatment of the 

was the largest ever reported. Imports for manic phase of manic-depressive psychosis. 
consumption of lithium ore were about 55 Lithium Corp. of America announced the 
percent greater than the quantity imported development of a new family of butadiene 

| in 1969 - —— resins’ suited for use in. rubber, paints, and 
Legislation and Government Programs. coatings.8 Bn a 

—Ad valorem tariffs on lithium metal were —— Prices.—The_ Oil, Paint and Drug Re- 
17 percent and on lithium compounds 7 porter quoted prices for lithium metal and 
percent during 1970; lithium mineral con- compounds at yearend as follows: ee 

- centrates are imported duty free. At year- Be - — 
. end 6,490 short tons of lithium hydroxide Lithi ' 1 000-pound lot Per pound 

monohydrate were held by General Serv- “more, delivered. g.38 ices Administration under the Federal Lithium carbonate, carlots, truckloads, = 52 hee “ : elivered, In drumS-_ oe le - P roperty Act; although a small quantity = yithium chloride, anhydrous, carlots, Lo was offered for sale during 1970, none was _truck loads, delivered, in drums__-__- .87 
Id - . 7 Lithium fluoride, carlots, truck loads, a | soid. - oa . | delivered, in drums___.-._-_.--.-_ 1.55 _ Domestic Production.—Foote Mineral Co. Lithium hydride, carlots, truck loads, 7.80 : ane : - . ' Gelivered_____- oe ¢. mined and milled spodumene from P&S" —_ Lithium hydroxide, monohydrate, car- | matites at Kings Mountain, N.C., and also lots, truck loads, delivered, in 59 

| recovered lithium carbonate from brines — yithtum nitrate, technical i00-pound ae | at Silver Peak, Nev. Lithium Corp. of itn” in See BONA Lac 1.25-1.55 
America, a subsidiary of Gulf Resources ‘carlots, works, freight allowed. _ 58 . 
and Chemical Corp., mined and. milled Lithium sulfate, 100-pound lots, in . 

. drums__.__-._-.--.--------..-.. 1.20-1-30 spodumene near Bessemer City, N.C; 
American Potash and Chemical Corp. re- Foreign Trade.—Exports of lithium hy- 
covered lithium carbonate from brines at droxide during 1970 were 1,366,415 pounds 
Trona, Calif. | valued at $614,180. Quantitative data on 

Processors of lithium raw materials to US. exports of lithium minerals and lith- 
lithium primary products were Foote Min- ium metal, alloys, and other compounds 
eral: Co., Sunbright, Va., and Silver Peak, were not available. U.S. imports of lithium 
Nev.; American Potash and Chemical minerals were 55 percent greater than in 
Corp., Trona, Calif.; and Lithium Corp. of | 1969. The Republic of South Africa sup- 

fmerica, at Bessemer City, NC. Produc 7a AG. Finding Profits in Oil-Well tion data were not available for publica- waste Waters. Chem. Eng., V. 77, No. 20, Sept. 
tion. 21, 1970, pp. 165-168. 

: . > Science (AAAS). Weather Modification: A Consumption and Uses.—Domestically technology Coming of Age. V. 172, No. 3983, 
ithi : May 7, 1971, pp. 548-549. 

produced lithium minerals were P rocessed 8 Harlowe, W. W., and W. E. Hensel. Lithium 
Into numerous lithium chemicals for a Bromide-Lithium Iodide Compositions for Ab- 
wide variety of applications. Major uses cretion Fer eeration System. U.S. Pat. 3,524,815, . . . ug. 18, . 
were in aluminum metal production, ce- 7 By Donald C. Wininger, physical scientist, Di- 
ramics, greases, air conditioning, alloying, vision of Nonmetallic Minerals. Idi Br d brazi . . 5 y 5 8’ The Lithium Age. Lithium Creates New Fam- welding and brazing, swiinming pool sani- jy of Polymer Resins. Autumn 1970, pp. 1-2.
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plied 78 percent of all the mineral im- estimated to be 1.2 million tons of lithium 

ports. As a result of trade sanctions, there __ salts.9 | 

were, for the second year, no: domestic im- Technology.—A © new reverse © flotation _ 

ports from Southern Rhodesia. — -. - technique for concentrating spodumene 

: Imports of lithium (unspecified form) was developed by the_ Canadian Dept. of _ 

were 244° pounds valued at $764, princi- Energy, Mines, and Resources. The process . 

pally from West Germany with a minor uses a commercially available surfactant 

quantity from the United Kingdom. _ that floats the gangue, leaving a tailings | 

There was _ 55,812 pounds of lithium concentrate that contains over 6 percent 

compounds valued at $125,681 — imported ~ lithium oxide and less than }-percent-iron.. ...  --— 

primarily from France (99.5 percent), with An additional benefit is that the reagent is 

small amounts from the United Kingdom __ readily biodegradable.1° | 

and West Germany. | _ _ According to several articles in the Jour- 

World ‘Review. — Canada. — Tantalum nal of ‘the Electrochemical Society, research — 

Mining Corporation of Canada supplied continues on the use of lithium in various 

sample quantities of spodumene from their ways in battery and fuel-cell generation of | 

Bernic. Lake deposit in Manitoba to a U.S. electrical power, © oe 

glassmaker for concentration. . eens = 

Chile—The Chilean government an- ®The Mining Journal (London). . Chilean | 

. woe Lithium-Potassium. V. 274, No. 7036, June 26, a 

nounced that large deposits of lithium and = 1970, p. 597. NS 

| potassium salts were found in’ the Salar de, 10 Chemical | Weeks A Commercial Surface-Active | 

Antacoma in Northern Chile. Reserves are 1970, ‘ p. 00. a Key Role. V. 107, No. 1, Sept. 2, 

ss Fable 3.—U.S. imports for consumption of lithium ore, by country of origin 7 

| — “and US. customs district ee . 

- at a 1969 | 1970 _ | 

~ Country and customs district a , | Value . . a ~ Value . 

. ne ve a - Short. tons (thousands) Short tons . (thousands) 

Canada: es - : —_ Ce , 

. Buffalo__.._------------------------"----- 
---+= a 467 S $10 

-  Pembina--- ----+---------------290-7 2077 - 200, $2 See --- 

| Total_____---------------------------- 
200 2 467 ' 10 

South Africa, Republic of: Baltimore------------ 1,188 64 . 1,678 118. 

 Potal._---------e-eee eee eeeee reece eeee 1888 86 2,145 | 128 . | 

| Table 4.—Lithium minerals: Free world production, by countries | 

- . (Short tons). oe 7 

a
 oN 

OTOP 

. Country ! Mineral produced = 1968 1969 - 1970 P 

Argentina. __..---------------------------- 
Not specified__.-.------ 140 388 e 400° 

Australia_..--.--------------------------77 
~..--d0__------------- 827 | 195 e 820 

Brazil 2___...----.--------------------+----- 
dO... ------eenee- ------ «1, 709. NA 

Canada 3____.____------------------------- Spodumene-___--------- ---=-- 200 467 

Mozambique..-.-.------------------------- 
Lepidolite___-.--=----- 824 461 — 111 

Rhodesia, Southern ¢ 4__--.------------------ Not specified ___._------ 67,000 67,000 67,000 — 

South Africa, Republic of_.--..-------------- _...-d0___.-.-.-------- r4l 39 10 

South-West Africa, Territory of ¢5_.---------- _____do0_._--.--------- 1,840 4,372 7,616 

Uganda__-_------------------------------- 
Amblygonite-_-__.-.----- 49 aaeee- -eunee, 

United States___._..----------------------- Not specified .._.------- WwW WwW WwW 
| 

_ ¢ Estimated. p. Preliminary. r Revised. NA Not available. W Withheld to avoid disclosing in- 

dividual company confidential data. 

1 In addition to the countries listed, others (notably the U.S.S.R.) may produce lithium minerals, but output 

is unreported and general information is inadequate to make reliable estimates fo output levels. , : 

2 Exports... 

3 US imports. 
4 Output has not been reported since 1964, but presumably has continued. Estimates given are simply the 

1964 total output rounded to the nearest thousand tons, and are presented only to indicate order of magnitude, 

there being no assurance that the level of output has not varied (See also footnote 5). In 1964, total reported 

production was distributed as follows, by mineral, in short tons: Eucryptite—806; lepidolite—22 , 943; peta- 

lite—36 ,449; spodumene—6 , 965. 

5 Output has not been reported since 1966, but presumably has continued, inasmuch as a number of countries 

record imports from “South Africa” that considerably exceed reported output of the Republic of South Africa. 

Estimates given represent total reported imports from South Africa by the United States and the European 

Community less the reported output of the Republic of South Africa. These quantities, however, may include 

significant amounts originating in Southerw Rhodesia (See footnote 4) rather than in the Territory of South- 

West Africa. In 1966, total reported production was distributed as follows, by mineral, in short tons: Ambly- 

gonite—30; lepidoite—365; petalite—1 ,344. |
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S | -MEERSCHAUM +! 7 | - 
U.S. demand for meerschaum continued percent. Until 1969, Turkey was the major to be supplied by imports in 1970. The. supplier of meerschaum. to. the United quantity imported for consumption was States. Exports of meerschaum in raw form : 24,218 pounds, a 13-percent increase over for electrical insulation and exhaust gas that of 1969. However, a lower average purification’ have now been forbidden by unit. value resulted in a 29-percent de- | Turkey.12 ee a , crease in value to $29,760. Sources of the © The primary domestic use of meer- imports, as in 1969, were Turkey and the schaum continued to be in pipes and ciga- | Somali Republic; the latter supplied 98  rette holders. | : 

Oo | QUARTZ CRYSTAL": - a 
- | . | Electronic-Grade its ee oo 

The consumption of raw quartz crystal, Consumption and. Uses.—Raw quartz both natural and manufactured, declined crystal consumption declined from 187,605 12 percent: from that of 1969. Manufac- pounds in 1969 to 164,941 pounds in 1970. : tured quartz consumption declined 21 per- The consumption of manufactured quartz cent. The production of finished units de- also declined from 84,261 pounds: .in--1969 clined slightly. : to 66,802 pounds in 1970. Almost 19 mil- | Legislation and Government Programs. lion finished crystal units were fabricated : —The Government continued to maintain from the raw quartz crystal consumed dur- | a stockpile objective of 320,000 pounds of ing the year. The 1970 data reported in electronic-grade quartz, but continued to table 5 are based on reports received from | sell excess material through the General 96 crystal cutters. in 12 States. Finished | Services Administration. At yearend the piezoelectric units were produced by 22 of Defense Materials Inventory contained 4.66 the cutters; the remainder produced only million pounds of stockpile-grade material semifinished blanks. Of these cutters two | and 400,642 pounds of nonstockpile-grade cut natural quartz only, 12 cut manufac- material. : tured quartz only, and 12 cut both natural _ | Domestic Production—There was no and manufactured. 
known production of natural electronic- = ‘Thirteen consumers in four States ac- | grade quartz crystal in (1970. At yearend, counted for 83 percent of the raw quartz six companies reported production of man- crystal consumption. Pennsylvania was the ufactured quartz for use by the electronic leadin uartz-consuming State with 45 industry. These companies were P. R. 6 4 6 oe Hoffman Co., Carlisle, Pa.: Motor ola, Inc., percent of the total, followed by Hlinois, 
Chicago, Ill.; Quality Crystals, Inc., Cort- Massachusetts, and Kansas. Piezoelectric 
land, Ohio; Sawyer Research Products, UNits were manufactured by 38 producers Inc., Eastlake, Ohio; Thermo Dynamics in 16 States. Sixteen of these’ producers 
Corp., Shawnee Mission, Kans.; and West- worked from partially processed quartz erm Electric Co., Inc., North Andover, crystal blanks and did not consume raw 
Mass. These companies produced a total of 
131,039. pounds of manufactured quartz, 
compared with 125,423 pounds in 1969. Dive” Arthur C. Meisinger, industry economist, 

ivision of Nonmetallic Minerals. Sawyer Research Products, Inc., and Ther- 2 What’s Going On In World. Mining. World 
modynamics Corp. were the major produc- Mining, Benge. Petkor phyweal see ntist, Divi- 
ers. sion of Nonmetallic Minerals. 

Table 5.—Salient electronic- and optical-grade quartz crystal statistics 

1968 1969 1970 

Quantity_-_-__--2-- thousand pounds__ 286 237 94 Value. ___----------.2----_.-__.___________-____.. thousands _~ $339 $278 $100 Consumption of raw electronic-grade quartz erystal____thousand pounds__ 247 188 165 Production, piezoelectric units, number_________._.________thousands__ 24,586 19 , 562 18,971 eee OO Oe ee OE
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_ material. Thirteen plants in. four States A total of 881,759 pounds of lasca val- 
supplied nearly 75 percent of the total ued at $321,023 was imported, a decline of 
output of finished crystal units. Oscillator 16 percent in quantity, but an increase of 
plates comprised 73 percent of production. 61 percent in value over that of 1969. 

| The remainder included filter plates, tele- Lasca was used to produce fused quartz 
| phone resinator plates, and other miscella-- and as a nutrient material for the manu- 

neous items. . . facture of quartz crystal. Brazil provided 

Stocks.—At yearend, stocks of raw quartz almost all of the imported lasca. 
held by consumers totaled 137,417 pounds. The United States exported 230,698 
Of this total, about 93,000 pounds was nat-__ pounds of natural quartz crystals, valued ss 

. ural material and the remainder was man- at $1,396,000 in 1970. In addition, 55,382 . 

ufactured quartz. _ | pounds of manufactured quartz crystals 
Prices.—At yearend the Engineering and valued at $727,240 were also exported. 

Mining Journal quoted. the price of piezo- Thus a total of 286,080 pounds of. manu- 
electric and optical-grade quartz crystal at factured and natural quartz valued at 

. $2.50 to $50 per pound. Fusing-grade about $2.12 million was exported in 1970, 

quartz crystal was quoted in a range of compared with 204,986 pounds valued at : 
* $330 to $1,100 per ton. — . $2.16 million in 1969. Comparison of ex- | 

The selling price of manufactured ports of individual classes cannot be made 
quartz ranged from $18 to $30, depending because individual data were not available 
on the axial specification and the cross- prior to 1970. © a - | 

sectional area of the crystal. . * World Review.—Brazil_—Exports of raw 
Foreign Trade—Imports of electronic- quartz crystal suitable for electronic use to- | 

and optical-grade quartz crystal (valued at  taled 166,888 pounds in 1969 valued at © 7 
more than $0.50 per pound) declined from $2.29 million. In addition, almost 8.3 mil- - 
237,224 pounds, valued at $277,649 in 1969, lion pounds of lasca, valued at $1.89 mil- _ | 

| to 93,920 pounds, valued at $100,210 in lion was also exported. Both varieties of 
| 1970. About 99 percent of U.S. imports was quartz were shipped to East. Germany, : 

supplied by Brazil; the remainder by the France, West Germany, Hong Kong, Japan, 
Malagasy Republic and the United King- the Netherlands, the United States, and | 
dom. 7 | . the United Kingdom. | | 

a | BS STAUROLITE* | | - 

Staurolite, a complex silicate of iron and by 25 percent over that of 1969. The prin- | | 
aluminum, was produced commercially cipal use was as a sand blast abrasive with 
only in Florida as one of the products re- minor use as an ingredient in certain port- 
covered from Clay County sand in the land cement mixes. In some deposits, ama- | 
Highland and Trail Ridge plants of E. I. teur rock collectors recovered twinned 
du Pont de Nemours & Co., Inc. Produc- crystals, “fairy crosses,” as semiprecious | 

tion increased both in quantity and value _ stones. | , | 

| STRONTIUM * | 

Legislation and Government Programs.— _ flected the continuing strong rise in de-. : 
The Government sold 1,479 short tons of (mand for strontium compounds. Firms that 
stockpile-grade and 2,980 short tons of produced various compounds from im- | 
nonstockpile-grade_ celestite during 1970. ported celestite included Chemical Prod- 
Government stockpiles contained 12,062 ucts Corporation, Cartersville, Ga.; E. I. du 
tons of -stockpile-grade and 13,787 tons of Pont de Nemours & Co., Inc., Grasselli, 
nonstockpile-grade celestite at yearend. N.J.; Foote Mineral Co., Exton, Pa.; FMC 

Domestic Production.—For the 11th con- Corp., Modesto, Calif.; and Sherwin-Wil- 

secutive year no strontium minerals were _liams Co., Ashtabula, Ohio. 
produced in the United States. However, ~%By Robert G. Clarke, physical scientist, Divi- 
imports of strontium minerals were 34 per- sion vi Nonmetallic Minerals. hvsical scientist 

cent more than those of 1969, which re- Division of ‘Nonmetallic Minerals. ne SS



| (1234 a MINERALS YEARBOOK, 1970 | 

_ Table 6.—U.S. imports for consumption of strontium minerals,1 by countries - 

a ee ) 1969 | - 1970 

| Short tons (thousands) _ Short tons (thousands) 

. Malagasy Republic_..-..---.-.----.---------- 0 eeeeee eee yo. @) 
Mexico__-_._.2- 222-22 eeeeee----_ =~. 21, 402 $404 29 , 228 $589 
Spain. 20-2 ee 2,252 45 3,360 — 69 
United Kingdom_-____-_--- 2 e------eeeeeeee 4,149. 146 | 4,666 | -. 169 

9 Potal. eee eee 27,808 595 87,254 | 827 
1 Strontianite or mineral strontium carbonate and celestite or mineral strontium sulfate. 
2 Less than 14 unit. re SS 

Consumption and Uses.—The principal World Review.—Canada.—Kaiser Alumi- : 
| uses of strontium were in the manufacture num & Chemical Corp. began surface min- 

" of glass for color television. tubes, for pyro- ing a large celestite ore reserve on Cape 
eo technics and signals, and’ in hard-ferrite Breton Island, Nova Scotia.1¢ Construction ‘ 

| permanent magnets. Miscellaneous chemi- continued on the preconcentration and 
_ cal applications for strontium compounds processing plants, which are expected to be 

: included greases, ceramics, plastics, medi- completed early in 1971 and will produce 
| cines, paint filler,” welding rod coatings, . approximately 30,000 tons of strontium | 

and in making high-purity zinc. In vacu- compounds annually along with about | 
- um-tube manufacture, strontium metal and _70,000 tons of byproducts. ne 
7 alloys of strontium were used as getters for re CO 

| the removal of Bas. Quantitative informa- _.. Table 7,—Strontium minerals: _ Free 
| ion concerning consumption was not. world production, by countries 

available. | wo ey - (Short tons) Bo 
Prices.—At yearend, prices quoted in the) 

_ Oil, Paint and Drug Reporter were as Country! 1968 ©1969 1970» 
| - follows: Strontium carbonate—technical, Argentina___---__ 17 14 e15. 

‘dru at l - - Italy__---------. 858 ~———s«41,020 931 | drums, works, at 13 to 21 cents per pound; Menico..222222. 8,806 ©—«19°937 29,211 
strontium nitrate—bags, carlots, works, at Pakistan....____. r717 851 e 330 

| $14 per 100 pounds. No price quotations United Kingdom_. 8,695 °8,800 ¢8,800 
were published for strontium sulfate. Final | _. Total______ » 14,158 30,622 39,287 

prices of strontium compounds are negoti- eEstimate. Preliminary. *Revised. 
ated between buyer and seller. The aver- 1 In addition to the countries listed, West Germany, 
age value of imported strontium minerals Poland, Spain, and the U.S.S.R. produce strontium 

- of a minerals, but information is insufficient to make re- 
at foreign ports was about $22 per ton. liable estimates of output levels. 

| WOLLASTONITE *’ _ : 

Sales of domestic wollastonite declined in in Riverside and Inyo Counties, Calif., 
1970 to the lowest level in recent years, were described as consisting of assessment 

_ approximately 13 percent below the corre- work only. 
sponding figures for 1969 in both tonnage .  Wollastonite prices per short ton, works, 
and total value. Consumption of wollaston- quoted in Oil, Paint and Drug Reporter, 
ite in floor and wall tile, one of the prin- March 30, 1970, and subsequent issues, 

cipal outlets, was retarded by slackness in were as follows: Fine, pdint-grade, bags, 
the construction industry. Importation of carlots, $42.80; 10,000-pound lots or more, 

foreign tile also continued to be a signifi- $46.80; medium, paint-grade, bags, carlots, 

cant restraint. The only active wollastonite $32.00; 10,000-pound lots or more, $36.00. 

producer in the United States in 1970 was These quotations were not notably differ- 
International Pipe & Ceramics Corp. (IN- ent from those published throughout the 

| TERPACE) , operating the Willsboro mine last decade nor from the average per-ton 
and a processing plant of 60,000-ton-per- | 

year nominal capacity, in Essex County, % Kaiser Aluminum & Chemical Corp. 1970 
N.Y. For the first time in more than a Annual Report. p. 13. . _. 
decade. th eee ff od 7 By J. Robert Wells, physical scientist, Divi- 
ecade, the activities of former producers gion of Nonmetallic Minerals.



MINOR NONMETALS 1235 . 

values customarily reported by major prod- of the nonvolatile impurities listed is nota- ucers. As usual, however, actual sales were bly low for an unbeneficiated wollastonite | carried out at negotiated prices not pub-  ore.18 : | licly disclosed. An outstanding contribution to the ex- : . Further exploration of deposits recently isting literature on industrial minerals be- | , discovered in the Udaipur district of In- came available early in 1970 when the In-- dia’s northwestern State of Rajasthan has stitute of Geological Sciences published a | revealed the existence of wollastonite re- definitive, theoretical and practical treatise sources in excess of 200 million tons. An on wollastonite.19 
analysis of this material, said to be typical, ~ 18 Industrial Minerals (London). Wollastonite 

| conforms closely to the theoretical CompO- —_ Deposits Very Large. No. 28, January 1970, p. sition of mineralogically pure wollastonite BBA a R. W. Wollastonite. Institute of (calcium metasilicate) , and the summation Geological Sciences (London), 1970, 114 pp? 

‘ 
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