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/470‘ 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 mterpret ‘the years 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-TI, 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
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.

Volume II, Area Reports: Domestic, contains chapters covermg the mineral
industry of each of the 50 States, the U.S. island possessions in the Pacific
Ocean and the Caribbean Sea, the €ommonwealth 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.

ELBuUrT F. OsBORN, Director
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Review of the Mineral Industﬁes

By Bernadette S. Schumaker ! and Jeannette 1. Baker 2

The year 1970 was highlighted by a con-
tinuation of rising prices although at a
slower rate, a slackening in industrial pro-
duction, and a rapid rise in the level of
unemployment. Business investment in
plant and equipment weakened, but a
strong rise in residential construction sur-
faced late in the year. Both monetary and
fiscal policies were applied to stimulate
noninflationary growth, but with mixed re-
sults. Although inflation slowed down dur-
ing. 1970, real economic growth was at a
standstill as the tradeoff between inflation
and employment resulted in a slowdown in
the former at the expense of the latter.
Total gross national product (GNP) for
the year was $976.5 billion (in current
dollars) , up about 5 percent from the 1969
figure. However, real GNP (in 1958 con-
stant dollars) was down from $727 billion
to $724 billion. Output, as measured by
the Federal Reserve Board. Index of In-
dustrial Production, was .down "for the
year The mining sector, however, showed
an increase. Manufacturing, especially. du-
rables, slumped and this fact was reflected
in a substantial rise in personal savings.

Prices climbed almost 6 percent; slightly
less than the 1969 increase. Data for the
second half of 1970, however, showed
prices increasing at a slower rate than dur-
ing the first 6 months. Rising more rapidly
than average was the price of services.
Wholesale prices also advanced, but at a
slower rate than in 1969. Among mineral
commodities, the price index for coal
climbed steeply while other minerals in
general advanced moderately.

For the first time in 13 years, the Index
of Industrial Production declined. The
index for total manufacturing registered a
4-percent drop, reflecting primarily a 6-
percent decline in durable manufacturing.
Primary metals manufacturing dedined
from 114.1 to 106.9 index points, a 6.3-per-
cent decrease. Both iron and steel and

nonferrous metals and products trended
downward following substantia] increases
in 1969. Although the total Federal Re:
serve Board Index of Industrial Production
(1967 = 100) declined, the mining sector
rose from 1072 to 109.7 index pomts, a
23 -percent advance. The productlon index
for utilities also incieased durmg 1970. L
A shift in_ monetary policy also charac-‘
terized 1970,. The tight. monetary’ ‘pohc’y of
1969 which slowed down the &conomy by
reducing demind, for credlt was exchanged
for an easier policy in 1970. ‘Thi$ ‘change
provxded an increased supply of credit and
resulted 'in lower interest ratés. From Feb-
ruary to July, the supply | of money grew
at an annual rate,of 7.3 percent For all of
1970, the average increase was 5.5 percent
compared with 3.1 percent the previous

-year. The movement of interest rates was

especially significant during the year. Early
in 1970, interest rates had reached histori-
cal highs as.a result of heavy credit de-
mands and a tight monetary policy. How-
ever, rates on long-term -bonds, especially
high-grade corporate bonds and municipal
bonds, had begun a significant decline dur-
ing the first quarter of 1970. During the
same period, an even sharper reduction
characterized short-term interest rates, a
tendency consistent with the historical cycli-
cal behavior of interest rates.

Private housing starts were at an annual
rate of 1.3 million units for the first half
of the year, but managed to advance to an
1.8-million annual rate in the fourth quar-
ter.

During 1970, total employment increased
moderately to 78.6 million compared with
779 million in 1969. Unemployment, how-
ever, rose substantially in 1970 from 3.9
percent in January to 6.2 percent in De-

1 Economist, Office of Economic Analysis.
2 Commodity research specialist, Office of Tech-
nical Data Services.

l
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cember. The lackluster growth of employ-
ment resulted from a generally depressed
demand for goods and services complicated
by a major strike in the automobile indus-
try. Employment in the goods-producing
industries was severely affected while the
service industries fared somewhat better.
Among the goods-producing industries, de-
fense and aerospace employment was
sharply reduced. Unemployment among
white collar workers rose sharply during
the year. Mining employment also followed
the genenlly declining trend in goods-pro-
ducing industries. Other economic hlgh-
lights of the year included a slowdown in
the growth of federal spendmg Much of
the cutback was in defense-related spend-
ing. Expendltures by state and local gov-
ernments rose 9 percent, shghtly less than
“Tast year’s. growth.

Slgnlﬁmnt Congresslonal acnvmes aﬁect-
ing the mineral industries included 1mple-
mentation- of the ‘National Environmental

: Policy ‘Act of 1969 A. Council on Environ-
mental Qualxty ‘was set up_as reguxrcd by
the act, The Clean Air” Amendménts of
1970 established air quality” standards for
“motor vehiclé emissions. The law. provxdes
also for the regulatmn of fuels when . they

impair the performance of emission-control
devices. The Mining and Minerals Policy
Act (Public Law 91-631) became law late
in the year. An annual report to Congress
on the state of the mineral industries is
required by this leglslatwn.

A substantial decrease in disposal of ma-
terial from mineral stockpile inventories
developed in 1970. The total market value
of inventories showed little change from
the 1969 level. The Office of Mineral Ex-
ploration continued its financial assistance

" programs to encourage exploration for new

domestic sources of essential materials.

The US. trade balance (excludmg mili-
tary grant exports) showed a surplus of
$2.7 billion in 1970 following 2 years of
rather small surpluses of $0.8 billion in
1968 and $1.3 billion in 1969. Among min-
eral resources exported, coal and steel ex-
ports showed substintial gains. Total se-
léctéd mineral exports increased to $5.9
billion in ‘1970 while selected mineral im-
ports climbed to $8.7 billion. Direct invest-
ments abroad in all industries in 1969 was
$70.8 billion.” Of this figure, $20 billion
was accounted for by petroleum invest-
ments. Investments abroad in mining and
smelting totaled $5.6 billion for 1969.

/SOUR'CES‘AND USES OF MINERALS

Production.—In 1970, domestic produc-
tion of primary minerals and mineral
fuels was ‘valued at $29.8 billion. In 1967
constant dollars, the value of mineral pro-
duction was $27.0° billion. The value of
mineral fuels and metals each increased
more than 10 percent, while nonmetals ad-
vanced only slightly.

Reflecting the ‘nation’s general economic
slowdown, the Bureau of Mines index of
physical volume of mineral production
(1967 = 100) showed little change in
1970; the total index gained less than one
point for the year. While the overall aver-
age for metals increased from 127.9 to
135.8 index points, there was little change
in the nonmetals and fuels components of
the index. In 1970 the volume of ferrous
metals production declined for the first
time since 1967. Nonferrous metals again
registered the sharpest advance among
minerals produced during the year. Among
nonferrous metals, the production index
jumped 11.8 percent for base metals, 7.3
percent for monetary metals, and 7.7 per-

cent for other nonferrous metals. Little

" change was recorded for nonmetals produc-

tion. Coal gained over 7 points and
climbed to 108, while crude oil and natu-
ral gas production was off slightly for the
year.

During 1970, the Federal Reserve Board
Index of Industrial Production (1967 =
100) declined from 110.7 to 106.7. How-
ever, all segments of mining except stone
and earth minerals advanced. Coal mining,
for example, climbed to 105.7 index points,
a 4.5-percent increase. The index for crude
oil production increased by over 4 percent
while for natural gas, the gain was 2.6 per-
cent. Continuing its trend upward, metal
mining registered a 5.2-percent increase,
less than half of the 1969 gain. For the
second consecutive year, stone and earth
mining declined.

Industrial production of metals and non-
metals posted a lackluster performance in
1970. For the first time since 1967, primary
metals, iron and steel, nonferrous metals
and products, and clay, glass, and stone



EE

REVIEW. OF THE MINERAL INDUSTRIES 8

190 ———

1701

150

Copper
(recoverable content)

90

e e
1960

1965 1970

Figure 1.—Index of physical volume of mineral production for selected items
"7 " in the United States.

products fell by at least 5 percent. The
Federal Reserve Board monthly indexes of
mining production (1967 = 100) showed a
decline in mining activity during the first
half of 1970 but a substantial increase in
the last half of the year. Most major com-
ponents of mining followed this trend with
two exceptions. Stone and earth minerals
production declined through the entire
year of 1970. By contrast, coal mining pro-
duction climbed sharply early in the year
followed by a slowdown in midyear and
additional gains late in 1970.

Figure 1 indicates the historical trends
for important mineral commodities. In
1970, copper production continued to ad-
vance as output reached 180 index points
(1967 = 100) . Iron ore dipped slightly to

105, Following several years of either de-
clining or stable production, coal increased
to 108 index points. )

A total of 59,146 trillion British thermal
units (Btu) were produced by the fossil
fuels group compared with 55947 trillion
Btu in 1969. Heat value of primary elec-
tricity. produced at hydropower and nu-
clear powerplants, when added to that of
fosssil fuels, brought the total to 61,99
trillion Btu, a 5.6-percent advance.

Table 6 indicates the upward trend in
energy production during 1966-70. All
components of mineral and electrical en-
ergy recorded increased eutput during this
time period except anthracite coal. Anthra-
cite output in 1970 was enly 75 percent of
the 1966 production level. Production of
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bituminous coal and lignite reached 15,000
trillion Btu in 1970. Natural gas and crude
petroleum production again recorded in-
creases. A substantial increase in nuclear
power output, from 146 to 231 trillion
Btu, was registered during the year.

The net supply of principal minerals
had a mixed pattern in 1970. In the met-
als category, the net supply of iron ore in-
creased slightly while pig iron and steel
ingot decreased 4 percent and 8 percent,
respectively, below 1969. Chromite and
nickel recorded increases of over 25 per-
cent and molybdenum increased 17 per-
cent. While the net supply of aluminum
declined, copper supplies increased by. 3
percent. Among nonmetals, sulfur supplies
were stable and phosphate rock and potash
posted increases.

Stocks and Government Stockpile—The
Bureau of Mines index of stocks of crude
minerals (1967 = 100) increased substan-
tially in 1970. Metal stocks, following a
16-point decline in 1969, climbed 9 index
points to 113. Increased stocks of iron ore
and other ferrous metals were recorded,
while nonferrous metal stocks dipped
slightly. Nonmetallic stocks were especially
high at 154 index points. The index of
stocks at mineral manufacturers, consum-
ers, and dealers increased 15 points in 1970
(1967 = 100) . Significant increases in all
classes of metal stocks were registered.
Nonmetallic stocks also increased during
the year.

Producers’ stocks of most mineral energy
resources and related products grew during
1970. Stocks of bituminous coal were up 15
percent and anthracite stocks increased 32
percent. All categories of petroleum and
related products increased except gasoline,
special naphthas, petroleum asphalt, and
residual fuel oil. Significant stock increases
were recorded for carbon black, liquefied
gases, and natural gasoline, plant conden-
sate, and isopentane. Natural gas stocks
were up 12 percent at yearend.

The seasonally adjusted book value of
product inventories for selected mineral
processing industries registered increases in
all categories in 1970. For petroleum and
coal products, the increase was 11.7 per-
cent, raising the value of inventories to
$2,539 million. A 6.6-percent increase in
inventories was posted by stone, clay, and
glass products which was about half the
rate of increase in this category during the

period 1967-69. Total inventories of stone,
clay, and glass products reached $2,648
million in December 1970. The seasonally
adjusted book value of primary metals in-
ventories totaled $8,862 million, a 10.1-per-
cent gain. The primary metals inventories
were about equally divided between blast
furnace and steel mills ($4,717 million)
and other primary metals processing plants
($4,145 million) . For selected mineral
processing industries, the total seasonally
adjusted book value of inventories ad-
vanced 9.7 percent during the year.

Among the components of the nation’s
minerals supply was the national stockpile
of strategic materials. In terms of market
value, aluminum, metallurgical chromite,
industrial diamond stones, lead, metallurgi-
cal manganese, tin, tungsten, and zinc were
all important stockpile commodities during
1970.

Exports.—The total value of selected
minerals and mineral products exported
advanced 26 percent in 1970, slightly more
than the 24-percent gain of 1969. Account-
ing for the increase was a surge in coal ex-
ports, a substantial gain in iron and steel
scrap exports, as well as increases in -sev-
eral manufactured metal exports. Coal ex-
ports were valued at more than 1 billion
dollars in 1969, a 64-percent gain. Among
manufactured metals, iron or steel ingots,
copper and copper alloys, and aluminum
and aluminum alloys advanced considera-
bly. Gains were registered in all mineral
categories, although in varying degrees.
Crude nonmetallic exports were up
slightly; chemicals and manufactured non-
metallics increased moderately. Mineral en-
ergy resources and related products posted
the largest percentage increase followed by
crude and scrap metals and manufactured
metals.

Imports.—In 1970, selected mineral im-
ports advanced 11 percent to $8.7 billion
as increases were recorded in all major
mineral categories except crude nonmetal-
lics. Crude and scrap metals imported
gained 19 percent led by increased imports
of iron ore and concentrates, and ores and
concentrates of nonferrous base metals. Im-
ports of mineral energy resources climbed
10 percent led by an 18 percent gain in
petroleum products imported. Chemical
imports were up substantially in 1970 for
an overall increase of 21 percent. In the
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- manufactured metals category imports rose

to $3.7 billion for the year.

Consumption.—The consumption pattern
for major mineral products was generally
mixed during the year. Iron ore consump-
tion, after advancing 6.4 percent in 1969,
dropped 4 percent to 135 million long tons
in 1970. Raw steel consumption similarly
trended downward. Overall consumption of
chromite ores and molybdenum was down,
while tungsten and manganese ore re-
corded gains. Among nonferrous metals,
copper consumption fell by almost 5 per-
cent compared with a 14-percent increase
in 1969. Lead and silver consumption de-
clined; the demand for mercury posted a
substantial drop of 20 percent during the
year.

In the nonmetals category, sulfur con-
sumption dipped from 9.2 to 9.1 million
long tons and depressed prices and a glut-
ted market characterized the sulfur indus-
try. Both phosphate rock and potash con-
sumption were up. For all categories of
mineral energy resources except anthracite,
demand increased during 1970. Bituminous
coal consumption edged up slightly as did
petroleum consumption. A gain of almost
5 percent was recorded for natural gas. In
general, consumption of major mineral
products in 1970 was varied. Fuels were
mostly up; nonmetals were mixed; and
metals trended downward.

In 1970, the demand for electricity
jumped to 1,638 billion kilowatt-hours, a
5.5-percent advance. Utilities scored a 6.1-
percent gain. as increases were recorded in
both nuclear power and conventional fuel-
burning plants. The demand for hydro-
power, however, declined from 251 to 249
billion kilowatt-hours. A remarkable 57-
percent gain in nuclear power demand was
registered during the year.

An examination of gross consumption of
energy resources by major sources and con-
suming sectors revealed moderate increases
in most categories. The household and
commercial sector, for example, consumed
13,988 trillion Btu’s of energy in 1970, up
2.8 percent. Natural gas continued to be
the leading supplier to this sector followed
by petroleum. Coal furnished only a very
small part of energy consumed by the
household and commercial sector.

Industrial consumption of energy re-
sources was up less than 2 percent in 1970.
Natural gas supplied over half of this sec-

tor’s gross energy inputs. Petroleum, fol-
lowed closely by bituminous coal and
lignite, accounted for almost all of the re-
maining energy input. .

In 1970, the transportation sector 'ac-
counted for 16,468 trillion Btu’s of' gross
energy consumption. Over 95 percent of
this figure was supplied by ' petroleum.
Natural gas and bituminous coal and lig-
nite contributed much smaller amounts of
energy demands.

The electric utility sector increased its
consumption of energy resources by 8 per-
cent in 1970. Bituminous coal and natural
gas were the leaders in supplying energy
to this sector. Total gross energy inputs
for the year showed a 3.8 percent advance
to 67,431 trillion Btu’s, somewhat smaller
than the 5.2 percent increase in 1969. Pe-
troleum continued to be the overall lead-
ing energy source followed by natural gas
and bituminous coal.

In 1970, the domestic supply of anthra-
cite coal declined but bituminous coal ad-
vanced. Exports of the former fell to 1,467
thousand short tons while bituminous coal
trade increased from 56 to 71 million short
tons, a substantial gain of 26 percent. Im-
ports of bituminous coal, at 36,000 short
tons were quite low for the year. The total
domestic supply of bituminous coal
reached 517.5 million short tons; the sup-
ply of anthracite continued its downward
trend and stood at 8.2 million short tons
for the year. 4

The petroleum supply picture mcluded
an increase in crude oil production to
3,517 million barrels compared with 3,372
million barrels in 1969. Exports were up
significantly from 1 to 5 million barrels,
but imports decreased from 514 to 483
million barrels. The total crude oil supply
climbed to 3,968 million barrels.

Production of domestic natural gas in-
creased to 21,921 billion cubic feet, up al-
most 6 percent. Exports amounted to 70
million cubic feet and the much larger
category of imports grew almost 13 per-
cent, to 821 million cubic feet. Total sup-
ply of natural gas reached 21,367 billion
cubic feet for the year.

Consumption of fuels in 1970 was, of
course, influenced by the growing national
concern for our environment. Low-sulfur
fuels were in great demand during the
year, and this trend is expected to con-
tinue well into the future.
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EMPLOYMENT AND PRODUCTIVITY

Employment.—Employment in selected
minerals mining and manufacturing. sectors
trended downward in 1970. As a result of
a strong world demand for energy, bitumi-
nous coal employment posted the largest
gain among selected mineral industries.
Total mining employment, while declining
only 1 percent to 622,000, was at its lowest
level since 1967. In addition, nonmetal
mining and quarrying declined to its low-
est' level in over 10 years. In- the metals
sector, iron. ore mining gained 3.1 percent
while copper mining declined slightly.
Overall, total metal mining employment
rose 2.8 percent to 94,800. Among fuels, all
selected mineral fuel industries declined
except bituminous coal employment, which
advanced almost 7 percent for the year.
Employment in oilfield and gasfield serv-
ices fell by nearly 10 percent and a 18-
percent decline was posted in crude petro-
leum and natural gasfields employment.

In 1970, minerals manufacturing employ-
ment slackened to 902,400. Although fuels
advanced for the year, the much larger
selected metals and nonmetals categories
trended downward.

Hours and Earnings.—For the total min-
ing sector, hourly earnings advanced 6.7
percent, to $3.66 compared with a 7.9-per-
cent increase in 1969. Weekly earnings also
increased at a decreasing rate, while
weekly hours worked rose slightly from
44.7 to 44.8. In the metal mining group,
average hourly earnings climbed to $3.88;
hourly earnings for both copper and iron
ore mmmg were slightly above the average
metal mining level. Average weekly hours
for metal mining declined from 43.3 to 42.7
hours; average weekly hours for iron ore
advanced to 41.9 while for copper ore the
comparnable figure was a decline to 44.7.
The mineral fuels industries Tecorded
hourly earnings of $3.97, a 7.3-percent in-
crease. Once again the highest average
hourly and weekly earnings were posted by
bituminous coal mining. Average hourly
and weekly earnings for crude petroleum
and natural gas were up while average
weekly hours fell slightly.

Average hourly earnings for manufactur-
ing industries rose by only 4.3 percent in
1970, but most mineral manufacturing in-
dustries exceeded this average rate. For the
cement industry, hourly earnings gained

over 13 percent. Hourly earnings in the
fertilizer industry, which are historically
low compared with other mineral commod-
ities, increased 7 percent to $2.91 an hour.
A slight downward shift in weekly hours
characterized the fertilizer industiy in
1970. Accompamed by a moderate 3.2- -per-
cent increase in average hourly eamings
and a decrease in weekly hours, weekly
earnings for blast fuinaces, steel and roll-
ing mills fell slightly. While hourly earn-
ings advanced 5.6 percent for nonferrous
smelting and ftefining, a decrease in weekly
hours slackened the growth of weekly earn-
ings to 3.8 percent. Hourly and weekly
earnings for petroleum and related indus-
tries climbed more than 6 percent, to $4.27
and $182.33, respectively. Little change in
working hours was posted for this group.

Labor Turnover Rates.—The accession
rate (hires and rehn‘es) for selected min-
eral industries declined in most categories
during 1970. While there was no change in

‘the metal mining accession rate, the rate

for iron ore fell and the rate for copper
advanced. Hires and rehires per thousand
employees declined for nonferrous smelting
and refining, blast furnaces, steel and roll-
ing mills, hydraulic cement, and total
manufacturing. Accession rates for the fuel
industriés were mixed; with petroleum re-
fining and petroleum refining and related
industries posting declines and coal mining
advancing slightly. Most selected mineral
industries experienced increased separation
rates in 1970. The exceptions were manu-
facturing, nonferrous smelting and refining,
petroleum refining and related industries,
and coal mining. The manufacturing layoff
rate for 1970 advanced from 12 to 18 per
thousand employees. Excluding coal and
copper mining, the rate climbed for all
other selected mineral industries.

Wages and Salaries—An upward trend
continued for wages and salaries in all in-
dustries during 1970. Although failing to
match the nearly 10-percent gain of 1969,
wages and salaries in 1970 climbed 6.2 per-
cent to $541.4 billion. In the mining sec-
tor, wages and salaries again increased
faster than in the manufacturing indus-
tries. Total mining wages and salaries ad-
vanced 8.1 percent to $5.8 billion. A very
slight increase in manufacturing was
posted as wages and salaries rose less than
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- 1 percent to $158.3 billion. Average earn-
ings per full-time employée advanced mod-
erately during the year., For all industries,
the average increase was 6.6 percent or
equal to the 1969 advance. Average earn-
ings in mining climbed 7.5 percent, down
slightly from an 82-percént increase in
1969. Average earnings per full-time em-
ployee in mining reached $9,262 while for
manufacturing, average earnings were
$8,150.

Productlvxty—-—The most recent data on
labor productivity in the mineral indus-
tries generally showed gains in output per
émployee, output per production worker,
and output. per production worker man-
hour. Among the selected mineral indus-
tries, moderate increases were posted for

copper, iron, and petroleum, while bitumi-
nous coal and lignite registered only a
slight gain in productivity. Copper ore
mined :: per production worker man-hour
increased 6 percent during 1969, to 144
index points (1957-59 = 100) ; recoverable
metal mined per production worker man-
hour advanced 3.7 percent to 117.8, the
largest percentage advance ‘in the last' 5
years. Productivity increases in both ‘crude
and usable iron ore were below the 1968
advance. Petroleum refined per production
worker man-hour increased 11.1 percent to
216 in 1969, a gain from the 1968 increase.
Productivity indexes for bituminous coal
and_lignite showed only a slight gam of
less than one index point. :

PRICES AND COSTS

Index of Average Unit Mine Value—
The index of average unit mine value
(1967 = 100) increased at a decreasing
rate in 1970. The total index climbed to
109.3. Posting the largest gain was the
metals group followed by fuels and non-
metallics. A moderate 5.3-point advance in
ferrous metals was recorded for the year in
contrast to a 21.7-point gain in. nenferrous
base metals, For the second consecitive
year, the average unit mine value of mone-
tary metals fell, Other nonferrous metals
advanced substantially from 95.4 to 1292
index points. All nonmetallic groups de-
clined with the exception of construction
nonmetallics. The average unit mine value
of coal rose spectacularly from 108 to 134.2
index points. Crude oil and natural gas
declined slightiy.

Index of Implicit Unit Value—In 1970
the index of implicit unit value (1967 =
100) increased 4.3 percent to 110.5, about
the same percentage increase as in 1969.
The index for ferrous metals was up mod-
erately, while for nonferrous base and
other metals, the index climbed sharply.
Monetary metals were down 8.5 points for
1970. Nonmetals showed little change in
advancing from 102.3 to 103.0. In the fuels
category, crude oil and natural gas de-
clined slightly but coal advanced. Overall,
the fuel sector increased from 106 to 109.8
index points.

Prices.—During 1970, the increase in the
wholesale price index for most metal com-
modities ranged from a 2-percent rise in

iton ore to a 25-percent climb in the
index for iron and steel scrap. Most in-
creases in metals weré, however, between 5
and 8 percent. Among selécted metals, only
one decline was posted —a 2-percent re-
duction in the price indéx for nonferrous
scrap. The overall average increase in the
metal index was 7.6 percent compared
with a 5.8-percent gain in 1969. The price
indexes of most nonmetallics advanced
during the year. While building materials
generally posted gains, fertilizers were
lower . following . substantial declines in
1969. Overall, nonmetallic mineral prod-
ucts advanced 5.2 percent. The price index
for fuels and related products and power
increased by 5 percent in 1970. A steep
rise in both anthracite (12.2 percent) and
bituminous (34.9 percent) coal was posted.
The price index for coke climbed 17 -per-
cent to 1274 in 1970. Crude petroleum
and petroleum products were up only
slightly. All commodities posted a moder-
ate 3.7-percent gain for the year.

Unit prices for mineral energy resource
commodities were up during 1970. A 14-
percent increase was posted in the price of
bituminous coal while the average price of
anthracite was up almost 14 percent. Prices
of petroleum and petroleum products also
increased. Crude petroleum, for example,
climbed to $3.18 a barrel, a 2.9-percent gain.
Gasoline prices advanced 3.3 percent. The
price of residual fuel oil climbed sharply
while distillate fuel oil posted more moder-
ate gains. The average price of natural gas



8 MINERALS YEARBOOK, 1970

at the wellhead increased to 17.1 cents per
thousand cubic feet.

During 1969 (latest data available), the
average cost of electrical energy for ‘the
United States remained at 1.5 cents per-kil-
owatt hour. Both the residential market at
2.1 cents and the commercial and in-
dustrial markets at 1.3 cents per kilowatt-
hour posted no change from 1968 in the
average cost of electrical energy. Most’
areas reported no change in the total cost
of electrical enérgy with the exception of a
slight decline in the Middle Atlantic re-
gion and a slight rise in the East South-
Central region. Alaska and Hawaii Tre-
mained the highest cost areas for ‘electrical
energy while the East South-Central
region' remained the lowést cost area.

Index of Principal Metal Mining Expen-
- ses.—Principal = metal mining expenses
trended upward during 1970. Overall, the
index climbed 5 .points compared with a

4-point advange in 1969. The labor compo-
rent of the mdex increased 6 pomts about
~ twice the 1969 gain. The 4-percent  increase
in the price index for supplies was also
above the. 1969 adyance.. Fuels were up al-
mqst 5 percent compared with a 3-percent

INCOME AND

National Income Generated.—While na-
tional income originating from all indus-
tries advanced only 4.2 percent in 1970, a
gain” of 9.8 percent was recorded in na-
tional income originating in mining. In-
come generated by both metal mining and
coal mining showed substantial gains of
144 and 28.5 percent, respectively. Crude
petroleum and natural gas, which account
for a large part of mining income, gained
only 3.1 percent and reached $3.1 billion.
National income originating from nonme-
tallics mining and quarrying was up less
than 1 percent to $1.3 billion. The manu-
facturing sector registered a disappointing
1.9-percent decline to $218 billion. Petro-
leum refining and related industries, stone,
clay, and glass products, and primary
metal industries all recorded slight declines
in national income while chemicals and al-
lied products edged up 0.6 percent to $16.1
billion. Total national income for all in-
dustries reached $796 billion in 1970.

Profits and Dividends.—In 1970, the av-
erage annual profit rate on shareholders’
equity for manufacturing was at its lowest

increase during the previous year. Of the
principal metal mining expenses, the index
for electrical energy again increased at the
slowest rate (2.9 percent) . :
Costs.—A general price rise characterized
the indexes of relative labor costs and pro-
ductivity for selected minerals. The index
of labor costs per unit of output for iron
ore recorded a 7-point increase, while for
copper, the comparable gain was 5 index
points. Although the index of value of
product per man-period was up only 1
index point for iron ore, the index for
copper climbed sharply. A decline was re-

 corded for the third consecutive year in

the index of labor costs per dollar of
product for copper. However, the index
for iron ore advanced 5 index points.

The price indexes for mining . construc-
tion and material handling machinery and
equipment increased moderately. The
smallest increase recorded was a 2.1-percent
gain in the index for portable air compres-
SOTS. Except for a 4.6-percent advance in
the price of scrapers and graders and a
6.5-percent increase in special construction
machinery, 1970 increases did not exceed
5.1 percent.

INVESTMENT

level since 1960. The profit rate of 9.3 per-
cent was also a 22-percent decline from
1969. All selectéd mineral manufacturing
corporations posted declines, although of
varying degrees. Petroleum refining and re-
lated industries, for example, experienced
only a slight decline of 0.7 percent while
primary iron and steel fell 3.3 percent.
Stone, clay, and glass products also de-
clined slightly from a 9.2- to a 6.9-percent
profit rate. Chemicals and allied products
continued to have the highest annual
profit rate among selected mineral indus-
tries despite a 1.3-percent decline for the
year. Total dividends for all manufactur-
ing amounted to $15.1 billion, a slight in-
crease over 1969. Petroleum refining and
related industries was the leader in total
dividends among selected mineral indus-
tries with a 3.1-percent advance to $3.2 bil-
lion. Most other selected mineral industries
showed slight increases in dividends, with
the exception of primary iron and steel,
and stone, clay, and glass products, which
declined about 3 percent each.
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The total number of industrial and
commercial failures in 1970 increased to al-
most 11,000, and current liabilities rose to
$1.9 billion. In the mining sector 54 fail-
ures were reported with current liabilities
of $59 million compared with 34 failures
in 1969 and $15 million in current liabili-
ties. Manufacturing failures and liabilities
were also up considerably in 1970.

New Plant and Equipment—In 1970,
new plant and equipment expenditures by
mining firms increased by only $30 million
to $1.89 billion compared with a $230-mil-

" lion increase in 1969. The manufacturing

industries also experienced only a slight
gain in new plant and equipment expendi-
tures, increasing from $31.68 billion in
1969 to $31.95 billion in 1970. Among se-
lected mineral manufacturing industries in

‘1970, increases in expenditures were regis-

tered by primary nonferrous metals and
chemicals: and allied products. On the
other hand, primary iron and steel, stone,
clay, and . glass products and petroleum
and coal products all posted declines in
new plant and equipment expenditures.

Plant and equipment expenditures of
foreign affiliates of U.S. companies in min-
ing and smelting gained $220 million or 19
percent during 1970. Mining and smelting
expenditures declined for Latin America
and remained the same for Europe. An
$89 million gain for Canada and a $138
million advance in other areas were also
posted. Total petroleum expenditures
reached $3,994 million, and all reporting
areas showed gains. Manufacturing expend-
itures rose to $7,042 million, a 42-percent
gain for the year. Europe and Canada ac-
counted for 73 percent of total manufac-
turing plant and equipment expenditures.

Issues of Mining Securities.—In 1970, es-
timated gross proceeds of new securities
offered by the extractive industries totaled
$2,082 million, compared with $1,721 mil-
lion in 1969. Common stock accounted for
85 percent of the proceeds in extractive in-
dustry offerings, while bonds contributed
about 14 percent and preferred stock com-
prised less than 1 percent.

Sources and Uses of Fund.—Funds from
all sources for direct foreign investment by
mining and smelting industries increased
by $0.5 billion to $1.9 billion in 1968 (lat-
est data available). Once again, Canada
and Latin America were the leaders in
generating funds. Both areas relied chiefly

on net income originating from the indus-
tries, although funds from the United
States and abroad rose substantially.

In 1968 (latest data available), funds
used for direct foreign investment by U.S.
mining and smelting industries for prop-
erty, plant, and equipment climbed to
$911 million, a 27-percent advance. In gen-
eral total funds were expended as follows:
plant, property and equipment, 47 percent;
income paid out, 30 percent; other assets
18 percent; inventories and receivables,
about 2 percent each.

 Foreign Investment.—The value of U.S.
direct investments abroad for all industries
amounted to $70.8 billion in 1969. Twen-
ty-eight percent of this figure, or $20.0 bil-
lion' was attributed to investments in pe-
troleum affiliates. Because of smaller
capital outflows and negative reinvested
earnings of $59 million, the increase in pe-
troleum investment was significantly
smaller than the 1968 increase. Forty-eight
percent or .$525 million of last year’s $1.1
billion advance in the book value of for-
eign petroleum investments was accounted
for by the developed countries. The less
developed countries rose by $334 million.
In 1969, the book value of Canadian petro-
leum affiliates gained $0.3 billion, close to
the 1968 advance. For Europe, the value of
petroleum investments increased by less
than $0.2 billion. Investments in the less
developed countries increased but at a
slower rate in 1969. Both Latin America
and Africa experienced a small gain in
book value of petroleum investments while
Middle East investments fell slightly.
During 1969, U.S. direct investments in
foreign mining increased by over $0.3 bil-
lion, significantly less than the 1968 in-
crease. Contributing to the lackluster gain
in investment was the completion of some
major investment projects in Australia and
the involuntary sale of controlling owner-
ship in two Chilean mining ventures.
While reinvested earnings showed little
movement, capital outflows declined from
$0.4 billion to less than $0.1 billion. Of
the total book value at yearend of $5.6 bil-

" lion in total direct private investment in

foreign mining and smelting industries, the
developed countries accounted for $3.3 bil-
lion and the less developed countries ac-
counted for $2.3 billion.

Foreign direct investments in the U.S.
totaled $11.8 billion in 1969. The book
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value at yearend of foreign petroleum in-
vestments totaled $2.5 billion, a 10-percent
gain or about 50 percent of the 1968 ad-
vance. In 1968 a foreign international pe-
troleum company purchased more than
$200 million of stock in its U.S. subsidiary,
and new petroleum investment rose consid-
erably. In 1969, there was no similar trans-

actlon Of the total foreign petroleum in-
vestment in the U.S. of $2.5 billion,
Europe accounted for $2.3 billion. or 92
percent. By far the largest foreign investors
in the US. petroleum 1n€!ustry were the
Netherlands ($1.3 billion) and the United
Kingdom ($0.8 billion) . :

TRANSPORTATION

The quantity of selected minerals and
mineral energy products tmnsported by
rail and water gained moderately in. 1969
(latest data available). For total mineral
products, rail trapsportation advanced 3.3
percent and water transportation increased
by 5.1 percent. Once again, the majority of
selected metals and nonmetals was trans-
ported by rail, while selected mineral en-
ergy resources and related products were
generally transported by water. Total se-
lected minerals and mineral energy prod-
ucts acoounted for 59 percent of all com-
modities transported by rail and 84
percent of all commodities transported by
water.

In the metals and minerals except fuels
category, rail transportation increased by
42 percent, to 449.6 million short tons.
The quantity transported by water gained
102 percent, to 2474 million short tons.
Iron ore and concentrates, crushed and
broken stone, and sand and gravel contin-
ued to be the largest users of rail trans-
port in volume terms. Rail transport for
most minerals climbed moderately in 1969
except for a 29-percent advance in other
nonferrous ores and concentrates, a 15-per-
cent increase in the amount of lime trans-
ported, and a 15-percent decline in the
quantity of gypsum and plaster rock trans-
ported.

Significant changes in commodities other
than mineral energy resources transported
by water included a 2l11-percent increase
in the amount of other nonferrous metals
and alloys transported, and a 42-percent
increase in the amount of lime trans-
ported. Both of these commodities, how-
ever, form a very small percentage of total
quantity of selected minerals transported

by water. Among nonmetals transported by
water, most showed gains for 1969 exclud-
ing liquid sulfur, clays, oeramlc and refrac-
tory materials, limestone flux, and calcar-
eous stone. -

In 1969, 418 n:ulhon short toms of
mineral energy resources and related prod-
ucts were transported by rail and 533 mil-
lion short tons were moved by water. Ship-
ments of bituminous coal and lignite
accounted for 90 percent of selected min-
eral energy resources and related products
transported by rail. The amount of coke
transported by rail climbed significantly
from 262,000 short tons in 1968 to 1.8 mil-
lion short tons in 1969.

Coal and crude petroleum continued to
be the largest mineral energy resources
transported by water. Large amounts of
gasoline, distillate fuel oil, and residual
fuel oil were also moved by water in 1969.
The total volume of selected mineral en-
ergy resources and related products trans-
ported by water was 9274 million short
tons, a 4.4-percent gain for the year.

A total of 892,000 miles of gas pipeline
was recorded for 1969 (latest data avail-
able), a 3-percent advance. Once again,
natural gaslines accounted for the over-
whelming majority of total pipeline mile-
age with small amounts distributed among
manufactured, mixed, and liquefied petro-
leum gas. Total petroleum pipeline
mileage in 1968 (latest data available)
dipped to 209,000 miles, the first reduction
in the last four decades. Of the total pe-
troleum pipeline mileage reported, 35 per-
cent was in crude gathering systems in
field operations, 34 percent in larger size
crude trunklines and 31 percent in petro-
leum product pipelines that extend from
refineries to distribution terminals.
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RESEARCH ACTIVITIES

National expenditures for research and
development activities for all industries in
1968 (latest data available) totaled $17.4
billion. Of this amount, $8.9 billion origi-
nated from company expenditures and $8.6
billion from government funding. Research
and development expenditures in - petro-
leum refining and extraction totaled $538
million, an 18-percent increase from 1967.
Over 86 percent of petroleum research and
development activities was financed by pri-
vate expenditures while government funds
supplied the remaining 14 percent. In the
chemical and allied products industries, a
total of $1.6 billion was channeled to re-
search and development activities, a mod-
erate 4.5-percent gain for the year. Com-
pany expenditures in this field were $1.4
billion and government expenditures were
about $0.2 billion.

Bureau of Mines.—During 1970, the pro-
grams of the Bureau of Mines emphasized
the effective utilization of our natural min-
erals and fuel resources. Insuring adequate
mineral supplies without objectionable en-
vironmental, social, and occupational ef-
fects, continued to be the mission of the
Bureau. Coal research projects were di-
rected mainly to advancing coal technology
to meet energy requirements and solve re-
lated environmental problems. Oil shale
projects emphasized the development of
scientific and engineering information nec-
essary to utilize this resource. Among the
mining research projects emphasized dur-
ing the year was the use of infrared tech-
niques for detecting hazardous mine condi-
tions. Solid waste research was again
stressed by the Bureau; and in the area of
health and safety research, the emphasis
was placed on developing technology to
minimize mining hazards. Petroleum re-
search included continuation of Project
Rulison, experiments using natural gas or
propane to control engine emissions, and a
preliminary analysis of the cost of subsur-
face waste disposal compared with the cost
of surface treatment. Economic studies con-
tinued to focus on the mineral industries,
environmental problems, and supply and
demand studies.

During fiscal year 1970, Bureau of Mines
funding obligations for mining and min-
eral research and development reached
$58.0 million, a 25-percent gain from the

previous year. Funds allocated to applied
research increased to $31.6 million or 54
percent of the total. Funds for basic re-
search rose to $6.5 million or 11 percent of
the total, and allocations for development
advanced to $20.million or 34 percent of
the total. Funds for development have in-
creased almost fourfold between 1969 and
1971. Total research funds of $38.1 million
were obligated by the Bureau and were di-
vided as follows: Engineering science, $27.4
million; physical sciences, $7.4 million;
mathematical sciences, $0.8 million; and
environmental - sciences, $2.5 million.
Among the sciences, funds for environmen-
tal sciences showed the largat percentage

‘gain for the year.

Highlights of the accomphshments of
Bureau research programs, including work
in progress, are described in the following
paragraphs.

Mining Research.—Infrared techniques
were tested for the detection of hazardous
conditions in and around underground
mines. Results indicated that temperature
differences of from 0.2 to 0.5° C exist be-
tween loose and solid rock in most mires
and that these differences can be used to
detect loose, hazardous rock. Laboratory
studies of rock fabric at the microscale
suggested it may be a useful tool for pre-
dicting the most probable directions of
fracture. Laboratory measurements sug-
gested that orientation of microfractures in
granite coincides with known rift and
grain fracture orientations in the quarry.
It is hoped that this technique can be uti-
lized in virgin rock to predict directions of
easy fracture and that economical mining
methods may take advantage of these natu-
ral fracture tendencies.

Study of a new concept for secondary
breakage of rock by thermal energy dem-
onstrated the feasibility of using thermal
shock from rapid heating and cooling to
fragment hard rocks. The technique should
be applicable to both spallable and non-
spallable rocks. Studies were completed on
the cuttability of geologic materials by
high-pressure water jet action. These stud-
ies yielded basic information on the rela-
tionship of cutting rates and energy re-
quirements to jet parameters and physical
properties of the material. This informa-
tion should enable industry and hydraulic
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research institutions to formulate programs
for the extraction of material by high-pres-
sure water jets
Efforts to improve ground support in
co4l imines through chiemical stabilization
were continued in three categories: coat-
ifigs, impregnition (filling fractures, joints,
and pores), and pumpable rock bolts. Of
the many polyieric iHaterial§ tested as
coatirigis for shale to prevent deterioration
by moisture exchange with the mine at-
mospheére, epoxy resins showed thé greatest
promise at a teasonable cost. To achieve
greater penetration of rock, hovel imipreg-
nation miethod§ such as- prefracturing and
" gang-drilling were studied. Pumpable rock
bolts, using quick:set polymers, bonded
strongly to shale and provided good struc-
tural support. They should compete favor-
ably on an .economic basis. Anchorage
from these bolts in areas stabilized by frac-
tute imipregnation and/ot seal coatings may
ultimately furnish a total ground-support
system for coal mines. Also under intensive
study were the problems of methane -ori-
gin, release; and control. Gas pressure gra-
dients and fates of emission were meis-
ured, the effects of geologic structures and
discontinuities were inveéstigated; methods
‘of draining methane from gob and work-
ing areas were tested, and improved meth-
ane detection and recording equipmernt
was developed.

A method for measuring and analyzing
the initial deformation that occurs in the
mine opening as it is created has recently
been developed and tested. The instrumen-
tation developed proved to have the sensi-
tivity and resolution necessary to measure
rock deformation around a full-scale raise
bore during excavation. Tests showed the
relationship of rock deformation to the
progress of the raise boring and to time. A
new technique for filling inundated mine
voids to provide surface support was suc-
cessfully demonstrated at Rock Springs,
Wyo: A total of 19,500 cubic yards of
sand was transferred from the surface to
the mine voids through a single injection
borehole system and concentrated in a
mined area of about 2.6 acres. The success
achieved provides a strong basis for assum-
ing the process would be equally effective
in filling both dry and water-filled voids,
not only with sand, but also with waste
material such as crushed mine refuse. An
experiment to verify this assumption is

being planned for the anthracite region of
Pennsylvania.

Metallurgy ~ Research~—Two  processes
were developed for recovering the fluorine
in the waste fluosilicic acid solution gener-
ated by phosphatic fertilizer manufacture.
Besides overcoming a pollution problem, a
material in short supply is reclaimed by
these techniques. One process involved con-
verting fluosilicic acid to acid-grade cal-
cium fluoride (CaFs) by treating it first
with ammonia to remove silica and then
with calcium hydroxide to precipitate the
fluoride. More than 95 percent of the fluor-
ine in the fluosilicic acid was recovered as
CaFy. A second process involved reacting
fluosilicic acid with calcium hydroxide and
silica, then volatilizing hydrofluoric acid
(HF) . After precipitation and heat treat-
ments, ‘80 percent of the fluorine in the
feed reported as anhydrous HF.

A technique was developed to treat the
low-grade, high-clay potash ores of New
Mexico’s Permian Basin, a large reserve
not rtecoverable by present commercial
methods. The essential feature of the
bench:scale procedure was the development
of a scrubbing-desliming step to remove
the clay completely without degrading the
salt particles, Concentrate grades achieved
were a marketable 58 to 61 percent K20 at
71- to 84-percent recovery. Research in sep-
arating natural potash salts from clay with
heavy liquids has been concluded. Concen-
trate grades were comparable to those ob-
tained with a flotation procedure; recover-
ies ranged from 68 to 78 percent.

Grindability test datda for a Minnesota
nonmagnetic taconite, reduction-roasted
and water:-quenchéd; showed optimum size
reduction and work index when roasted at
650° C. Subsequent tests indicated that the
optimum conditions for concentration coin-
cided with those for grinding. A 12-minute
rod-mill grind was sufficient for subsequent
production of a concentrate containing 67
percent iron and 4.9 percent silica at 95-
percent iron recovery. Promising Bureau
research showed that iron may be reduced
from ilmenite in the electric arc furnace.
A titanium-enriched slag resulted, to which
phosphorus pentoxide was added to com-
plex the oxide impurities into a slag ma-
trix. The temperature was increased to the
1,350° C range to promote crystal growth
of rutile. The slag was cooled and commi-
nuted, and the rutile crystals, 96 to 99 per-
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cent TiOz and up to 160 microns in size,
were recovered by mineral dressing meth-
ods. Recovery of titania exceeded 90 per-
cent.

A simple countercurrent ion exchange
system for recovering uranium was demon-
strated in the laboratory and tested in the
field at several yranium mines and mills.
The process involves recovering uranium
from natural mine waters and from clear
solutions or slime pulps resulting from
leaching uranium ores with sulfuric acid
or sodium carbonate solutions. Results of
these tests and concurrent - engineering
evaluations showed that use of these ion
exchange contactors would reduce by 70
percent the capital cost for recovering ura-
nium from mine waters compared with
present ion exchange practice. It is esti-
mated that use of these contactors in a
resin-in-pulp-type flow sheet would reduce
the capital and operating costs for a 2,000-
ton-per day urapium mill by at least 30
percent. :

Solid Waste Research.—Air classification
techniques have heen used successfully to
separate components of automobile scrap.
Twao pilot-scale air elutriating. devices have
been ‘designed and constructed for separat-
ing the nonferrous metallics from the non-
metallic material present in the nonmag-
netic reject scrap from automobile
shredders. Both units allowed upgrading
the reject from .a range of 35-40-percent
metal to ahout 74-percent ‘metal content,

with recoveries of 90 tp 96 percent of the:

metal, Final upgrading of the material of
74-percent grade to 99-percent metal was
readily obtained in a specially designed
water colump,

The Bureau’s smokeless automgbile in-
cinerator has been operating -on a produc-
tion-line basis for more than 1 year, Ex-
cept for pormal maintenance, the
operation has been truble free. Capacity
was ingcreased from a range of 48-52 to
88-06 car bodies per 8-hour work shift by
burning bodies crushed to slabs of 10- to
14-inch thickness. This reduced burning
costs to less than $2.00 per car and will
lower transportation costs, presently the
single largest deterrent to recycling obso-
1ete autamobiles.

A new use for waste silicofluorides, a by-
product of superphosphate fertilizer man-
ufacture, was in the manufacture of
portland cement. Very minor amounts of

silicofluorides, when added to the clay-
limestone mixes from which portland ce-
ment is made, reduced temperatures now
required in manufacture by several
hundred degrees centigrade, thus lowering
fuel costs.

Simple procedures have been developed
for reclaiming tungsten carbide and cobalt
from drilling bits; the methods are already
being used commercially. Other studies
have shown that variations in density of
major polymer species can be the basis for
separating and recycling waste plastics
found'in urban and municipal refuse.

Coal Research—The Bureau’s coal gasi-
fication process, designated the *“SYN-
THANE” process, was further developed
and tested in a pilot plant during 1970.
The economic and operational feasibility
of the gasification process to convert coal
to pipeline-qualit)i'gas was judged attrac-
tive by an outside engineering firm. Design
of a prototype plant ‘is underway. Pilot
plant tests demonstrated that strongly cak-
ing coal can be gasified in a fixed-bed unit
if mechanical stirring is employed to break.
up agglomeration in the ‘fuel bed. The
tendency of coals to agglomerate when
heated has hampered the gasification of
coals from the Eastern United States, po-
tentially a large market for synthetic gas.
Although. the Bureau’s fixed-bed operation
required screened ' coal, it .is attractive
for  larger-scale application,. offering high
throughput and an economical operation.

The Bureau demonstrated that slurries
of coal in high-temperature tar can be hy-
drogenated to an oil over fixed-beds of
pelleted cobalt molybdate catalyst. Hydro-
genation of a 30-weight-percent coal slurry
at 425° C and 4,000 psi resulted in 91 per-
cent of the moisture and ash-free coal
being converted to liquids and gases, with
the yield of liquid products amounting to
96 percent of the paste feed. Sulfur con-
tent of the oil was as low as 0.2 percent.
These results confirmed the technical feasi-
bility of converting coal to low-sulfur util-
ity fuels compatible with air pollution reg-
ulations.

Two-stage combustion was applied to
the Bureau’s magnetohydrodynamic (MHD)
power generation system to reduce the in-
herent high production of nitrogen oxide
(NOy) . In this technique, initial combus-
tion was accomplished with 80 to 95 per-
cent of the quantity of air necessary for
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complete burning of the fuel, Additional
air, sufficient to complete the combustion
of the fuel, was injected at a point where
the first stage combustion gases had cooled
to 2200° to 2800° F. In one MHD test,
NO; production was one-third less than
the average output from a conventional
pulverized-coal-fired furnace. The Bureau’s
two-stage combustion technique is believed
amenable to conventional furnace usage,
which in turn could result in an imponant
decrease in NOy output from tomorrow’s
fossil fuel combustion. In a study being
coordinated by the Bureau and involving
nearly a dozen private and government
laboratories, a round-robin series of coal
analyses is underway to determine the
mercury content of coals fueling the Na-
tion’s powerplants. ‘Ten coals, sampled
from current production going to operat-
ing powerplants across the Nation and rep-
resenting a wide geographical area, are
being examined. Besides producing a relia-
ble: method for the determination of mer-
cury in coal, -the cooperative program is
expected to’ provxde information on the
environmental impact of mercnry from
coal-burning powerplants.

'Petroleum and Natural Gas Research.—
A preliminary analysis of the cost of sub-
surface waste disposal systems versus the
cost of surface treatment of many liquid
industrial wastes indicated that the former
is more economical. Capital  costs of the

subsurface disposal systems were about:

one-half the cost of biological units for
treatment of many organic wastes. Annual
operating cost of subsurface injection was
also generally less than the cost of surface

treating systems. Subsurface waste disposal

systems used for disposal of industrial and
municipal wastes from several widely sepa-
rated areas were reviewed. During 1970 the
Project Rulison preshot exploratory well
was cleaned out and redrilled as a direc-
tional hole to the top of the chimney cre-
ated by the nuclear detonation. The well
was completed initially August 1, 1970,
and recompleted October 4, 1970, following
remedial work required after first attempts
to produce gas resulted in plugged tubing
and production equipment. Cumulative gas
produced, including nonhydrocarbon con-
stituents, to April 20, 1971, is 453 million
cubic feet.

Excluding exhaust conversion systems,
experiments with laboratory engines

showed that using either natural gas or
propane resulted in lower engine exhaust
emissions than are possible with gasoline
and - conventional gasoline carburetors.
However, the advantage of low emissions
with the light hydrocarbons was accompa-
nied by a power loss in moving from the
traditional fuel-rich, “best-power” fuel/air
mixture to the fuel-lean, “lowest-emission™
fuel/air mixture. In studying the chemistry
of the asphalt-aggregate interaction . as
it related to performance in road pave-
ments, significant differences were found
in the interfacial reactivity of a number of
different asphalt-aggregate systems. These
differences were measured by immersing
aggregate ‘in asphalt in a sensitive
microcalorimeter. This microcalorimeter is
capable of measuring temperature changes
in millionths of a degree and energy
changes in microcalories. In cooperation
with the Federal Highway Administration
(FHWA) -studies' are being made on se-
lected asphalt and aggregate samples with
varying performance characteristics.

In studies of the thermal conditioning of
oil and ‘gas reservoirs, tensile strength,
toughness, and a relative brittleness index
were determined on specimens subjected to
cryogenic, ambient, and elevated tempera-
tures. Changes in tensile strength were
considered indications of changes in energy
needed to induce a hydraulic fracture;
changes in toughness were indications of
energy required to inmitiate an explosive
fracture. Increases in rock strength and a
decrease in brittleness at cryogenic temper-
ature indicated that neither hydraulic nor
explosive fracturing would be encouraged
as a result of conditioning the formation
to an extremely low temperature. Rock
specimens subjected to an elevated temper-
ature of 700° F produced little or no
change in observable properties of sand-
stone. At successive cycles of 1,000° F,
change in temperature caused impact
toughness to decrease by about 15 percent,
suggesting further investigation of such
treatment as a means of improving explo-
sive fracturing. Comparison of oil-produc-
tion records of wells representing the East
Canton, Ohio, oilfield indicated production
was closely correlated to the amount of net
sand having greater than 80 percent
quartz. Correlation of production data
with the net thickness of the 80 percent or
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more clean sand was made on more than
100 wells scattered throughout the field.

Oil Shale Research—Research by the
Bureau on environmental problems related
to oil-shale developmeént resulted in a
process that appears from laboratory tests
to be suitable for treatment of waste wa-
ters produced by both above ground and
in situ retorting operations. The process
involved treatment with lime, activated
carbon, and two types of ion exchange res-
ins. A nonpolluted water suitable for reuse
or safe release to the environment was
produced. Interest in mercury as a poten-
tial pollutant led to an examination of re-
tort waters for this trace element using ac-
tivation analysis and low-level atomic
absorption. No significant quantities were
found, the largest concentration being 20
parts per billion. Vegetation studies were
concentrated on buined shales as there is
greater difficulty in getting satisfactory
plant growth on these shales than on re-
torted but unburned shale. Successful ger-
mination of grasses such as annual rye was
obtained when the shale was conditioned
with 5 to 10 percent Leonardite, and fur-
ther improvement resulted from adding
peat moss. Tests are underway on the ef-
fects ‘of various combinations of fertilizer
components on growth improvement.

The Bureau continued its investigation
of in situ processing of oil shale by multi-
ple coring of the shale bed at the site of
the first successful demonstration of this
environmentally attractive technique. A
second, larger scale field experiment at
greater depth was initiated. Related re-
search with a 150-ton retort. to simulate in
situ processing resulted in completion of
the first half of a statistically designed se-
ries of runs to develop data on optimum
combinations of retorting variables. Specifi-
cally developed for thermal analysis of oil
shales, a unique Bureau device permitted
simultaneous determination ‘of heat
changes, weight changes, and analysis of
gases evolving from a single sample during
heating. This technique provided informa-
tion on both organic and mineral constitu-
ents of the shale. Other developments in-
volving minerals associated with oil shale
included analyses of the dawsonite and
nahcolite contents of Piceance Creek Basin
oil-shale sections. A newly developed tech-
nique that may produce a valid estimate
of the nahcolite in the entire basin was

used. As part of an integrated oil-shale
processing operation, material progress was
made in development of methods for re-
covering products derived from these two
potentially valuable minerals.

Economic Analysis—The Bureau’s pro-
gram of economic analysis focused en the -
economic forces at work within the min-
eral industry, and on the relationships be-
tween the industry and the national econ-
omy. The purpose of the activity is to
provide government decision makers with
appropriate information and up-to-date
analysis of the existing situation, future
trends, alternative courses of action, and
the impact of choosing any one of the al-
ternatives.  The economic analysis program
seeks to provide the general methodology
needed for such analyses, as well as infor-
mation relevant to problem-solving in the
field of mineral economics.

A study estimated the potential for min-
eral-based construction materials as a re-
sult of the growing demand for better in-
sulation against noise in private homes
and apartments.3 This potential was found
to be substantial but fairly expensive in
terms of cost per dwelling unit.

Input-output tables provide models that
show the internal structure of mineral
markets and that permit detailed estimates
to be made of how changes in sales .or
purchases within one sector will affect
other sectors. During the past fiscal year,
several important components were com-
pleted, most of these designed for com-
puter application. Special attention was de-
voted to the development of “multipliers”
that permit estimation of how much a dol-
lar of additional minerals consumption
stimulates the entire economy. Work was
slowed during the year by the need to ad-
just previously compiled minerals data to
agree with the national tables for 1963.
Supporting information for the input-out-
put studies included detailed analyses of
certain industries—notably coal and copper
mining.4 Studies on these industries were
completed and placed on open file.

3 Cooper, Franklin D. and Lucille M. Langlois.
Economic Potential of Mineral-Based Insulating
Materials in Combating the Noise Problem in
Residences. BuMines Inf. Circ. 8466, 1970, 24 pp.

4 Cooper, Franklin D. Changing Pattern in Ex-
penditures for Supplies in the U.S. Bituminous
Coal and Lignite Industry—1958 and 1963. Prep-
aration and Cleaning. BuMines Open-File Rept.
5-70, 1970, 54 pp.

Changing Patterns of Expenditures for

Supplies in the U.S. Copper Industry—1958 and
1963. BuMines Open-File Rept. 6-70, 1970, 90 pp.




16 MINERALS YEARBOOK, 1970

A special staff analysis was prepared dur-
ing the year, estimating the impact on re-
gional coal production of a shift from
high to low sulfur coal. The goal was both
to analyze the expected impact in south-
eastern Ohio, an area that produces almost
entirely high sulfur coal, and to develop a
method with general applicability. . The
methodology adapted turned out to be
useful and applicable, but suffered from
the fact that the needed data have been
collected for only about 7 years—barely
enough for statistical significance.

Health and Safety Research—Following
the passage of the Federal Mine Health
and Safety Act of 1969, the Bureau in 1970
enlarged by almost tenfold its support of
research to develop the technology needed
to minimize mining hazards and substan-
tially reduce the absolute number of min-
ing accidents. To reach the objective of
considerably improving the safety of mines
in the shortest possible time, research con-
tracts were granted. Examples of the tech-
nology being sought include developing
means for measuring and suppressing res-
pirable dust, establishing methods for pro-
tecting miners from rockfalls, developing
techniques for minimizing the probability
of methane gas explosions in coal mines,
and advancing the technology to provide
life support to trapped miners following a
mine explosion,  inundation, or major
ground collapse. Reduction of respirable
dusts in underground mines continued to
be a major inhouse health research objec-
tive. Steam and water sprays proved about
equally effective in suppressing coal dust
in laboratory experiments designed to sim-
ulate coal cutting at a face. Up to 75 per-
cent airborne coal dust was collected by
water spray in a dust tunnel, and a theo-
retical model for suppression by water
spray was developed. Up to 90 percent res-
pirable coal dust was suppressed in labora-
tory trials with an experimental water-
based, high-expansion chemical foam.
Agglomeration of electrically charged dust
particles on a plastic surface also showed
promise as a dust-suppression mechanism.

In the prevention of mine fires and ex-
plosions, new design criteria were prepared
for explosion proof bulkheads based on ex-
tensive comparison of Bureau experimental
data with British and German mine stand-
ards. Flame quenching experiments
established the relative efficiency of several
halogenated flame extinguishants, and var-

ious extinguishant dispersion devices were
evaluated. A modified hot-wire velocity
probe was developed for measuring concen-
trations of gaseous quenching agents, mak-
ing possible measurements in tens of milli-
seconds as compared with tenths of seconds
with the present analyzer. Mathematical
models of aerodynamic disturbances in
mine networks were developed and applied
to studies of propagating and stationary
mine fires, and to methane emission from
gob areas induced by such disturbances.

Bureau research on potential hazards in
the mine environment included studies of
toxic halides generated by reaction of hal-
ogenated extinguishants (Halons) with
methane flames, and toxic combustion
products formed by smoldering and burn-
ing conveyor belts. Polarography proved an
accurate, rapid method for determining ox-
ides of nitrogen in metal and nonmetal
mines. Some progress in the control of.
radon in uranium mining was made with
the development of a device for measuring
radon diffusion across barriers and by good
preliminary results with a number of can-
didate wall sealants.

Explosives and Explosions Research—A
number of investigations involving explo-
sives and explosion and combustion reac-
tions were again conducted for other gov-
ernment agencies. For the Department of
Transportation, hazard classification tests
were developed for use in the safe trans-
port of potentially explosive materials by’
land, air, and water. Experiments for the
Department of the Army established that
postcrash fires could be reduced signifi-
cantly through the wuse of thickened
(emulsified or gelled) fuels. In experi-
ments for the Department of the Air
Force, the ignition temperatures of com-
bustible aircraft fluids determined under
simulated flight conditions were found to
be considerably higher than their mini-
mum autoignition temperatures deter-
mined under static conditions. Large-scale
research for the National Aeronautics and
Space Administration on the behavior of
commercial explosives in extraterrestrial
(lunar) environments was made possible
by the construction of a 1,225 ft3 facility
in which vacuums below 10— torr can be
maintained.

In studies on the ignition of flammable
atmospheres, evidence was obtained that
there is a minimum size below which a
single, irradiatively heated particle (coal,
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magnesium, carbon) no longer ignites a
flammable  environment.  Computerized
methods were used increasingly to attack
fundamental problems relating to low-ve-
locity detonation, shock waves in airways,
and toxic fume formation by explosives.
Helium Conservation—Helium is stored
for conservation purposes to assure a fu-
ture supply after depletion of more eco-

nomical resources. Approximately 30 bil-
lion cubic feet of helium is in storage
which otherwise would have been wasted.
Bureau-produced helium in excess of cur-
rent sales will continue to be stored for
conservation. Research on helium proper-
ties and processes was phased out at the
end of 1970.

LEGISLATION AND GOVERNMENT PROGRAMS

Of special interest to the minerals indus-
tries during the year were several pieces of
legislation with * direct environmental im-
pact as well as a law establishing a na-
tional mining and minerals policy.
Nineteen-seventy was the first year that the
National Environmental Policy Act (Public
Law 91-190) was in effect. A Council on
Environmental Quality was appointed by
the President to “formulate and recom-
mend national policies to promote the im-
provement of the quality of the environ-
ment,” An annual Environmental Quality
Report to Congress is an integral part of
the law. Also during the year, the Federal
Water Pollution Control Act was amended,
and the Resource Recovery Act (Public
Law 91-512) was passed to amend the
Solid Waste Disposal Act. In addition, a
bill (Public Law 91-604) was passed late
in 1970 to amend the Clean Air Act. One
provision, probably the -most well-known
part of the act, requires a 90-percent re-
duction in carbon monoxide and hydrocar-
bons emissions from automobiles by Janu-
ary 1, 1975. Similar standards covering
nitrogen oxides emissions must be met by
January 1, 1976. Provision for civil suits
against polluters was also incorporated into
the law. In general, the act is considered
to be a fairly strict environmental meas-
ure.

Late in 1970 Congress passed the Mining
and Minerals Policy Act of 1970 (Public
Law 91-631). Goals of this legislation in-
clude (1) the development of an economi-
cally sound domestic minerals industry;
(2) the orderly development of mineral
resources; (3) the use of mining, minerals,
and metallurgical research (including the
recycling of scrap) to promote the efficient
use of resources; and (4) the study and
development of methods for disposing, con-
trolling, and reclaiming mineral waste
products and the reclaiming of mined
lands. The law further requires the Secre-

tary of the Interior to include in his an-
nual statement to Congress a report on the
state of the domestic minerals industries.

An attempt was made during 1970 to
enact a trade bill. The legislation as rec-
ommended by the President in 1969 in-
cluded eliminating the use of the Ameri-
can selling price as a basis for setting
certain import duties and the liberalizing
of criteria for assisting employees and busi-
nesses adversely affected by imports. After
much discussion, the subsequent bill in-
cluded many other provision, the most
controversial being a general increase in
import restrictions. The trade bill, which
would have been a sudden switch to pro-
tectionism by the United States, failed to
pass Congress.

As of December 31, 1970, the acquisition
cost of strategic materials in government
inventories totaled $6.4 billion with a mar-
ket value of $7.1 billion. Included in these
government inventories were $2.7 billion of
materials (market value) considered in ex-
cess of stockpile needs. As of June 30,
1970, over 76 percent of the market value
of these excesses was accounted for by 13
commodities. These commodities included
aluminum, metallurgical grade bauxite
(Jamaica and Surinam), metallurgical
grade chromite (upgraded forms and sub-
specification ores), cobalt, industrial dia-
mond bort and stones, lead, metallurgical
grade manganese, quartz crystals, rubber,
tin, tungsten, and zinc. A total of $187
million of mineral commodities was dis-
posed of in calendar year 1970, a 43-per-
cent decline from the 1969 figure. Major
mineral stockpile items sold during the
y’ear with a sales value of at least $5 mil-
lion each included aluminum, chromite
(chemical and metallurgical), cobalt, fluor-
spar (acid grade), magnesium, molybde-
num, silver, tin, tungsten, vanadium, and
zinc.
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WORLD REVIEW

World Economy.—In 1970, persistent in-
flation characterized world economic condi-
tions. In response to this situation, many
foreign countries maintained high interest
rates in an effort to control demand for
goods and ‘services. By yearend, however,
many countries were loosening the credit
reins substantially. Canada, for example,
followed a fairly restrictive monetary pol-
icy early in 1970, but overall, the interest
rate declined for the year. Most countries
experienced moderate growth in the GNP.
Preliminary estimates of GNP for Germany
indicated. a 12-percent. advance. However,
more than half the growth in GNP re-
sulted from a rise in prices. Gross' Commu-
nity product for the European Economic
Community (EEC) increased by 6 percent
in real terms in 1970, at a slightly lower
rate than that of 1969, or by 12.5 percent
at current prices. GNP figures for Canada
indicate a 10-percent advance at current
prices. In South America, the economies of
Argentina and Brazil were again hampered
by inflation. The Japanese economy con-
tinued to expand with an estimated real
growth of more than 11 percent for the
year.

World Production—World production
of most major minerals continued to trend
upward in 1970. The United Nations
(UN) indexes of.world mineral industry
production (1963 = 100) for the extrac-
tive industries climbed 8 points to 143. In
the metals category, production increases
were moderate to substantial. Total output
of coal edged up only 2 index points to
103 in 1970, but the United States, Can-
ada, Australia, and New Zealand recorded
more significant increases. European coal
production declined from 77 to 74 index
points. All major reporting areas showed
increased production of crude oil and nat-
ural gas. Industrial output as measured by
the UN overall production indexes rose 7
points to 157 for 1970, following a 10-point
gain in 1969.

World Trade.—The value of world trade
in all commodities climbed to $272.7 bil-
lion in 1969 (latest data available). This
represented a 14-percent increase for the
year compared with a 12-percent increase
in 1968. Mineral commodities exported to-
taled $58.2 billion, a 12-percent gain. Once
again metals accounted for the larger part
of the mineral commodity trade. In 1969,
$31 billion worth of metals were exported,
a significant rise of 17 percent from 1968.
In the metals group, ores,. concentrates,
scrap, and nonferrous metals increased 15
percent; iron and steel exports were up 20
percent. Nonmetals, however, advanced less
than 4 percent in 1969 compared: with an
8.5-percent gain in 1968. World trade in
mineral fuels totaled $24.9 billion, an 8-
percent increase compared with a 12-per-
cent increase in this category in 1968. In
general, increased trade was reported for
metals, nonmetals, and fuels in 1969, al-
though percentage increases for nonmetals
and fuels did not match the 1968 advances.

World Prices—The mineral commodity
export price indexes. (1963 = 100) regis-
tered moderate increases in fuels and
crude mineral prices in 1970. Metallic ore
prices, however, were up significantly. In
1970 the price index for metals climbed 8
index points to 122. The index was espe-
cially high in the first quarter of the year,
but dropped 3 index points by the end of
1970. Fuel prices gradually rose from 103
index points in early 1970 to 108 at year-
end. Crude mineral prices advanced to 109
for the year, a 5-point increase. Mineral
prices in developed areas posted significant
increases for total minerals and nonferrous
base metals. For the less-developed areas,
the total mineral export price indexes
edged up 1 point while nonferrous base
metals increased 4 points, compared with a
22-point advance in 1969.
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Table 1.—Value of mineral production,! exports, and imports by groups
(Millions)
1966 1967 1968
Mineral group
Pro- Ex- Im- Pro- Ex- Im- Pro- Ex- Im-
duction ports? ports? duction ports? ports? duction ports? ports?
Metals and nonmetals
except fuels:
onmetals______ $5,176 $228  $412 r $5,200 $241 $414 $5,448 $246 $490
...... ,703 158 1,192 2,333 171 1,117 2,703 241 1,161
Total______ 7,879 38 1,604 7,538 412 1,531 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 2,915r23,729 1,013 2,820 24,971 1,026 2,960
1969 1970
Production Exportsr? Imports:? Production Exports? Imports 2
Metals and nonmetals
except fuels:
Nonmetals___________ r $5,624 $222 $491 $5,711 $225 $558
Metals___.____._____ r3,332 246 1,094 3,926 822 1,252
Total 2____________ r 8,956 467 1,586 9,637 547 1,810
Mineral fuels____________ 17,965 632 1,428 260,153 1,011 1,460
Grand total________ r 26,921 1,099 3,014 29,790 1,558 3,270
r Revised.

1 For details, see the “Statistical Summary” chapter of this volume.

2 Essentially unpr: mineral raw material.

3 Data may not add to totals shown because of independent rounding.

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

(Millions)
Mineral group 1966 1967 1968 1969 1970 »
Metals and nonmetals
except H
Nonmetals_.____.______ $5,320 $5,200 $5,378 $5,498 $5,555
Metals________________ 2,801 2,833 2,574 2,964 3,051
Total . _ ... __.___ 8,121 7,538 7,947 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
» Preliminary. r Re

Revised.
1 Value deflated by the index of implicit unit value.

? Data may not add to totals shown because of independent ronndmc
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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_»
109.2 100.0 102.4 110.9 109.3
138.4 100.0 120.4 149.6 167.3
123.9 100.0 97.1 115.5 123.9
90.4 100.0 113.9 111.0 119.5
131.0 100.0 117.6 141.7 157.4
121.2 100.0 110.8 127.9 135.8
103.2 100.0 104.6 106.6 106.3
97.0 100.0 98.9 101.4 103.0
105.2 100.0 106.5 107.3 109.1
101.9 100.0  103.4 105.5 105.7
96.9 100.0 98.5 100.9 108.0
94.3 100.0 104.2 110.5 108.6
94.5 100.0 103.4 109:1 - _109}.1
Average, all minerals...__.- 98.7 100.0 104.1 110.1 110.9

» Preliminary.

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

(1967 =100)
1966 1967 1968 1969 1970 »
Mining:
Coal . e 97.2 100.0 98.2 101.1 105.7
Crude oil and natural gas:
Crude oil oo 94.3 100.0 103.2 104.8 109.4
Gas and gas liquids:
Average 1 _____ o 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 oo 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 . _ oo 109.1 100.0 106.8 111.7 112.0
Average mining_ _ _______ . _________ 98.4 100.0 103.9 107.2 109.7
Industrial production:
Primary metals____ ___________________ 108.8 100.0 103.2 114.1 106.9
Ironandsteel.______________.__. 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

p Preliminary.
1 Includes oil and gas drilling.

Source: Federal Reserve System, Board of Governors. Federal Reserve Statistical Release, Aug. 16, 1971,
agitt.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 !  (unprocessed) petroleum 2 Hydro- Nuclear

. power power

329 r 18,507 r 18,984 16,925 2,029 r 57 r 51,831
311 r 13,904 20,087 r 18,100 r2,811 . r 80 r 54,793
291 r 13,664 21,548 18,593 r2,819 r 130 r 56,545
266 18,957 22,838 18,886 2,614 146 58,707
247 15,001 24,154 19,744 2,617 231 61,994

» Preliminary. r Revised. . e )

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.

2 Heat values employed for crude petroleum are 1966, 5,257,440 Btu per barrel; 1967, 5,628,540 Btu; 1968,
5,685,016 Btu; 1969, 5,601,070 Btu; and 1970, 5,613,290 Btu. .

3 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 Natura] ——M8M
Year Anthracite coaland gas,dry natural gas Hydro- Nuclear Total
lignite . gas liquids power power
liquids)

TRILLION BTU

290 r 12,205 17,393 22,405 1,989 r2,040 57 r56,379.

274 r 11,982 18,250 23,191 2,144 2,808 r 80 r 58,229

258 r12,401 19,580 24,607 2,445 12,314 r 130 r 61,735

224 12,509 21,020 26,029 ‘2,392 2,625 146 64,945

210 12,712 22,029 27,123 2,488 2,638 231 67,431

PERCENT ;

0.5 21.6 30.9 39.7 3.5 3.7 0.1 100.0
.5 20.6 31.3 39.8 3.7 4.0 .1 100.0
4 20.1 31.7 39.9 4.0 3.7 .2 100.0
.3 19.3 32.4 40.1 3.7 4.0 .2 100.0
.3 18.9 32.7 40.2 3.7 3.9 .3 100.0

p Preliminary. r Revised.

! 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; 12,330 Btu per pound in 1969; and 12,290 Btu per pound
in 1970. Weighted average Btu fpr 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; 5,587,280 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 2&9& 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 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)
) ' Bituminous Natural Total Utility Total
Year Anthra- coal gas, Petro- Hydro- Nuclear gross electricity sector
cite and dry ! leum 2 power?® power3? energy distrib- energy
lignite inputs ¢ uted & inputs ¢
HOUSEHOLD AND COMMERCIAL
r 534 5,945 5,766  _____ - r12,388 . 2,101 r14,489
r 457 6,223 6,206  _____ o r13,014 2,257 r15,271
r 408 6,451 r6,128 = _____ —— r13,108 2,467 r15,575
340 6,890 6,268  _____ - 18,605 2,752 16,357
324 7,108 6,458  _____ — 13,988 2,921 16,909
INDUSTRIAL v
88 r 5,384 8,203 4,852  _____ — r 18,027 1,788 r19,815
90 r5,110 8,599 4,298 _____ _— r 18,097 1,868 r19,965
r 80 r 5,044 9,274 4,820  __.._ _— r19,218 2,044 21,262
1969 _____ 70 4,981 9,885 5,047  _____ _— 19,983 2,155 22,138
1970 »_____ 59 4,945 10,162 5,138 . _____ e 20,304 2,289 22,593
TRANSPORTATION 7
- NA r16 " 558 12,777 _____ _— r 13,346 16 r13,862
- NA r13 594" 13,542  _____ ——— r 14,149 17 r14,166
- NA 11 610 14,681  _____ _— 15,302 18 15,320
- NA 8 651 15,249  _____ - 15,908 17 15,925
..... NA .8 744 15,716 ————- ——- 16,468 16 16,484
ELECTRICITY GENERATION, UTILITIES 3
56 r6,271 2,692 905 r2,040 r 57 r 12,021 3,906  ______
55 r 6,402 2,834 1,013 r2,308 r 80 r 12,692
56 r6,938 3,245 1,181 r2,314 r130 r 13,864
47 7,180 3,594 1,628 2,625 146 15,220
48 7,435 4,015 2,090 2,638 231 16,457
MISCELLANEOUS AND UNACCOUNTED FOR
594 —— 597
276 — 277
242 243
229 229
214 —a 214

TOTAL GROSS ENERGY INPUTS

r 12,205 17,393 24,394 2,040 r 57 r 56,379
r11,982 18,250 25,335 r2,308 r 80 r 58,229
r 12,401 19,580 27,052 r2,314 r130 r 61,735
12, 509 21,020 28,421 2,625 146 64,945
12,712 22,029 29,611 2,638 231 67,431

» Preliminary. r Revised. NA Not available.

1 Excludes natural gas liquids.

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.

¢+ 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.

® 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.

¢ Energy resource inputs by sector, including direct fuels and electricity distributed.

7 Includes bunkers and military transportation.
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Table 9.—Domestic supply and demand for coal

1969 1970 »
Thousand Trillion Thousand Trillion
short tons Btu short tons Btu
ANTHRACITE
Supply: )
Production 1___ 10,472.9 266.0 9,729.4 247.1
—1,634.0 —41.5 —1,466.5 —387.2
. NA NA NA NA
T8 S 7 -
8,809.0 228.7 8,248.0 209.5
4,209.0 106.9 4,042.0 102.7
2,751.0 69.9 2,309.0 58.6
My (@) (©] (@] (U]
Electric generation, uf - 1,849.0 46.9 1,897.0 48.2
Miscell and PO ccceges memmcmmee mmeme-
8,809.0 223.7 8,248.0. 209.5 ¢

560,505.0 13,956.6 602,932.0 15,000.9

56,284.0 -1,522.0 —70,908.0 —1,920.0
109.0 2.8 36.0 .9
5,496.0 136.7 —11,777.0 —292.5
-2,601.0 . —64.7 -3,126.0 —=17.6

507,275.0 12,509.4 517,158.0 12,711.7

Demand by major consuming sectors:
Fuel and power: .
Household and commercial 4. _________. 12,666.0 339.5 12,072.0 328.9

Industrial 5______________ 180,149.0 4,828.7 178,718.0 4,794.6
Coal carbonized (92,901.0) (2,490.1)  (96,009.0) (2,575.7)

Transportation 6__ - 313.0 8.4 298.0 .

Electricity generation, utilities 308,461.0 7,180.4 320,460.0 7,434.7

501,589.0 12,857.0 511,548.0 12,561.2

Raw material: Industrial ¢
Crude light tar____ oo _o._ 1,284.7 34.4 1,220.0 . 82.7
Crude coal tar_ . - oo 4,401.3 118.0 4,390.0 117.8

Total. o oo 5,686.0 152.4 5,610.0 150.5 -
Grand votal____. oo - 507,275.0 12,509.4 517,158.0 12,711.7

» Preliminary. NA Not available.

1 Includes use by producers for power and heat.

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 repr ts fuel and power.

4 Data represent “retail deliveries to other consumers.” These are mainly h hold and cial users,
with some unknown portion of use by small industries.

5 Includes consumption by coke plants, steel and rolling mills, and other industrial uses.

¢ 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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i
£ .
& Table 10.—Domestic supply and demand for natural gas
\ 1969 1970 »
Million Trillion Million Trillion
cubic feet Btu cubic feet Btu
Supb]y:
‘ Production . _______. . __.________ 20,698,240 22,838.1 21,920,642 24,153.5
i Exports. .____ —— —51,804 —-52.9 —69,813 —-72.0
Imports. __________ L _________ 726,951 749.5 820,780 846.2
Stock change; withdrawals ( +), additions ( - —119, 500 —123.2 —398,160 —410.5
Transfers out, extraction loss 2_____________ —866,560 —2,391.7 —906,413  —2,487.8
Losses, gains, and unacecounted for__________ __________  ________  __________  __l___._
Total . 20,387,827 21,019.8 21,367,036 22,029.4
i Demand by major consuming sectors:
el and power:
Household and commercial____________ 6,682,804 6,890.0 6,894,007 7,107.7
Industrial3_______________ . 8,895,419 9,171.2 9,190,960 9,475.9
Transportation____________ - 630,962 650.5 722,166 744.6
Electricity generation, utilities_ ________ 8,486,891 3,594.4 3,894,019 4,014.7
Total . - . 19,695,576 20,806.1 20,701,152 21,342.9
i Raw material: Industrial ¢ :
! Carhon black_ _____________.._______ 98,251 101.3 85,884 88.5
B Other chemicals 5_____________________ 594,000 612.4 580,000 598.0
Total ool 692,251 7138.7 665,884 686.5
f Grand total _______________________ 20,387,827 21,019.8 21,367,036 22,029.4

» Preliminary.

! Marketed production includes wet gas sold or consumed by producers, losses in tra ion, prad 3’
additions to storage, and increases in gas pipeline fill; excludes repressuring and vented and wasted. Btu
value of produetion is for wet gas prior to extraction of natural gas liquids. Higher values assigned to extraction
loss are reflected in value of production for each year.

2 Extraction loss from cycling plants represents offtake of natural gas for natural gas liquids as reported to
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 73,390 Btu per gallon. (Prior to 1967, ethane production was included with LPG in con-
verting to Btu values.)

3 Includes transmission losses of 831,587 million cubic feet in 1969 and 227,650 million cubic feet in 1970.

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

5 Estimated from partial data.

Note: Conversion factor for dry gas is 1,031 Btu per cubic foot.
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Table 11.—Domestic supply and demand for petroleum 1

1969 1970 »

Million  Trillion Million  Trillion
barrels Btu barrels- Btu

Supply: .
P Crude oil: 2

ProQuUetion  _ - - cmooioemooociiicmccmmommmn 3,37'1.2 18,885.1 3,517.4 19,744.2
TMPOTES - oo 2o Il s5141 2,879.5 34833  2,712.9
Stock change; withdrawals (+), additions (—)_------ 7.0 39.2 -11.1 —62.3
Losses and transfers for useascrude_ _______________ —11.9 —66.7 -17.1 —95.0

Total__; ...................................... 3,879.6 21,729.9 3,967.5 22,271.7

Petroleum in?ut runs to stills:

Crudeoil 2__________.____ mopmmmmmmmmmmmmmmm—o e 3,879.6 21,729.9 3,967.5 22,271.7
Transfers in, natural gas liquids 4 - 264.6 1,176.8 278.3  1,237.0
Other hydrocarbons_ - - - - oo oo oo 4.2 28.2 . 6.2 34.3

Total. - oo e ememem 4,148.4 22,929.9 4,252.0 23,543.0

Output: ) :

Refined produets. ______ -l i _______ 4 22,929.9 4,252.0 23,543.0
Unfinished oils, net_ —- 34.3 215.6 38.1 239.

Overage Or 1088 __ oo mmcm oo . 718.4 131.1 761.1

23,858.9 4,421.2 24,543.6

. —473.5 —89.5 —519.1

E7ITY) o - R - 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 45 _________ - 815.6 1,214.9 327.6 1,260.8

Losses, gains, and unaccounted for______________.___ —31.8 -—172.4 . -32.9 —181.6

MTotal. e eeeen 5,159.9 28,421.3 5,364.0 29,611.2

Demand by major consuming sectors:

Fuel and power: . i .
Household and commereial . - - ___ .. ____..._= 5,259.6 965.3 5,370.8
Industrial . _ ... 3,220.2 546.5 3,251.6
Transportation 6_______ 15,124.6 2,902.1 15,588.1
Electricity generation, utilities_ — 1,627.8 333.8 2,090.7
Other, not specified .- . 137.7 23.8 132.2

Total . e emmemmmmmmmmeee 25,369.9 4,771.5 26,433.4

Raw materials: 7 ' ’ :
Petrochemical feedstock offtake_ - o ____ 291.0 1,307.6 303.9 1,371.5
Other nonfuel uSe_ _ _ _ -l oo 262.7 1,652.4 273.7 1,724.1

Total o oo 553.7 2,960.0 577.6 8,095.6
Miscellaneous and unaccounted for__ ... _____ 16.6 91.4 14.9 82.2
Total - e meemeem 5,159.9 28,421.3 5,364.0 29,611.2

» Prelimina;

1 Supply anaydemand 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
%roduction of major natural gas liquids, derived by converting natural gasoline and cycle products at 110,000

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

s 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.

¢ Includes bunkers and military transportation.

7 Includes some fuel and power used by raw materials industries.
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Table 15.~Index of stocks of crude minerals at mines or in hands
of primary producers at yearend

(1967 =100)
Metals
Yearend Metals and Nc tals 1
nonmetals 1 Total Iron ore Other Nonferrous
ferrous
100 88 94 85 99 115
100 100 100 100 100 100
121 120 123 119 100 123
118 104 106 83 107 136
131 113 118 93 106 154

» Preliminary.
1 Excludes fuels.

Table 16.~Index of stocks of mineral manufacturers, consumers, and dealers at yearend

(1967 =100)
Metals
Yearend Metals and - Nonmetals !
nonmetals!  Total Iron Other Base Other
ferrous  nonferrous nonferrous
102 102 101 81 112 93 98
100 100 100 100 100 100 100
96 96 95 109 105 78 102
93 93 85 103 110 74 91

108 108 93 140 128 92 99

» 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 »

Coal and related products: 1
Bituminous coal and lignite 2
short tons__ 76,808,024 95,408,000 85,525,000 80,482,000 92,275,000

Coke._ .o 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. _ 881,105 944,111 999,572 980,123 1,017,861
Crude petroleum___________ do___._ 238,391 248,970 272,193 265,227 276,367
Natural gas liquids_ ________ do____ 40,423 @) ® ®) ®)
Natural gasoline, plant condensate,
and isopentane_thousand barrels_ _ * 5,782 5,466 5,704 7,046
Gasoline dq 194,177 207,980 211,526 217,892 214,348
i ,583 5,748 5,829 6,292 ,193
564,165 576,160 5 59,602 567,043
158,076 159,703 178,158 171,714 195,271
Residual fuel oil___ 63,856 65,597 67,359 58,395 53,994
Petroleum asphalt_ - 17,309 19,939 20,055 16,753 15,779
Other products_____________ do_ 163,290 166,227 167,826 173,340 174,774
Naturalgase_______ billion cubic feet. . 2,506 2,648 2,746 2,852 3,207

¢ Preliminary.

1Series 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.

4 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)

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 !
1966: $1,869 $1,746 $4,043 $3,066 $7,109
1967: 1,971 1,952 4,319 3,325 s
1968: 2,118 2,219 4,039 3,513 7,552
1969: 2,274 2,483 4,312 3,740 8,052
1970:
December. 2,539 2,648 4,717 4,145 8,862
January.__ 2,818 2,492 4,265 3,849 8,114
February_ 2,328 2,527 4,251 3,873 8,124
March. - 2,345 ,535 4,358 3,896 8,
A , 2,574 4,571 3,978 8,544
2,414 2,573 4,5 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,
August. 2,422 2,626 4,726 4,012 8,738
September___ 2,417 2,658 4,669 4,065 8,734
2,461 ,684 4,747 4,119 8,
November 2,555 2,688 4,823 4,160 8,983

1 “Qther 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. 8, 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)
SITC code? Commodity Exports Imports
Minerals, nonmetallic (crude):
271 Fertilizers, erude__ ______________________________________ $92,121 $8,743
278 Stone, sand and gravel___________ 15,483 ,922
274 Sulfur and unroasted iron pyri 33,166 34,811
275 Natural abrasives (including industrial d 36,539 50,747
276 Other crude minerals_____________________________ """ 141,778 162,655
Total . e 3319,088 284,878
Metals (crude and scrap):
281 Iron ores and concentrates__.__.___________________________ 67,899 479,380
282 Iron and steel serap.__________.________________ 447,368 13,551
288 Ores and concentrates of nonferrous base metals___ 234,527 536,231
284 . Nonferrous metal serap_ ... ______________ - " "7 163,474 , 40!
285 Platinum and platinum-group metal ores and concentrates____ 24,683 18,985
286 Uranium and thorium ores and concentrates________________ 288 427
Total . e 938,289 31,099,983
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 1,807,798
841 Gas, natural and manufactured___________________ """ """ 62,702 293,182
- 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 ,
515 Radioactive and associated materials except uranium and
thorium__________.___ L ____ 144,798 32,179
521 Mineral tar, crude chemicals from coal, petroleum, and natural
BB L e 49,794 8,387
Total e 622,666 410,869
Minerals, nonmetallic (manufactured):
661 Lime, cement, and fabricated building materials, except glass
15,107 68,579
662 70,241 37,071
663 79,085 30,116
Total . o e 164,433 185,766
Metals (manufactured):
671 Pig iron, spiegeleisen, sponge iron, iron and steel powder
and shot, and ferroalloys_ . _____________________________ 80,527 76,332
672 Iron or steel ingots and other primary forms__________ 822,278 80,041
673 Iron or steel bars, rods, angles, shapes, and sections____ - 117,810 485,736
674 Iron or steel universals, plates, or sheets__.________ 335,218 908,123
675 Iron or steel hoops and strips_ . __ . ______________________ 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______ - 225,653 349,818
679 Iron or steel castings or forgings, unworked._ _ - 86,471 11,042
681 Silver, platinum, and platinum-group metals__ - 71,338 151,065
682 Copper and copper alloys_____.___________ - 357,941 ,617
683 Nickel and nickel alloys______ - 66,631 316,906
684 Alumi and alumi alloys 358,831 238,069
685 Lead and lead alloys____._.__ -- ,757 y
686 Zinc and zinc alloys._ - , 77,807
687 Tin and tin alloys__ ________________ - 16,425 190,380
688 Uranium and thorium metals and alloys - 86 ...
689 Miscellaneous nonferrous base metals__ _..__.______________ 81,448 72,580
Y 2,233,978 33,680,841
Grand total. ... .__ 5,872,492 8,656,483

! Data in_this table are for the indicated SITC numbers only, and therefore may not correspond to the
lassified b; dity in the ‘“‘Statistical Summary”’ chapter of this velume.

gures y
2 Standard Industrial Trade Classification.
? 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 2l.—Pércentage 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 ! America America bloc 2
2713000  Phosphates, crude and apatite___. 99 - 1 - - - -
2732100 Gypsum._______________________ 99 @®) 1 ®) - - -
2743000 Sulfur____________ 100 - () - - - -
2752400 Natural abrasives_ - 2 ®) 98 ®) @) ® @)
2762220  Graphite, natural _______________ 34 - 31 14 21 - -
2762500 Magnesia, refractory and caustic
calcined, and crude magnesite__ 2 - " 7 - 1 13
2763000 M. 84 11 1 - 3 - 1
2764000 Asbestos______________ - 93 - @) ®) 7 - ®)
2765200  Mica, including scrap___ - 0® 29 2 60 9 - -
2765420  Fluorspar______________ - 69 1 29 - 1 -- --
2769300 Barite, crude__ - 80 25 40 ® 5 - -
2769500 Tale ____________________ - 9 - 72 19 - - -
2810000 Iron ore and concentrates__ _____ 62 32 ®) (O] 4 -
2820000 Iron and steel scrap_____________ 99 - 1 ® ® _— -
2831100  Copper ores and concentrates___. 20 28 () 50 - 2 ®
2833000 Bauxite. __.___________________ 72 28 (3) - () -- -
2834000 Lead ores and concentrates______ 57 25 ® - ® 18 -
2835000 Zinc ores and concentrates_______ 83 13 2 ®) 1 1 -
2836000 Tin ores and concentrates_ _ _ ____ - 100 - - - - -
2837000 Manganese ores and concentrates_ 3 84 53 4 -
2839100 Chrome ores_____._____________ - - 23 19 15 - 43
2839200 Tungsten ores and concentrates__. 95 5 - - - _— -
2839310 Tantalum, molybdenum, and
vanadium ores and concen-
trates. . ____ 51 22 7 1 18 1 -
ggggggg} Titanium ores and concentrates._ _ 2 - - - 7 91 -
2839340  Zirconium ore___.______________ 3 - 4 88 -
2839910 Antimony ores and needles__ _ ___ 18 36 ® ® 46 - -
2839920  Beryllium ores and concentrates..  __ 79 1 - 18 ®
2839980 Columbium ores and concentrates. 15 56 6 3 20 - -
2840200 Copper waste and scrap_________ 92 2 6 - - -
2840300 Nickel waste and scrap__________ 80 - 20 ®) - @) -
2840400  Aluminum waste and scrap. _____ 82 - 15 - - 2
2840500  Magnesium waste and scrap. - 41 - 40 10 7 2 -
2840600 Lead waste and scrap...__._ - 97 -- 3 -- - - -
2840700  Zinc waste and scrap.___ -- 100 - ® - - - -
2840900 Tin waste and scrap. __________. 92 - - 2 _— 6 _—
2850140\ Platinum-group metals, ores,
2850240 concentrates, and waste_ .. ____ 28 4 29 23 7 9 -
2860000  Thorium ores and concentrates___ __ - - 41 - 59 -~
3214000
8218000; Coal, coke, and briquetes._______ 81 .- 19 ® - - -
3219000
8310000  Petroleum, crude and partly
refined_ _____________________ 52 28 1 12 7 ®) -
8320000  Petroleum products, except
chemieals____________________ 47 42 9 1 ® ) 1
8410000  Gases, natural and manufactured. 98 1 ® ® 1 - -
5132500 Mercury, including waste and
’ 10 - « 83 ®) 17 - - _— -
5186500 Alumina_______________________ 37 14 4 3 - 42 -
6210000 Mineral tar and crude chemicals
from coal, petroleum, and
natural gas__ _.______________ 14 - 82 2 - - 2
5613000  Potassic fertilizers and fertilizer
materials____________________ 3 2 1 - -

! Standard International Trade Classification.

2 U.S.S.R., Bulgaria, East German
N(:rth Korea, North Vietnam, and

ugoslavia.

Less than 14 unit.

Source: U.S. Department of Comimerce,

table 2,

Y Alli:nia, Czechoslovakig, Hungary, Poland, Romania, mainland Chins,

Bureau of the Census. U.S. Imports, FT'135, December 1970,
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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

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 25,308 38,579 71,481 27,138 41,950
South Atlantic. ... TT 148,757 50,920 92,723 161,567 55,692 99,916
East South-Central__ o 112,594 29,589 81,463 115,851 31,166 83,027
West South-Central__ T 102,760 29,753 68,071 113,125 32,739 74,872
Mountain___ ... T 41198 12,313 33,100 49,342 13,157 33,774
Pacific.._...—- C 154,302 44,502 103,093 164,998 48,210 108,502
Alaska and Hawaii___ ... 3,334 1,216 2,038 3,619 1,338 2,184

Total United States_.._.__ 1,038,982 306,572 690,955 1,107,023 831,525 728,535

, 1968 1969

New England______.____._...._ 47,386 16,970 28,946 51,873 18,789 31,040
Middle Atlantic_____ 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._ - 77,624 29,644 45,875 84,125 32,436 48,909
South Atlantic. ... - 180,468 63,790 109,589 199,257 , 118,360
East South-Central. . - 122,608 36,033 84,770 129,601 39,331 88,308
‘West South-Central__ - 26, 87,070 83,202 141,610 43,068 92,
Mountain_ ... - 53, 14,164 36,513 59,067 15,700 40,638
Pacific_ ... s-m - 176,682 51,640 116,230 190,979 56,940 124,373
Alaska and Hawaii_________ - ,945 1,447 2,880 4,372 1,591 2,655
Total United States.______ 1,202,821 867,692 783,985 1,307,178 407,922 ‘843,906

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

Table 34.—~Total einploynient in selected mitieral ihdustries
(Thousands)

1966 1967 1968 1969 1970

MINING

Metals:
Iron__ 26.3 27.5 25.7 25.4 26.2
Copper... 31.7 23.8 30.3 87.2 37.0
Motal 1. . i iemmmmmmcemeemas 86.5 79.1 84.2 92.2 94.8
Nonmetal mining and quar 120.8 120.9 121.8 118.2 116.0
Fuels:
Bituminous_ 185.0 132.9 129.8 188.8
Other coal____ 7.0 6.2 6.3 5.6
Crude petrole -- . 149.8 148.1 144.3 141.7
Oil and gas field services_ . _ _ ..l . ... 127.4 120.7 181.7 187.3 125.2
Total . . - oo ceemmmmmim——— e 417.5 412.‘5 418.9 ) 417.7 411.3
Total mining oo 624.8 612.5 624.9 628.1 622.1
MANUFACTURING
Minetals: .
Fertilizers, complete and mixing only____._._. ———— 40.6 39.1 88.4 40.5
Cement, Rydraulic 36.5 856  85.1 341
Blast furnaces, steelworks, and rolling mills — . 558.1 558.4 563.5 549.6
Nonferrous smelting and refining 78.1 75.5 79.7 87.8 86.8
Total. _ oo 705.7 707.8 724.8 710.5
Fuels:
Petroleum refining.____......_.._. 152.8 150.5 146.3 158.4

Other petroleum and coal product: 36.6 36.2 87.5 38.5
Motal 2 e . 189.4 186.7 183.8 191.9
Total manufacturing_______ . _._____ . 895.1 894.5 908.6 902.4

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
$138.09 $138.60 $144.70 $153.18 $162.99
42.1! 42.0 41.7 41.4 41.9
$3.28 $3.30 $3.47 $3.70 $3.89
$140.07 $140.51 $162.37 $169.00 $175.67
43.5 43.1 47.2 46.3 4.7
$3.22 $3.26 $3.44 $3.65 $3.93
Total: 1
‘Weekly earnings__________._.._____.__ $133.77 $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: ’
eekly earnings___________________.____ $128.39 $128.65 $136.35 $149.44 $155.56
Weekly hours____ — 45.7 45.3 45.0 45.7 44.7
Fu lHO\I!’I)' earnings. . . oo $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:
Weekly earnings____________._______ $148.44 $153.09 $153.16 $168.46 $186.46
Weekly hours____ 240.6 240.7 239.8 40.2 40.8
Hourly earnings 2$3.65 28$3.75 2$3.83 $4.21 $4.57
Crude petroleum and natural gas:
‘Weekly earnings_______________.____ $130.66 $137.71 $147.19 $155.88
Weekly hours_._. 42.7 42.9 41.0 40.7
Hourly earnings $3.06 $3.21 $3.59 $3.83
Total fuels: 3
Weekly earnings___________._______ $138.83 $143.08 $155.97 $166.35
Weekly hours____ - 41.8 41.7 42.4 42.1
Hourly earnings $3.83 $3.44 $3.70 $3.97
Total mining: 3 .
Weekly earnings__ o _..__ $131.85 $141.35 $152.98 $160.07
‘Weekly hours___. - 44.0 44 .4 44.7 . 44.8
Hourly earnings.. .- __________ $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_.___ .. ___.__ $133.40 $144.35 $155.87 $176.81
‘Weekly hours____ - 41.3 41.6 41.9 41.8
Hourly earnings. ..« - _-________ $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 42.83
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: 3
‘Weekly earnings______ ... $141.83 $142.96 $153.76 $165.48 $168.76
Weekly hours____ - 41.2 40. 41.3 41.6 40.5
Hourly earnings__ oo $3.44 $3.51 $3.74 $3.99 $4.16

1 Includes other metal mining not shown.
2 11-month average.

3 Weighted average of data computed using figures for production workers as weights.

ent and Earnings for the United
arnings. V. 15, No. 9, March 1969,

Source: U.S. Department of Labor, Bureau of Labor Statistics. Emplo;
States 1909-1967. Bull. 1812-5, October 1967, 852 pp. Employment and

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 leurn = mining
ing  draulic and and related refining
rolling refining indus-
mills tries 2
Total accession
rate:
46 28 30 35 34 28 29 24 18 18
47 24 33 34 38 34 32 26 17 20
40 21 27 26 38 31 37 23 16 21
46 25 35 30 35 36 27 24 17 17
49 24 28 83 33 31 24 26 17 18
48 32 33 30 37 36 29 26 18 16
12 10 14 3 8 18 5 6 4 5
12 7 4 3 3 8 1 4 3 3
18 i6 12 5 6 15 1 7 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 1970 »
1968-69 1969-70

‘Wages and salaries:

All industries, total______ millions._ r $464,862 $509,575 $541,400 +9.6 +6.2

Mining___________ -—-do_.__ 4,874 5,887 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 +17.5

Manufacturing 7,347 7,775 8,150 +5.8 +4.8

» 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)

41

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
146.0 136.1 129.1 183.0 176.9 162.6
148.2 138.6 131.1 186.6 183.1 163.5
126.5 129.3 123.7 190.8 188.2 168.4
152.8 154.9 185.7 206.5 205.4 185.2
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
135.8 126.2 119.6 143.2 138.5 127.3
134.8 126.0 119.2 147.0 144.3 128.9
112.5 115.0 110.0 139.5 1387.5 123.1
127.9 129.6 113.6 144.2 143.5 129.4
137.4 132.5 117.8 146:5 147.6 134.0

Petroleum, refined per—

Bituminous coal and lignite

mined per—

Production Production Production Production

Employee worker worker Employee worker worker
man-hour man-hour

163.7 166.8 167.8 176.7 176.5 154.2
177.2 180.9 180.4 187.3 188.8 1625
183.9 189.6 185.1 190.4 191.6 r165.3

192.7 200.0 194.0 195.9 198.7 1783.
205.9 222.2 215.6 195.2 197.7 174.2

p Preliminary. r Revised.

Source: U.S. Department of Labor, Bureau of Labor Statistics.
Industries 1939 and 1947-69. BLS Bull. 1680, 1970, 112 pp.

Index of Output per Man-hour Selected

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

(1967 =100)
1966 1967 1968 1969 1970 »
METALS
Ferrous_ o oo 95.7 100.0 102.0 104.1 109.4
98.9 100.0 106.3 119.8 141.5
91.6 100.0 125.4 118.0 109.2
106.7 100.0 100.8 95.4 129.2
Average._______ oo .. 99.6 100.0 107.4 115.0 135.7
Average, allmetals_______________________ 97.5 100.0 104.5 109.1 121.5
NONMETALS
Construction 98.2 100.0 101.5 103.5 107.8
Chemical 95.6 100.0 102.9 97.9 87.8
Other. e 94.5 100.0 103.3 111.2 108.6
Average__ . __ .. 97.4 100.0 101.9 102.6 103.2
FUELS
Coal e 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 .. ____________ ... 98.5 100.0 100.4 106.1 109.9
Overall average_ _ ________________________ 98.2 100.0 101.1 105.6 109.3

» Preliminary.
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Table 30.—Index of implicit unit value of minerals produced
) (1967=100)
o " 1966 1967 1968 1969 1970 »
NETALS - - - — — - - -
Ferrous. ool meccccc e 95.7 100.0 101.9 104.1 109.1
96.8 100.0 106.7 120.4 143.4
91.4 100.0 125.1 118.0 109.5
105.1 100.0 100.4 95.6 129.7
97.1 100.0 107.2 117;7 139.8
Average, all metals_ _ _____________________ 96.5 100.0 105.0 112.4 128.7
NONMETALS .
Construetion___________________________________ 98.1 100.0 101.0 103.0 107.2
Chemical__ 95.4 100.0 102.4 97.8 87.4
Other. e 94.3 100.0 97.5 111.0 108.9
Average ________________________l_...__ 97.3 100.0 101.4 102.3 103.0
iFIIElS K
Coal___________ . ______ e ceccemm—ee—————eae—= 98.1 100.0 101.2 108.0 134.2
Crude oiland natural gas____ . ______________ 98.8 100.0 101.4 107.9 106.3
Average__ o ______ 98.5 100.0 100.4 106.0 109.8
Overall average. . . __________________ 98.0 100.0 101.1 105.9 110.5
» Preliminary. .
Table 31.—Price indexes for selected metals, minerals, and fuels
(1967 =100 unless otherwise stated)
Annual average Percent
Commodity change
1969 1970 from
1969

Metals and metal produets. - _________________________._. 108.5 116.7 +7.6
Iron and steel_________ - 107.0 115.1 +7.8
Ironore ________.__ - 98.1 100.1 +2.0
Iron and steel scrap_______ - 110.8 138.9 +25.4
Semifinished steel products__ __ - 107.0 112.2 +4.9
Finished steel produets__________ - 107.3 114.2 +6.4
Foundry and forge shop products - 106.1 112.1 +5.7
Pig iron and ferroalloys_ ___.____ - 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______________ - 108.4 115.2 +6.3
Lead, pig, common______ 106.5 112.1 +5.3
Zinc, slab, prime western._ 105.5 110.3 +4.5
Nonferrous serap_________ - 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 stone_______________________________.__ 107.8 113.5 +5.3
Structural clay produets_______________ e 106.2 109.8 +38.4
Gypsum products__________ 103.6 100.0 —3.5
Other nonmetallic minerals_ _ 107.0 112.2 +4.9
Building lime____.__________ 105.3 110.5 +4.9
Insulation materials_ _ _ _________________________________________ 115.4 123.1 +6.7
Bituminous binders*__________________________________________.. 101.0 104.1 +3.1
Fertilizer materials_ _ _ _____________ - 79.2 74.9 —5.4
Nitrogenates_ ____ _ _ e 72.0 69.3 —3.7
Phosphates_ __ __ __ __ ___ e 92.2 80.0 —13.2
Phosphate rock. _ - - 100.0 89.9 —-10.1
Potash_ _ e 69.1 97.7 +41.4
Muriate, domestic_ 66.1 96.3 +45.7
te__ 84.2 104.4 +24.0
Fuels and related products and power 100.9 105.9 +5.0
Coal___ . _______ 112.6 150.0 +33.2
Anthracite___ 117.0 131.3 +12.2
Bituminous__ 112.3 151.5 +34.9
Coke__________ 108.9 127.4 +17.0
Gas fuels1_____ r124.7 138.1 +10.7
Electric power 1. ___________ £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_____ ____ __ e 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.—Com9arative mineral energy resource prices

Fuel ) 1968 1969 1970

Bituminous coal: Average prices, cost of coal at merchant coke ovens :

R dollars per net ton_.  $10.58 $10.75 $12.28
Anthracite, average sales realization per net ton at preparation plants, ex-

cluding dredge coal:

Chestnut_______ eeccmem——mmmeen 13.02 14.12 15.67

Pea____________ 10.80 12.14 13.87

Buckwheat, No. 1__ e 10.13 11.53 13.26
Petroleum and petroleum products:

Crude petroleum, average price per barrelat well___________ wdo____ 2.94 3.09 3.18

Gasoline, average dealers’ net price (excluding taxes) of gasoline in
65 US. cities1_______________________________ 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:
No. 2 distillate, average of high and low prices at Philadelphia !

) cents 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: - - '
" 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

! Platt’s Oil Price Handbook.

Table 33.—Cost of fuel in steam-electrical power generation
(Cents per million Btu)

1967 1968 1969
Region
Coal 0il Gas Coal 0il Gas Coal Oil Gas
New England..__________ 84.3 30.5 32.2 34.3 29.4 32.0 36.9 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 Atlantic______ 26.6 82.5 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 36.2 20.5
Mountain_'_ _.____ - 20.1 26.1 26.2 20.4 26.8 25.9 20.6 27. 27.3
Pacific. . ... 81.4 30.8 _.___. 32.0 30.7 __.__. 84.5 31.2
United States....__ 25.2 32.2 24.7 25.5 32.8 25.1 26.6 31.9 25.4
"Source: National Coal Association. Steam-Electric Plant Factors. 1967 through 1969, table 2.
Table 34.—Cost of electrical energy
(Cents per kilowatt hotur)
1967 1968 1969
Com- Com- Com-
Region Resi- mercial Resi- mercial Resi- mercial
Total dential and Total dential and Total dential _apd
indus-~ indus- ' indus-
trial trial trial
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 2.8 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
1.5 2.3 1.2 1.5 2.2 1.2 1.5 2.2 1.2
1.5 2.2 1.3 1.5 2.2 1.2 1.5 2.1 1.2
1.2 1.7 1.0 1.2 1.7 1.0 1.2 1.6 1.0
2.5 2.9 2.2 2.4 2.9 2.2 2.4 2.8 2.1
1.6 2.2 1.3 1.5 2.1 1.3 1.5 2.1 1.3

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
104 103 105 101 100
109 111 107 104 101
110 113 109 102 102
114 116 113 105 103
119 122 118 110 106

» 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 - oo ceeeeo 86 100 1969 _ . NA NA
- 87 100 1970 - NA NA
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;
fu?'l]s’ l}.’lel;l ele:';.r(i;c 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

93 112 75 94
97 123 7 93
98 126 NA NA
101 129 NA NA
108 134 NA NA
INDEX OF VALUE OF PRODUCT PER MAN-PERIOD
120 148 151 136
115 146 163 147
121 165 NA NA
125 194 NA NA
126 245 NA NA
INDEX OF LABOR COSTS PER DOLLAR OF PRODUCT
100 91 82 98
105 93 79 95
105 87 NA NA
108 78 NA NA
113 67 NA NA

» 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 production.

Index of value of product per man-period: Iron ore and copper indexes are computed from data found in
U.S. Department of Labor, Em&;;loyment 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 —_— rom from
January December January 1969 1970 1969
(percent) (percent)
Coal. . e 121.4 175.8 +44.8 112.6 150.0 +383.2
Coke___ .. - 113.8 145.9 +28.8 108. 127.4 +17.0
Gas fuels (January 1958 = 100) - 132.4 143. +8.5 r124.7 138.1 +10.7
Petroleum products, refin - 98.8 107.5 +8.8 99.6 101.1 +1.6
Industrial chemicals_ . . ____ -- 100.5 101.4 +.9 100.3 100.9 +.6
Lumber_ ... ___.__ - 1171 111.1 -5.1 131.6 113.7 —18.6
Explosives____._________ 105.4 106.9 +1.4 104.1 106.1 +1.9
Construction 'y and equip ) . 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 exploswes.

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- eryand lines, struction pressors graders spreaders, than
equip- ment tools  shovels, machin- ete. farm
ment ete. ery
96.5 97.1 96.5 96.7 97.9 99.2 97.5 96.3 95.8
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
105.7 103.4 106.4 104.9 105.2 97.0 105.3 104.4 106.8
110.4 106.6 112.7 109.0 110.2 91.8 110.1 109.1 112.5
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._ .. $6,702 $6,781 $7,448 +9.8
etal mining. . 888 973 1,113 +14.4
Coal mining._ . _ .. __________ 1,429 1,513 1,944 +28.5
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__._._____________ 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 -
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_ . . _______._.__________ 711,140 763,660 795,887 +4.2

» Preliminary.
than 14 unit.

Source' U.S. Department of Commerce, Office of Business Economics.

No. 7, July 1971, table 1.12.

Survey of Current Business.

V. 51,
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Table 41.—Annual average profit rates on shareholders’ equity, after taxes, and total
dividends, selected mineral manufacturing corporations

Annual profit rate (percent) Total dividends (millions)
Industry Change Change
1969 1970 from 1969 1969 1970 from 1969
(percent)
All manufacturing 1___________ 11.5 9.3 -2.2 $15,058 $15,070 +0.1
Primary metals______________ 9.5 7.0 -2.5 1,195 ,197 .
Primary iron and steel___ 7.6 4.3 —-3.3 615 -3.1
Primary nonferrous metals. 12.2 10.7 -1.5 579 602 +4.0
Stone, clay, and glass products. 9.2 6.9 -2.38 352 342 —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 -1 3,076 3,159 +2.7

1 Except newspapers.

Source: Federal Trade Commissjon, 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 $16,104 $59,046
Manufacturing:
Number of failures____ . ________________ 1,456 1,459 1,981
Current liabilities______________ thousands_ _ $262,927 $391,346 $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)

Industry 1968 1969 1970

Mining ! cccmaa $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

t 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 19701
Area and
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
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 1 876 2,539 11 1,045 3,848
All other areas__ r230 r1,386 r 749 284 1,634 784 422 1,636 1,114
Total2._. 1,035 3,311 4,191 1,131 3,650 4,960 1,351 3,994 7,042
r 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. 23.

Table 45.—Estimated gross proceeds of new corporate securities offered for cash in 1970 1

Total corporate Manufacturing Extractive 2
Type of security

Millions Percent Millions Percent Millions Percent

7.7 $9,191 87.4 $299 14.4

3.6 51 . 4 .2

18.7 1,271 12.1 1,779 85.4

Total . . 38,944 100.0 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)
Pro(i)erty, plant, Inventories Receivables
Area and equipment
1965 1967 1968 1965 1967 1968 1965 1967 1968

Canada_ . _________________________________ 212 279 322 43 26 14 16 17 18

Latin American Republics and other Western
Hemisphere______________________________ 130 211 . 376 26 18 19 8 22 3

Europe:
uropean Economic Community (EEC)___ ____ ——e 1 1 - 2 -2 —
Other Europe including United Kingdom__ 4 5 7 1 1 -1 ____ —2 1
Otherareas _____._________________________ 227 223 206 14 23 17 13 21 24
Total \. __ . 578 717 911 84 68 49 40 12 45
Other assets Income paid out Total uses
1965 1967 1968 1965 1967 1968 1965 1967 1968

Canada________________________________ _ .- 43 -63 214 132 159 170 445 418 737

Latin American Republics and other Western
E Hemisphere______________________________ 19 71 91 134 306 812 317 584 801

urope:

European Economic Community (EEC)___ ____ 2 ol e el el 3 . 1
Other Europe including United Kingdom__ 2 2 5 8 2 6 15 8 17
Otherareas________________________________ 56 48 41 77 101 82 3838 416 369
Total t___________ . 120 60 350 351 568 570 1,168 1,426 1,925

1 Data may not add to totals shown because of independent rounding.

Source: U.S. Department of Commerce, Office of Business Economics.

No. 11, November 1970. pp. 16-17.

Survey of Current Business. V. 50,
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Table 49.—Direct private investments of the United States in foreign mining and
smelting industries in 1969 r

(Millions)
Undis-
Book Net tributed

value at capital earnings Earnings! Income ?
yearend outflows of sub-

sidiaries

$75 $96 $330 $224
50 7 233 152
6 5 10 5
19 14 87 67
18 12 50 37
South Africa, Republic of__ - 84 1 2 36 29
Less developed countries__________ - 2,321 —23 72 513 439
Latin erican Republies, total._ - 1,346 —87 42 334 287
exico__________________ - 136 13 11 18 6
Panama__ 1 (3; .........................

Brazil____ 99 © Q] ® ®
Chile_ _ 452 —142 26 141 108
eru_________________ 443 21 2 1 102
Other Western Hemisphere._ 576 56 1 116 116

Other Africa______________ 343 ®) 29 67

Middle East_ _________ ® ©) [ J
Other Asia and Pacific. 53 -3 —4
International, unallocated . _ _________________ . . i i oo
Total, allareass__________________________ 5,635 52 168 844 664

» 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 14 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 r$9,054 r$9,923 $10,815 $11,818
Petroleum_ 1,710 1,740 1,885 2,261 2,493

» 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)

Rail 1 Water 2
Products Change Change
1968 1969 from 1968 1968 1969  from 1968
(percent) (percent)
Metals and minerals except fuels:
Iron 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
Pigiron___ o . 4,296 4,609 +17.3 648 591 —8.8
Iron and steel ingot, plates, bars, .
rods, tubing, and other primary
produets___~ ____.____________ 54,201 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_ __ oo 17,464 +29.2 438 1,363 +211.2
Nonferrous metals and alloys______ 10,238 +7.7 631 642 +1.7
Nonferrous metal scrap 3,605 +12.6 46 57 +23.9
glagd. S eea T 5%'33% -1. 8 465 524 +12.7
and and gravel__________ _—— , -
Stone, crushed and broken_._______ 63202 66,310  +4.9 § 72,291 82,893 +14.7
Limestone flux and calcareousstone. _.__._... .- o-- oo 33,520 33,224 —.9
Cement, building____.__________._. 25,309 24,207 —4.4 10,658 10,820 +1.5
Lime__________ ,548 6,391 +15.2 355 503 +41.7
Phosphate rock 32,973 30,870 —6. 4,763 5,380 +13.0
Clays, ceramic and refractory ma-
Suﬁgrmlf‘l .................. 3,202 3,872 +5.8 2, ig‘i 1, 51382 -T-g g
, dry -- _ .
Sulfur, liqui ___} 3,160 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. - el r 431,626 449,642 +4.2 r224,558 247,357 +10.2
Mineral energy resources and related
products:
Coalz hracit: 7,47 6,956 6.9
nthracite. . ______________ , B —6. _
Bituminous and lignite. T 371,654 376,336 +1.3 } 156,103 153,035 2.0
Coke__ oo - 262 1,787  +582.1 483 615 +27.2
grudle petroleum_ _ 566 552 —2.5 lg; B 210 lgg,ggg igz g
asoline__________ ,720 , .
Jet fuel ... bz oz —wss{ IR fAT 4T
Kerosine_ . _____ 253 232 —8.3 8,539 7,451 -12.7
Distillate fuel oil__ 1,748 1,616 —7.6 74,612 77,839 +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 ,08 —-1.5
Liquefied petroleum gases and coal
BASeS oo eeeeeeceooo 6,998 7,590 +8.5 1,086 1,342 +29.5
Other petroleum and coal products 3_ 9,468 13,563 +43.3 10,713 10,350 —3.4
Total . _ o _______ 408,586 418,425 +2.4 517,588 532,513 +2.9
Total mineral produets_ . ________ r 840,212 868,067 +3.3 r742,146 779,870 +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____ r30.2 30.5 +1.0 25.3 26.7 “+5.5
Mineral energy resources and re-
lated produets_ ______________ 28.6 28.4 -.7 58.3 57.4 -1.5
Total mineral produets__________ r58.8 58.9 +.2 83.6 84.1 +.6

¢ 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

Shipped by Shipped by Trucked to

Year rail and water an final Used at Total
trucked to  trucked to destination mines 1 production
rail water
72.5 11.6 12.6 3.3 100.0
78.2 12.1 11.2 3.5 100.0
2.7 12.3 11.3 3.7 100.0
71.0 12.7 11.8 4.5 100.0
68.1 13.5 12.0 6. 100.0

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

Type of gas and type of main 1965 1966 1967 1968 1969
All types: v
eld 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
Total..--;___;_‘\-; ___________________ 767,520 799,570 828,270 861,640 891,624
Natural gas: )
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 . ______ . ____ 756,680 789,230 817,840 852,410 882,472
Manufactured gas:
Transmission_ ___ _________________ 10 o e e
Distribution 1,420 1,180 1,140 1,070 914
Total__ __ .. 1,430 1,180 1,140 1,070 914
Mixed gas:
Transmission. _ _ _ ______.___________________ 570 570 570 510 510
Distribution_______________________________ 7,810 7,800 7,950 6,980 7,105
Total ... 8,380 8,370 8,520 7,490 7,615
Liquefied petroleum gas:
Transmission_ _ _ _ __ . o e . ® 2
Distribution_ _ _____________________________ 790 770 670 621
Total__ _____ o __..__ 1,030 790 770 670 623

llfixcludes 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)
Trunklines

Year Gathering lines Total
Crude Products
78,594 36,420 78,526 188,540
70,317 44,483 75,182 189,982
70,355 53,200 76,988 200,543
72,383 61,443 041 210,867

70,825 64,529 74,124 209,478
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Table 55.—Research and development activity
(Millions)
Funds expended
Total Company Federal Government
B ) : 1967 1968 » 1967 1968 » 1967 1968 »
Pétroleum refining and extraction____ $455 $538 $409 $463 $46 $75
" Percent of all industries_________ 2.8 3.1 5.1 5.3 0.5 0.9
Chemicals and allied J)rod\lcts : _ $1,569 $1,640  $1,357  $1,440 $211 $201
Percent of all industries_ _ 9.6 4 16.9 16.2 2.5 2.3
All industries_ _ . ___________________ $16,415  $17,435  $8,020  $8,876  $8,395  $8,559

» Preliminary.

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)

. Fiscal year 1970
Federal agency

Fiscal year 1971 ©

Basic Applied Total. . Basic: Applied Total,
. . 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 ; . :
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 Foun 2,385 417 2,802 2,257 623 2,880
Department of Agriculture_ - ____ _____._  ..__- ... o-oo-- - .
rtment of Commerce. _ 1,465 1,072 2,537 1,520 1,182 2,702
Federal Highway Administra 1,350 5,955 7,305 1,800 10,580 12,380
Other__ . ____.__. 25 736 761 .3 1,067 1,097
Total . _ .- 56,554 89,821 146,375 58,615 110,868 169,483

© Estimate.

. Source: National Science Foundation. Federal Funds for Researc}:i, ﬁe?elg}pment, and other Scientific

Activities. NSF 70-38, v. 19, September 1970, tables C-24, C-25, C—43, C-44,

—62, C-63.

Table 57.—Bureau of Mines obligations for mining and mineral research and deveiopmcnt

(Thousands)
Fiscal year Applied research Basic research Development . Total
$23,148 $4,841 $4,423 $32,412
24,215 4,893 5,136 34,244
25,934 4,051 5,033 35,018
27,646 6,248 12,563 46,457
31,599 6,457 19,993 58,049

e Estimate.

Table 58.—Bureau of Mines obligations for total research, by field of science

(Thousands)
Fiscal year

1969 1970 1971 ¢

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
Total. _ e 29,985 33,894 38,056

e Estimate.
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Table 59.—Sutﬁmar‘y of govemniént inventories of strategic and critical materials
December 31, 1970

Acquisition cost Market value !

Total inventories: : Lo )
National stockpile_ __._._ __ . ... $4,247,835,600 $5,080,712,000
Supplemental stockpile___ [ 1,420,581,700 1,587,296,600
Defense Production Aet_ ... ———l 704,821, 500 436,806,700
Commodity Credit Corporation____.______.___ 44,300 . 43,500
e 6,373,283,100 7,104,858,800
Inventories within objective: Total on han 3,602, 049,300 4,386,237,100
Inventories excess to objective: Total on ha 2, 7 1, 233) 800 R :‘2 ,718,621,700

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 gualities 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 Preparé&ness. Stockpile Repdrf to the Con-
gress, July—December 1970, p. 4. ’
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Table 60.—U.S. Government stockpile disposal of mineral commodities, 1970

Sales commitments

Commodity -
Quantity Sales value
NATIONAL AND SUPPLEMENTAL STOCKPILE OBJECTIVES
Aluminum. . . ____ short tons__ 17,168 $9,630,754
Aluminum oxide_ _ _ _ __________________________ do_._. 50 4,175
Asbestos, amosite____ _do___. 1,540 272,840
Asbestos, chrysotile__ _do_._. . 1,677 291,992
Asbestos, crocidolite. _ _________________________ do___. 8,092 1,519,674
Bauxite, Surinam____ _long dry tons__ 123,529 2,367,499
Berylore.____._..__ ----short tons__ 2,026 51,605
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..___ wedo_._. 20,582 ,150
Cobalt_________.____ -.-pounds__ 114,954 248,376
Corundum___.__ short tons__ 1,964 39,051
Diamond stomes______________________________ 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____ 886 121,978
Lead. _____._.__._____. _do_._. 12,181 8,222,277
Magnesium . ______ ol __ do_._- 15,472 9,871,094
Manganese, battery grade, synthetic dioxide .
v short dry tons_._ 1,001 343,332
Manganese, metallurgical .. ____________________do.... 41,093 778,870
Mica, ne.c.._____________ _pounds.__ 36,837 67,724
Mica, muscovite block_ Z.do_.__ 362,814 223,811
Mica, muscovite film_______ —-do___. 3,453 ,
Mica, muscovite, splittings_ _ _do____ 837,800 119,992
Mica, phlogopite splittings_ _-do____ 19,384
olybdenum___________ _do_._. 3,445,271 6,121,622
Nickel .. ________ -do_._._ (1) 8,551,158
Quartz erystals_ _ _ __ __________________________ do____ 93,955 2
Rare earths____. short dry tons_. 182 92,102
Al o e short tons_ . 26 4,358
Thorium._ ----pounds__ 5,000 9,650
Tin__...__. _long tons_._ 3,074 11,692,938
Tungsten. .. e pounds__ 397,892 1,343,961
Vanadium. _ _-short tons__ 1,604 29,248,789
ZANC . e ccciceeeeeeee do____ 20,075 6,423,748
Zirconium ore, baddeleyite._ ... _.______i short dry tons__ 390 7,722
Total . e e 95,297,203
DEFENSE PRODUCTION ACT (DPA) INVENTORY
Aluminum__ ... short tons_. 1,527 856,913
Asbestos, chrysotile____________________________ do___._ 305 56,425
Chromite, metallurgical __ _-short dry tons__ 900,778 6,491,077
Cobalt_ el pounds.__ 2,850,330 5,179,679
Columbium ___ ... do____ 616,698 1,242,480
CopPer- - e short tons__ 3667 798,334
Manganese, metallurgical _-short dry tons__ 6,884 74,159
Mica, muscovite bloek_ . _____________________ pounds_ _ 518,278 495,645
Titanium___._____._._ short tons__ —536 ¢ —1,124,857
Tungsten . . _ . ool pounds._ _ 14,758,895 45,367,253
Total DPA _ i ccccmeee- 59,437,108
OTHER
Bauxite. _ _ ool long dry tons_._ 110,000 500,000
Copper..._ ----short tons_. __________ 56,287
Mereury. s flasks__ 3,403 1,287,460
Silver (fine) . _ ool troy.ounces.. = __________ 630,738,919
Total oo mmeecmeene 32,582,666
Grand total . eeeciccccccce emcccccees 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
(1963 =100)
. 1970 by quarters
Industry sector and geographic area 1968 1969 1970
Ist 2nd 3rd 4th
EXTRACTIVE INDUSTRIES
Metals:
121 126 134 126 138 138 135
122 124 135 125° 140 -139 136
123 124 141 131 147 147 141
- 116 120 120 107 129 116 128
European Economic Community 3___ 95 96 - 90 93 90 84 91
European Free Trade Association 4. ______ 134 135 131 105 151 123 147
Australia and New Zealand_____________ 159 184 194 171 197 205 203
Less industrialized countries5_______ .- 121 130 133 129 184 137 131
124. 133 136 134 138 139 134
Asm 7 _ 120 126 138 128 136 145 144
Communist Europe 8 160 167 181 182 179 182 180
Coal World o _____ 130 185 145 189 147 148 145
oal: :
Non-Communist world______________________________ 91 89 89 90 90 85 91
Industrialized countries2___________ -- 89 87 86 87 87 82 89
United States and Canada______ ... 114 114 124 116 126 120 132
Europe - 80 7 74 7 T4 69 75
uropean Economic Community 3___ _ 80 79 77 78 76 74 80
European Free Trade Association 4. ______ 77 71 66 73 70 58 63
Australia and New Zealand_____________ .. 151 168 182 158 186 199 181
Less industrialized countries 5. ______ .. 114 120 120 120 121 116 121
131 135 138 NA NA NA NA
4 114 119 118 120 121 113 119
Communist Europe 8_ 112 116 121 120 118 119 126
World 100 101 103 103 102 99 106
Crude petroleum and natural gas:
Non-Communist world______________________________ 1836 147 159 156 156 157 165
.- 119 124 131 131 128 127. 136
.. 120 123 130 129 126 126 135
_ 131 143 158 165 151 148 169
European Economic Community3________ 133 147 164 173 157 152 177
European Free Trade Association4.______ NA NA NA NA NA NA NA
Australia and New Zealand_____________ .. NA NA NA NA NA NA NA
Less industrialized countries5_______ _.- 158 177 196 189 194 . 196 204
Latin America 8 .- 117 118 121 120 120 122 123
ia 7o . _.- 155 173 191 183 .187 192 201
Communist Europe 8_ _.-. 155 162 174 176 176 174 169
World_ 140 150 - 162 160 160 160 -166
Total extractive industry:
Non-Communist world______________________________ 124 -131 140 137 139 139 145
Industrialized countries2___________ ___ 115 117 124 122 123 122 128
United States and Canada______ .- 120 123 131 127 130 130 135
101 J0] o Y __- 101 103 108 112 106 101 114
European Economic Community s_ _______ 105 111 120 127 113 110 129
European Free Trade Association4_______ 90 86 83 83 88 17 81
Australia and New Zealand 149 166 175 154 179 188 180
Less industrialized countries5_______ 147 163 177 171 176 177 183
119 123 126 124 125 128 127
149 165 180 174 178 180 189
138 142 151 151 152 150 151
129 185 143 142 143 142 147
PROCESSING INDUSTRIES
Base metals:
Non-Communist world______________________________ 134 148 150 153 155 145 145
Industrialized countries2_ . ____ ... 133 148 149 153 155 143 144
United States and Canada .- 122 132 126 131 133 122 117
Europe s -.- 180 142 146 151 152 136 144
uropean Economic Community3________ 183 148 151 157 159 144 147
European Free Trade Association4_ ______ 117 128 124 131 129 110 127
Australia and New Zealand__ . _._.___________ 186 143 150 144 149 153 155
Less industrialized countries5___ .. 189 157 160 154 155 164 167
Latin America 6__________ ___ 140 164 168 154 163 178 178
Asia 7__________ - 139 151 150 157 147 145 154
Communist Europe 8_ ... 147 155 165 165 165 165 166
orld. e 138 150 154 157 158 151 152
Nonmetallic mineral products:
Non-Communist world . ____________________________ 181 141 144 129 149 151 148
Industrialized countries2__ ____ _ 130 139 141 125 145 148 144
United States and Canada ... 124 132 128 120 132 134 127
Burope____________________ o __.____ - 129 137 142 119 149 152 150
uropean Economic Community 3__ _ 125 183 140 111 148 153 147
European Free Trade Association 4. _ 130 186 1385 123 140 135 140
Australia and New Zealand___.._______ _ 182 147 151 140 153 158 151
Less industrialized countriess___ .- 143 157 172 161 177 173 178
__________ 144 152 166 155 166 168 173
141 163 181 167 188 185 183
153 164 182 180 184 180 185
140 150 159 149 163 162 162
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Table 61.—United Nations indexes of world 1 mineral industry production—Continued
(1963 =100)

1970 by quarters
1st 2nd 8rd 4th

Industry sector and geographic area 1968 1969 1970

PROCESSING INDUSTRIES—Continued
Chemicals, petroleum and coal products:
Non-Communist world __ . ____________ 154 168 178 176 180 176 182
Industrialized countries2________ . 155 169 179 177 180 176 182

United States and Canada__. .. 146 157 158 158 160 157 159

Burope____ o - - 161 178 194 192 197 188 199

European Economic Community 3__ _ 166 184 201 201 204 196 204

European Free Trade Association 4. _ .. 145 159 171 167 175 163 176

Australia and New Zealand.________.___ .- 147 159 174 159 176 177 184

Less industrialized countries5____ _ 147 160 174 170 171 177 179

Latin America 6_________ .- 146 159 176 NA NA NA NA

Asia 7_________ _--- 147 160 172 1656 167 173 182

Communist Europe 8__ - 177 199 212 203 209 211 225

orld . e 159 175 185 182 186 183 191
OVERALL_ INDUSTRIAL PRODUCTION

Non-Communist world:________________.__ ... 185 145 150 148 151 146 152

Industrialized countries2_______ .- 134 144 148 147 150 143 150

United States and Canada_. .- 183 139 136 138 138 134 133

Burope. ool _. 128 . 189 146 144 149 137 154

European Economic Community 3___ .. 128 141 150 . -148 152 140 158

European Free Trade Association 4. _ _. 123 129 133 132 135 123 140

Australia and New Zealand__...____.___ .. 136 146 154 145 154 156 160

Less industrialized countries s __ _-- 142 155 165 159 165 166 170

Latin America ¢_________ _- 186 145 154 NA NA NA NA

Asia 7_ T ______ .- 144 158 169 165 167 169 176

ia
Commnmunist Europe 8__

NA Not available. . X

1 Excludes a number of countries of the Near East and Africa as well as mainland China, North Korea, and
North Vietnam. : . .

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, éweden, Switzerland, and United Kingdom.

s Countries having a per capita value added in manufacturing in 1958 of less than US$125.

¢ 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 U.S.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.

productlon U.S. produe- U.S.imports production production

Mineral (thousand tion (per- (percentage and imports and imports
short tons  centage of of world (percentage (percentage
unlessother- world total) production) of world of world
wise stated) » total) 1970 total) 1969 ¢
METALLIC ORES AND CONCENTRATES
Bauxite___________ thousand long tons._ 57,072 3.6 22.1 25.7 27.0
Chromite_.__________________________ 6,617 __________ 21.6 21.6 18.8
Copper (content of ore and concentrate) _ 6,527 26.3 4.4 30.8 28.8
Ironore _________ 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 17.8 21.2
Molybdenum (content of ore and con-
centrates) ______________ short tons_._ 81,824 68.0 ) 68.1 70.0
Nickel (content of ore and concentrates) . 685 2.3 22.8 25.1 27.4
Platinum group (Pt, Pd, etc.) :
thousand troy ounces__ 4,216 ®) 18.7 19.1 23.1
Silver_ .. do.__. 301,740 14.9 20.6 35.6 39.2
Titanium concentrates:
Tlmenite 2________________________ 3,942 22.0 6.6 28.7 87.6
Rutile2_ ________________________ 461 __________ 52.8 52.8 46.9
Tungsten concentrate (60-percent tung-
sten dioxide)____________ short tons__ 37,009 11.0 1.7 12.7 11.9
Zinc (content of ore and concentrate)_ __ 6,060 8.8 7.4 16.2 18.9
METALS, SMELTER BASIS
Aluminum________________________.__ 10,655 37.8 4.4 41.7 43.8
——— , 877 23.8 1.9 25.3 23.0
———— 479,000 19.8 .1 19.3 20.7
——- ,637 18.3 6.8 25.2 26.0
Magnesium____________ - 248 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
ine. - e 5,407 17.6 5.0 22.6 26.2
NONMETALS
Asbestos_ _ _ . ______ .. ____.____ 3,826 3.8 17.0 20.3 22.6
Cement___thousand 876-pound barrels_. 3,350,142 12.1 4 12.2 13.1
Diamond.____________ thousand carats_ 42,855 . 41.6 41.6 45.9
Feldspar._ . _thousand long tons__ 2,308 28.1 9.7 37.8 30.7
4,600 5.9 28.7 29.6 31.5
55,583 17.0 11.0 28.0 27.9
Mica (including serap). - 174 68.4 3.4 71.8 78.4
Nitrogen, agricultural 3 ¢ . 42,747 25.6 5.8 31.4 31.8
Phosphaterock._ . ___________ - 93,858 41.8 .1 41.4 42.0
Potash (K20 equivalent) ———— 20,443 13.3 12.8 26.1 27.3
Salt 3. oo 156,365 29.8 2.3 32.1 32.0
Sulfur, elemental___thousand long tons. . 21,74 438.9 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_________.__ ,086,447 19.5 [©) 19.5 18.8
Anthracite.__________________________ 201,629 4.8 ... 4.8 5.
r Revised. 3 Prehmmary.

1 Less than 4 unit.

2 World total exclusive of the U.S.S.R.
3 Including Puerto Rico.

4 Year ended June 80 of year stated.
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Table 63.—Value of world export trade in major mineral commodity groups
(Million U.S. dollars)

Commodity group ! 1965 1966 1967 1968 1969

Metals:
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 metal 6,690 8,020 8,030 r9,470 10,890
Subtotal _.__.___ 20,970 22,460 23,410 r 26,490 80,990
Nonmetals (crude on! 1,760 1,900 2,010 r2,180 2,260
Mineral fuels__ . __ 17,920 18,890 20,660 r 23,120 24,930
Total 40,650 43,250 46,080 r 51,790 58,180
All commodities___ 186,390 203,400 214,190 r 239,140 272,710

r Revised.

! Data presented are for selected major commodity groups of the Standard International Trade Class:ﬁca—
tion—Revised (SITC-R) and as such exclude some mineral commodities classified in that data array together
with other ( al) dities. 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 217; 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 o e 108 100 102

1969 o e e 114 100 104
1970:

First quarter.__________.__ e eeeceeaecmesmsccaccmemena——— 124 103 108

Second quarter. 122 104 108

Third quarter_. 121 106 110

Fourth quarter_ . ___ oo 121 108 110

Annual average__ ______________ S — 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 - e 104 142 102 165

1969 e 107 158 103 187
1970:

First quarter_________________________________ 118 176 104 211

Second quarter_ 120 174 104 205

Third quarter____ 124 162 104 181

Fourth quarter_______________________________ 126 154 104 166

Annual average_ _ _ . ____________________.__ 122 167 104 191

Source: United Nations. Monthly Bulletin of Statistics. New York, September 1971, p. 13.



Technologic Trends in
the Mineral Industries
(Metals and Nonmetals Except Fuels)

‘By John L. Morning*

MINING TRENDS

The metals and nonmetals mineral in-
dustries had a good year despite an off-
year for the national economy; value of
production in 1970 increased nearly 8 per-
cent to $9.64 billion. To accomplish this,
over 4 billion tons of material was han-
dled in producing nearly 2.7 billion tons
of crude ore. Surface ‘mining continued to
dominate output of both material handled
and crude ore, as output of ore at under-
ground operations droppéd significantly
compared with that of 1969. Exploration
and development work decreased compared
with that of 1969, but total footage re-
ported was the second highest on record.

The Market Research Department of the
Engineering and Mining Journal in the
past several years has conducted surveys to
gain insight into the number and types of
equipment used in the mineral industry.
During 1970, a survey was published on
front-end loaders and bulldozers along
with a survey on mineral processing equip-
ment. Both were for metal and nonmetal
mining. Also published, were market re-
ports for lubricating oil, grease, diesel fuel,
and hydraulic fluid for both the metal
and nonmetal mining industries, and for
the coal industry. A market report on
manual values was also published. In May,
domestic and Candian readers of Engineer-
ing and Mining Journal were invited to
join a panel that would be asked to re-
spond to one survey per month for a pe-
riod of 1 year.

Total quantity of water used (including
recirculated or reused) by the minerals in-

dustry in 1968 was estimated to total 3.7
trillion gallons.2 The Bureau of Census
survey was limited to those establishments
that used more than 20 million gallons an-
nually, and covered over 1,700 plants. In a
more comprehensive ' study conducted by
the Bureau of Mines for the-year 1962,
with over 15,000 respondents, water usage
totaled 3.4 trillion gallons. Based on value
of total mineral output in 1970 dollars,
over 3.9 trillion gallons were probably
used in the mineral industry in 1968, and
4.2 trillion gallons in 1970.

Materials Handled.—=In 1970, output of
ore and waste at metal and nonmetal
mines in the United States totaled 4,087
million tons, an ‘increase of 3 percent over
that of 1969. In 1960 and 1965 output was
2,788 and 3,213 million tons, respectively.
In 1970 crude ore output totaled 2,677
million tons, compared with 2,030 million
tons in 1960 and 2,402 million tons in
1965. In 1970 metal mines accounted for
286 million tons of crude ore, compared
with 421 million tons in 1960 and 477 mil-
lion tons in 1965. Copper and iron ore ac-
counted for 85 percent of metal crude ore
production, whereas phosphate rock, sand
and gravel, and stone accounted for 93
percent of the nonmetal mine crude ore
output. On a comparison basis, the per-
centages for these selected commodities for
1960 were 74 percent and 90 percent, re-

1 Physical scientist, Division of Ferrous Metals.

2 Bureau of the Census. 1967 Census of Min-

eral Industries. Water Use in the Minerals Indus-
lry:01968 preliminary report MIC67(P)-3, Octobex
1970.
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spectively, and for 1965, 79 percent and 92
percent, respectively.

Waste handled in 1970 totaled 1,410 mil-
lion tons, a 6-percent increase over that of
1969. Metal mines accounted for 69 percent
and nonmetal mines 31 percent of total
waste handled.

Nine States reported handling more than
100 million tons of material during the
year. Ohio, Montana, and Wyoming
dropped from the list of States and Texas
was added. Five States indicated output of
between 90 and 100 million tons. Arizona
and Florida continued to lead the Nation
in total material handled and California
and Minnesota led in output of ore.

Magnitude of the Mining Industry.—
Excluding sand and gravel operations, a
total of 8,346 mines reported crude ore
production during the year compared with
8,596 mines in 1969; sand and gravel oper-
ations totaled 8,808. Excluding stone and
sand and gravel operations, metal mines
accounted for 32 percent, and nonmetal
mines accounted for 68 percent of the op-
erating mines. Excluding clay, sand and
gravel, and stone operations, 18 mines re-
ported treating more than 10 million tons
of crude ore; one more mine than in 1969.
Copper led the list with.eight mines, fol-
lowed by iron ore with five, phosphate
rock with four, and molybdenum with one.
The Utah Copper Co. mine of Kennecott
Copper Corp. was the leader in both out-
put of ore and total material handled for
metal mines. The Fort Mead mine of
Mobil Chemical Co., treating phosphate
rock, was the leader in output of crude
ore; the Kingsford phosphate rock mine of
International Minerals and Chemical Co.
was the leader in total materials handled
for nonmetal mines. .

Comparison of Production From Surface
and Underground Mines.—Surface mining
contributed 94 percent of crude ore and 96
percent of total material handled in 1970.
Both percentages were unchanged from
those of 1969, although there were some
minor shifts among the various commodi-
ties. Crude ore and waste handled at sur-
face metal mines were 19 percent of total
ore and 69 percent of total waste handled
compared with 17 percent and 68 percent
respectively in 1960 and 16 percent and 62
percent in 1965. Crude nonmetal material
and waste material handled from surface
mines were 91 percent of total nonmetal

material and 60 percent of total waste
handled.

Three metal commodities—antimony,
lead, and manganese ore—and three non-
metal - commodities—potassium salts, so-
dium carbonate, and -wollastonite—were
mined entirely by underground methods.
Eight metal commodities and three nonme-
tal commodities were mined entirely by
surface methods.

Underground mining continued to ac-
count for substantial percentages of crude
ore handled in the following five States:
Colorado, 41 percent; New Mexico, 32 per-
cent; Missouri, 30 percent; Wyoming, 23
percent; and Tennessee, 21 percent. Eleven
States reported no underground activity.

Ratio of Ore to Marketable Product.—
The ratio of ore to marketable product
varies with the mineral commodity and de-
pends on .grade of ore and type of valua-
ble mineral content. The ratio for most
metal mineral commodities with respect to
time indicates Tising ratios as grade of ore
declines. For many nonmetal commodities,
the ratio is 1 to 1. No discernable trend
was evident in 1970 because many ratios
remained virtually unchanged, and com-
modity ratios that increased were offset by
those that decreased. The ratio of material
handled to marketable product also varies
with the mineral commodity and is mainly
affected by the amount of development
work and content of the valuable marketa-
ble material. The 1970 ratios tended to de-
crease for metal mines and to increase for
nonmetal operations compared with those
of 1969.

Exploration and Development.—Explora-
tion and development work declined in
1970, the first time since 1966, but was the
second - highest footage reported since
collection of data was initiated in 1958.
The data is comparable with that of 1969,
but does not include clay and stone mines
reported in previous years. For metal
mines, significant decreases were recorded
for copper and uranium and for nonmetal
mines, phosphate rock. Significant increases
were noted for lead, silver, and zinc com-
pared with those of 1969. Rotary drilling
accounted for most of the decrease footage
reported and most was accounted for in
copper and uranium, although gypsum
and phosphate rock footage was notably
down.
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Six States each reported over 1 million
feet of exploration and development work.
Wyoming led with 25 percent of the total,
followed by Texas, 18 percent; New Mex-
ico, 17 percent; and Arizona, 11 percent.
Rotary drilling accounted for 78 percent of
total activity. Shaft and winze sinking, rais-
ing, and diamond drilling indicated in-
creased activity, but other categories indi-
cated decreases compared with 1969
activity. ’

Stripping activities in phosphate rock ac-
counted for 43 percent of the total mate-
rial produced by exploration and develop-
ment activities. Total tonnage produced
decreased 22 percent compared with that
of 1969. Arizona was the only State report-
ing over 100 million tons of material han-
dled from exploration and development ac-
tivities.

Explosives.—Explosives statistics for 1970
were released too late for incorporation
into this chapter. Over 2.2 billion pounds
of industrial explosives were reported con-
sumed in the United States in 1969. The

total was 14 percent higher than in 1968
and broke the record high that was estab-
lished in 1966. Coal mining accounted for
37 percent, metal mining, 21 percent, and
nonmetal mining, 20 percent. The mining
industry accounted for over 1.7 billion
pounds of. the explosives used. Over 74
percent of the total used was ammonium
nitrate, the use of which continued to
dominate explosives used in mining.

The five top ranking States in order of
total quality of explosives and blasting
agents consumed were as follows: Kentucky,
Pennsylvania, Ohio, Indiana, and Arizona.
Kentucky replaced Pennsylvania, which was
the 1968 leader. In 1969, the ranking States
consumed 857 million pounds of the in-
dustrial explosives or 39 percent of the
total. Eight States reported consumption of
over 100 million pounds of explosives.

More detailed explosive information is
published by the Bureau of Mines in the
Annual Explosive issue of Mineral Industry
Surveys prepared by the Office of Accident
Analysis.
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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
ore material ore material
Sur- Under- Sur- Under- Sur- Under- Sur- Under-
face ground face ground face ground face ground
COMMODITY
NONMETALS—
Continued
I 100 72 28 Barite.____________ 97 3 98 2
1100 W 1100 ‘W Boron minerals___ 100 . 100 .
97 3 97 8 Clays.._________ 98 98
90 10 97 8 Diatomite. - 100 - 100 o
Feldspar. _ _ 100 e 100 -
48 52 81 19 Fluorspar..__ 4 96 8 92
100 R 100 --- Graphite 100 —— 100 —
94 6 96 Greensand marl_ . 100 I 100 —
- 100 —— 100 Gypsum 76 24 90 10
Magnesium._ - 100 . 100 --- Kyanite 100 I 100 o
Manganese ore_______ . 100 --- ‘100 hium minerals_ 100 . 100 o
Manganiferrous ore... 100 e 100 --- Magnesite_______ 100 . 100 -
Mercury 40 91 9 ica. .- 100 . 100 .
Molybdenum_ - 76 76 24 Olivine_____ 100 . 100 S
ickel - 100 . Perlite._________ 99 99
Platinum-group Phosphate rock. - 100 o 100 _—
metals__________._ 100 - 100 _-_ Potassium salts__ . 100 e 100
Rare-earth metals____ 100 . 100 - Pumice._________ 100 I 100 .
Sllver 2 98 15 85 Pyrites__ 100 . 100 .
- 100 .. Salt.____________ 28 72 28 72
I 100 --- Sand and gravel____ 100 - 100 ——
97 3 97 Sodium carbonate .
56 95 5 (natural) ________ . 100 - 100
. 100 --. Stone:
96 5 95 Crushed and
roken.______ 96 4 96 4
Total metals_.__. 85 15 94 6 Dimension._____ 99 1 99 1
Sulfur: Frasch
process mines____ 100 —— 100 _—
Tale, soapstone,
pyrophyllite 55 45 76 24
NONMETALS ermiculite_" _ 100 . 100 .
Abrasives: ‘Wollastonite - 100 - 100
ery - 100 R
Garnet._. I 100 - Total
Tripoli 59 47 nonmetals___ 96 4 97 3
Aplite_________ _— 100 ——
Asbestos_ . __________ 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
ore

Total

material ore

Crude

Total
material

Sur- Under- Sur- Under-
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face ground face ground

face
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ground face
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ground

STATE
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Table 6.—Number of domestic metal and nonmetal mines in 1970, by commodity
and magnitude of crude ore producuon
Total Less 1,000 10,000 100,300 1,000,000 More
Commodity number than 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
26 ——— 1 19 5 1 oo
105 39 10 14 7 27 8
37 81 1 1 2 2 P
60 38 12 9 . 1 ———
T4 - 7 6 25 31 5
7 50 9 3 12 3 —-—
80 46 20 14 _—— —— ——
3 —ca ——- — ——- 2 1
1 _— R . - 1 —
94 56 2 _— ——
6 ——— —— —— 1 5 ———
36 13 23 1 1 ——- ——-
286 76 122 62 26 - -
72 15 9 24 24 ——— ——
27 15 4 2 4 2 -
984 377 247 162 109 75 14
20 13 3 3 1 ——- ——
9 3 1 2 3 _——
36 3 5 17 10 1
3 1 ——— —— - 2
13 3 3 6 1 -
63 36 14 7 6 ———
15 1 7 4 3 - -
66 1 5 24 36 ——— —
17 7 7 2 1 —— -
15 1 6 6 2 - ——
Phosphate rock. .. .. 60 —— 7 10 23 16
Potassium salts_ .. __ 10 _— ——— . 4 6 ——
115 21 8 43 18 - -
58 2 7 16 26 7 -
3 ——- ——- ——- 1 2 ——
19 - 1 5 10 3 ——
T oot 64 16 24 23 1
ophyllite_ _____ - -
2 uli 4 1 1 _— 1 1 ——
18 8 4 5 5 1 .
4608 112 133 178 147 39 4
Grand total._. 1,592 489 380 335 256 114 18

! Antimony, beryllium, magnesium, manganese ore, manganiferrous ore, platinum-group metals rare-earth

meta.ls, tin, and vanadium.
ery, garnet, and tripoli.

2 Eme!
3 Aplite, graphite, greensand marl, iron oxide pigments (crude), kyanite, lithium minerals, magnesite,

olivine, wollastonite, and zeolite.

4 In addition, there were 1,623 clay mines, 8,808 sand and gravel operations, 4,600 crushed and broken stone
operations, and 681 dimension stone operatlons, but specific data on these operatlons are not available.
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Table 7. —Twenty-ﬁve leadmg metal and nonmetal 1 mines in the United States
in 1970, in order of output of crude ore
Minin;
Mine State Operator Commodity metho
METALS
Utah Copper.----ceccuo- Kennecott Copper Corp..-.-- Copper_._._...._ Open pit.
Peter Mitchell. - Reserve Mining Co..... Iron ore_ ... Do.
Hoyt Lake. - . Pickands Mather & Co___.... ... do.
Minntac....- - United States Steel Corp_-_.. ... do.
Berkeley Pit. - The Anaconda Company.-.... Copper__
Morenci___ - - Phelps Dodge Corp. - ceecoon -2 do___
San Manuel _ - Magma Copper Co___.. _do.._
Pima.___.___ - Pima Mining Co________.___ do.____
Climax.. . American Metal Climax, Inc.. Molybdenum
........... - Duval Sierrita Corp-.-__.... Copper-...______
Eagle Mountam-__ - Kaiser Steel Corp-_..-- - Iron ore.
Ray Pit_....._... - Kennecott Copper Corp- . Copper-___
Empire._...-- . Cleveland-Cliffs Iron Co- - Irom ore.
New Cornelia - Phelps Dodge Corp_......--- Copper.-__
Inspiration. . - ._..___ Inspiration Consolidated @ _._.._do._._______
Copper Co.
TYrone.o-ccccccceccnnnn N. Mex.... Phelps Dodge COrPoccccaccce —wzodoo_ oo
The Hanna Mining Co.-. - Iron ore...
Mich______ Cleveland-Cliffs Iron Co_ PR do--_
The Anaconda Co______ -- Copper___.
Kennecott Copper Corp. Y e do_--
The Anaconda Co- oo oo do_._
American Smeltmg and = .- [ 1 S,
Refining Co.
E.I du Pont de Nemours Ilmenite
Co., Inc.
‘White Pine_ - .o___ Mich.___.. White Pine Coj per Co-_____ Copper—.._ .-
Trail Ridge.--ccccouaea- Fla......._ E. I. du Pont de Nemours Ilmenite
Co., Inc.
NONMETALS
Ft. Meade oo Fla. ... Mobil Chemical Co_-uuuao-- Phosphate rock... Open pit.
Suwannee. - - -cceeecoon  —oooo do._.. Occidental Chemical Co--.... ----_dOo_oo____ - Do.
Kingsford. . e cccmmmacae oo do__.. International Minerals & = --.-. do _________ 0.
Chemical Co.
Noralyn. oo cccccmccecce e dooooe oo Ol Do.
Payne CreeK- e coccceoe ool do_._- Aguco Chemlcal Co.. Do.
Palmetto - occooiceoaan ool [ 0% SRR . [+ SN R Do.
Rockland._ . oo —oaoo do.-... U.S.S. Agn-Chemlcals Inc..-- Do.
Chicora e ccccocccccen e 0--.. American Cyanamid Co_....- Do.
Silver City S do.--. Sw1ft Agncultural Chemical Do.
Saddle Creek- - c o ccceeol oceol do__-_ Agnco Chemlcal COocmeeee Do.
Bonny Lake. . ooooo oo do.... W.R.Grace & Coooccunn- Do.
Clear Spring.- - - cccccceae  —ee-s do_.._ International Minerals & 0.
Chemical Co.
Tampa Agricultural ... do.... Cities Service CO~cocu—- Do.
Chemical Operation.
do_.._ Borden Chemical Co-....---_ Do.
U.S.S. Agri-Chemicals, Inc. - Do.
Texas Gulf Sulphur Co______. Do.
International Salt Co- . Open stopes.
Southwest Potash Co Potassium salts___ Do.
Swéit Agricultural Chemicals Phosphaterock_._ Open pit.
orp.
Potash Co. of America_______ Potassium salts... Open stopes.
International Minerals & ~ ----_ [ 1 SR Do.
Chemical Co.
Kerr-McGee COrpocccccaoon —oome do_ oo Do.
United States Borax & Boron minerals_._. Open pit.
Chemical Corp.
FMC Corp., Inorganic Sodium Stoping.
Chemiecals Division. compounds,
BelleIsleo oo - ) I S Cargill, Inco - oo Salt___.____ ... Open stopes.

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
Minin;
Mines State Operator Commodity metho
METALS
Kennecott Copper Corp______ Copper
The Anaconda Company._.____ _____ do___
Duval Sierrita Corp_________ _____ do___
Kaiser Steel Corp______ Iron ore___
Pickands Mather & Co___.___ _____ do___
The Anaconda Company._____ Copper
Molybdenum Corp of Molybdenum__ _ _ 0.
America.
Phelps Dodge Corp__________ Copper. Do.
rve Mining Co_____ Iron ore__. Do.
Phelps Dodge Corp_____ Copper.-.._. Do.
Pima Mining Co____________ _____ Do.
Kennecott Copper Corp______ _____ do___ Do.
United States Steel Corp_____ Iron ore.. Do.
Kennecott Copper Corp______ Copper.___ Do.
Inspiration Consolidated ~  _____ d Do.
Copper Co.
Anmerican Smelting and = _____ do. Do.
Refining Co.
New Cornelia__.________ _____ do.... Phelps Dodge Corp._________ _____ do Do.
Copper Cities Unit e do.___ Cities Service Co____________ _____ do Do.
North Walker___________ Kerr-McGee Corp.__________ Uranium_ ___ Do.
Yerington_ ____ - he Anaconda Company_____ Copper Do.
Lavender____ - Phelps Dodge Corp_.._______ _____ d Do.
Sherman____ - United States Steel Corp_____ Iron ore_._ Do.
Dave Group._.. - Getty Oil Co________________ Uranium_ Do.
San Manuel__ _ Magma Copper Corp.________ Copper. Caving.
Climax_.__._____________ American Metal Climax, Inc.. Molybdenum_ ___ 0.
NONMETALS
Kingsford. _____________ Fla________ International Minerals & Phosphaterock___ Open pit.
Chemical Co.
Ft.Meade______________ _____ do._.. Mobil Chemical Co Do.
Payne Creek.___________ _____ do.__.. Agrico Chemical Co._ Do.
Palmetto_______________ ____do-___ __... do____________________ Do.
Noralyn________________ International Minerals & Do.
Chemical Co.
Suwannee Occidental Chemical Co._____ Do.
Rockland.___ U.S.S. Agri-Chemicals, Inc___ Do.
Boron__________________ United States Borax & Do.
Chemical Corp.
Bonny Lake_ ___________ Fla________ W.R. Grace & Co.._________ Do.
Saddle Creek . _________ _____ do____ Agrico Chemical Co_________ Do.
Lee Creek._ .. N.C.__..__ Texas Gulf Sulphur Co_______ Do.
Bartow.__ Fla_._______ U.S.S. Agri-Chemicals Inc____ Do.
Chicora_ _______________ _____ do__.. American Cyanamid Co______ Do.
Tenoroc...._. . do_.._ Borden Chemical Co_________ Do.
Silber City. . ____._______ _____ do____ Swift Agricultural Chemicals Do.
orp.
Tampa Agricultural _____ do.._.. Cities Service Co____________ Do.
Chemical Operations.

AY - e Idaho..____ J.R.Simplot Co_____.______ _____ doo_.______ Do.
Clear Spring.___________ Fla________ International Minerals & ~  _____ do._.______ Do.
Chemical Co.

Watson________________ _____ do____ Swéft Agricultural Chemicals  _____ do_________ Do.

orp.
Sydney_________________ _____ do.... American Cyanamid Co__.___. _____ do__.__.__ Do.
Westvaco._____._________ Wyo_..____ FMC Corp., Inorganic Sodium com- Stoping.
Chemicals Division. pounds.

Henry_________________ aho Monsanto Co. .. ____________ Phosphaterock... Open pit.

_____ do_____________ e ee--dooo______ Do.
tsof Y International Salt Co. - Salt_____________ Open stopes.
Shafts I_.______________ N. Mex.... Southwest Potash Co...______ Potassium salts___ 0.

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
(Percent of crude ore)

Strip and  Multiple Strip and  Multiple
single bench single bench
bench bench

COMMODITY

NONMETALS—Continued

100 - Asbestos._ . oo oo 99
74 26 Barite___.______ - 89 11
100 S Boron minerals_. - . 100

27 3 lays_ .-~ - 98
Diatomite_ - 87 13
- 100 Feldspar. _ - 15 25
100 e Fluorspar._ - 19 81
20 80 Graphite_______ - 1 ——
100 - Greensand marl_ - 100 ———
100 o Gypsum______.. - 85 15
43 57 Kyanite_______._. - 48 52
. 100 Lithium minerals_. - . 100
I 100 Magnesite._.___ - 100 -
__ 100 Mica___. - 100 I
100 - Olivine__ - 100 o
28 72 Perlite__________ - 91 9
100 . Phosphate rock_ - .- - 99 1
24 76 Potassium salts__ . ... - 100 e
. 100 Pumice________._ - 97 : 3
96 Salt_._______.__ - 100 P
Sand and gravel ______.____ 100 -

NONMETALS' Stone:
Abrasives: Crushed and broken_ __. 99 1
Emery . ________-- 100 - Dimension_________.___ 100 -
3 97 Tale, soapstone, pyro-
100 - phyllite_ - 51 49
100 - Vermiculite__ .- 12 88
Strip and  Multiple Strip and  Multiple
single bench single bench
bench bench
STATE

Alabama__ .- 100 - Montana_ - oeemeaoo 94 6
Alaska. . 100 I Nebraska - ooccommaaa- 100 —e
Arizona_ . 19 81 Nevada. o cccoomommaaaaao 32 68
Arkansas_ 90 10 New Hampshire__ 100 ——
California. 78 22 New Jersey_.____ 100 R
Colorado..__ 100 . New Mexico. - 45 56
Connecticut_ _ 100 . New York__.._ 90 10
Delaware.__ 100 . North Carolina. 98 2
Florida_ 100 - North Dakota_ 100 -

Georgia 100 . Ohio____________ 99
Hawaii 99 1 Oklahoma 99 1
Idaho__ 89 11 Oregon_____... 95 5
Illinois___ 100 —— Pennsylvania_ _ 100 -
Indiana 100 - Rhode Island._ . 100 S
Iowa___ 96 4 South Carolina._ 94 6
Kansas___ 100 . South Dakota__ 100 S
Kentucky_____ 100 o Tennessee_ - - - 98 2
Louisiana____ 100 . Texas______ 98 2

Maine_..___ 92 Utah__.__ 16

Maryland. ___. 100 - Vermont_ 100 -

Massachusetts_ 100 - Virginia____ 100 ——_—

Michigan._.____ 81 19 ‘Washington____ 96
Minnesota.__ 23 7 West Virginia__ 91 9
Mississippi- - 100 - Wisconsin. _.__ 100 ——-

MiSSOUr - - - - 100 77 Wyoming_. ... __l1111TC 28 72
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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
NONMETALS—Continued
72 28 Boron minerals 100 -
82 18 R 100
1 99 - 100
91 9 100 -
53 47
100 . 89 11
3 97 100 -
82 18 - 100
63 37 93 17
Mercury_____ - 33 67 100 -
Molybdenum _ - 100 I 100 .
Niekel . _ _____________ . 17 83 2 98
Platinum-group metals______ o 100 100 _—
Rare-earth metals_ . .- 100 - 53 47
44 56 2 98
22 78 3 97
28 72 —— 100
20 80
100 - 3 97
- 100
49 51
18 82 66 34
89 11
9 91 33 67

Table 13.—Exploration and development activity in the United States, by methods

Metals Nonmetals Total
Method
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 crosscuf 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__ 62,689 1.6 ooooooooo oo 462,689 1.5
Rotary drilling_____ 23,442,268 76.1 608,978 68.1 24,051.246 75.8
Percussion drilling. 3,435,209 11.1 147,480 16.5 3,582,689 11.3
Trenching._____ 101,099 .3 689 .1 101,788 .3
Other_.___________ 141,181 9,242 1.0 150,423 .5
Total . - . 30,815,655 100.0 894,297 100.0 31,709,952 100.0
1970

29,943 0.1 2,628 0.3 32,571 0.1
188,720 7 7,521 1.0 196,241 T
787,994 2.8 21,537 2.7 809,531 2.8
2, 318 116 8.3 130,095 16.4 2,448,211 8.5
492 .4 16,753 2.1 142,245 .5
20, 619 1313 3.7 390,212 49.2 21,009,525 3.0
3,067,783 11.0 186,848 23.6 3,254,631 11.3
66,853 .2 16,242 2.0 83,095 .3
769,480 2.8 21,262 2.7 790,742 2.8
27,973,694 100.0 793,098 100.0 28,766,792 100.0
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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)

Shaft and Drifting
winze Raising and Trenching Stripping Total
sinking crosscutting
COMMODITIES
METALS
Antimony._ _ ___________ . 1 1 6 12 20
Bauxite.__ - . 33 4,762 4,795
114 122 267 144,335 144,844
1 19 66 12 101
- - - T4 77
- 23 574 99,758 100,356
10 27 228 4 332
. 5 14 1,781 1,800
33 1 832 .. - 36
11 18 79 104 229
_— 5 54 3 . 62
19 18 471 83 64,330 64,921
4 25 517 245
—— 1 76 _— 2,083 2,160
Total metals 2____ 194 262 2,713 189 317,502 320,860
NONMETALS
Barite.________________ . 1 7 9 127 144
Fluorspar. - S \ 3 12 13 28
Gypsum._______ - 2 . 29 13,974 14,005
Phosphate rock_ - ___.__ o 2 - 257,308 257,314
Tale, soapstone,
pyrophyllite_ _ _______ 13 7 25 R 697 742
Other s _________ PO, - - 2 5 2,522 2,529
Total non-
metals 2_______ 15 13 75 19 274,640 274,762
Grand total 2_____ 209 277 2,788 209 592,144 595,627
STATE
Alabama______________ - I . e 432 432
Alaska.__ - - __ 2 262 265
Arizona__ - 114 76 175 6 67,938 68,309
Arkansas___ - e 1 40 o 6,249 6,290
California_ . - 13 15 120 3,732 3,881
Colorado. .. - 42 16 496 53 1 622
Florida.__. - . - - . 220,942 220,942
Georgia - . __ - o
Idaho-. - 13 29 114 3 14,474 14,633
Illinois- - . 3 10 e - 13
Indiana. _ - - S 35 37
Towa_______ - o - I - 5,966 5,966
Kentucky. - - R - 2 I 1 3
Michigan___ - - 5 52 - 16,062 16,119
Minnesota__ - . - . . 84,857 84,857
Missouri__ _ 2 11 544 67 . 624
o 25 61 12 103
1 2 13 17 33,635 33,668
— 1 . 234
38 453 2 47,465 47,959
- 14 18 e oo
I 1 10 R 10,932 10,943
1 —— 51 . 95% 1,003
o 17 51 4,646 4,715
4 398 — 8,831 9,234
- —— —— 8,240 8,241
16 15 57 1,712 1,805
2 1 3 R
- 2 38 o 8 48
- 1 19 — 607 627
—— . 27 .
- 32 39 47,453 47,525
- . 1 6,406 6,4
Total___________ 209 277 2,788 209 592,144 595,627

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)

79

Black blasting High Blasting
powder explesives agents
- Liquid
Ammonium oxygen Total
Granular Pellets Permissible Other than nitrate, explosives
permissible  processed and
unprocessed
464 372 76,040 542,318 1,260,107 1,884,899
240 223 74,527 1 538,968 1,343,104 1,970,156
242 182 68,770 1 537,997 1,287,506 1,904,714
257 170 64,130 1 535,364 1,347,816 1,947,737
209 61 60,364 1541,279 1,624,564 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)
Year Coal mining Metal mining Quarrying and Total
nonmetal mining
PERMISSIBLE EXPLOSIVES

73,564 79 1,520 75,163

71,091 95 1,957 73,143

65,284 161 2,238 67,683

60,943 267 1,394 62,604

57,528 58 1,193 58,779

OTHER HIGH EXPLOSIVES !

22,090 123,862 141,050 287,002

19,591 118,900 141,117 279,608

30,942 161,181 146,018 338,141

29,482 195,315 144,663 369,460

30,904 205,841 151,478 388,223

AMMONIUM NITRATE BLASTING AGENTS

493,571 232,770 228,284 954,625

514,549 234,336 252,794 1,001,679

555,303 166,250 261,145 82,698

593,741 207,859 251,832 1,053,432

731,679 264,892 286,003 1,282,574

PELLET BLACK BLASTING POWDER

126 000 ... 61 187

7 - 25 102

32 1 23 56

.............. 11 11

2 Ll 21 23

GRANULAR BLACK BLASTING POWDER

1 4 120 139

245 0 .. 390 635

3 101 107

....... 3 98 101

) 94 95

TOTAL EXPLOSIVES

589,366 356,715 371,035
605,553 353,331 396,283
651,564 327,596 409,525
684,166 403,444 397,998
820,114 470,791 438,789

! Includes blasting agents, rigidly cartridged, and water gels and slurries.
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FLOTATION TRENDS 3

The growth in beneficiation of ore by
flotation methods was shown in 1970, by a
record 405 million tons of ore processed.
This is compared with 279 million tons
processed in 1965 and 198 million tons
processed in 1960. Most of the growth was
in the large-volume commodities such as
copper, copper-molvbdenum, iron ore, and
phosphate rock. Sulfide ore treatment con-
tinued to dominate the statistics, but treat-
ment of other ores have shown higher
growth rates.

A major advance in flotation equipment
in the past 5 years has been the develop-
ment and use of larger flotation cells,
thereby keeping pace with increasing size
of other processing equipment. Cell sizes of
300 to 500 cubic feet in volume were being
installed at @ rapid rate throughout the
world, and at least one installation em-
ploved cells of up to 2,000 cubic feet in
volume. Larger cells provide the advantage
of lower operating and maintenance costs,
and lower capital investment per ton of
ore processed. Reports have been made
that larger cells now outperform smaller
cells because of a reduction in reagent con-
sumption, better recovery, and lower horse-
power consumption per unit volume. An
additional advantage of these larger cells
is the reduction in the number of instru-
ments required for automatic control. Au-
tomatic control for flotation circuits is
growing rapidly and allows continous mon-
itoring and on-line analysis of the flotation
process. i

Research on various aspects of flotation
was prolific during the 5-year period and
is summarized annually in trade journals.
The Annual Review issue of World Min-
ing (London) published by the Mining
Journal devotes considerable space to flota-
tion developments. The Dow Chemical Co.
annually prepares a literature index on
worldwide flotation papers.

A considerable portion of published re-
search concerns applied research for indi-
vidual commodities and flotation reagents,
but basic research on surface chemistry
and kinetics is not neglected. Two English
translations of Soviet material, partially
sponsored by the Department of the Inte-
rior, were published during 1970 and indi-
cate the interest of Soviet researchers in flo-
tation processes.+

Research on flotation of metal oxide,
carbonate, and nonmetal ores is expected
to continue during the next decade, and
the development and improvement in
processes for treating these types of ore ac-
celerated. An example of what can occur
with increased technology was shown in
iron ore during the past 5-year interval.
The quantity of crude iron ore that was
treated nearly doubled. The grade of con-
centrate rose 5 percent and recovery of
iron values rose 11 percent. At the same
time, great economies were made in re-
agent consumption, which declined 0.369
pound per ton and nearly 4 cents in value
per ton of ore treated.

Magnitude of Flotation.—The number
of flotation plants reporting operations in
the United States during 1970 totaled 240,
a decrease of 15 from that of 1965. Despite
the reduced number of plants reporting,
ore tieated rose to a record high of 405
million tons, from 279 million tons in 1965
and 198 million tons in 1960. Concentrates
produced rose to 54.1 million tons, from
38.7 million tons in 1965 and 21.5 million
tons in 1960. Capacity rose significantly
from 900,000 tons per day in 1965, to
nearly 1.4 million tons per day in 1970.
Ores were processed by froth flotation meth-
ods to recover various ferrous, nonferrous,
and nonmetallic ores and coal. Twenty-
nine different commodities were recovered.

Distribution of Flotation Plants.—The
240 reporting flotation plants were located
in 83 States. West Virginia led with 34,
followed by Arizona (21), New Mexico
(17), Florida (17), Colorado (15), and
Pennsvlvania (15). Plants located in West
Virginia and Pennsylvania primarily re-
flected a high level of activity in coal;
those in Florida, phosphate rock; those in
Arizona, copper; and those in New Mexico
and Colorado, base metals. The number of

3 Prepared by John L. Morning and Gertrude
Greenspoon, mineral specialist, Division of Non-
ferrous Metals.

4 Glembotskii, V. A., G. M. Dmitrieva, and M.
M. Sorokin. Nonpolar Flotation Agents. (Trans-
lated from Russian, Available from National Tech-
nical Information Services, Springfield, Va., TT70-
50061, 1970, 115 pp.)

Solnyshkin, V. I. Flotation Agents and Effects.
(Translated from Russian, Available from Nation-
al Technical Information Services, Springfield, Va.,
TT70-50023, 1970, 97 pp.)
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States reporting 10 or more plants in-
creased to nine, compared with seven
States in 1965. A number of plants
changed categories from 1965 when flota-
tion circuits were added to recover byprod-
uct or coproduct materials.

Consumption of Energy, Water, and
Grinding Media, Including Mill Liners.—
Energy consumption in the operation of
flotation plants increased significantly ris-
ing to over 5.9 billion kilowatt-hours in
1970, from 4.1 billion kilowatt-hours in
1965. A small part of the increase in total
energy requirements was the result of bet-
ter reporting, but most was accounted for
by the growth in treating large-volume
commodities such as copper, copper-molvb-
denum, iron ore, and phosphate rock. En-
ergy used per ton of ore treated ranged
from 8.2 Kilowatt-hours to 64.1 kilowatt-
hours, with an average of 15.3 kilowatt-
hours for total ore treated. This compares
with an average of 154 kilowatt-hours re-
ported in 1965. Energy consumption in-
cluded all that ¥as consumed by processes
preceding or following flotation, such as
crushing, filtering, and material-handling.

Flotation plants used nearly 488 billion
gallons of water in processing ore, a signif-
icant increase from 322 billion gallons re-
ported in 1963, and 222 billion gallons in
1960. Consumption, per ton of ore treated,
ranged from 3,359 gallons in the phos-
phate rock industry to 285 gallons in the
potash industry. Average consumption for
total ore treated was 1,310 gallons in 1970,
compared with 1,240 gallons in 1965, and
1,140 gallons in 1960. Phosphate rock ac-
counted for nearly 50 percent of water

. used. Total quantities reported included
recirculated and new or makeup water.

The use of grinding media in prepara-
tion of ores for flotation increased nearly
in direct proportion to the quantity of ore
treated when compared with 1965. Total
consumption for the industry during the
vear was rods, 72.9 million pounds; balls,
301 million pounds; and liners 32.0 million
pounds. On a per-ton-of-ore-treated basis,
consumption was rods, 0.539 pound; balls,
1.095 pounds; and liners, 0.143 pound;
compared with 1965 consumption of rods,
0.549 pound; balls, 1.088 pounds; and lin-
ers 0.138 pound.

Consumption of Reagents.—Total con-
sumption of flotation reagents in 1970 in-
creased to over 2,067 million pounds, from

1,244 million pounds in 1965 and 849
million pounds in 1960. The average con-
sumption of reagents per ton of ore
treated rose from 4.297 pounds in 1960
and 4.507 pounds in 1965, to 5.114 pounds
in 1970. Most categories of reagents indi-
cated an increase in usage per ton of ore
treated, however, the use of frothers de-
creased slightly and the use of flocculants
decreased nearly 50 percent.

Value of reagents consumed during the
vear totaled S50.9 million, compared with
$31.0 million in 1965, and $21.8 million in
1960. The average cost of reagents per ton
of total ore treated was S0.126, compared
with S0.112 in 1965 and S0.110 in 1960.

The following classification of reagents is
used in this chapter:

Modifiers—Reagents used to contro] al-
Kalinity and to eliminate harmful effects of
colloidal material and soluble salts.

Activators—Reagents used to assist or
improve the flotation of minerals that do
not respond to a simple collector-froth
combination.

Depressants—Reagents used to improve
the selective separation of minerals by low-
ering the floatability of specific minerals.

Collectors—Reagents used to provide a
water-repellent surface on the mineral to
be floated so as to improve adherence of
the mineral to air bubbles.

Frothers—Reagents used to produce a
froth of adequate durability to permit re-
moval of mineral-carrving bubbles from
the flotation machine.

Flocculants—Reagents used to flocculate
solids in aqueous suspension and thereby
facilitate thickening and filtering opera-
tions.

Whenever possible, the chemical names
rather than the trade names of reagents
are reported. For those reagents whose
chemical compositions are unkown or too
complex for simple presentation, the trade
names are shown. Included in those cate-
gories are Aero Depressants, Aerofloats,
Aerofroths, Aero Promoters, Aeroflocs, and
Superflocs (products of American Cy-
anamid Co.). Dowfroth, Dow—-Z-200, and
Separan (products of The Dow Chemical
Co.) ; Minerec (product of Minerec Corp.)
and Nalco (product of Nalco Chemical
Co.) . Also, to avoid disclosing confidential
information, some reagents are not identi-
fied, but are included under “other”, or in-
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formation on two_or more reagents is com-
bined. )

Sulfide Ores.—Flotation plants treating
sulfide ores decreased from 108 in 1963, to
105 in 1970; however, dailv capacity rose
39 percent. In continuing the past trend,
ore treated and concentrate produced in-
creased 40 percent and 23 percent, respec-
tively, over that of 1965. In comparison,
the increase reported for 1965 over that of
1960 was 29 percent and 23 percent, re-
spectively. Sulfide ore treated during the
vear respresented 70 percent of total ore
treated, compared with 72 percent in 1965,
and 78 percent in 1960. Also, concentrate
produced represented 16 percent of total
concentrate recovered, compared with 19
percent in 1965, and 27 percent in 1960. Al-
though there has been a sustained growth
in treatment of sulfide ores during the
past decade, flotation treatment of other
ores have shown higher growth rates.

Reflecting the continued decline in grade
of copper-bearing ores, ratio of concentra-
tion increased, rising to 31.8 to 1 in 1970,
from 27.8 to 1, in 1965, and 26.5 to 1 in
1960. Reagents consumption during the
past decade increased over 1 pound per
ton of ore treated, rising to 4.556 pounds
per ton of ore. Most of the increase was in
modifiers.

Metal Oxides and Carbonates.—This
group includes iron oxide, tungsten, il-
menite, and limestone. Although the num-
ber of plants in the group decreased by
one compared with that of 1965, the daily
average capacity increased 36 percent,
owing primarily to increased capacity at
iron ore plants. Ore treated and produc-
tion of concentrate both rose 84 percent
compared with that of 1965, and the ratio
of concentration remained at 2.3 to 1. The
quantity of ore treated during the year
represented 7 percent of total material
processed, compared with 6 percent in
1965, and over 1 percent in 1960. Concen-
trate recovered as a percent of total con-
centrate produced, rose to 24 percent, com-
pared with 18 percent in 1965, and 4
percent in 1960.

Reagent consumption per ton of ore
treated continued to decrease compared
with previous vears by decreasing to 2.244
pounds per ton of ore, compared with
2.614 pounds in 1965 and 12.036 pounds in
1960. With the exception of modifiers,
other reagents indicated a substantial re-

duction in use on a per-ton-of-ore-treated
basis.

Nonmetallic Ores.—Capacity of plants
treating nonmetallic ore nearly doubled
compared with that of 1965, despite a re-
duction in the number of plants reporting,
from 64 in 1965 to 56 in 1970. Ore treated
rose 54 percent, and concentrated produced
rose 37 percent. Most of the increase was
accounted for by the phosphate rock in-
dustrv. The quantity of ore treated during
the vear represented 20 percent of total
ore processed, compared with 19 percent in
1965 and 18 percent in 1960. Concentrate
produced was 44 percent of total concen-
trate recovered, compared with 45 percent
in 1965 and 35 percent in 1960. Ratio of
concentration increased to 3.4 to 1, com-
pared with 3.0 to 1 reported in 1965 and
1960. ‘ ,

Reagents consumption increased sharply
for this classification of ores and rose 72
percent on a per-ton-of-ore-treated basis
compared with that of 1965. Nearly all of
the increase was the result of increased
usage of modifiers and collectors in the
phosphate rock industry.

Solid Mineral Fuels.—The number of re-
porting plants treating bituminous and an-
thracite coal decreased from 69 in 1965 to
66 in 1970. Despite the decrease in number
of plants, daily tonnage capacity increased
33 percent. During the 5-year interval, the
quantity, of raw coal treated rose 37 per-
cent, and the quantity of clean coal pro-
duced increased 20 percent. Although the
growth rate for raw coal treated was sig-
nificant, it was well below that for the pe-
riod of 1960-65. Solid fuels accounted for
3 percent of total material handled, the
same as in 1963, but was 2 percent higher
than in 1960. Clean coal recovered
dropped to 16 percent of total material re-
covered from 18 percent reported in 1965.

Consumption of reagents on a per ton of
coal processed basis increased 36 percent
compared with that of 1965. The use of
modifiers increased substantially, whereas
flocculant usage decreased sharply. Collec-
tors accounted for more than half of total
reagents consumed.

Copper.—Seventeen flotation plants re-
ported treating copper ore in 1970, com-
pared with 16 plants in 1965. During the
5-vear interval, four plants became inactive
and six new plants initiated operations.
Three plants changed categories when flota-
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tion circuits were either deleted or added
for molybdenum recovery. Plant capacity
rose 27 percent over that of 1965, and ore
treated increased more than 24 million
tons. Production of concentrate increased
564,000 tons. Grade of ore treated de-
creased to 0.87-percent copper in 1970,
from 0.92 percent copper reported in 1965
and 1960. Recovery of copper dropped
from.84 percent in 1965 and 1960, to 80
percent in 1970. Coproduct gold and silver
recovery was about the same as in 1965, al-
though the average grade in 1970 was
slightly higher. Despite a reagent consump-
tion increase of nearly 0.7 pound per ton
of ore treated compared with that of 1965,
value of reagents consumed per ton was
about the same. Plants treating copper ore
were located in Arizona (six), New Mexico
(four), Montana (two), Nevada (two) ,
Oklahoma (one), Michigan (one), and
Utah (one).

Copper-Molybdenum.—Plants treating
copper-molybdenum ore increased to 16,
compared with 13 in 1965. Daily capacity
increased 53 percent, rising to 465,000 tons
per day as two new mines entered produc-
tion and two mines installed molybdenum
circuits. During the 5-year interval, one
mine shut down its molybdenum circuit.
Ore treated rose from 107 million tons in
1965, to nearly 156 million tons in 1970, as
the average grade of ore declined from
0.79 percent  copper to 0.68 percent in
1970. Concentrate produced rose to over
3.5 million tons in_ 1970, from 2.8 million
tons in 1965, of which 99 percent repre-
sented copper concentrate, Recovery of
copper values increased slightly to 84 per-
cent in 1970, from 83 percent in 1965; gold
values . recovered dropped to 64 percent,
from 77 percent in 1965; and silver values
recovered increased to 76 percent in 1970
from 73 percent in 1965. Molybdenum
values recovered were not reported in 1965,
but totaled 59 percent in 1970. The in-
dustry continued to make improvements in
economies as reagent consumption decreased
0.6 pound per ton of ore treated in quan-
tity and 1 cent in value compared with that
of 1965.

Arizona led in number of plants treating
copper-molybdenum ore with 12, followed
by Utah (two), Nevada (one), and New
Mexico (one).

Copper-Lead-Zinc.—The number of flota-
tion plants treating copper-lead-zinc ore

totaled 15 in 1970, an increase of one
from that of 1965. Capacity rose to 40,200
tons per day in 1970, from 30,000 tons per
day in 1965. Along with the increase in ca-
pacity, ore treated in 1970 increased 10
percent, rising to 9.4 million tons; concen-
trate produced rose 91 percent to 656,000
tons compared with that of 1965. The
large increase in concentrate production
was primarily accounted for by the in-
crease in grade of ore treated. Although
the copper content of ores treated re-
mained at the same level as in 1965, the
lead content rose to 4.21 percent in 1970,
from 2.62 percent in 1965; zinc content
nearly doubled, rising to 1.20 percent from
0.66 percent. Recovery of metal values ap-
proximated those reported in 1965. Aver-
age reagent consumption per ton of ore
treated decreased nearly 0.8 pound, but av-
erage cost increased nearly 3 cents per
pound compared with that of 1965.

Plants treating copper-lead-zinc ores
were located in six States, led by Missouri
(five), followed by Colorado (three) ,
Idaho (three), New Mexico (two), Ari-
zona (one), and Maine (one).

Copper-Zinc-Iron Sulfide.—Four plants,
with a combined capacity of 11,000 tons
per day, treated copper-zinc-iron sulfide
ore in 1970; the same as in 1965. Ore treated
dropped 3 percent compared with that of
1965, but concentrate produced increased
3 percent owing primarily to a reduction in
grade of concentrate produced. In 1970
average grade of ore treated compared with
that of 1965 remained the same for copper,
increased 0.3 percent for zinc, and decreased
2.8 percent for iron sulfide. Average re-
coveries of copper, zinc, and iron sulfide de-
creased 2, 7, and 3 percent, respectively,
from that of 1965. Reagent consumption
per ton of ore treated increased 2.846
pounds and nearly 4 cents in value com-
pared with that of 1965. Two plants in
Pennsylvania and one each in Arizona and
Tennessee reported treating copper-zinc-
iron sulfide ores in 1970.

Gold-Silver—Four plants reported treat-
ing gold-silver ores in 1970, compared with
seven in 1965. Daily capacity continued a
downward trend, dropping to 700 tons per
day in 1970, from 1,600 tons per day in
1960 and 1,100 tons per day in 1965. Ore
treated decreased 44 percent and concen-
trate produced dropped 62 percent com-
pared with that of 1965. However, operat-



84 MINERALS YEARBOOK, 1970

ing plants increased the ratio of
concentration and, as a result, grade of
concentrate produced increased signifi-
cantly. Recovery of gold and silver values
rose 16 and 22 percent, respectively, indi-
cating improved operating performance. In
addition to improved recoveries, improved
economies were made in average consump-
tion of reagent and'costs per ton of ore
treated, which decreased from 2.545
pounds and $0.169, respectively, in 1965 to
2224 pounds and $0.088 respectively, in
1970. Although grade of ore for gold in-
creased slightly, silver values more than
doubled.

One plant each from California, Mon-
tana, Nevada, and Washington reported
treating gold-silver ore.

Lead-Zinc.—Lead-zinc ore was treated
at 11 flotation plants in- 1970, compared
‘with 10 in 1965. Daily capacity nearly dou-
bled in the past 5 years, rising to 19,700
tons. In addition to increased Eapacity, the
quantity of ore treated rose 60 percent to
over 41 million tons. Production of lead
concentrate increased to 175,000 tons com-
pared with 27,000 tons in 1965; output of
zinc concentrate decreased slightly from
229,000 tons in 1965 to 220,000 tons in
1970. The large increase in output of lead
concentrate was accounted for by a shift in
average grade of ore treated—Ilead content
rose to 3.65 percent in 1970, compared
with 1.04 percent in 1965. Zinc content
dropped from 5.79 percent in 1965 to 3.40
in 1970. Average lead recovery rose to 97
percent in 1970, from 93 percent in 1965;
zinc recovery decreased from 89 percent in
1965 to 87 percent in 1970. There was lit-
tle change in average consumption of re-
agents per ton of ore, but average cost rose
4 cents per ton of ore treated.

Wisconsin had four plants treating lead-
zinc ore, followed by Missouri, with two
and one plant each operated in Colorado,
Illinois, New York, Oklahoma, and Vir-
ginia.

Lead-Zinc-Silver—Twenty-two  flotation
plants reported treating lead-zinc-silver ore
in 1970; down nine plants from the 31 re-
ported in 1965. As a result, capacity de-
creased from 30,000 tons per day in 1965,
to 15800 tons per day in 1970. Also, the
quantity of ore treated declined 38 per-
cent, to 3.235 million tons in 1970. Despite
the decrease in ore treated, output of lead
concentrate was about the same as in 1965

owing to the increase in the grade of ore
treated, which rose to 4.4 percent lead in
1970, from 2.9 percent lead in 1965. At the
same time, recovery of lead values de-
creased from 90 percent in 1965 to 87 per-
cent in 1970. Output of zinc concentrate
declined 28 percent despite an increase in
grade of ore from 4.9 percent zinc in 1965
to 6.08 percent in 1970. Recovery of values
dropped from 87 percent in 1965 to 82
percent in 1970. Reagent consumption re-
ported was not strictly comparable with
that of 1965, but data indicated that quan-
tity and cost per ton of ore treated in-
creased. Plants reporting treatment of
lead-zinc-silver ore were located in Colo-
rado’ (seven), Idaho (six), Utah (three),
New Mexico (two), Washington (two),
and one each in Arizona and California.

Zinc—Flotation plants treating zinc ore
decreased from 10 in 1965 to eight in 1970.
Despite the reduction in number of plants,
capacity increased to 16,100 tons per day
in 1970, from 15,000 tons per day in 1965.
The quantity of ore treated was about the
same as in 1965, but concentrate produced
declined slightly; recovery of values de-
creased from 95 percent in 1965, to 93 per-
cent in 1970. Average grade of ore treated
remained at nearly 5 percent zinc, the
same as in 1965, but was down from the
nearly 6 percent reported in 1960. Average
consumption of reagents dropped from
1.036 in 1965, to 0.840 pound in 1970, but.
average cost rose 1 cent ‘per ton. Most of
the plants treating zinc ore were in Ten-
nessee (five), with one each in Kentucky,
New York, and Pennsylvania.

Feldspar, Mica, and Quartz—Data on
these commodities were combined to avoid
disclosing individual company confidential
information. Flotation plants treating ores
of these minerals in 1970 decreased to 14,
from 18 reporting in 1965, but capacity de-
creased only slightly to 10,000 tons per
day. The quantity of ore treated increased
154,400 tons and concentrate produced in-
creased by 148,451 tons compared with
1965. Most of the increased output was ac-
counted for by quartz, which rose 186,680
tons, followed by feldspar, 41,406 -tons; out-
put of mica decreased 17,477 tons, and
other products declined 62,158 tons.

Fluorspar.—Four plants reported treat-
ing fluorspar ore during the year com-
pared with six plants in 1965. As a result,
plant capacity, ore treated, and output of
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concentrate and recovery of byproducts de-
creased. Recovery of fluorspar dropped to
84 percent in 1970, compared with 92 per-
cent in 1965, but was higher than the 77
percent recovered in 1960. Average total
consumption of reagents increased, rising
to 19498 pounds per ton of ore treated
compared with 14.834 pounds per ton in
1965, and 7.011 pounds per ton in 1960.

Three reporting plants were located in
Illinois and one was located in Colorado.
Heavy media preconcentration of ore was
reported by three plants.

Iron.—In 1970 the number of iron ore
flotation plants remained at six, the same
as that of 1965, but capacity increased
from 40,000 tons per day to 55,700 tons
per day. Great strides were made during
the 5-year interval as ore treated nearly
doubled. More significant was the increase
in iron content of concentrate produced
which rose to 63.9 percent in 1970, com-
pared with 58.8 percent in 1965. Also, re-
ported recovery of iron rose from 72 per-
cent in 1965, to 83 percent in 1970. Along
with these accomplishments, reagent con-
sumption dropped from 2230 pounds per
ton of ore treated in 1965, to 1.861 pounds
per ton of ore in 1970, and value of re-
agents consumed decreased from $0.121 to
$0.086 per ton of ore treated. Although
modifiers increased both in quantity and
value per ton of ore treated, increased
effectiveness in usage of collectors ac-
counted for decreased total reagent con-
sumption. Plants treating iron ore by flota-
tion were located in Michigan, (four),
Missouri, (one), and New York, (one).

Limestone and Magnesite.—Because of
the similar reagents used in the flotation
of limestone and magnesite and to avoid
disclosing confidential information, the
data from these operations have been com-
bined. The number of plants processing
these materials in 1970 declined from five
in 1965 to four in 1970; daily capacity, ore
treated, and concentrate produced rose
slightly. Reagent data are not comparable
with 1965 and 1960 data. Plants were located
in California, (one), Maryland, (one),
Nevada, (one), and Texas, (one).

Phosphate.—Plants treating phosphate
materials by flotation in 1970 increased by
one, but daily capacity increased 214 times
that of 1965. Ore treated rose from $2 mil-
lion tons in 1965 to nearly 65 million tons
in 1970; concentrate produced increased

from 11 million tons in 1965 to 18.6 mil-
lion tons in 1970. With the vast quantity
of ore treated, grade of ore decreased from
14.7 percent P20O5 in 1965, to 12.1 percent
in 1970. Other changes include average
grade of concentrate produced which de-
clined to 32.9 percent P2O5 in 1970, from
34.3 percent P2O5 in 1965, and recovery of
values decreased from 80 percent in 1965
to 78 percent. Reagent consumption - in-
creased 3.102 pounds per ton of ore
treated over that of 1965, returning to the
level of that consumed in 1960. Of the 19
reporting plants treating phosphate mate-
rial, 17 were in Florida and one each was
in North Carolina and Utah. i

Potash.—Flotation plants treating potash
ore in 1970 decreased to eight from nine
reporting in 1965, but capacity increased
to 52,200 tons per day from 50,000 tons
per day. Despite the slight increase in ca-
pacity, quantity of ore processed declined
27 percent, to nearly 12 million tons owing
to development of new mines in Canada
that produce lower cost potash. Grade of
ore treated increased 1.5 percent, to 18.76
percent potassium oxide (KpO) from the
17.28 percent reported in 1965. As a result
of the higher grade ore treated, concen-
trate production dropped only 23 percent,
and grade of concentrate remained at 57
percent potassium oxide. Recovery of val-
ues decreased to 85 percent, compared with
87 percent in 1965. Total reagent con-
sumption rose to 2.089 pounds per ton of
ore treated in 1970, from 0.959 pound in
1965; cost per ton increased from $0.136 in
1965 to $0.204 in 1970. Reporting plants
were located in New Mexico (six) and
Utah (two).

Anthracite—Four flotation plants re-
ported treating anthracite in 1970, com-
pared with five in 1965 and 1960. Raw
coal treated rose 66 percent, to 1.236 mil-
lion tons, but clean coal produced dropped
13 percent to 355,000 tons compared with
that of 1965. Much of the recovered coal
was the result of salvaging operations in
treating material such as river silt bank
fines. Reagent consumption per ton of raw
coal treated rose 0.493 pound and 1 cent
in value, to 3.156 pounds and 10.3 cents,
respectively, compared with that of 1965.
All plants treating anthracite were in
Pennsylvania. )

Bituminous Coal.—Reporting bituminous
coal flotation plants dropped to 62 in 1970
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from 64 in 1965, but capacity increased to
58.400 tons per day from 42,000 tons per
day. Corresponding with the increased ca-
pacity, total raw coal treated rose 34 per-
cent, and clean coal produced increased 22
percent compared with those of 1965; raw
coal reached to 11.8 million tons, and
treated coal reached 8.1 million tons. Re-
agent consumption per ton of raw coal
treated rose 0254 pound in quantity and
nearly $ cents in value compared with that
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avoid disclosing company confidential in-
formation. Also, because of dissimilarity of
data for various plants, it would be inap-
propriate to combine the data. However,
the data have been included in the totals
to present complete information on flota-
tion in the minerals industry.

Flotation plants for which data have
been handled in this manner included the
following:

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.
4 . Do._-oun- 1 in Georgia.
of values from extremely fine material. Bastnaesite_ .. 1 in California.
s roing 5 Garnet_______ 1 in New York.
West. Vlrg'lma' led in nur}lber of plants Tinenite. 1in New Yor,
treating bituminous coal with 34, followed K Do.__. 1in Xéierginia.
foing I s : anite._ _ 1in ia.
by Virginia (nine), Pennsylvania (eight) , ¥ Do 2in Vir;ltﬂa.
Kentucky (five), Alabama (three), and Mercury._._. 4 in Alaska.
Colorado, New Mexico, and Utah with M°‘%’gff‘_“_“_‘_: %‘l'; %‘Z‘&'i‘}‘ékico.
one each. Tale___- 1 in Alabama.
Miscellaneous.—Data for some flotation  qupgsten %:‘; Camont.
operations are not shown separately to  Vermiculite ... 1 in Montana.
Table 19.—Froth flotation plants in 1970, by States
State Number State Number
4 New Jersey - - oo 2
4 New Mexico. - - 17
21 - 5
2 - 7
8 - 1
15 - 2
17 Pennsylvania_ _____ - 15
3 South Carolina_.___ - 1
10 Tennessee. - .- - 6
4 Texas______ - 1
6 Utah__ - 10
1 Vermont___ - 1
1 Virginia. - - 13
5 ‘Washingto: - 3
8 - 34
é Wisconsin . . oo oo 4
Total - - oo 240
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Table 22.—Froth flotation of sulfide ores

Operating data 1960 1965 1970

____________________________ 95 108 105

_short tons per day__ 545,700 622,300 861,900

short tons__ 155,125,000 200,754,000 281,660,000

Concentrates produced.. . cre--do____ 5,855,000 7,218,000 8,863,000

Ratio of concentration_ . _________________ 26.5:1 27.8:1 31.8:1

CONSUMPTION OF REAGENTS
. Total (pounds) Pounds per ton
Type
1960 1965 1970 1960 1965 1970
Modifier_______________ 489,706,448 765,676,534 1,198,742,990 3.710 4.114 4.408
Activator___ 7,858,889 3,983,093 ,487,774 .353 .281 .871
Depressant_ 6,338,230 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 2,628,618 026 007 .018
Other.__._____________ ______.___. 112,349,217 ,100 _____ 4.867 014
Total ___________ 542,790,119 937,907,962 1,279,797,015 3.499 4.684 4.556
Table 23.—Froth flotation of metallic carbonate and oxide ores
Operating data 1960 1965 1970

.............................. 13 14 13

_short tons per day.. 13,600 47,500 64,800

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 2.8:1 2.8:1

CONSUMPTION OF REAGENTS

Total (pounds)

Pounds per ton

Type
1960 1966 1970 1960 1965 1970
6,639,418 15,279,991 31,685,105 2.368 8.444 4.718
1,280,206  __._____.. ... 5.000 _____  _.___
609,809 1,688,578 2,626,526 .820 1.466  1.276
22,672,698 28,694,707 81,818,552  8.049  1.479 1.074
1,344,778 864,657 164,497  1.333 .090 .046
1,806,029 458,285 220,271 .618 .250 .016
Total . ___________ 83,752,937 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___ o _____ 55 64 56
Capacity - _short tons per day._ . 143,500 191,400 -877,800
Ore treated__ ___________________ short tons_ . 36,191,000 52,653,000 80,963,000
Concentrates produced.__.____________ do____ 11,888,000 17,376,000 23823000
Ratio of concentration_ _____________________ 3.0:1 3.0:1 .4z

CONSUMPTION OF REAGENTS

Total (pounds)

Pounds per ton

Type

1960 1965 1970 1960 1965 1970
Modifier___ 82,455,910 54,889,380 163,243,386 3.566 1.278 2.178
Activator_ 2,987,585 ,677 484,139 .887 1.038 .820
Depressan 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_ 2,475,037 4,869,852 2,863,584 .166 .219 .119
......... 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.___ o _____ 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 7,033,000 8,418,000

CONSUMPTION OF REAGENTS

Total (pounds)

Pounds per ton

Type
1960 1965 1970 1960 1965 1970
1,609,352 298,274 2,716,208  3.841 1.922  2.861
8,142,058 4,055,306 7,771,721  3.015  1.988  2.039
584,798 1,554,801 2,563,974 175 .166 .204
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

Plants: ‘Water used, gallons:
Number.__ .. 17 Total . ______ millions_..  59,803.5
Capacity...._. short tons per day.._ 230,000 Perton_________________________ 750
Ore treated: Rod consumption, pounds:
....................... 79,828,000 Total - oo 11,359,333
Perton.________ . ___________ 0.344
............. percent._ 0.87 Ball consumption, pounds:
-ounce per ton.. 0.0026 Total - - .. 64,564,580
Silver. oo aoo. do_._. 0.1325 Perton.::covsensssusooossianis 0.992
Energy used, kllowatb—hours : Liner consumption, pounds:
Total __________________ millions_ _ 1,270.5 Total . _ .. 3,848,676
Perton__ ... 16.0 Perton____ . 0.112

CONCENTRATES PRODUCED

P Grade Recovery (percent)
Type (short Copper Gold Silver
tons) (percent) (ounce (ounces Copper Gold Silver
per ton) per ton)
Copper-.caceccacan 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, Nalco, phosphates, sulfuric acid:
Pounds

640,870,297 8.063

$4,315,528 $0.054
158,388 0.078
$12,482 $0.006
63,229 0.006

$5,691 $0.0005
Collector: Aerofloat 31, Aerofloat 244, Aero Promoter 404, Aero Promoter 8501,

Dow Z-200, Mmerec. potassium amyl xanthate, sodium isobutyl xanthate,

sodium !sopropyl xanthate, Thiocarbamate:

Polmds .............................................................. 6,953,885 0.087
Value. o e mceem e $2,828,937 $0.035
Frotlher Aerofroth 65, cresylic acid, Dowfroth 250, methyl isobutyl carbinol, pine
oil:
Pounds 3,799,912 0.048
$805,883 $0.010
337,308 0.006

$288,246 $0.005

651,683,019 8.169
$8,251,762 $0.103

! Based on 14 operations,
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Table 27.—Froth flotation of copper-molybdenum ores in 1970

OPERATING DATA

Plants: ‘Water used, gallons:
Number__ - ... 16 Total - _ oo millions__  111,501.9
Capacity--- - short tons per day. . 465,000 Per ton._ . oo 715
Ore treated: Rod consumption, pounds:
Short tons___________________.__ 155,939,200 Total - 37,938,608
de: Perton._____ .. 0.614
____________ percent.__ 0.68 Ball consumption, percent:
_ounce per ton._ 0.0052 Total .o 191,602,876
________________ do---- 0.0558 Per ton 1.304
Molybdenum_______ percent_ _ 0.020 Liner consumption, pounds:
Energy used, kilowatt-hours: Total - oo 21,410,426
Total _________________ millions._ - 2,281.7 Perton. ... 0.151
Perton_ .- 14.6

CONCENTRATES PRODUCED

Grade Recovery (percent)
Quantity
Type (short Copper Gold Silver  Molyb- Molyb-
tons) (percent) (ounce (ounces denum Copper Gold Silver denum
per ton) perton) (percent)

Copper-__ ... 3,486,509 25.27 0.1373 2.3067 ____.._ 84 64 6 -
Molybdemte ...... 81,584 ___ . cceceen el 53.78 ool cccin ememe- 159
CONSUMPTION OF FLOTATION REAGENTS

Function and name Total Per ton
Modifier: Calgon, lime, Nalco, phosphates, sodium carbonate, sodium hydroxide,
sodium silicate, sulfuric acid, other:
PoundS_ _ e 497,176,970 3.188
ValUe - - oo e e $4,351,750 $0.028

Depressant: Dextrine, Nokes R.eagent phosphorus pentasulfide, sodium cyanide,
sodium ferrocyanide, sodium hydrosulfide:
PoundS. - o e 6,135,382 0.054

Value o e mmmmmmmm—m—mmmmmmememom= $490,837 $0.004
Collector: Aeroﬁoat 235, Aerofloat 238, Aerofloat 3302, Aero Promoter 404, burner
oil, Dow Z-200, fuel 011 kerosine, Mmerec, potassmm amyl xanthate, Sodlum
Aeroﬂoat sodmm ethyl xanthate sodium isopropyl xanthate, Stepanﬂote stove
oil, xanthate:
Pounds ______________________________________________________________ 9,911,134 0.064
________________________________________________________________ $2,079,727 $0.013
Frother. Aerofroth 65, Aerofroth 71, Aerofroth 73, creosote, cresylic acid, Dow-
froth, methyl 1sobutyl carbinol, pine oil, Shellfroth:
Pou.nds _______________________________________________________________ 12,718,876 0.082
................................................................ $2,121,877 $0.014
Flocculant. Aerofloe 550, Nalco, Polyhall M—-59, Separan:
Pounds._ e mmmmmmmcmccmmmm e 2,154,075 0.028
Value - - o e m e $2,822,936 $0.037
Other:
POUNAS . _ - o o e 26,690 0.003
ValUe o emmmmmmmemmmmmemme $5,909 $0.001
Total reagents:
PoundS o - o e e mmmm i —m e mm e mm 528,123,127 3.387
Value_ - o eeeee D, $11,873,036 $0.076

1 Based on 15 operations.
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Table 28.—Froth flotation of copper-lead-zinc ores in 1970

93

OPERATING DATA

Water useld, gallons:

0.0187 Liner consumption, pounds:

159.7
16.9

15 Total ___________________ millions_ _
40,200 Perton. __ . _________

1.20 Per £703 | VE U
5.2023 Total - _ oo

4,812.6
510

1,528,187
0.198
2,596,678
0.287

691,135
0.097

CONGENTRATES PRODUCED

Grade Recovery (percent)

Quantity
Type (short Copper Lead Zine Gold Silver

tons) (per- (per- (per- (ounce (ounces Copper Lead Zinec Gold Silver

cent) cent) cent) perton) per ton)

117,092  25.47 6.20 6.03 0.1658 185.4593 1 1 6 40 87
435,858 .88 172.83 1.60 .5090 4.0184 3 95 3 27 8
108,277 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. e 5,487,763 - 1.000
Value. - e 8,510 $0.014
Activator: Co per
Pounds 941,291 0.110
Value.. $191,556 $0.022
Depressant: Santosi od!
sodium sulfite, starch sulfur d!oxxde, lnc sulfxte
Pount e e e e e e 5,827,811 0.626
Value $440,164. $0.047
Collector: A oat
Promoter 3501, Dow Z—ZOO, potassxum amyl xanthate, potamlum ethyl xanthate
Sodium Aeroﬂoat sodium isopropyl xanthate, other:
Pounds 1,089,490 0.116
Value $420,899 $0.045
Frother: Aerofroth 65, Aerofroth 71, Barrett oil, Dowfroth, methyl isobutyl carbinol,
pine oil:
Po\mds ________________________________________________________________ 375,550 0.040
Value $66,073 $0.007
28,062 0.012
$7,768 $0.003
Total reagents:
Pounds. .o i e e e mmmmmm——m—men 13,699,967 1.464
Value . o e $1,204,970 $0.129

1 Based on 18 operations ing for 99 p t 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__.  2,573.8
Capacity .- ...._ short tons per day__ 11,000 Perton_ ___ . _________ 805
Ore treated: Rod consumption, pounds:
Total 868,520
0.280
1,978,114
0.620
CONCENTRATES PRODUCED
Grade Recovery (percent)
Quantity
Type (short Gold Silver Copper Zine Iron
tons) (ounce (ounces  (percent) (percent) sulfide Copper Zinc Iron
per ton)  per ton) (percent)
Copper..._._ 116,682 0.0096 1.1288 18.64 ... ___.._.... 90 ... _______
.- 40,644 ________ ________ ________ 50.65 ________ ______ 61 _______
904,550 . il ceel cmemee- 91.22 ... __._.._. 80
CONSUMPTION OF FLOTATION REAGENTS
Function and name Total Per ton
Modifier: Lime, sodium silicate, sulfur dioxide, sulfuric acid: R
Pounds._ e 26,605,063 9.098
Value - o e - $242,373 $0.083
Actlvator Copper sulfate:
UNAS e 1,268,438 0.716
alu ................................................................. $132,461 $0.075
Depressant: Guar, sodium cyanide, zinc sulfate:
Pounds__ e 332,523 0.191
Value . - e $59,876 $0.034
Collector: Aero Promoter 404, potassium amyl xanthate, sodium ethyl xanthate,
sodium isopropyl xanthate, sodium secondary-butyl xanthate:
Pounds . 990,692 0.310
Al . L e $119,356 $0.037
Frother: Cresylic acid, Dowfroth 250, methyl isobutyl carbinol, pine oil:
Pounds. _ el 306,432 0.096
Al - i $62,208 $0.019
Flocculant: Aerofloec 550, Nalco, Separan:
Pounds. _ e 13,813 0.005
Value o e $13,177 $0.005
Total reagents: .
Pounds . . oo 29,516,961 9.244
Valug

€ o o e $629,446 $0.197
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Table 30.—Froth flotation of gold-silver ores in 1970
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OPERATING DATA

Plants: ‘ Ball consumption:
Number_____________________________ 4 Total oo _..._ pounds__. 28,403
Capacity._________ short tons per day.- - 700 Perton_ . __ . __ 0.303

Ore treated? ’ Liner consumption:

Short tons___ .. ________________._ 97,700 Total - _______ pounds_. 1,749
Grade, ounces per ton: Perton___.______ . _______ .022
Gold______ e mcmmmmcmeafeme oo 0.6065
Silver__ .l l__ 5.4575
CONCENTRATES PRODUCED
L . Quantity (Grade (ounces per ton) Recovery (percent)
Type (short tons)
. Gold Silver Gold Silver
Gold-Silver_ _________________________ 961 57.8913 510.9938 94 92
CONSUMPTION OF FLOTATION REAGENTS !
Function and name Total Per ton
Modifier:
Pounds____ . 187,310 2.495
Value - e $2,997 $0.040
C(%lefytfr Aerogeoat 31, Aerofloat 208, Aero Promoter 404, Dow Z-200, sodium secondary-
utyl xanthate:
Pounds_ e 25:524 0.263
e _ - i___ F S $3,736 $0.039

Frother:

Pounds_ e 742  0.040
Value . . e $139 $0.007

Flocculant.

Pounds_ e 2,102 0.028
CValue o e $1,682 $0.022

Total reagents:

Pounds. . .. 215,678 2.224
Value e $8,554 $0.088

1 Based on 3 operations accounting for 99 percent of total ore.
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Table 31.—Froth flotation of lead-zinc ores in 1970

OPERATING DATA

Plants: ‘Water used, gallons:
Number___ . 11 Total_ _ -.millions._.  8,007.6
Capacity_ - short tons per day__ 19,700 Per ton 725
Ore treated:
- 1,006,739
0.
963,612
0.2
77,356
0.051
CONCENTRATES PRODUCED
Grade Recovery (percent)
Quantity
Type (short tons) Lead Zine Silver
(percent) (percent) (ounces Lead Zine
per ton)
Lead. . _..o._____.__.__ 175,428  74.80 ___.._____ 1.2898 -
Zine_ ... ________ PO, 219,698 ._______.__ 56.83 9.6782 _______._. 87
CONSUMPTION OF FLOTATION REAGENTS !
Function and name Total Per ton

Modifier: Lime, soda ash:
Pounds ____________________________________________________________________ 2,964,458 0.885
_____________________________________________________________________ $34,476 $0.010

ds ____________________________________________________________________ 1,664,698 0.414

Value _____________________________________________________________________ $380,368 $0.095
Depressant: Calcium cyanide, sodium cyanide, zine sulfate:

PoUNdS . - e m 1,079,914 0.269

Valle . - oo oo e i mmm $142,746 $0.036

Collector: Aerofloat 31, Aerofloat 211, Aerofloat 242, Aero Promoter 404, Dow Z-200,
Sodium Aerofloat, sodium ethyl xanthate sodium 1sopropyl xanthate, sodium second—
ar)’i:hutlyl xanthate xanthate:

tal

604,799  0.151
$182,637 $0.045

354,029 0.088
$59,616 $0.015

14,077  0.007
$16,630 $0.008

90,625 0.060
$18,524 $0.012

6,772,600 1.685
,997  $0.208

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:
umber__________________________ 22 Total ___________________ millions_.  2,624.7
Capacity_-______ short tons per day_._ 15,800 Perton_____________________.____
Ore treated: Rod consumption, pounds:
Short tons_________ ... 3,235,000 Total . ____ ... 73%%%3

0.0733 Liner consumption, pounds:

4.9449 Total . - ____ 448,112
Perton__________________________ 0.228
86.2
Per ton .......................... 26.6

CONCENTRATES PRODUCED
L]

Grade Recovery (percent)

Quantity
Type (short Copper Lead Zinc 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 47.3321 70 87 9 79 83
Zinc.._ 293,215 0.65 4.00 53.22 0.0614 3.7643 14 8 82 6 8

CONSUMPTION OF FLOTATION REAGENTS !

Function and name Total Per ton

Modifier: Lime, soda ash:
Pounds 5,314,197 2.081
3,012 $0.036

2,584,263 0.938

$487,867 $0.177

t: Aero Dep

fite, zinc sulfate:
Pounds

1,553,862 0.564
PR $176,841 $0.064
Collector: Aerofloat 25, 3 Ol 130, Aeroflo
float 242, Aero Promoter 404, Dow Z-200, Mineree, potassmm amyl xanthabe, po-
tassium et 1 xanthate, Sodium Aerofloat, sodium ethyl xanthate, sodium isopropyl
xanthate, Thiocarbanilide:
Pounds.
Val

760,455 0.274
$235,500 $0.085

495,397 0.178
$98,955 $0.036

21,219 0.014
$14,960 $0.010

18,785 0.080
$1,574 $0.007

10,748,178 3.870
---- $1,108,709 $0,399

Based on 16 operati ting for 86 p t of total ore.
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Table 33.—Froth flotation of zinc ores in 1970

OPERATING DATA

Plants: Rod consumption, pounds:
Number__________________________ 8
Capacity.______ short tons per day. . 16,100
Ore treated:
Short tons_ .. 3,751,000
..................... percent._ _ 4.99 PR
Energy used kilowatt-hours:
171 R, millions.. 58.6  Total.____________________
Perton._________________________ 14.3  Perton_.__________________
‘Water used, gallons:
otal . _________________ millions_.  1,872.4
500

285,601
- 61.02
93
CONSUMPTION OF FLOTATION REAGENTS
Funection and name Total Per ton
Modifier: Lime:
Pounds. .. 798,165 3.369
Value. - . e $10,613 $0.045
Actlvator Copper sulfate:
.................................................................... 1,854,761 0.494
Value ..................................................................... $385,790 $0.103
Depressant:
Pounds____ ol 28,248  0.070
Value_ - e $5,085 $0.013
Collector Aerofloat 211, Dow Z-200, Sodium Aerofloat, sodium ethyl xanthate: .
OUNAS e 250,072  0.067
alue ... $77,683 $0.021
Frother: Aerofroth 65, Dowfroth 250, Dowfroth 1012, pine oil:
Pounds_ . 220,766  0.059
Value. - - e $64,480 $0.017
Total reagents:
Pounds_____ . 3,152,012 0.840
Value. - e 43,651 $0.145
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Table 34.—Froth flotation of feldspar, mica, and quartz ores in 1970

OPERATING DATA

‘Water used, gallons:

.......................... 14 Total____.___ .. _.___.__millions.. 5,558.6
-short tons per day.__ 10,000 2,350.0
________________ short tons__ 2,365,400
Energy used, kilowatt-hours: 999,710
otal . _ L.l millions. . 44 5 0.812
124,436
0.108
492,768
33,887
785,656
106,000
CONSUMPTION OF FLOTATION REAGENTS 1!
Function and name Total Per ton
Modifier: Alum, hydrofluoric acid, lime, sodium hydroxide, sulfuric acid:
Pounds._ e 8,093,208 3.953
L LI $475,340 $0.232
Depressant:
Pounds . e~ 801,500 0.900
Value - oo ccccccceccememan $75,375 $0.225
Collector: Aero Promoter 801, Aero Promote!' 825, amines, fatty acids, fuel oil,
petroleum sulfonate, other:
Pounds ................................................................ 8,547,776 1.664
................................................................ $405,492 $0.190
Frother‘ Aerofroth 65, pine oil, other:
OUNAS . - o o e e oo e e e e e e e e e 853,823 0.264
Value. o e $80,381 $0.060
Flocculant:
Pounds. e 26,761 0.059
Valle. o o e cccecmmccmcmmmcmcmmmmemean $11,430 $0.025
Total reagents:
Pounds. . . el 12,323,068 5.779
Value o o e e $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 T 652.7
Capacity.- .- __ short tons per day.__ 1,750 1,560
Ore treated:
Short tons________________________ 418,500 338,799
Fluorspar________________ percent__ 43.21 0.810
Ener%y nsed kilowatt-hours: Liner consumption:
.................... millions. . 26.8 Total____________________pounds__ 108,265
Perton_ _________________________ 64.1 Per ton.__ _ o ______ 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 94.23 84 1,568 70.34 17,625 61.32
CONSUMPTION OF FLOTATION REAGENTS
Function and name Total Per ton
Moitilljﬁe{e: Salt, Nalco, soda ash, sodiam hydroxide, sodium pyrophosphate, sodium
silicate: .
Pounds. e 6,207,827 14.835
Value_ _ e $87,761 $0.210
Actwator. Copper suliate.
................................................................ 365,588 0.946
_________________________________________________________________ $91,976 $0.238
Depxigssant Aero Depressant 633, Quebracho, sodium cyanide, starch, zin¢ hydro-
sulfite:
Pounds._ e 1,041,121 2.695
Value. _ e mcmmmmmmmmemmm——an $178,857 $0.463
Collector: Aerofloat 31, Aerofloat 211, fatty acids, potassium amyl xanthate, potas-
sium ethyl xanthate, Sodium Aerofloat:
Pounds _______________________________________________________________ 419,652 1.003
_________________________________________________________________ ,635 $0.202
Frother Methyl isobutyl earbinol, pine oil:
Pounds. e 124,376 0.822
Value - oo e $21,075 $0.055
Flocculant:
Pounds. e 963 0.030
Value. oo e $1,478 $0.046
Total reagents:
Pounds. e ————— 8,159,527 19.498
Value - o e $465,782 $1.113
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Table 36.—Froth flotation of iron ores in 1970
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OPERATING DATA

Plants: Rod consumption, pounds:
Number___ . .. Total . ..
Capacity_- .- short tons per day.__ 55,700 Perton__.__ ..

Ore treated: Ball consumption, pounds:
Short tONS_ oo 27,286,100 Total . - __
33.7 Perton_________________________

Liner consumption, pounds:

795.7 Total - - _______
29:2-— Perton-_.-o-_-_z__-=_= S

53,450.0
60

14,296,675
0.928
21,937,656
1.426

4,636,630
0.174

Quantity e eccmmmmcmme—cmem—en short tons__ 11,927,496
----percent__ . 63.9
RECOVETY - - - - e e e e mmmm e e do.._. 83
CONSUMPTION OF FLOTATION REAGENTS
Function and name Total Per ton
Modifier: Sodium silicate, sulfuric acid:
P 23,630,257 4.379
$302,784 $0.056
210,518 0.343
$49,817 $0.081
26,672,577 0.978
$1,771,006 $0.065
51,811 0.024
$6,995 $0.003
205,029 0.016
$204,870 $0.016
50,770,192 1.861
$2,835,472 $0.086
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Table 37.—Froth flotation of limestone-magnesite ores in 1970

OPERATING DATA

Plants:
Number.
Capaci 4,6
Ore treated. ... __ 1,094,400
Concentrate pro uced_ _ 63,621
CONSUMPTION OF FLOTATION REAGENTS
Function and name Total Per ton
Modifier:
Pounds. . eecceiieieces 888,853 4.441
Valte - e $30,004 $0.150
Depressant:
Pounds. .o i mmmmmmmmieen 993,730 4.965
Alle . e $35,774 $0.179
Collector Adogen, fatty acids, fuel oil: ’
ds____---.____-..-_.---_____._._-.----.-_...____.-_. ............... 3,171,029 2.898
0 - - o o e $212,319 $0.194
Frother Igepal, pine oil:
Pounds ................................................................ 59,342 0.219
_________________________________________________________________ $14,099 $0.052
Flocculant' Separan:
Pounds. e 15,242 0.015
Value. oo e el $21,944 $0.021
Total reagents:
Pounds. e 5,128,196 4.686
Value . oo e eceeccceemcmcmmmmmce————— $314,140 $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 P20s Total Total

per day) (short tons) (percent) (millions) Per ton (millions) Per ton

19 805,900 64,790,900 12.1 529.3 8.2 234,119.1 8,616 -

CONCENTRATES PRODUCED

Quantity . - e cmeecceameememcmee———oe short tons.. 18,559,945
P20s content_ 32.9
RECOVETY - e o e e oo e et e e e e ! 78.0

CONSUMPTION OF FLOTATION REAGENTS

Function and name ’ Total Per ton

Modifier: Ammonia, sodium hydroxide, sulfuric acid:

Pounds_ oo e 134,346,171 2.150

Valle- - o oo oo e e cemmmmm—mm e $1,797,221 $0.029
Collector: Amine, fatty acid, fuel oil, kerosine:

8 o e e e 515,594,226 7.958

Valte. oo $10,845,540 $0.167
Frother: Pine oil

Pounds_ e cececeeeccemmcemmmmmmmme——————— 688,683 0.069

Value. o o e $133,462 $0.014
Flocculant:

Pounds._ o e 28,000 0.056

Value - o oo oo $26,600 $0.053
Total reagents:

Pounds. .o mm—m———— e 650,657,080 10.042

2 $12,802,823 $0.198
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Table 39.—Froth flotation of potash ores in 1970
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OPERATING DATA

Plants Ore treated Energy used Water used
(kilowatt-hours) (ggllons)
apacity Quantity K:0 Total Total
Number (short bor)ls (short tons) (percent) (millions) Per ton (millions) Per ton
per day.
8 52,200 11,702,000 18.76 184.0 15.7 3,848.5 285

CONCENTRATES PRODUCED

Quantity . e short tons__ 8,271,965
percent__ 57.20
.................................................................. do-_-_ 85
CONSUMPTION OF FLOTATION REAGENTS
Function and name Total Per ton
Modifier: Ammonia, hydrochloric acid, phosphates, sodium hydroxide:
Pounds ________________________________________________________________ 10,888,518 1.200
e o o o e e e e e e e emecccceemmmemmmmmmmmmm———————a——— $331,570 $0.037
Depressant' Starch, other:
ds ................................................................ 6,220,460 0.641
................................................................. $400,755 $0.041
Collector' Amine, fuel oil: )
d.s ................................................................ 5,021,954 0.429
................................................................. $1,078,699 $0.092
Frother- Ban'ett oil, methyl isobutyl carbinol, pentasol:
Pounds. e 1,670,253 0.143
Value. e $186,010 $0.016
Flocculant: Guar, Separan, Superfloc:
Pounds. e eccccceeo 646,314 0.063
Value o e $385,261 $0.037
Total reagents:
Pounds. . e 24,447,499 2.089
$0.204

Value. e $2,382,295
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Table 40.—Froth flotation of anthracite in 1970

OPERATING DATA

Plants:
Number__ ... 4
Capacity - - - - 4,000
Raw coal treated .. _ 1,286,000
Clean coal produced 855,000
CONSUMPTION OF FLOTATION REAGENTS )
Function and name Total  Per ton

Collector: Fuel oil, kerosine:

8,505,729 2.836
$64,159 $0.052

395,019 0.320
$63,382 $0.051

8,900,748 8.156
$127,5641 $0.103

Table-41.—Froth flotation of bituminous coal in 1970

OPERATING DATA

Plants:
Number . e 62
Capacity_ ... - -short tons per day.. 58,400
Raw coal treated . _ ... short tons._ 11 710, 1200
Clean coal produced . - - - - - e do___. 068 200
CONSUMPTION OF FLOTATION REAGENTS
Function and name Total Per ton
Modifier: Lime, sulfuric acid, other:
Pounds ............................................................... ---- 2,716,208 2.861
.................................................................... $93,174 $0.098
Collector' Fuel oil, kerosine:
Pounds ................................................................... 4,265,992 1.657
____________________________________________________________________ $82,088 $0.032

Pounds ___________________________________________________________________ 2,168,956 0.192

Value.. I Il $368,240 $0.033

Flocculant: Aerofloe, alum, Calgon, Dowall, Nalco, Percol, Polyhall 8-295, Separan, .
starch, Steinhall, sulfuric acid, Superfloc:

OIS - — - — - — - o oo e oo e e e e e 2,204,030 0.209

ValUe o e $1,203,988 $0.114
Total reagents:

Pounds. e 11,855,185 0.9656

Value oo $1,747,490 $0.148




Statistical Summary

By Mary E. Daugherty * and Nellie W. Fahrney *

This chapter summarizes mineral produc-
tion in the United States, its island posses-
sions, the Canal Zone, and the Common-
wealth of Puerto Rico. Tables showing the
principal minerals exported from and im-
ported into the United States, and com-
paring world and U.S. mineral production
also are included. Further details are con-
tained in the commodity chapters of volume
I and the area chapters of volume II.

Mineral production may be measured at
any of several stages of extraction and proc-
essing. The stage of measurement used
in the chapter is normally what is termed
“mine output.” It usually refers to minerals
in the form in which they are first extracted
from the ground, but customarily includes
for some minerals the product of auxiliary
processing operations at or near mines.

Because of inadequacies in the statistics
available, some series deviate from the fore-
going definition. The quantities of gold,
silver, copper, lead, zinc, and tin are re-
corded on a mine basis (as the recoverable
content of ore sold or treated). The values
assigned to these quantities, however, are
based on the average selling price of refined
metal, not the mine value. Mercury is mea-
sured as recovered metal and valued at the
average New York price for metal.

The weight or volume units shown are
those customary in the particular indus-
tries producing the respective commodities.
No adjustment has been made in dollar
values for changes in purchasing power of
the dollar.

1 Statistical assistant, Minerals Yearbook.

Table 1.—Value of mineral production 1 in the United States, by mineral groups

(Millions)
Year Mineral fuels  Nonmetals Metals Total 2
(except fuels)

$15,088 $5,176 $2,708 $22,968

16,195 5,200 2,333 28,729

16,820 5,448 2,708 24,971

17,965 r5,624 r 3,832 r 26,921

20,153 5,711 3,926 29,790

d by mine shi ts, 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.

Calcium- Mich., Calif.

Carbon dio: N. Mex., Calif., Colo., Utah.

Cement_ ___________.__________ Calif., Pa., Tex., Mich__________ Ala., Ariz., Ark., Colo., Fla., Ga.,
Hawaii, Idaho, I ., Ind., Iowa,
Kans., Ky., Mame, Md.,

Minn., Miss,, Mo Mont., Nebr.,
Nev., N. Mex. s N.Y., N.C., Ohio,
Okla Oreg., S.C., S. Dak., Tenn.,

Utah, ,Va.,Wash. Ww. Va,W .y

Wyo.
Clays_ __ .. Ga., Tex., Ohio, N.C____________ AllRoIther States except Alaska and

Ala., Alaska, Ariz., Ark., Colo., Ind.,
Iowa, Kans Md Mo ey Mont,

Mex., Dak Ohio, Okla.,
Tenn., Utah Va., Wash ‘Wyo.
Cobalt__ .. Pa.
Copper-— . Ariz., Utah, N. Mex., Mont_____ Calif., Colo., Idaho, Maine, Mich.,
Mo., Nev., Okla., Oreg., Pa.,
Tenn., Wash,
gal}f Nev., Wash., Ariz____.____ Oreg.
N.C., Calif., Conn., S.C_________ Ariz., Colo., Ga., Maine, S. Dak., Va.
i}l Colo. hUtah Mont__________ Ky., Nev., N. Mex.
aho
S. Dak., Nev., Utah, Ariz_______ Alaska, Calif., Colo., Idaho, Mont.,
™ N. Mex., Oreg., Pa., Tenn., Wash.
ex.
Mich., Tex., Iowa, Calif_________ Ariz., Ark., Colo., Ind., Kans., La.,
Mont Nev N. Mex., N.Y. Ohlo,
Okla., S. Dak., Utah, "Va., Wyo.
ﬁgng., Tex., Okla., Ariz_________ N. Mex.
ich.
Minn., Mich., Calif., Mo________ Ala., Ariz., Colo., Ga., Idaho, Mont.,
Nev., N. Mex., N.Y., N.C,, Pa,,
Tex., Utah, Wise., Wyo.
Va., Ga., F'

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__.__________ Ala., Anz Ark Cahf Colo Conn.,
Fla., Hawan, Idaho, Ill Ind.,
Iowa, Kans., La., Md, Mass
Mich., Minn., Mlss. Mont Nebr,
Nev NJ Mex,NY,N.
Okla Oreg,S Dak., Tenn.,
Utah Va., Wash W. Va, Wis.,

Wyo.
Lithium.______________________ N.C. Nev., Calif.
Magnesite -
Magnesium Chloride. Tex
Magnesium Compounds Mich., Tex., Calif.,, NJ_________ Fla., Miss., Utah.
Manganese ore_.______.____ N. Mex. . Mont.
Mangamferous ore__.___.. II:Iﬁ}m , N. Mex., Utah.
J., Md.
Calif., Nev., Alaska, Idaho_ - .. __ Atk N.Y., Oreg., Tex., Wash.
N.C.,, Ala,, Ga.,S.C..__._____.__ Anz Colo Conn. ., N.H., N. Mex.,
Pa., S. Dak.
Colo., Ariz., Utah, N. Mex______ Calif., Nev.
Naturalgas_ ___________________ 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,, Ohlo Pa., Tenn.,
Utah, Va., W. Va., Wyo.
Natural gas liquids_ ____________ Tex., La., Okla., N. Mex_ _______ Ala Ark Cahf Colo Fla 1.,
Kans., Ky nch Miss. .y Mont
Nebr., 'N. Dak Pa Utah, W. Va.,
) Wyo.
Niekel  ______ . eg
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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 . ___ o __._ Mich., Ill,, Fla,, N.J_ .. _________ Calif., Colo., Idaho, Ind., Iowa,

Mame, Md Mass., Minn., Mont
N. Mex., N.Y., N. Dak, o,
Pa., 8.C., Vt., Wash,, Wis.
Perlite. ... ______________ N. Mex., Ariz., Calif., Nev_ ______ Colo., Idaho, Utah,
Petroleum_ ... _.._._________ Tex., La,, Calif., Okla.______..___ Ala., "Alaska, Ariz., Ark., Colo., Fla.,
1il., Ind., Kans., Ky., Mich., Miss.,
Mo., Mont., Nebr., Nev N. Mex,

Y., a., o
Tenn. Utah, Va., W. Va., Wyo.
Phosphate rock I“la Idaho, Tenn.,, N.C____.____ Ala., Cailf Mont., Utah, Wyo.
Platinum-group metals aska.
Potassium salts___ N. Mex., Calif., Utah____ - Md., Mich.
mice._._.___ Oreg., Ariz. Cahf Hawaii______ Colo., Idaho, Kans., Nebr., Nev.,
N. Mex., N. Dak., Okla., Tex.,
Utah, Wash.
Tex.{ Pa., Colo.,, Nev___________ Ariz.
ali
La., Tex., N.Y.,Ohio____._______ Ala., Calif., Colo., Hawaii, Kans.,
Mich., Nev., N. Mex., N. Dak.,
Okla., Utah, Va., W. Va.
Calif., Mich., Minn.,, Ill_________ All other States.
......................... Idaho, Ariz., Ut.ah 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. . _ ..o ... Utah, Wyo.
Staurolite._ . ____ Fla.
Stone_________ Pa., Ill., Ohio, Calif_____________ All other States except Del.
Sulfur (Frasch). a., Tex.
T'ale, soapstone, pyrophyllite_____ N.Y., Calif.,, Vt., Tex________.___ Ala., Ark., Ga., Md., Mont., Nev.,
N.C., Oreg., Pa., Va., Wash.
Colo Alaska
NJ.,Ga . _.______ Va.
m Y i Ark., Pa,
Calif. s Coio Nev NC.___..___ Ariz., Idaho, Mont., Utah.
N. Mex., Wyo., Colo Utah_____ S. Dak Tex., Wash.
Colo., Ark. Idaho, Utah________ N. Mex.,, S. Dak.
%Id'ont., s.C
Tenn., N.Y., Colo., Mo_________ Ariz., Calif., Idaho, Ill Kans., Ky.,

aine, Mont., .J
Mex woma, a., S. Dak., Utah,
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Table 4.—Value of mineral production in the United States and
: principal minerals produced in 1970

Value Percent
State (thousands). Rank of U.IS. Principal minerals, in order of value
total
Alabama___________ $328,245 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___________ 25,622 27 .76 Petrolell)lm, 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 1.831 Molybdenum, petroleum, coal, sand and gravel.
Connecticut. - 28,383 45 .10 Stone, sand and gravel, feldspar, lime.
50 .01 Sand and gravel, clays, gem stones.
23 1.01 Phosphate rock, stone, cement, sand and gravel.
______ 29 .68 Clays, stone, cement, sand and gravel.
44 .10 Stone, cement, sand and gravel, pumice.
32 .40 Silver, phosphate rock, lead, zinc.
11 2.31 Coal, petroleum, stone, sand and gravel.
25 .86 Coal, cement, stone, sand and gravel.
31 .40 Cement, stone, sand and gravel, gypsum.
16 1.97 Petroleum, natural gas, natural gas liquids, helium.
9 2.84  Coal, stone, petroleum, natural gas.
2 17.13 Petroleum, natural gas, natural gas liquids, sulfur.
47 .08 Cement, sand and gravel, stone, copper.
37 .80 Stone, cement, sand and gravel, coal.
_____ 43 .17 Stone, sand and gravel, lime, clays.
12 2.25 Iron ore, cement, copper, sand and gravel.
13 2.12 Iron ore, sand and gravel, stone, cement.
26 .84 Petroleum, natural gas, sand and gravel, clays.
17 1.82 Lead, cement, stone, iron ore.
22 1.05 Petroleum, copper, sand and gravel, cement.
39 .24 Petroleum, cement, sand and gravel, stone.
30 .62 Copper, gold, sand and gravel, diatomite.
48 .08 Sand and gravel, stone, clays, gem stones.
36 .30 Stone, sand and gravel, zine, magnesium compounds.
8 3.56 Petroleum, copper, natural gas, potassium salts.
24 1.01 Cement, stone, salt, sand and gravel.
33 .33 Stone, sand and gravel, cement, phosphate rock.
34 .82 Petroleum, coal, sand and gravel, natural gas.
i 14 2.05. Coal, stone, lime, sand and gravel.
Oklahoma._ 1,137,267 6 3.82 Petroleum, natural gas, natural gas liquids, stone.
Oregon_______ 8,101 40 .28 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, zine, cement.
Texas__ .. _._._____ 6,402,462 1 21.49 Petroleum, natural gas, natural gas liquids, cement.
Utah_______________ 601,997 15 2.02 Copper, petroleum, coal, molybdenum.
Vermont___________ 27,84 46 .09 Stone, sand and gravel, asbestos, tale.
Virginia___ 874,821 19 1.26 Coal, stone, cement, sand and gravel.
‘Washington_ S 90,922 35 .30 Sand and gravel, cement, stone, uranium.
‘West Virginia_______ 1,285,364 4 4.31 Coal, natural gas, stone, cement.
‘Wisconsin_ _________ ,67! 38 .29 Sand and gravel, stone, iron ore, zinc.
Wyoming.__________ 705,533 10 2.37 Petroleum, natural gas, sodium salts, uranium.
Total . _______ 29,789,668 ______ 100.00
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