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MinErALs YEARBOOK, 1956, published in three volumes, provides
a record of performance of the Nation’s mineral industries during the
year, with enough background information to interpret the year’s
development.

Volume I includes chapters on metal and nonmetal mineral com-
modities, with the exception of the mineral fuels. Included also are
a chapter reviewing these mineral industries, a statistical summary,
and chapters on mining technology, metallurgical technology, and em-
ployment and injuries. : ‘

- Volume IT includes chapters on each mineral fuel, an employment
and injuries presentation, and a mineral-fuels review chapter that
summarizes developments in the fuel industries, and incorporates all
data previously published in the Statistical Summary chapter. Also
now included 1in this review chapter are data on energy production
a}r;d uses that have previously been included in the Bituminous Coal
chapter. - .

Volume III is comprised of chapters covering each of the 48 States,
plus chapters on the Territory of Alaska, the Territory of Hawaii and
island possessions in the Pacific Ocean, and the Commonwealth of
Puerto Rico and island possessions in the Caribbean Sea, including the
‘Canal Zone. Volume III also has a Statistical Summary chapter,
identical with that in Volume I, and another presenting employment
and injury data. ’ ,

The data in the Minerals Yearbook are based largely upon informa-
tion supplied by mineral producers, processors, and users, and ac-
knowledgment is made of this indispensable coo%eration given by
industry. Information obtained from individuals by means of
confidential surveys has been grouped to provide statistical aggre-
gates. Data on individual producers are presented only if available
from published or other nonconfidential sources, or when permission
of the individuals concerned has been granted.

MaruiNg J. ANKENY, Director.

m






ACKNOWLEDGMENTS

 The Bureau of Mines, through cooperative agreements with State

and Territorial agencies, has been assisted in collecting domestic mine-

production data and the supporting information appearing in this vol-

ume of the Minerals Yearbook. For this assistance, acknowledgment

is made to the following cooperating State and Territorial organiza-

tions:

Alabama: Geological Survey of Alabama.

Alaska: Alaska Department of Mines.

Arkansas: Division of Geology.

California: Division of Mines.

Delaware: Delaware Geological Survey.

Florida: Florida Geological Survey.

Georgia: Department of Mines, Mining, and Geology.

Tllinois: Illinois State Geological Survey.

Indiana: Indiana Department of Conservation.

Iowa: Iowa Geological Survey.

Kansas: State Geological Survey of Kansas.

Kentucky: Kentucky Geological Survey.

Louisiana: Louisiana Geological Survey.

Maine: Department of Development of Industry and Commerce.

Maryland: Department of Geology, Mines, and Water Resources.

Michigan: Michigan Department of Conservation. :

Mississippi: Mississippi Geological Survey. :

Missouri: Division of Geological Survey and Water Resources.

Montana: Montana Bureau of Mines and Geology.

Nevada: Nevada Bureau of Mines.

New Hampshire: New Hampshire State Planning and Development Commission.

New Jersey: Bureau of Geology and Topography. i

New York: State Geological and Natural History Surveys.

North Carolina: Division of Mineral Resources.

North Dakota: North Dakota Geological Survey.

Oklahoma: Oklahoma Geological Survey.

Oregon: State Department of Geology and Mineral Industries.

Pennsylvania: Bureau of Topographic and Geological Survey.

Puerto Rico: Mineralogy and Geology Section, Economic Development Admin-
istration, Puerto Rico. .

South Carolina: Department of Geology, Mineralogy and Geography.

South Dakota: State Geological Survey.

Tennessee: Tennessee Department of Conservation.

Texas: Bureau of Economic Geology, The University of Texas.

Utah: Utah Geological and Mineralogical Survey.

Virginia: Virginia Geological Survey. )

Washington: Department of Conservation and Development.

West Virginia: West Virginia Geological and Economic Survey.

Wisconsin: Wisconsin Geological Survey.

Wyoming: Geological Survey of Wyoming.

. Except for the four review chapters, this volume was prepared by
the staff of the Division of Minerals. The following persons super-
vised preparation of the various chapters: Richard H. Mote, chief,
Branch of Base Metals; Henry G. Iverson, chief, Branch of Ferrous
Metals and Ferroalloys; Frank J. Cservenyak, chief, Branch of Light
Metals; Charles T. Baroch, acting chief, Branch of Rare and Precious

v



VI ' MINERALS YEARBOOK, 1956

Metals; G. W. Josephson, chief, Branch of Construction and Chemical
Materials; and W. F. Dietrich, chief, Branch of Ceramic and Fertilizer
Materials. Preparation of this volume was supervised and the
chapters were coordinated with those in volume III by Paul Yopes,
assistant to the chief, Division of Minerals. '

The manuscripts upon which this volume is based have been
reviewed to insure statistical consistency between the tables, figures,
and text, between this volume and volume III, and between this
volume and those for former years by a staff directly supervised by
- Kathleen J. D’Amico, who was assisted by Julia Muscal, Hope R.
Anderson, Helen L. Gealy, Ruby J. Phillips, Helen E. Tice, Anita C.
Going, Fairy L. McClendon and Anne C. Rogers.

‘Minerals Yearbook compilations are based largely on data provided
by the mineral industries. Acknowledgment is made of the willing
contribution both by companies and individuals of these essen-
tial data. . ’

: CrarRLEs W. MERRILL,
Chief, Division of Minerals

F g e A G

A gt S T e S T

et S e e s S



CONTENTS |

Foreword, by Marling J. Ankeny_____ . _______________.
Acknowledgments, by Charles W. Merrill_.._ . ________
Review of the mineral industries (metals and nonmetals except fuels), by
William A. Vogely - - - ol
Reﬁiew of metallurgical technology, by Oliver C. Ralston and Earl T.
L0 < USRSy Sy SRSy
Review of mining technology, by Paul T. Allsman, James E. Hill, and
Walter B, LewWis .o o oo oo oo ————
Statistical summary of mineral production, by Kathleen J. D’Amico. .-
En(l}ployment and injuries in the metal and nonmetal industries, by John
. Machisak - e
Abrasive materials, by Henry P. Chandler and Gertrude E. Tucker _..__
Aluminum, by R. August Heindl, Arden C. Sullivan, and Mary E. Trought_
Antimony, by Abbott Renick and E. Virginia Wright_..________________
Arsenic, by Abbott Renick and E. Virginia Wright_ . __ . ___________
Asbestos, by D. O. Kennedy and Annie L. Mattila_ . ________.__ )
Barite, by Albert E. Schreck and James M. Foley ... ____._._________
Bauxite, by Richard C. Wilmot, Arden C. Sullivan, and Mary E. Trought.
Beryllium, by Donald E. Eilertsen ___ . _____
Bismuth, by Abbott Renick and E. Virginia Wright___________________
Boron, by Henry E. Stipp and Annie L. Mattila______ . ________
Bromine, by Henry E. Stipp and Annie L. Mattila_ . .. ______.____
Cadmium, by Arnold M. Lansche_ _ _ _ __ L _____
Caﬁziuml and calcium compounds, by Richard A. Sperberg and Annie L.
atbtila - e
Cement, by D. O. Kennedy and Betty M. Moore..._._______ .. _______
Chromium, by Wilmer McInnis and Hilda V. Heidrich_ .. __________
Clays, by Brooke L. Gunsallus and Eleanor B. Waters_ . _____._________
Cobalt, by Hubert W. Davis and Charlotte R. Buek . __________.___
Columbium and tantalum, by William R. Barton___ . _______
Copper, by A. D. McMahon and Gertrude N. Greenspoon-___.__________
Diatomite, by L. M. Otis and Annie L. Mattila_ . __________
Fe’llc‘isp]z;.r, nepheline syenite, and aplite, by Taber de Polo and Gertrude E.
WCKET - o e e e mmmmmmm e — e mmmm e
Ferroalloys, by P. H. Royster and Hilda V. Heidrich_______.____________
Fluorspar and cryolite, by Robert B. McDougal and Louise C. Roberts.- -
Gem stones, by John W. Hartwell and Eleanor B. Waters. _____________
Gold, by J. P. Ryan and Kathleen M. MeBreen__ .. ________________
Graphite, by Donald R. Irving and Eleanor B. Waters__.______________
Gypsum, by Leonard P. Larson and Nan C. Jensen____________________
Iodine, by Henry E. Stipp and Annie L. Mattila_ . _________
Iron ore, by Horace T. Reno_____
Iron and steel, by James C. O. Harris__ o _______
Iron and steel serap, by James E. Larkin_____ . ___________________
Iron oxide pigments, by Taber de Polo and Eleanor B. Waters_.________
Jewel bearings, by Henry P. Chandler and Eleanor B. Waters_._________
K.\"f‘a,ni';e and related minerals, by Brooke L. Gunsallus and Gertrude E.
10 14} o SIS SI PSSy .
Lead, by O. M. Bishop, A. J. Martin, and Edith E. den Hartog.-___.____
Le%d 1?/?1?1 zine pigments and zine salts, by Arnold M. Lansche and Esther
. T e e
Lime, by Oliver Bowles, James M. Foley, and Annie L. Mattila_________
Lithium, by Albert E. Schreck and Annie L. Mattila___ . _______
Magnesium, by H. B. Comstoek_ e



VIII MINERALS YEARBOOK, 1956

: Page
Magnesium compounds, by H. B. Comstock and Jeannette I. Baker_ ____ 775
Manganese, by Gilbert L. DeHuff and Teresa Fratta___________________ 789
Mercury, by J. W. Pennington and Gertrude N. Greenspoon____________ 813
Mica, by Milford L. Skow and- Gertrude E. Tucker____________________ 831
Molybdenum, by Wilmer McInnis and Mary J. Burke_ ____.___________ . 857
Nickel, by Hubert W. Davis________________________________________ 869
Nitrogen compounds, by E. Robert Ruhlman_ _ _______________________ 889
Perlite, by L. M. Otis and Annie L. Mattila_ _ ________________________ 899
Phosphate rock, by E. Robert Ruhlman and Gertrude E. Tucker________ 905
Platinum-group metals, by J. P. Ryan and Kathleen M. McBreen__.____ 923
Potash, by E. Robert Ruhlman and Gertrude E. Tucker. _ _____________ 939
Pumice, by L. M. Otis and Annie L. Mattila__________________________ 957
Quartz crystal (electronic grade), by Waldemar F. Dietrich and Gertrude
B. Tucker_ ___ o 967
Salt, by R. T. MacMillan and Annie L. Mattila_______________________ 973
Sand and gravel, by Wallace W. Key and Dorothy T. Shupp_ . _________ 985
Secondary metals—nonferrous, by Archie J. MeDermid_ _ ______________ 1007
Silver, by J. P. Ryan and Kathleen M. MeBreen______________________ 1037
Slag—iron blast-furnace, by Wallace W. Key . . ____________________.__ 1057
Slate, by D. O. Kennedy and Nan C. Jensen__________________________ 1067
Sodium and sodium compounds, by Robert T. MacMillan and Annie L.
Mattila_ - - . ________ S PP P S S 1075
Stone, by Wallace W. Key and Nan C. Jensen_ _______________________ 1081
Strontium, by Albert E. Schreck and Annie L. Mattila_________________ 1121
Sulfur and pyrites, by Leonard P. Larson and Annie L. Mattila_________ 1125
Talc, soapstone, and pyrophyllite, by Donald R. Irving and Eleanor B.
Waters_ - o e 1143
Thorium, by John E. Crawford______________________________________ .- 1155
Tin, by Abbott Renick and John B. Umhau_ ________________._______ 1167
- Titanium, by Jesse A. Miller________________________________________ 1199
Tungsten, by R. W. Holliday and Mary J. Burke______________________ 1225
Uranium, by John E. Crawford and James Paone______________________ 1245
Vanadium, by Phillip M. Busch and Kathleen MeNulty________________ 1291
Vermiculite, by L. M. Otis and Nan C. Jensen_ _______________________ 1301
Water, by Robert T. MaeMillan_ __ _________________________________ 1307
Zinc, by O. M. Bishop, A. J. Martin, and Esther B. Miller__ ___________ 1317
Zirconium and hafnium, by Glen C. Ware______________________.______ 1363
Minor metals, by C. T. Baroch, William R. Barton, Donald E. Eilertsen,
Elmo G. Knutson, Wilmer MeInnis, and James Paone_ - _____________ 1373
Minor nonmetals, by D. O. Kennedy, Albert E. Schreck, and Anrie L.
Mattila_ _ e 1391

B NPT

)



1

Review of the Mineral Industries

(Metals and Nonmetals Except Fuels) -
' By William A. Vogely?

L
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slump of 1954, characterized the domestic nonfuels-mining
industries during 1956 '

Income generated in producing nonfuel minerals and mineral prod-
ucts? increased 9 percent over 1955 as compared with a 6-percent increase
for all industries. Thus, the 1956 performance of the mineral indus-
tries, while not as dramatic as the 27-percent increase obtained in
1955, continued to exceed the gains of the total economy. Other
measures of mineral activity strengthen this conclusion. The index
of physical volume of mineral production, presented for the first time
as an integral part of this review, reflects significant gains in all major
sectors during 1956; and, although the overall increase was diminished
somewhat by the steel and iron-ore strike in July 1956, the all-mineral
index (including fuels) reached a new high.

Employment in nonfuels metal and mineral mining increased 5
percent over 1955, compared with a 3-percent rise in all industries,
while the value of nonfuels metals and minerals production was up
11 percent to an alltime high figure. An important factor in the 1956
picture was exports, which rose to a value of $800 million and were
37 percent of the value of mineral imports, as compared with 31 per-
cent in 1955 and 16 percent in 1951-53.

Toward the end of 1956 several disturbing factors appeared to
temper the very favorable outlook of the year as a whole. Stocks
generally increased during the year, especially in the nonferrous
metals. Although the average annual prices for most nonfuel minerals
were considerably above those in 1955 for 1956 as a whole, those for
December 1956 were somewhat lower than for January 1956 as re-
gards the major items—iron ore, nonferrous metals, and fertilizer

HIGH ACTIVITY, continuing the substantial recovery from the

1 Fuels are covered in a number of instances in this chapter but only where specifically indicated. In
general, this occurs where mining-industry data were not available for both nonfuels and fuels components.

1 General economist, Office of Chief Economist.

3 Includes the following national income categories: Metal mining, nonmetallic mining and quarrying,
primary metal industries, and stone, clay, and glass products. 1
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materials. Cost items for the mineral industries did not show
similar softening, and the index of relative labor costs per pound for
iron-ore, copper, and lead-zinc mining all were substantially higher
than in 1955. Imports, especially in the ferrous group, increased
their share of the market.

Although net changes in the statistics under the Government
defense programs were relatively small, these Government actions
did give additional buoyancy to the mineral industries in 1956.
Deliveries of mineral commodities to the stockpiles were substantial
during 1956—up at least one-third over the 1955 year-end figures.
Assistance in the form of accelerated tax amortization, loans, and
exploration contracts was given during 1956 but at slower rate than
in the years immediately. preceding.

The domestic nondefense purchase program enacted July 19, 1956,
provided for interim assistance to the domestic tungsten, asbestos,
columbium-tantalum, and fluorspar industries, while the long-range
minerals program was being prepared by the Administration. Other

_ significant Government actions directly affecting the mineral industries

were negotiation of several tariff decreases under the General Agree-

‘ment on Tariffs and Trade (GATT) and the refusal of escape-clause
relief for the ferrocerium and fluorspar industries under the Trade
Agreements Act. ‘

"On the world scene, the general prosperity of the mineral industries

" was evident. The price of minerals entering into world trade was
considerably above that in 1955, and both the value and volume of
trade increased substantially.” World mineral (including fuels) pro-
duction more than matched the increase shown in the United States,
‘being 7 percent above that in 1955.

DOMESTIC PRODUCTION

Value of Mineral Production.—The value of nonfuel mineral pro-
duction in the United States increased $600 million in 1956 compared

with 1955—a substantial rise, but not matching the nearly $1 billion -

increase in 1955. Nonmetals represented almost 60 percent of the
. nonfuel mineral total, the same proportion as in 1955. The increase
in each category resulted from both quantity and price increases,
but the former was the more significant.

Volume of Mineral Production.—New indexes of the physical vol-
ume of mineral production by groups and subgroups, 1880-1956, are
presented in table 2. These indexes are believed to reflect the physical
volume of mineral production over a long period of time more pre-
cisely than any other available index, in that the weights used to
compute the indexes are adjusted as the importance of each mineral
group to the economy changes. Table 3 gives the Federal Reserve
Board indexes which are available currently, but not before 1947
on the 1947-49 base.

According to the Bureau of Mines.index, the physical volume of
metal production increased 2 percent in 1956 over 1955, nonmetals
increased 7 percent, and the weighted average of both rose 5 percent.
The Federal Reserve Board index of nonfuel mining indicated a
slightly sharper rise for the same period—5.8 percent. These data
compare favorably with the 3-percent rise in total industrial pro-
duction in 1956.
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TABLE 1.—Value of mineral production in continental United States, 1947-51
(average) and 1952-56, by mineral groups

(Million dollars)
Change-
Mineral group 1947-51 1952 1953 1 19541 19551 1956 1 in 1956

(average) from 1955
(percent)

Mfgt?lss and nonmetals except

els:
Nonmetals. - oooooooooiooann 1,670 2,163 2,350 2,629 2,969 3,278 +10
Metals. oo 1,285 11,617 1,811 1,518 2,055 2,362 +15
Total . oo 2,955 3,780 4,161 4,147 5,024 5, 638 +12
Mineral fuels ... ... 8,616 9, 616 10, 257 9,919 10, 780 11,708 +9
Grand total. ... 11,571 | 113,396 14,418 14, 066 15,804 17,346 +10
1Includes Alaska and Hawail,

The volume of physical production of all minerals (including fuels)
reached a nmew high figure in 1956. The relatively small increase in
the metals index is due to the steel strike, which closed down the
iron-ore mines during July 1956, and to a local strike of Great Lakes
fleet ships’ officers, which lasted 5 weeks; together these caused the
ferrous metals index to drop 5 percent from 1955. However, this
drop in ferrous metals was more than offset by a 7-percent rise in
total nonferrous, metals led by a 9-percent rise in base metals. The

TABLE 2.—Indexes of the physical volume of mineral production in the United
States, 1880-1956, by group and subgroup !

(1947-49=100)
Metals Nonmetals

All .

Year | min- Nonferrous Fuels
erals Fer- Con- |Chem-|
Total | rous Total | strue- | ical | Other
Total | Base | Mone-| Other tion
tary

6.9 | 16.4 7.9 | 22.3 6.4 | 86.0( 22.2 81| 181 1.2 3.0 4.5
LTy 17.2 7.9 23.7 7.8 8.5 22.5 9.1 20.3 1.3 3.8 5.2
87| 18.4 9.7 24.5 9.0 | 827 19.5 9.4] 20.9 1.4 3.7 6.2
8.9 | 18.6 9.8] 24.8( 10.7| 8.6 17.3 9.5 | 21.6 1.5 3.9 6.6
9.3 | 18.9 86| 2.1 12.0| 87.0| 11.8| 10.1 | 22.2 1.7 4.8 6.8
9.4 19.3| 86| 26.8| 12.8| 8.3 11.9| 10.8| 23.4 2.1 4.2 6.7
10.5| 21.1| 11.3| 28.0| 12.5| 94.9| 111 11.2 | 24.5 1.8 4.1 7.9
1.7 22.5| 12.8| 29.4| 14.3| 94.7| 12.5| 12.2| 27.0 2.0 4.4 9.1
12.3| 24.4| 135} 32.1| 16.8| 99.4| 12.3 | 12.4| 27.5 1.9 4.6 9.5
13.3| 26.1| 16.3| 33.0| 17.1 | 104.0 9.8 | 14.8| 33.1 2.1 4.0 9.9
14.2| 27.9| 17.9] 350 18.5] 108.7 85| 16.0 | 36.1 2.2 5.9 10.5
14.5| 29.0 | 16.3| 37.8| 21.1| 113.4 8.6 | 15.9| 352 2.5 7.4 10.9
15,3 | 31.7| 18.2| 41.1| 2411189} 10.6 | 16.7| 36.5 2.9 7.1 11.1
14.5) 20.1| 12.9| 40.3| 22.8|119.3 | 11.4 | 14.4| 30.4 3.2 6.9 11.2
14.0| 28.8| 13.2| 39.7| 23.8(112.7| 11.5| 13.8| 28.3 3.5 7.7 10.7
15.5| 33.5| 17.8 | 44.6| 25.7|129.9| 13.8| 13.8| 28.0 3.6 6.7 11.9
16.0 | 36.8| 17.8 | 50.1| 30.0 | 142.7 | 11.8 | 14.0| 26.9 3.5 6.8 12.0
16.7 | 38.7| 19.5| 52.1| 32.6 | 143.5| 10.4 | 152 | 28.4 4.0 7.5 12.3
17.6 | 41.7| 21.7| 57.8| 34.7|154.4| 12.2| 15.2| 26.3 4.6 9.4 13.1
19.6 | 45.7 | 27.4} 68.5| 37.1| 164.1 12.2| 18.5| 30.1 5.9 9.8 14.8
20.6 | 49.8| 30.6 | 63.3| 40.4|179.4| 10.8 | 18.7| 28.7 6.6 | 14.2 15.4
21.9| 49.9| 32.0| 62.3| 40.6|176.6 | 11.4 | 23.0| 34.6 6.5 14.5 16.9
22.5| 54.1| 39.2| 64.8| 44.0|179.4 | 13.3| 25.5| 37.5 7.4 14.7 16.7
25.7| 53.8| 38.6| 64.6| 46.3 | 167.5| 14.5| 26.1 | 38.4 7.3 16.1 20.3
25.8| 55.11 30.6 | 72.2| 53.1|181.3| 14.3 | 28.5| 40.4 9.2 15.9 20.5
20.0| 64.9| 46.9| 77.6 | 57.6 [ 194.0 | 12.5| 30.1 | 42.6 | 11.4| 17.7 22.8
30.3| 69.8| 52.8| 82.0| 59.6 ( 210.4 | 12.0| 31.3 | 43.9| 12.2| 20.9 23.4
33.2| 68.3| 54.7| 76.4| 57.0(189.8| 11.4| 32.1| 451 | 12.2| 22.3 27.5
30.8| 63.6 | 39.8| 80.4| 60.9 | 196.0 8.9 30.3| 41.8| 13.6 | 18.5 25.2
34.81 7751 56.81 923! 72.21213.81 12.41 352! 50.0! 129! 22.5 27.5

See footnote at end of table.
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TABLE 2.—Indexes of the physical volume of mineral production in the United
States, 1880-1956, by group and subgroup !—Continued

(1947-49=100)
Metals Nonmetals
All
Year min- Nonferrous Con-
erals Fer- struc- | Chem-| Fuels
- Total | rous Total | tion | ical |Other
Total | Base | Mone-| Other
tary
78.7] 63.1| 90.0| 70.8 |206.4| 13.0 | 36.2| 51.4| 13.0| 25.0 30.
74.7| 48.5| 93.1| 73.5|212.7} 13.6 | 35.8| 50.2| 14.1| 24.0 30.
8.1 60.9 | 98.8| 81.7{209.6| 15.2| 38.7| 51.0| 19.7| 25.8 31.
8.5 68.6| 99.5] 82.81207.0.| 15.5| 39.3| 53.4| 17.4| 29.4 34.
76.1| 45.9| 97.1| 79.3 |209.5| 14.8| 37.3| 51.3| 15.9| 26.6 32.
93.9 | 61.8]116.4 | 100.8 | 223.6 | 19.3 | 36.5 | 49.5| 16.2| 27.7 33.
116.0 | 84.6 | 138.3 | 130.1 | 216.4 | 27.6 | 38.3 | 49.7 | 19.7 | 34.1 37.
112.2 | 85.6|131.2 | 125.8 | 191.9 | 35.8 | 36.7 | 42.2| 26.3 | 35.4 41,
104.7 | 77.21123.9 | 122.5 | 166.5 | 31.1| 30.6 | 31.6 . 26.9| 34.5 45.
78.71 63.5| 88.4 | 83.9(137.8| 19.4| 3.2 | 34.9| 23.4| 29.3 41,
82.71 69.3| 90.4| 8.2 {129.7| 20.4| 36.2| 39.6 | 27.9| 39.5 48.
43.3 | 28.5 | 53.9| 44.6 ] 120.0 6.0| 3L1) 352 22.6| 4.5 44,
65.5 | 45.9 | 78.6 | 74.0 | 131.9 89| 38.4| 43.7| 26.6| 35.0 43.
89.7| 68.2)102.8 | 102.3 | 143.9| 13.6 | 48.4 | 56.8| 29.6 | 44.8 60.
85.3 | 53.5|108.2 | 110.6 | 139.5 | 12.0 | 48.5| 59.2 | 24.7 | 47.3 56.
93.1| 62.0|114.9 | 119.4 | 137.2 | 13.8 | 53.4 | 65.2 | 27.1| 50.8 57.
96.7 | 67.0 | 116.8 | 123.0 | 131.0 | 15.7 | 56.6 | 68.5 | 30.5| 517 63.
9.2 | 61.8|111.5|117.6 | 124.2 | 14.8| 59.6 | 72.6 | 31.8| 51.3 64.
93.5 | 62.3 | 115.3 | 122.1 } 124.0 | 20.0| 60.0 | 72.3 | 33.1| 53.9 63.
103.0 | 72.8 [ 123.1 | 131.5 | 123.8 | 26.4 | 62.9| 74.3| 37.7| 56.7 69.
80.3 | 5841 94.2| 98.9|113.0| 250 56.7| 64.8| 33.9| 52.3 63.
54.6 | 3L7( 7L.9| 72.4|101.5| 19.5| 44.2| 49.7| 33.0| 36.2 55.
31.0| 10.3 | 48.3| 39.7|100.4 | 12.0| 30.3| 34.9| 21.2| 24.4 48.
35.4| 18.9| 48.3| 38.3|100.8| 18.7 32.0| 32.3| 29.2| 351 53.
44.91 27.0| 58.2 | 44.5|124.8| 28.7| 36.8| 38.7| 3L.5| 36.3 55.
57.3| 33.7| 75.0| 60.7 | 151.8 | 35.6 | 38.5| 38.7| 35.5| 41.6 58.
78.7 | 53.1| 96.2 | 83.5|180.2 | 40.4| 54.5| 59.6 | 42.2| 54.5 66.
102.8 | 79.2 | 115.9 | 107.2 | 199.1 | 45.8| 58.0| 60.4 | 50.7 | 57.3 72.
70.2 ) 37.0 | 96.1| 76.6 | 198.7 | 43.0| 52.5| 56.9| 45.2| 37.3 64.
90.2 | 59.5 | 111.7 | 94.6 | 215.5 | 47.2| 61.1 | 68.9| 46.5| 47.3 69.
110.0 | 82.4 | 126.4 | 111.3 | 226.8 | 71.0 | 66.2 | 71.4| 56.1 | 54.1 75.
124.8 | 102.7 | 134.3 | 121.1 | 220.2 | 116.4 | 81.3 | 86.5| 67.9| 79.1 80.
135.3 | 121.4 | 137.9 | 132.2 | 163.5 | 232.1 | 86.2 | 90.6 | 74.4 | 80.3 84,
136.4 | 119.4 | 143.1 | 130.2 | 78.3 | 595.7 | 75.9 | 74.0 | 75.6 | 82.0 88.
117.7 1 107.0 | 121.2 | 117.8 | 60.7 | 419.6 | 69.9 | 63.5| 81.6 | 72.3 96.
95, 97.71 90.0 | 97.4 | 55.6 | 142.3| 70.2 | 64.1 82.2| 72.1 94,
789 77.6 | 78.2| 80| 73.2| 83.3| 83.6| 82.1| 84.2| 89.7 93.
101.6 | 100.3 | 102.5 | 102.5 | 102.1 | 102.1 | 95.6 | 94.0 | 98.8 | 99.7 | 102.
104.4 | 108.6 | 101.4 | 101.7 | 100.6 | 99.0 | 103.4 | 103.3 | 103.0 | 106.8 | 106.
94,1 91.2| 96.1 | 95.7 | 97.2 | 98.9( 101.0 | 102.8 | 98.2 | 93.5 90.7
108.8 | 106.1 | 110.7 | 109.0 | 117.4 | 113.9 | 116.1 | 117.9 | 112.9 | 110.0 [ 100.1
117.2 | 126.6 | 110.6 | 110.0 | 100.8 | 149.7 | 127.3 | 128.3 | 123.9 | 130.0 | 110.1
112.7 1 109.5 | 114.9 | 109.4 | 97.4 | 251.8 | 132.1 | 134.6 | 127.7 | 124.2 | 107.8
119.1 | 133.3 | 109.2 | 103.0 | 98.3 | 236.7 | 135.2 | 137.5 | 133.6 | 118.5 | 108.8
97.6 | 95.5| 99.0 | 93.2 | 93.6 | 205.2 | 146.4 | 152.4 | 140.9 | 107.8 | 104.0
115.0 | 122.8 | 109.5 | 106.8 | 95.3 | 194.0 | 161.0 | 170.0 | 146.4 | 128.3 | 113.8
116.9 | 116.4 | 117.3 | 116.2 | 94.3 | 203.4 | 172.5 | 179.5 | 163.4 | 137.0 | 120.

1 See text for sources and description of indexes.

7-percent increase in the nonmetals index was contributed to by in-
creases in each subgroup, led by chemicals, up 12 percent. It is clear
that the nonfuel mineral industries during 1956 continued their re-
covery from the 1954 slump.

Construction of Indexes.—These indexes represent the work of a
number of persons both in the Bureau of Mines and the Division of
Statistical Standards (and its predecessor, the Central Statistical
Board) of the Bureau of the Budget. They were originally presented
on a 1935-39 base in an article by Y. S. Leong (Division of Statistical
Standards), Index of the Physical Volume Production of Minerals,
1880-1948, in the Journal of the American Statistical Association,
March 1950, vol. 45, pages 15~29. That article briefly described the
methods used in constructing the index. Subsequently, Leong re-
vised the ‘“All minerals” and ‘“Fuels” indexes from 1930 to 1948 to
allow for a new natural-gas-production series. Using essentially the
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TABLE 3.;—Indexes of physical volume of metal and mineral mining, production
of metals, production of nonmetallic products, and industrial production, 1950-56 1

(1947-49=100)
Mining: Primary | Stone and
Metal, Pig iron and clay prod- | =~ Total
Year stone, and | and steel | secondary | uctsand | industrial
earth nonferrous | fertilizer 2 | production
minerals metals 2
1950 .- 111 117 | 111 118 112
1951 121 131 116 134 120
1952__. 115 115 121 131 124
1953. 119 138 136 138 134
1954. 8 106 | 108 136 137 125
1955 - 120 144 153 155 139
1956. . 3127 142 161 164 3143

1 Source: Federal Reserve Bulletin, February 1957, pp. 196-199 and May 1957, pp. 568-571. Indexes for
gears before 1947 are not available on the 1947-49 base, and recent years are not available on the 1935-39

ase.

2 Weighted average, computed by authors of this chapter, employing Federal Reserve indexes and weights.

3 Preliminary figure.

same methods, Robert E. Herman, of the Office of the Chief Economist,
Bureau of Mines, has brought the indexes up to date. The indexes
through 1948 had been constructed by linking 4 overlapping segments
of indexes computed with 4 different sets of weights. In updating
the indexes, the Office of the Chief Economist computed a new seg-
ment, 194156, still on the 1935-39 base but devising and using 1947—
49 weights. This fifth segment was linked to the original, using 1944
as the splicing origin. For “All minerals,” ‘“‘Nouferrous metals,
total,” “Monetary metals,” “Construction,” and “Fuels,” a 3-year
splicing interval was used, that is 1943—45; for the other groups and
subgroups a 5-year overlap was spliced, namely, 1942—46. The in-
dexes were then converted to the 1947—49 base, the one now in general
use for Federal indexes.

The relative weight in the index of the various mineral groups in
1947—49 (average) is indicated by the following:

Percent of

total, 1947-49
Metals - - o e 9. 57
Ferrous. - - - o e 3. 95
Nonferrous - - - - o e 5. 62
Base_ . ___.__.__ 4. 43
Monetary .90
Other. o o e e .29
Nonmetals. . . e 10. 78
Construetion._ - e 7.24
Chemicals .- - oo e 2. 81
Other.. o ——————— .73
Fuels . o o o e e ————— 79. 65
Total minerals.. _ - - e 100. 00
Similar data for the earlier periods can be found in the article cited
above.

NET SUPPLY

The net supply * of minerals and metals in 1956 showed a mixed
pattern (when compared with 1955) contrasted with the general
increases in 1955. The net supply of the ferrous group geunerally
declined or remained stable as compared with 1955, the other metals
generally increased, and the nonmetals showed no discernible pattern.
Of the 31 minerals listed in table 4, 6 declined by more than 5 percent,

4Sum of primary shipments, secondary production, and imports, minus exports.
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8 MINERALS YEARBOOK, 1956

12 showed changes of less than 5 percent, and 13 increased by more
than 5 percent. The relatively poor performance in the ferrous group
reflected the month-long steel strike of July 1956. Except for the
ferrous group, the net supply analysis strengthens the conclusion
that 1956 was a good year for the mineral industries.

Sources of Supply.—Mineral imports increased in importance as a
source of supply in 1956 as compared with 1955. Iron, lead, zinc,
aluminum, mercury, tungsten, and fluorspar were important minerals
from domestic production considerations, where imports supplied a
larger proportion of the market in 1956 (7 other categories also showed
increased imports), while copper and titanium concentrates (plus 9
others) were the important minerals that showed a decreased import
contribution to supply. When the 4-year period (1953-56) is analyzed
for the above-mentioned major commodities, imports show a persistent
upturn as a source of supply in iron, aluminum, and fluorspar, a down-
ward trend in copper and tungsten, and no significant change in lead,
zine, and titanium (comparable data not available for mercury).

Sources of Imports.—Canada and Mexico increased their share of
imports of iron (equivalent), copper, and fluorspar but generally lost
a portion of their market, notably in nickel, lead, zinc, and aluminum.

TABLE 5.—Percentage distribution of imports of principal minerals consumed in
the United States in 195556, by country group of origin !

Canada East and Other Other U.S.S8.R.
and Mexico| South Pa: | Western | Free World bloc 3
Commodity cific 2 Hemisphere

1955 | 1956 | 1955 | 1956 | 1955 | 1956 | 1955 | 1956 | 1955 | 1956

Ferrous ores, scrap, and metals:
Tron (equivalent) 4. __ . _________ 41 46 12 11 37 35 10 |7 [ S
Manganese (content)_..__. 54 8 51 1] 817 19| 878 b6 1 P N
Chromite (Crz03 content).. ) (0)9 2 3 3 2 95 95 |cmcen]accaae

Cobalt (content). ... 93 91 -
Nickel (content) ..o .__ 81 £ 2N PR . 10 12 9 10 [ocooofaaaas
Tungsten ore and concentrate (W

content) ..ol 13

Other metallic ores, scrap, and metals:

. Copper (content). 25
P Lead (content)... 537
B Zinc (recoverable content). 873
B Aluminum (equivalent)7...__...._. 15
. Tin (content) . ..o oooooo oo )
™ Antimony (recoverable content)s...| 31
"% Cadmium (content)®. . _..______ 87
& Merecury.. - 51
7 Platinum-group metals...._..__.____ 35
A Titanium concentrates: Ilmenite
»  and slag (TiO3 content)..__..__.. 51
Nonmetals:
ASDeStOS - - - o e e oo oo 95
Barite, crude - 82
Fluorspar, finished 65
Gypsum, erude. - -ocooooamaoeo 97
Mica (except sCrap).------ (®
Potash (K30 equivalent).. ®
Sulfur (content) ..o oo _ooo_ 100

1 Data are based upon imports for consumption and are classified like net new supply shown in table 4.

2 West coast of South America (Salvador, Chile, Bolivia, Peru, and Ecuador), New Zealand, New Cale-
donia, and Australia. .

3U. 8. 8. R., Bulgaria, East Germany, Albania, Ozechoslovakia, Hungary, Estonia, Latvia, Lithuania,
Poland, Rumania, China, and North Korea.

4 Includes iron ore, pig iron, and scrap.

5 General imports.

6 Less than 0.5 percent.

7 See footnotes 11 and 13, table 4.

8 Excludes antimony from foreign silver and lead ores.

9 Metal and flue dust only.
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In nickel and aluminum the loss was to the other Western Hemisphere
region, while in lead and zinc it was to the East and South Pacific
region. Changes of 5 percentage points or more from Canada and
Mexico were in iron equivalent (up 5 percentage points), lead (down
8), zinc (down 7), cadmium (down 35), mercury (down 27), platinum-
group (down 7), barite (down 6), and titanium concentrates (up 8).
Changes of similar magnitudes from the East and South Pacific region
were in lead (up 10 percentage points) and boron minerals and com-
pounds (up 5). The other Western Hemisphere region showed tung-
sten (up 9 percentage points) and salt (down 6), and Other Free
World’s share changed in manganese (down 7), tungsten (down 7),
copper (down 8), zinc (up 5), cadmium (up 30), mercury (up 26)
platinum-group metals (up 6), titanium concentrates (down 8), an

fluorspar (down 7). The Communist Bloc countries were very un-
important in mineral imports, contributing nothing significant to
supply except about one-fifth of the potash imports, but total imports
were less than 10 percent of supply in the potash industry.

CONSUMPTION

Patterns.—Consumption of mineral commodities in 1956 listed in
tables 6 and 7 exhibited no common pattern when compared with
1955. Unlike the situation in 1955, when consumption of all com-
modities except bromine increased over 1954 (reflecting the end of the
1954 slump) 1956 consumption levels for several major commodities
were about the same as or below 1955. Those less than in 1955 in-
cluded copper, iron ore, lead, zinc, and tin. On the other hand, barite
increased very substantially (41 percent), over 1955, and bauxite,
chromite, magnesium, nickel, titanium concentrates, and cadmium
all increased more than 10 percent over 1905.

TABLE 6.—Reported consumption of principal metals and minerals in the United
States, 1955-56

(Thousand short tons, unless otherwise stated)

Change
Commodity ) 1955 1956 from 1955
(percent)
Antimony, primary__... short tons._. 12,472 12,897 +3
Barite, crude- - 1,460 2, +41
Bauxite th d long tons, dried equivalent._. 16,989 7,751 +11
Chromite. gross weight.__ 1,584 1,847 +17
Cobalt . ... thousand pounds._. 9, 741 9, 562 -2
Copper, refined 1, 502 1, 521 +1
Fluorspar, finished - - 570 621 +9
Tron ore. .- -cocecccmceeeee thousand long tons, gross weight__ 125,028 125,170 0
Lead- - 1,213 1,210 0
Magnesium, primary. short tons._. 46,463 53,610 +15
Manganese ore. . gross weight__ 2,104 2, 253 +7
Mercury...- 76-pound flasks. . 57,185 54,143 -5
Mica splittings. - thousand pounds. . 8,998 8, 662 . -4
Molybdenum, primary products (shipments to domestic desti-
nations. - oo coooemceaaal thousand pounds, Mo content__ 35,935 39, 082 49
Nickel, exclusive of serap.... short tons.. 1110, 100 127,578 +16
Platinum-group metals (sales to consumers) . .
thousand troy ounces. . 851 830 -2
Tin long tons.. 90, 483 90, 324 0
Titanium concentrate (ilmenite and slag) X
estimated TiOz2 content._ . 496 579 +17
Tungsten concentrate _ ... ceoeeeooo-.| short tons, W content 3_. 4,483 4,531 +1
Zinc, slab. 1,120 1,009 -10
1 Revised fi

gure.
t Formerly reported in thousand pounds.
468818—58——2
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TABLE 7.—Apparent consumption of metals and minerals in the United States,
: 1955-56 1 -

(Thousand short tons, unless otherwise stated)

Change

Commodity 1955 1956 from 1955

, (percent)
Asbestos, all grades 2. 7821 - 727 -7
Boron minerals and compounds...__ ---gross weight.. 702 701 0
Bromine and bromine in compounds million pounds.. 181 - 191 - +6
Cadmium, primary 2__.___._____ thousand pounds, Cd content._ 310,690 312,714 +19
Clays. 48, 027 50, 552 +5
Gypsum, crude. 414,431 14, 281 -1
Phosphate rock...__________ thousand long tons P2Os content 3__ 3,447 3, 576 +4
Potash : K30 equivalent._ 42,067 2,058 0
Salt, common 22,483 24, 248 +8
Sulfur (all forms)___..____._____ thousand long tons, S content.__ 45,625 5,735 +2
Tale and allied minerals 2. 719 735 +2

1 Covers commodities on which reported consumption is not collected.

2 Adjustments are not made for national stockpile acquisitions, if any.

3 Not strictly comparable with figure for 1954, since 1955 and 1956 production data do not cover primary
compounds not made from metal. . .

4 Revised figure.

5 Estimated at 31 percent.

Sales and Orders.—Seasonally adjusted sales of the primary-metal-
manufacturing industry dropped steadily during the first half of
1956 and hit a very low point in July as the steel strike was felt.
The highest sales of the year were reached in October, but volume
fell the last 2 months, with December 1956 slightly lower than Decem-
ber 1955. Adjusted sales value for all manufacturing, on the other
hand, peaked in December 1956—5 percent above the December 1955
volume. -Stone, clay, and glass adjusted sales behaved erratically
during the year, volume being lowest in April and highest in October.
The December 1956 volume was 2 percent below that in December
1955.

TABLE 8.—Sales, primary-metal industry and stone, clay, and glass industry,
and new orders, primary-metal industry, 1953-56 1

(Million dollars)

Primary metal Stone, clay,
Year and glass
(sales)
Sales New orders

23, 841 21, 044 7,092
20, 106 18,721 7,215
26, 468 29, 542 8,677
28, 339 29, 028 8,982
2,478 2,415 762
2, 511 2,671 768
2,449 2,435 733
2,407 2,313 712
2, 367 2,430 738
2,311 2,335 729
1,431 2,193 746
August________ 2,144 2, 460 751
September.._. 2,334 2, 341 727
October.__.____...____ 2, 551 2, 511 776
November..... 2, 531 2, 508 741
December. - oo 2,462 2,372 746

1T, S. Department of Commerce, Office of Business Economics, Industry Survey: August 1957. This
publication presents newly revised data, 1953-56.
2 Seasonally adjusted data; therefore will not add to 1956 total.
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New orders (seasonally adjusted) for total manufacturing were
erratic during 1956; they were very high in August and %ow in
September, but December 1956 was virtually unchanged from
December 1955. Primary metal manufacturing did not fare as well,
‘showing a generally downward movement, with December 1956
9 percent be%ow December 1955.

STOCKS

Physical Stocks.—Mineral stocks in the hands of manufacturers,
consumers, and dealers at the end of 1956 were substantially changed
from those at the end of 1955. Very large increases occurred in
aluminum (up 582 percent), refined copper at primary smelting and
refining plants (up 129 percent), and mercury (up 132 percent).
Cement, blister copper, fluorspar, and nickel also increased 25 percent
or more, but total lead stocks and total zinc stocks were up only 6
percent. Significant decreases occurred in arsenic and bauxite; iron
ore remained unchanged. In general, 1956 saw a movement toward
stock accumulation, to be expected in view of the slowing rate of con-
sumption and the softness in mineral markets that became apparent
toward the end of 1956. ~

TABLE 9.—Selected physical stocks of mineral commodities of mineral manu-
facturers, consumers, and dealers in the United States, at end of year, 1953-561

, 1956
Commodity and type of stock 1953 1954 1955 )
. Change
Quantity| from 1955
(percent)
Aluminum (short tons):
Primary, at reduction plants. ..o ooeooo___l. 39,300 21,100 | 215,020 | 102,496 +-582
Purchased alumihum scrap, consumers (gross
weight) . 26, 998 18,462 | 219,457 24,426 426
Arsenie, producers’ stocks..... thousand short tons._. 10.8 ‘12.5 11.6 4.9 —58
Bauxite, at consumers (dried equivalent 3) |
. “thousand long tons..| 21,999 22,286 22,248 2,016 —10
Bismuth, consumers’ and dealers’ stocks -
thousand pounds.. 166. 7 252.8 234.3 228.2 -3
Cadmium, metaland compounds, producers, distrib- .
utors, and consumers (Cd content)
thousand pounds..| ¢3,872 6, 294 5,139 5,051 -2
Cement, at mills. oo oo 376-pound barrels. . 19.4 216.6 17.5 22. 4 +28
Cl;on;lbe, at consumers’ plants (thousand short
ns): .
Metallurgical 608 804 628 640 +2
Refractory. 260 257 313 431 +38
Chemical 148 206 2168 155 -8
Total 1,016 1,268 1,110 1,227 +11
Copper (thousand short tons):
At primary smelting and refining plants (Cu
content): ’
Refined. .... 49 25 34 78 +129
Blister and material in process...-.—-------- 223 189 201 261 +30
In fabricators’ hands, refined, including in proc-
essand primary fabricated shapes (Cu content). 381 361 390 437 +12
Purchased copper scrap, consumers (gross
weight) ... 6157 $108 5152 5150 -1
Ferrous scrap and pig iron, at consumers’ plants
(thousand short tons):
Total scrap 7,149 7.349 7,210 7,416 +3
Pig iron 2,797 2,536 2,289 2,356 . +3
017 9, 946 9,885 9, 499 9,771 +3
Fluorspar (thousand short tons):
At consumers’ plants. . oooomeeeeo 227.5 143.8 140.6 189.7 +35
IMPOrtersS oo v cocceccmmcmcmmmccaee 15.5 26.1 54.0 53.9 |ooeeeeo

See footnotes at end of table.
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TABLE 9.—Selected physical stocks of mineral commodities of mineral manu-
facturers, consumers, and dealers in the United States, at end of year,

1953-56 1—Continued

1956
Commodity and type of stock 1953 1954 1955
Change
Quantity| from 1955
(percent)
Iron ore (thousand long tons):
At consumers’ plants 45,242 43,139 44, 358 47,292 +7
On Lake Erie docks 7,671 6, 591 6, 820 4, 065 —40
Total 52,913 49,730 51,178 51,357 | ._.__.
Lead (thousand short tons, Pb content):
At smelters and refineries:
Refined pig lead. 65.0 77.9 21.2 29.4 +39
Antimonial lead 16.1 14.8 9.9 11.7 +18
In base bullion, including in process at and
in transit to refineries.._....__________ 47.5 47.1 47.9 40.2 —16
In ore, matte, and in process at smelters. 67.7 62.1 71.8 77.9 +9

Total 196.3 201.9 150.8 159.3 +6
COonsumers’ stocks:

Refined_.._. 75.8 82.0 73.5 P37 | e
Antimonial 14.9 17.6 23.1 40.2 +74
In unmelted white-metal scrap, percentage

metals, copper-base scrap, and drosses,

residues, etc 23.1 25.0 20.9 10.1 —52

Total 113.8 124.6 117.5 124.0 +6

Manganese ore and ferromanganese, at plants, in-
cluding bonded warehouses (thousand short tons,
gross weight):
Ores__ 1,692 1,579 1,362 1,272 -7
Ferromanganese (excludes producers’ stocks)...__ 137 175 152 155 +2
Mercury, in hands of consumers and dealers
thousand 76-pound flasks.. 25.9 22.3 9.1 21.1 +132
Molybdenum primary products, producers’ stocks
(Mo content) - _________ thousand pounds. . 3,894 3,430 23,156 2,812 —11
Nickel, consumers’ plants (short tons):
Metal 7. Ni content. 6,603 8,628 | 27,017 9,838 +40
In other forms, exclusive of scrap 7.._._.._ do__.. 3, 752 2,146 2, 262 3 +35

Total 7. 10, 355 10,774 | 29,279 12,882 +39

Purchased nickel scrap (gross weight) 1,189 1, 1,404 , 142 +124
Platinum-group metals, all forms, held by refiners,
importers, and dealers (thousand troy ounces):

Um ... - 138.8 135.6 146.2 146.5 [ocooeo o
Palladium____ - 110. 2 86.8 111.6 110.1 -1
Iridium, osmium, rhodium, and ruthenium. 32.0 34.2 36.1 34.6 —4

Total 281.0 256. 6 293.9 291.2 -1

Tin, consumers’ plants (long tons):
Pig tin, virgin (includes in transit in United
States, at other warehouses, and held by
jobbers) . 14.180 14,702 18, 470 18,725 +1
In process (tin content) 10,845 11,164 11, 552 12,156 +5
Purchased tin scrap (gross weig 976 547 2915 585 -~36
Titanium concentrate, consumers and
(estimated TiOz2 content).____thousand short tons._ 355 369 345 386 +12
Tungsten concentrate, consumers and dealers (W
content) thousand pounds. . 4,335 3,913 3, 502 2,980 —-15
Zine (thousand short tons): Slab:
At primary smelters and secondary distilling
plants____________ 180.0 2120.5 39.3 66.9 +70
At consumers’ plants.. 85.7 103.7 123.5 105.0 —15
Purchased zine serap,
(gross weight) . .. 25.2 34.6 234.1 41.2 +21

1 The following are not included: Stocks in the National Strategic Stockpile, Reconstruction Finance
Corporation tin stocks and Government-held nonstrategic stockpiles of bauxite. Where figures do not
add to the totals given, the difference is due to rounding.

2 Revised figure.

3 Estimated, using conversion factor of 0.85 for crude and 1.00 for processed.

¢ Consumers’ stocks not available before 1954; consequently, the 1953 figure represents only producers’

and distributors’,
5 Includes brass-mill home-scrap stocks.
5 Excludes small tonnages of dealers’ stocks.
7 Includes amounts in transit to consumers’ plants.
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Mine Stocks.—Data on mine stocks are available for only those
commodities listed in table 10. Movements in these stocks matched
those shown in table 9, with increases in 10 commodities and decreases
only in fluorspar and titanium concentrates. The most spectacular
increase was in tungsten concentrate, up 266 percent over 1955
because of problems of Government procurement.

TABLE 10.—Stocks of minerals at mines or in hands of primary producers, 1955-56

: Change
Commodity and unit 1955 1956 from 1955
' (percent)
Antimony ore and concentrate. short tons, Sb content.__ 1200 240 +20
Baugxite (thousand long tons):
rude._.. 1,043 1,133 -+9

Processed (dried, calcined, and activated)-----ooccooooumomann 5 6 +20
Fluorspar, finished short tons.. 23,439 21,794 —7
Gypsum, crude thousand short tons.. 1,804 2,265 +20
Iron ore thousand long tons.. 4, 563 5,465 +20
Mercury..-- _76-pound flasks.. 928 1,210 -+30
Molybdenum concentrate 2.. thousand pounds, Mo content.. 2,730 2, 920 =47
Phosphate rock...- thousand long tons, P2Os content_. 1829 1,357 +4-64
Potassium salts. ... _-thousand short tons, gross weight.. 1629 736 +17
Sulfur (thousand long ton . .

Frasch 3,181 3,935 +24

Recovered 120 121 +1
Titanium concentrate (short tons, estimated TiOs content):

Ilmenite. 152,665 | - 29,736 —44

Rutile.. ———— 87 24 —72
Tungsten concentrate. .. .ooooeomomoaeaaad short tons, W content 3. 1202 739 +-266

1 Revised figure.
2 Tncludes stocks of concentrate at plants making molybdenum products.
sFormerly reported in thousand pounds.

Stocks in Bonded Warehouses.—Movements in stocks in bonded
warehouses generally followed the same pattern as that of other
stocks, with only aluminum, cadmium, and clay showing decreases
over 1955 year-end figures. Very substantial increases relative to
stocks in the hands of manufacturers, consumers, and dealers occurred
in zinc, tungsten, and fluorspar, and the cadmium decrease was also
significant in the total stock picture.

Value of Inventories.—Seasonally adjusted value of inventories for
all primary-metal manufacturing (including several industries that
are not ordinarily considered part of mineral manufacturing) increased
during 1956 and in December 1956 stood 16 percent above December
1955. Inventory value in stone, clay, and glass products did not
show as steady a change, dropping in May, August, and September,
but December 1956 was still 9 percent above December 1955. These
data, when deflated by the change in the wholesale price index, still
show increases of 13 and 7 percent, respectively, reinforcing
the impression that 1956 was a year of movement toward stock
accumulation.
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TABLE 11.—Estimated changes in stocks of selected minerals in custom bonded
warehouses, January 1, 1956-December 31, 1956 1

(Short tons, unless otherwise stated)

Estimated stock change
Commodity and unit €
Component Class
uminum 3 —~313
Metal and alloys in crude form =313 |
Antimony. - ' -+-382
Regulus or metal, and oxide 4382 |
. Barite, crude
Cadmium (content)
admium
Cadmium flue dust

Y-

China clay or kaolin
Copper (content)

Copper ore and concentrate

Regulus, black, coarse.

Refined ingots, plates, bars._.__

Fluorspar, finished -
Acid grade....____
Moetallurgical grade.-__
Reexport of foreign merchandise, both grades

Lead (content)..
Ores, flue dust, matte. ... -
Pigs and bars :

Manganese (content)
Manganese ore, Battery grade.
Manganese ore, Metallurgical grade...
‘Ferromanganese and manganese-silicon._ ... ____...________________"

Mercury. 76-pound flasks._

Mica, except scrap. --pounds..

Unmanufactured do_...

. Manufactured... - ——-do____

Ni ghlsexports of foreign merchandise, both types----....._.___________do_._.
cke!

Nickel alloy and metal, including scrap.. ——-
Tungsten ore and concentrate (W content) .. _.__________________ """
Zine (content)
Zinc-bearing ores. - -7
Blocks, pigs, or slabs. .. R

! Estimated by the subtraction of “imports for consumption” and “‘reexports of foreign merchandise”
from “‘general imports.” All data from U, 8. Department of Commerce. Minerals are those included in
net supply table which enter bonded warehouses and for which a change occurred in 1956,

TABLE 12.—Seasonally adjusted book value of inventory, primary metal industry
and stone, clay, and glass, December 1953-55 and monthly 1956 !

(Million dollars)
Primary | Stone, - Primary | Stone,
Year and month metal | clay, and Year and month metal |clay,and
glass glass
1953: December - 3,397 940
1954: Decembe: - 3,138 917
1955: Decembe - 3,420 | . 1,013 3, 589 1,098
1956: December. ... ._.__._. 3,975 1,171 3, 551 1,129
3, 529 1,142
3,632 ,135
3,440 1,041 3,687 1,129
3,476 1,063 3,824 1,148
3,492 1,086 3,801 1,168
3,498 1,121 3,975 1,171

1U. S. Department of Commerce, Office of Business Economics, Industry Survey: August 1957.
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LABOR AND PRODUCTIVITY

Employment.—Average employment in the mining of nonfuel
metals and minerals increased by 10,600 employees during 1956, a
5-percent rise over 1955 as compared with a 3-percent rise in all in-
dustries for the same period. The increase was split between non-
metallic mining and quarrying, up by 4,700 (4 percent) and metal
mining, up by 5,900—a 6-percent rise. Employment in mineral
?ﬁnufacturing increased only 1 percent. The major patterns
ollow:

Chgnge m
employment,
1956 over
1956 (per-
- cend)
All industries - - - _ . +3
Mining (including fuels)___-_______________________ +3
Metals and minerals (except fuels) " +5
Metal mining_ _ . +6
Nonmetallic mining and quarrying_____________________________ +4
Fuels_ . o ____ e e ———— +2
Mineral manufacturing 1 ____ __ . +1

1 Based upon categories listed under “Mineral Manufacturing’ in table 13.

Detailed monthly data for the mineral industries (nonfuel) are
contained in table 13. Nonmetallic mining and quarrying showed
the expected seasonal pattern of low employment during the first
quarter of the year. Metal-mining employment reflected clearly
the steel strike in July 1956 because of the iron mines, where employ-.
ment dropped by over 25,000 employees during that month. This
single-month decline in employment in the iron-ore mines was largely
offset by unusually high employment before and after the steel strike,
so that the average employment for 1956 in this industry was only
slightly below that in 1955.

Total Wages and Salaries.—Wages and salary income in 1956 in
the mining industries continued to rise from the 1954 low, with a
12-percent increase over 1955, as compared with an 8-percent increase
in 1955. The total of $4,088 million surpassed the previous high of
$3,718 million in 1953. All categories of mining shared in the increase,
but the primary-metal industries, while up 8 percent to match the
. performance of all industries and manufacturing, did not reach the
22 percent attained in 1955.

Average Annual Earnings.—The mining and primary-metal indus-
tries reported greater increases than the average for all industries
in average annual earnings in 1956 as compared with 1955. However,
the rates were not as disparate as they were from 1954 to 1955, be-
cause the rate of growth in mining and primary metals slowed some-
what. Fuels mining had the highest rate of increase—6.9 percent—
of those categories shown in table 15. The rates of increase of 1956
over.1955 were lower in all mineral categories than those from 1954
to 1955, with the greatest decrease in primary metals, which fell to
5.6 percent from 11.5 percent, probably because of the month-long
steel strike in July 1956. All industry, on the other hand, showed
an increased rate of change from 4.6 percent for 1954-55 to 5.0 per-
cent for 1955-56. These comparisons clearly indicate the relative

“depth of the 1954 slump in the mineral industries as compared with



16 ' ' MINERALS YEARBOOK, 1956

TABLE 13.—Total employment in the mineral industries (nonfuel) in the con-
tinental United States, 1953-56, by industries !

(In thousands)
Mining
Metal
Year and month Nonmetallic,
Total |mining and
quarrying | Total 2 Iron Copper | Lead and
zine

1953 211.9 105.9 106.0 40.1 28.6 17.8

1954 3204.4 3105.1 399.3 35.2 327.9 316.4

1955 3208.0 3107.0 | 31010 33.7 329.2 316.6
1956:

January..._ 210.5 104.8 105.7 33.7 33.4 16.2

February 211.4 104.5 106.9 34.0 33.6 17.0

March. 214.6 107.3 107.3 341 33.8 17.3

April_ 220. 4 111.1 109.3 35.9 33.9 17.3

May. 221.0 112.6 108.4 35.1 34.0. 17.3

June 225.6 115.1 110.5 36.0 34.5 17.5

July.. 199.7 114.6 85.1 10.6 34.7 17.2

August. .. 224.6 115.9 108.7 34.6 34.8 17.2

September 227.6 115.5 112.1 36.8 35.1 17.5

October. 225.5 114.6 110.9 36.0 35.0 17.5

November 223.3 113.3 110.0 34.6 35.2 17.9

December. . 219.8 110.3 109. 5 33.7 © 35.2 18.0

Year (aVerage) oo oeocoooooao. 218.6 111.7 106.9 32.9 34.4 17.3

Mineral manufacturing

Blast fur- | Smelting and refining of
Cement, | naces, steel nonferrous metals
Fertilizers | hydraulic | works, and
rolling mills
Primary | Secondary

1953, < 37.2 41.8 653.3 61.0 13.5

1954 36.8 341.4 3 580.8 362.3 12.4

13;8 ........ 36.9 342.6 3635.3 363.8 12,7
1956:

January. 35.9 42.9 659.3 66.4 13.5

37.8 42.2 661.7 66.4 13.7

45.5 42.3 661.7 67.4 13.6

48.5 43.0 665.9 67.8 13.8

43.4 43.4 655. 2 67.9 13.6

34.3 44.0 663. 2 69.0 13.3

3L.4 43.9 310.0 70.9 13.3

gus 30.3 4.4 650. 6 67.3 13.4

September.. 32.9 4.0 669. 6 72.7 13.6

October. 34.7 43.6 666. 9 72.2 13.9

33.2 43.4 666. 4 72.5 13.6

34.4 43.2 666. 6 73.2 13.8

36.9 43.4 633.1 69. 4 13.6

17U, 8. Department of Labor, Bureau of Labor Statistics; issued currently in the Monthly Labor Review,
Employment and Payrolls, and other publications. Data are based on reports from cooperating establish-
ments covering both full- and part-time employees who worked during, or received pay for, any part of the
pay period ending nearest the 15th of the month. Data are for “‘all employees”, those for “production and
related workers’’ are also available in the above publications.

2 Includes other metal mining, not shown separately.

8 Revised figure.

all industries. The average annual growth rates from 1953 to 1956
probably represent a more normal picture—they show nonfuel mining
growing at a slower rate than all industries combined, with fuel
mining and primary-metal industries growing at a higher rate than
all industries.

Hours and Earnings.—The average number of hours worked per
week in 1956 in nonfuel mining increased slightly to 43.5 over 1955
(43.4) but was still below the 1953 figure of 44.0. Hourly earnings
increased 5 percent over 1955; as the result of both increases, weekly

¥
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TABLE 14.—Wages and salaries in the miheral industries in the United States,

1955-561
(Million dollars)
Change Change

Industry 1955 from 1954 1956 from 1955

(percent) (percent)
All industries $210, 339 +8 $227, 237 +8
Mining_._ 3,656 +8 088 +12
Nonfuel mining . 995 +10 1,127 +13
Metal mining 5 519 +11 588 +13
Nonmetallic mining and quarrying-.._._..._.__ 476 +9 539 +13
Fuel mining 2, 661 —+7 2, 961 +11
Manufacturing.__ 72,132 -9 77,629 +8
Primary metal industries. e ooeooomeeeo 6, 660 +22 7,200 +8

1 U. S. Department of Commerce, Office of Business Economics, Survey of Current Business: Vol. 37,

No. 7, July 1957, p. 16.

TABLE 15.—Average annual earnings in mining and primary-metal industries
1955-56 1

1955

1956

Industry Change Change Average
from from annual
Average 1954 Average 1955 change
(percent) (percent) | from 1953
- (percent)
All industries. 3 $3, 831 +4.6 $4,021 +5.0 +3.7
Mining... 4,693 +7.3 5,004 +6.6 +4.6
Nonfuel mining_ ... 4, 645 -+7.0 4,917 +5.9 +3.4
Metal mining_ . ________________ 4,990 +9.2 5,297 +6.2 +2.8
Nonmetal mining and quarrying. . 4,327 +5.7 4, 568 +5.6 +4.3
Fuels mining 4,710 +7.4 5,034 +6.9 +5.0
Manufacturing - 4,351 +5.7 4, 582 +5.3 +4.2
Primary metal industries..._.______.. 5, 155 +11.5 +45.6 +4.9

5,446

1 U. 8. Department of Commerce, Office of Business Economics, Survey of Current Business: Vol. 37

July 1957, p. 20.
- 2 Revised figure.

earnings were up by $4.90, a 5.7-percent rise over 1955. All categories
shown in table 16 shared the increased weekly earnings, although
weekly hours worked declined in iron mining, copper mining, ferti-
lizers, electrometallurgical products, and secondary smelting and

refining of nonferrous metals.

Labor-Turnover Rates.—Metal mining in 1955 and in 1956 had a
higher labor turnover (both accession and separation rate) than all
manufacturing and than any of the categories shown in table 17.
However, there is substantial variation in the metal-mining group,
with iron and lead and zinc mining being below the group average and
copper mining well above. The steel strike is reflected in the iron-
mining data for July 1956, the low accession and separation rates
reflecting the fact that most miners were on strike.

In contrast to the high turnover rates in metal mining, the layoff
rate was low, indicating that the employee changes were voluntary in
nature. Iron mining, although showing the lowest accession-separa-
tion rates in the mining group, had the highest layoff rates, and the
exact opposite was true of copper mining. The monthlygverage lay-
off rate increased significantly in 1956 over 1955 for lead and zinc
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TABLE 16.—Average hours and gross earnings of production and related workers
in the mineral industries (nonfuel) in continental United States, 1953-56, by
industries ! _ : .

[U. 8. Department of Labor]

Mining
Metal
Total 2
Year _ Total3 Iron
Weekly— Weekly— Weekly— .
] Hourly |_. Hourly Hourly
earnings earnings : earnings
Earnings | Hours Earnings| Hours Earnings| Hours
1953 $82.27 44.0 $1.87 $88. 54| 43.4 $2.04 $90. 74 42.4 $2.14
- . 42.4 1.91 84.46 40.8 2.07 82.03 37.8 2.17
443.4 42.00 492.42 442.2 2.19 492,46 440.2 2.30
43.5 2.10 97. 52 42.4 2.30 97.44 . 40.1 2.43
Metal (continued)
Nonmetallic mining and
qu
Copper Lead and zine
45.8 $2.00 $80. 60 41.7 $1.92 $75.99 44,7 $1.70
442.5 2.05 476.92 440.7 1.89 77.44 44.0 1.76°
4.1 2.17 483.82 441.7 2.01 80.99 4.5 1.82
43.7 2.31 89.67 42.1 2.13 85.63 44.6 1.92
Mineral manufacturing
Fertilizers Cement, hydraulic Blast furnaces, steelworks, and
rolling mills &
$59. 36 42.4 $1.40 $73.39 41.7 $1.76 $87.48 40.5 $2.16
61.48 42.4 1.45 75.71 41.6 1.82 83.38 37.9 2.20
63.75 42.5 1.50 478.85 441.5 1.90 495.99 40.5 42,37
67.94 42.2 1.61 84.01 41.4 2.03 102.47 40.5 2.53
Electrometallurgical products Other Primary smelting and refining
of nonferrous metals &
$80. 36 41.0 $1.96 $87.48 40.5 $2.16 $80.93 41.5 $1.95
4 80.20 440.3 1.99 83.16 37.8 2.20 80.00 40.2 1.99
87.14 41.3 2.11 96. 39 40.5 2.38 84.45 40.6 2.08
88.66 40.3 2.20 102. 47 40.5 2.53 91.46 41.2 2.22
Primary smelting and refining ‘| Primary refining of alumi Secondary smeltingand refining
of copper, lead, and zinc of nonferrous metals
42.1 $1.91 $81. 81 40.5 $2.02 $73.63 41.6 $1.77
440.0 1.92 484.84 440.4 2.10 74.80 41.1 1.82
. 40.6 2.01 488.88 440.4 42.20 82.03 42.5 1.93
1956_ ... 89. 44 41.6 2.15 95. 34 40. 4 2.36 86.29 42.3 2.04

1 U. 8. Department of Labor, Bureau of Labor Statistics, Monthly Labor Review: Vol. 80, No. 4, April
1957, p. 520f, table C-1. . .
. 2 Weighted average of data for metal mining and nonmetallic mining and quarrying, computed by
author of chapter.

3 Includes other metal mining, not shown separately.

4 Revised.

& Italicized titles which follow are components of this industry.

mining, starting in July 1956. Layoffs in metal mining as a whole

were significantly higher during the last half of 1956.
Productivity.—Measures of productivity are currently available, as

estimated by the Bureau of Labor Statistics, only for copper- and
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TABLE 17.—Monthly labor turnover rates in the miﬁeral industries, 1955 av"erage
: ’ and 1956, by months

(Per 100 employees?)
Primary Metal mining
Blast fur-| smelting
naces, and
All manu-| Hydrau- steel- | refining
factur- lie works, | of non-
ing cement and ferrous Total Iron Copper |Lead and -
products | rolling .| metals: metal mining | mining zine
mills Copper, | mining mining
lead,
zine
Total accession rate:
’ %3?,65 average.. 3.7 2.0 2.7 2.7 4.5 2.8 5.2 2.5
3.3 1.3 16 L5 3.2 L6 4.1 L9
3.1 1.1 1.4 1.9 3.1 1.1 3.8 2.8
3.1 2.1 1.7 1.9 2.9 1.9 3.9 2.4
3.3 2.2 L9 1.5 5.0 6.7 3.8 2.3
3.4 2.8 2.2 2.9 3.9 2.7 4.0 4.1
4.2 3.2 2.9 4.0 5.6 3.6 6.0 5.1
3.3 2.1 1.0 2.5 4.6 .9 . 4.3 3.4
Augus 3.8 2.1 1.6 1.9 4.0 1.4 4.1 2.9
September._ 4.1 1.8 1.6 3.0 4.0 1.3 4.8 4.8
October__.._ 4.2 1.6 1.6 2.2 3.9 .7 4.2 2.7
November..__ - 3.0 1.2 1.3 1.8 3.1 .6 3.1 1.9
December.-. 2.3 .8 1.0 12 2.4 .6 3.3 1.8
1956 average.__... 3.4 1.9 L7 2.2 3.8 1.9 4.1 3.0
Total separation '
rate:
}g% average..... 3.2 L7 L6 2.1 3.9 L6 |- 4.5 .21
3.6 14 1.4 1.6 3.4 1.7 4.1 3.5
3.6 1.4 11 1.1 2.9 1.6 3.6 1.9
3.5 1.4 1.3 L5 3.1 1.6 3.8 1.8
3.4 1.6 1.3 1.6 3.1 11 4.3 2.2
3.7 1.6 1.3 2.6 3.5 1.0 4.1 3.0 -
3.4 1.3 1.4 2.7 3.4 .9 4.2 3.1
3.2 L6 1.3 L7 4.1 .5 4.3 2.2
3.9 2.4 2.5 2.7 4.0 1.2 4.3 . 5.5
4.4 3.3 2.7 4.2 5.3 3.4 5.3 5.2
3.5 2.1 1.6 2.1 3.6 2.7 3.6 2.3
November... 3.3/ 2.1 1.4 L7 3.6 3.1 3.8 2.1
. December... 2.8 2.8 L1 L3 2.9 2.0 3.4 1.6
1956 average._ .- 3.5 L9} L5 2.1 3.6 1.7 4.1 2.9
Layof rate:
1955 average. - - 1.2 .2 .3 .3 .4 .9 .2
1956:
: 17 .3 .3 .2 7 1.1 1 2.0
1.8 .3 .2 @ .4 10 [©) .1
1.6 .1 .3 .1 .3 91 @ .1
L4 1 .2 .1 1 .1 @ @
1.6 .2 .1 .2 .2 .1 @ .1
1.3 .1 .1 .1 .2 ® .1 .4
1.2 .3 .4 .1 .1 .1 0] .4
L2 .1 .7 .2 .5 .1 .3 2.4
1.4 .3 .3 7 .1 0] .2 .2
1.3 .8 .3 .2 .5 13 O .1
November... L5 W7 .4 .1 1.0 2.5 .3 .5
December.._. 1.4 1.8 .3 .3 .8 15 .2 .3
1956 average.--.- L5 .4 .3 .2 .4 .7 .1 .6

17. 8. Department of Labor, Monthly Labor Review: 1956 monthly issiles, table B-2. .
2 Less than 0.05.

" iron-ore mining. In both copper and iron ore mining, the 1956
indexes of crude ore mined per production worker and per man-hour
reached new high values. However, the recoverable metal indexes
for both industries dropped from the 1955 level.

Comparable data are not available from the Bureau of Labor
Statistics for lead-zine mining, but a tentative index can be computed
using employment, average hours, and recoverable content of domestic
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production. This computed index of recoverable metal per man-hour
shows, with 1949=100: 1950-110; 1951-101; 1952-98; 1953-100;
1954-100; 1955-103; 1956-102. Productivity has clearly not in-
creased as much as that in the other two mining industries.

TABLE 18.—Labor productivity indexes for copper- and iron-ore mining, 1947-51
average and 1952-56 1!
(1947-49=100)
[U. 8. Bureau of Labor Statistics]

Copper ores Iron ores

Year ‘ Crude ore mined per— | Crude ore mined per—

Production | Man-hour |Production | Man-hour

worker worker
1947-51 (average).---- 108.6 107.2 106. 7 105.2
1952 126.9 122.9 121.3 111.7
1953 . 119.9 115.5 -122.6 116.9
1954 114.4 1188 99.0 105.8
1955 2134.2 2134.3 2132.7 2133.4
1956 135.4 137.2 135.0 137.1

Recoverable metal Recoverable metal 3
per— per—
Year
Production | Man-hour |Production | Man-hour

worker worker
1947-51 (average). ——— 107.7 106.4 104.6 103. 2
1952. 119.6 115.8 114.5 105.4
1953__. 112.2 108.2 114.2 108.9
1954_._ 104.0 108.1 87.4 93.4
1955. 2121.8 2122.0 2118.2 2118.9
1956. 116.1 117.6 111.2 113.0

1U. 8. Department of Labor, Bureau of Labor Statistics, Monthly Labor Review: February 1956, vol.
79, No. 2, and later unpublished reports.

2 Revised figure.

3 Figures refer to usable ore rather than recoverable metal. For iron ore, usable ore is that product with
the desired iron content (by selective mining, mixture of ores, washing, jigging, concentrating, sintering,ete.)

PRICES AND COSTS

Prices.—The price indexes of all mineral categories listed in table 19
except one rose significantly in 1956. For the second consecutive
year, iron and steel scrap showed the largest percentage increase in
the annual average in 1956 compared with 1955, as well as from
January to December 1956. The all-commodities index, while almost
stable for 1955 compared with 1954, rose a significant 3 percent in
1956 compared with 1955 and 4 percent from January to December
1956. The period of virtual mineral price stability following the
Korean War crisis definitely ended in 1956.

Costs.—Indexes of cost 1tems rose approximately the same as the
price indexes for mineral commodities during 1956, so the spread
between price and cost did not widen as had been the case in 1955.

Relative Labor Costs.—The index of labor cost per pound increased
for copper, lead-zinc, and iron-ore mining in 1956 and stood well
above that for 1949 in all three industries, although still below
the high reached for iron-ore mining during the slump in 1954. The
increases in the value of recoverable metal in the copper- and

]
¥
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‘TABLE 19.—Price relatives for selected metals and mineral commodities, January
and December 1956, and annual averages, 1955 and 1956 !

(1947-49=100)

. 1956 Change Annual average Change
Commodity from from
- January 1955
January | December | (percent) 1955 1956 (percent)
B 50} 0] ¢ 174.5 172.9 -1 160.5 173.0 + 8
. Iron and steel scrap- 135.3 156. 5 +16 104.6 132.4 427
Tron and steel produc 149.4 163.3 -+ 9 140.6 154.7 +10
Nonferrous metals__. 156.6 149.6 — 4 142.7 156.1 + 9
Clay produets____.. - 145.3 150.5 + 4 140.1 148.0 + 6
Gypsum products. 127.1 127.1 0 122.1 127.1 + 4
Concrete ingredien 129.7 131.7 + 2 124.9 130.6 + 5
Building Iime, insulation
material, and asbestos-
cement shingles__._____...._- 122.1 124.3 + 2 121.2 123.4 + 2
Fertilizer materials__.___.__.__- 113.1 105.7 -6 111.6 108.4 -3
All commodities (minerals ’
and all other).._ ... 111.9 - 116.3 + 4 110.7 114.3 +3

1U. S. Department of Labor, Bureau of Labor Statistics, Wholesale Price Index: Annual and monthly
releases. Also published currently in Monthly Labor Review.

'TABLE 20.—Price relatives for selected cost items in nonfuel mineral production,
January and December 1956, and annual averages, 1955 and 19561

OO O

(1947-49=100)
1956 Change Annual average Change
Commodity from from
January 1955
January | December | (percent) 1955 1956 (percent)
[07:7: Y I 109.9 123.5 +12 104.8 114.4 +
Coke - 145.4 156.3 + 7 135.2 149.7 +1
[ T 121.1 119.9 -1 111.6 114.3 -+
Petroleum products_.. - 117.2 120.9 + 3 112.8 118.2 +
Industrial chemicals._____.._._ 120.0 122.5 + 2 118.1 121.4 +
Lumber. . _.ooo—--- - 127.6 122.5 — 4 112. 4 127.2 —=+1.
Explosives oo oo oooceaeeoo 129.5 133.8 + 3 125.0 130.5 -+
Construction machinery and
equipment. .. _______..__-- 143.2 155.9 +9 137.1 148.6 + 8

1T. 8. Department of Labor, Bureau of Labor Statistics, ‘Wholesale Price Index: Annual and monthy
releases. Also published currently in Monthly Labor Review.

TABLE 21.—Indexes of relative labor costs, copper-, lead-zinc-, and iron-ore
mining, 1949-56

(1949=100)
. | Index of labor costs per pound | Index of value of recoverable | Index of labor costs per dollar
v of recoverable metal ! metal per man-hour 2 of recoverable metal 3
ear
Copper Lead- | Ironore | Copper | Lead- Iroﬁ ore | Copper Lead- | Iron ore
zine zine 4 zine 4

100 100 100 100 100 100 100 100 100

91 93 96 128 109 114 83 94 90

97 12| 100 146 130 132 77 87 88

108 124 115 146 116 130 86 105 95

122 122 129 160 89 150 82 137 97

126 120 153 166 89 130 482 135 113

118 124 128 4235 102 4168 461 125 493

129 133 141 254 106 172 60 128 95

1 Index computed by author from data in tables 16 and 18. . .

2 Index computed by author from data in table 18, multiplied by price of electrolytic copper, average lead
and zine, and iron ore and rebased. .

3 Index computed by author, using the above index of value and data in table 16.

4 Revised figure.
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iron-ore-mining industries has more than offset the labor cost rise,
however, so that the index of labor cost per dollar of recoverable metal
is slightly below 1949 in iron ore (although slightly up from 1955)
and substantially below 1949 in copper. The lead-zinc industry
index of labor cost per dollar of recoverable metal is well above
1949 and increased in 1956. The copper index of labor costs per
dollar of recoverable metal has declined steadily since 1952, while
those for lead-zinc and iron ore have been more erratic in their
movements.

- INCOME

National Income Originated.—Metal mining led the other mineral
industries, with a 13-percent increase over 1955 in national income
originated during 1956, but all categories increased significantly.
Although the increases in 1956 were not as outstanding as those in
1955 (which year represented recovery from the 1954 slump), they
were substantial when compared with all industries and resulted in &
higher percentage contribution to the total for all categories except
stone, clay, and glass products, whose contribution remained stable.

TABLE 22.—National income originated in the mineral industries in the United
States, 1954-56 1

(Million dollars)
Change
Industry 1954 3 1955 2 1956 from 1955
R (percent)

All industries. . - - - - 298, 955 324,068 343, 620 +6
Metalmining._____.___________________________________ 733 994 1,123 +13
Nonmetallic mining and quarrying. .. 669 721 79 -+10
Total mining:

Exceptfuels _..___.____________ 1,402 1,715 1,913 +12

Including fuels_._.______ 4,868 b, 447 6, 050 —+11
Primary metal industries________ 7, 665 10, 054 10, 963 +9
Stone, clay, and glass produets_________________________ 3,137 3,748 3,984 -+6

[Percent]

All industries. ... ... 100. 00 100. 00
Metal mining_ __________________________ .25 .31
Nonmetallic mining and quarrying. .22 22
Total mining:

Except fuels. .47 .53 .56

Including fuels. .. 1.63 1.68 1.76
Primary metal indust; - 2.56 3.10 3.19
Stone, clay, and glass produects.__ 1.05 1.16 1.16

1 U. 8. Department of Commerce, Office of Business Economics, Survey of Current Business: July 1957,
p. 16, table 13. In arriving at national income, depletion changes are not deducted. This affects the data
for the mining industries.

2 Revised figures.

Nonemployee Income.—Nonemployee income, comprised largely of
business profits before taxes (small amounts of net interest and inven-
tory valuation adjustments make up the remainder), increased -con-
siderably more during 1956 for the mining and primary metal indus-
tries than for all industries. The absolute increase in 1956 in metal
mining was $55 million, a 13-percent rise. Nonemployee income for
metal mining rose at the same rate as total national income originated

g e Lt
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in this industry and indicates that profits increased, in proportion to
wages. On the other hand, nonmetallic mining and quarrying had
only a l-percent increase in nonemployee income, indicating that in-
creased employee compensation accounted for almost all of the 10-per-
cent increase 1n national income originated for this category.

TABLE 23.—Nonemployee income in the mineral industries in the United States,

1955-56 1

Industry 1955 2 (million| 1956 (million Oha?gggrom

dollars) dollars) (pércent)
100, 996 102, 248 +1
435 490 +13
225 228 +1
. Total mining except fuels.____... 660 718 +9
Total mining including fuels.._ - 1,418 1, 555 -+10
Primary metal industries. .. ... ________________ 2,671 2,974 “+11
Stone, clay and glass produets. - - 1,187 1,216 +2

1 Computed by the author by subtracting compensation of employees from national income as given in
Office of Business Economics, Survey of Current Business: July 1957, p. 16, tables 13 and 14.
2 Revised figures. ‘

Profits and Dividends.—The annual rate of profit on stockholder’s
equity (after corporate income taxes) in the primary nonferrous
metal industries rose for the second consecutive year to a quarterly
average of 16.5 percent in 1956, as compared with 15.4 percent in 1955
and 10.4 in 1954. The comparable rate for primary iron and steel
was 12.7 percent in 1956, down from 13.5 percent in 1955. The drop
was due entirely to the steel strike, which caused the rate in the third
quarter of 1956 to drop to 6.0 percent as compared with the 14.7,
15.1 and 15.1 percent in the 1st, 2nd and 4th quarters respectively.
.Stone, clay, and glass products showed a quarterly average of 14.8
percent in 1956, down from 15.6 percent in 1955. For comparison
with the movements in these mineral industries the rate for all man-
ufacturing was 12.3 percent in 1956 and 12.5 percent in 1955.5

Business Failures.—The number of mining failures decreased in
1956 as compared with 1955, but the total current liabilities of the
firms that failed increased.. The decrease in failures was in contrast
to a substantial increase (16 percent above 1955) in all industrial
and commercial industries. .

TABLE 24.—Industrial and commercial failures and liabilities, 1954-561

Industry 1954 1955 1956

Mining: 2

Number of failures._ . eeemen 42 55 42

Current liabilities .- .- cccoooomoooool thousand dollars. . 8,007 5,156 8,193
Manufacturing:

Number of failures. .- 2, 240 2,147 1,990

Current liabilities .. .- .__.________ thousand dollars.- 163, 277 151, 789 183,037
All industrial and commercial industries:

Number of failures. . o 11, 086 10, 969 12, 686

Current liabilities thousand dollars.. 462, 628 449, 380 562, 697

1 Dun & Bradstreet, Inc., Dun’s Statistical Review: New York, N. Y., February 1957, p. 8.
2 Including fuels.

8 Federal Trade Commission and Securities and Exchange Commission, Quarterly Financial Report
for Manufacturing Corporations, 1st Quarter, 1956 and 1st Quarter, 1957.
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INVESTMENT

New Plant and Equipment.—Expenditures on new plant and equip-
ment by fuel- and nonfuel-mining firms increased sharply in 1956
to $1,241 million—up by $284 million over 1955. All categories
listed in table 25 increased, with primary nonferrous metals showin
the largest percentage gain—93 percent—and petroleum and coa.
products the smallest—12 percent.

TABLE 25.—Expenditures on new plant and equipment by firms in mining and
selected mineral manufacturing industries, 1954-56 !

(Million dollars)

Industry 1954 1955 1956
January-| April- July- | October-
March June | Septem- | Decem-

ber ber

Mining2_ i 975 957 | 1,241 262 319 314 346,

Manufacturing 11,038 | 11,439 | 14.954 2,958 3,734 | - 3,834 4,428
Primary iron and steel. .. _.______ 754 863 | 1,268 219 306 206 447
Primary nonferrous metals____.__ 246 214 412 69 88 103 152
Stone, clay, and glass products. - 361 498 686 132 172 181 201
Chemicals and allied produects.---| 1,130 | 1,016 | 1,455 - 283 364 370 438
Petroleum and coal products_.._.__| 2,684 | 2,798 | 3,135 627 803 813 892

17, 8. Department of Commerce, Office of Business Economics, Survey of Current Business: Vol. 37,
No. 3, March, 1957, pp. 10, s-2. X .
3 Including fuels.

Issues of Mining Securities.—The mining industry (including
fuels) was the source of 4.2 percent of all new corporate securities
offered in 1956, as compared with 4.1 percent in 1955 and 5.7 per-

cent in 1954. Although common-stock financing was somewhat
more important in the mining category than in the manufacturing or
total corporate categories, the percentage contribution from this
source dropped to 34 percent in 1956 as compared with 50 percent
in 1955. The total gross proceeds from securities offered in 1956
was $40 million above the 1955 figure for mining, a 10-percent in-
crease, which compared with a 7-percent increase in total corporate
proceeds and a 22-percent rise for manufacturing.

* The cost of floating mining securities is considerably above that
for all industries and for manufacturing.® The total cost of flotation,
expressed as a percentage of gross proceeds, for common stock,
averaged nearly twice as high in mining as in all industries. Of the
55 issues in mining, 49 were by companies with assets under $5
million, and high compensation paid to underwriters for handling
speculative securities of small companies explains the high total
costs. Bonds, notes, and debentures show the same pattern as
common stock with respect to mining, but the number of issues is
too small to attach much significance to this finding.

Prices of Mining Securities.—The mining-company common annual
average stock price index for 1956 (including those for fuels) increased
somewhat more than the all-corporate index but still lagged behind
the increase shown in manufacturing. When compared with the

8 U, S. Securities and Exchange Commission, Cost of Flotation of Corporate Securities, 1951-55: Wash-
ington, D. C., June 1957.
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TABLE 26.—Estimated gross proceeds of new corporate securities offered for
cash in the United States in 19561

Total corporate Manufacturing Mining 2
Type of security
Million | Percent | Million | Percent | Million | Percent
dollars dollars | dollars
Bonds 8,002 73 2,919 80 281 62
Preferred stock. .. 636 6 164 5 17 4
Common stock. . 2,301 | 21 564 15 157 34
Total 10, 939 100 3,647 100 455 100

1. 8. Securities and Exchange Commission, Statistical Bulletin: Vol. 16, No. 7, July 1957, p. 8. Sub-
stantially all new issues of securities offered for cash sale in the United States in amounts over $100,000
and with terms to maturity of more than 1 year are covered in these data.

2 Including fuels.

TABLE 27.—Total cost of flotation of corporate securities as percentage of gross
proceeds, average 1951, 1953, and 1955 !

Common stock Bonds, notes, and
debentures
Industry of issuer
Number Median Number Median
of issues | percentage | of issues | percentage
Mining._ . 55 20. 00 2 3.52
Manufacturing. 90 10. 06 57 2. 67
Electric, gas, and water. 40 4.55 156 1.33
Communication 15 6.07 15 1.01
Other 30 12.26 35 1.80
- All industries. 230 10.28 265 "1.49

1 7. 8. Securities and Exchange Commission, Cost of Flotation of Corporate Securities, 1951-55: Wash«
ington, D. C., June 1957, tables 2 and 4. .

TABLE 28.—Indexes of common-stock annual average prices, 1952—56 1

(1939=100)
Year Composite 2 Manufac- Mining 3
turing
1952. 195.0 220.2 275.7
1953 193.3 220.1 240. 5
1954 229.8 271.3 267.0
1955, 304.6 374.4 312.9
1956. 345.0 438.6 357.5

1 Council of Economic Advisers, Economic Indicators (prepared for the Joint Committee on the Eco-
nomic Report): July 1957, p. 30. These indexes are yearly averages of the weekly closing price indexes of
common stock on the New York Stock Exchange, published currently in the U. S. Securities and Ex-
change Commission Monthly Statistical Bulletin.

2 Covers, in addition to mining and manufacturing, transportation, utilities, and trade, finance, and

service,
3 Including fuels.

1955 average, the mining index rose 14.3 percent, manufacturing 17.1
percent, and total corporate 13.3 percent. The monthly movements
of the mining index roughly paralleled the all-corporate index in 1956,
except for the last quarter, when the mining index rose from 349.3 in
September to 362.0 in December, as compared with the all-corporate
index of 344.8 and 344.0, respectively.

Foreign Investment.—The book value of United States (net)
direct private investment in mining and smelting in foreign countries
increased $182 million during 1956. The largest increase ($76

466818—58——3
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million) occurred in Canada, with Peru ($30 million) and Chile
($28 million) the next in importance. Net capital movements con-
tributed over 50 percent of the increase in book value, as compared
with only 36 percent in 1955, although both it and undistributed
earnings of subsidiaries increased over 1955 (121 and 20 percent,
respectively). The 9-percent increase in the mining and smelting
category did not match the 15-percent rise for all industries durin
1956. : '
The data on direct private investments abroad, while constituting
all that are available on a regular basis, do not truly reflect the im-
portance of United States foreign investment to the foreign countries
or to the domestic economy. These data are measured in terms of
the net flow of private investment dollars out of the United States—
that is, liquidation and payoff of old investments are subtracted from
the outflow of new investment dollars. A study of Latin America
for 1955 7 indicates the gross flow of transactions from United States
investments in mining and smelting. The net flow to Latin America
(comparable with data in table 29) was only $21 million in 1955.

However, the study found that imports by Latin American Subsidi--

aries and branches of United States mining and smelting companies
from the United States were $76 million ($25 million in capital
equipment, $51 million other imports), and exports by these com-

panies to the United States were $400 million. Remittances of

dividends, interest, branch ]iroﬁts, and fees by these companies
totaled $93 million, while local payments in Latin America by these
companies were $563 million, including $134 million in salaries, $128

million for supplies, and $149 million in income taxes. This Latin

TABLE 29.—Direct private investments of the United States in foreign mining
and smelting industries, 19561

(Million dollars; net inflows to the United States (—))

Mining and smelting All industries
Country Book | Net Undis- | Book | Book | Net Undis- | Book
value, | capital | tributed | value, | value, | capital | tributed | value,
begin- | move- | earnings | end of | begin- | move- | earnings | end of
ning of | ments | of sub- | year |ningof| ments | ofsub- | year
year 2 sidiaries year 2 sidiaries
Canada. 862 34 40 938 | 6,494 544 360 7,480
Latin American republics:
Chile 406 b1d 1 434 639 34 4 677
MeXiCO- - oo eoomccemcan 154 -3 14 607 165 28 46 875
Peru. oo oeon 191 30 @®) 221 305 40 9 354
Total 4 . 1,024 50 20| 1,090 | 6,608 612 212 7,408
Western European countries_..._ 40 ® 4 44 | 3,004 456 208 3,493
Western European dependencies_ 111 4 7 122 637 35 45 821
Union of South Africa..____.____ 77 4 3 84 259 10 20 289
All other countries. 96 3 15 113 | 2,311 182 129 2,627
Total, all areas__..._.___.. 2,209 95 89| 2,391 | 19,313 | 1,838 974 | 22,118

1 U. 8. Department of Commerce, Office of Business Economics, Survey of Current Business: Vol. 37,
No. 8, August 1957, pp. 24-25. Figures may not add to totals owing to rounding. All figures are prelimi-
nary except as footnoted.

2 Final figures.

3 Less than $500,000.

4 Includes countries not shown above.

7U. 8. Department of Commerce, Office of Business Economics, The Role of U. S. Investments in the
Latin American Economy: Survey of Current Business, vol. 87, No. 1, p. 6 and following.
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American study clearly indicates that the available data on foreign
investments must be interpreted with care, as they seriously under-
state the income and trade impact of investment activity.

- TRANSPORTATION

.~ Rail and Water.—The total volume of metals and minerals trans-
ported by rail and water in the United States during 1956 was slightly
below that in 1955, with rail traffic showing a slight rise and water
traffic a somewhat larger percentage of fall. The overall decrease

TABLE 30.—Rail and water transportation of mineral products in the United
States, 19556—56, by products :

(Thousand short tons)
Rail 1 Water 2
Product | ;
. Change Change
1955 1956 from 1955 1955 1956 3 | from 1955
(percent) (percent)
Metals and minerals, except fuels:
Iron ore. 123,051 | 113,148 —8 89, 521 77,155 —14
Iron and steel SCrapP---cococooocccaaaas 25,580 | 27,918 =+9 2, 461 2,121 —14
Metals and alloyS...o—————__ i 13,741 14,135 +3
Other ores and concentrates. 18, 500 22,108 +20 2, 962 2,978 +1
- Other Scrap 2,626 +8
Sid and gravl 47 AN 1 W L B
and and gravel. . ... 3
Stone, crushed, except limestone.. 55,722 59, 588 +7 } 59, 514 64,160 +8
Limestone, crushed s 19, 888 19, 323 -3 31, 655 31,342 -1
Cement .| 34,268 35, 769 -4 4,453 4,651 +4
. Phosphate rock 18,830 21, 057 +12 2,421 2, 465 -+2
Clays 10, 228 10,911 +7 1,869 2,226 +19
Sulfur- ... 4, 852 4,663 —4 4,716 5, +6
Other. .| 29,481 30, 484 +3 4,880 4,478 -8
Total 437,862 | 445,170 42 | 204,352 | 196,578 —4
Mlnéragl fuels and related products:
oal:
Anthracite 5_. 35,106 +11 1, 559 1,957 +26
Bituminous 5. 380, 727 48 | 139,813 | 150,640 +8
Coke 8. . 21, 528 +3 657 477 -27
Crude petroleum . - oo 2,192 —23 63, 082 67, 336 +7
QGasoline. - 9,803 -7 85,771 87,617 +2
Distillate fuel oil 10,379 —4 { 69, 894 74, 390 +6
1K1 dual fuel ol - oo ’ %8, ﬁ; ‘{8, 2(1’8 . ii
erosine. 3 )
Other w2 | o 1% 8% +8
Total. 449,605 | 479,941 47| 426,086 | 450,922 +6
Total mineral products. . -] 887,557 | 925,111 44 | 630,438 | 647,500 +3
Grand total all products.- 1,334,119 |1, 435, 767 -4 | 745,033 | 766,221 |. +3
Mti(l)lte;]al products as percent of )
Metals and minerals, except fuels. ... 32 31 27| 26 et
Mineral fuels and related products....- 32 25 78 — 57 11 I
Total mineral products. - ... 64 L ) R 85 -1 2 A

1 Revenue freight originated, excluding forwarder and less than carlot shipments, for which categories
commodity detail is not available. Source: Interstate Commerce Commission, Freigﬁt Commodity Statis-
tics, 5(;1%%3 1 Steam Railways in the United States, for years ended Dec. 31, 1955 and 1956: Statements 56100
an 100.

3 Domestic traffic, that is, all commercial movements between any point in continental United States or
its Territories and possessions and any other such point. Traffic with the Panama Canal Zone, the Virgin
Islands, and military cargoes carried in Defense Department vehicles are excluded. Source: f)epartment
of the Army, Waterborne Commerce of the United States, Calendar Year 1955, part &, National Sum-
maries, and preliminary tabulations for the 1956 volume.

3 Pre’limlnary figures.

:gmlr%dﬁmed'mmdd briquets. For water shipment briquets not ted by type of

for shipmen! lude briquet 'or wa )pment quets not repor 0!
material and included with “Other.” po v . ype

¢ Less than 0.5 percent.
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was due almost solely to a smaller volume of iron ore, iron and steel
scrap, and limestone—all commodities directly affected by the steel
strike. When these commodities are removed from the data, the
remaining commodities show an increase in volume of 6 percent
for both rail and water transport.

Freight Rates.—The 1956 indexes of freight rates are not available
for inclusion in this review. However, revenue per ton originated
or terminated also gives an indication of the level of freight charges;
and these data, with comparable indexes, are shown in table 31.
Freight charges rose in 1956 for all categories under products of mines
except for phosphate rock, which declined. All products of mines
showed a 6-percent rise in average revenue per ton in 1956, compared
with 1955. In the group, iron ore had the largest increase (13 percent),
and phosphate rock decreased 9 percent. The rise in products of
mines was greater than that of any other major group—all commodities
increased only 1 percent. QOcean freight rates are discussed in the
World Review section.

TABLE 31.—Indexes of average freight rates on carload traffic, 1954-55, and
gverage revenue per ton, originated or terminated, 1954-56, in the United
tates ‘ :

Indexes ! Averagerevenue per ton 2
(1950=100) (dollars)
Item
1954 1955 1954 1955 1956

Products of mines 2. 108 107 2.82 2.78 2.96
Iron ore... 111 110 1.83 1.84 2.07
Clay and bentonite 114 114 6.09 6.35 6. 58
Sand, industrial. 109 108 2.88 2.82 3.05
QGravel and sand, n. 0. 5. 108 109 1.22 1.25 1.29
Stone and rock, broken, ground, and crushed...___________ 110 108 1.53 1.52 1.57
Fluxing stone and raw dolomite. ..o oo oo ... 112 113 1.52 1.50 1. 58
Salt._. 107 108 6.32 6.24 6.37
Phosphate rock - .13 105| 2.99 2. 56 2.32
‘Mineral manufactures and miscellaneou 110 108 | 10.92 | 10.54 10. 68
Fertilizers, n. o. s 113 111 5.81 6.07 7.62
Iron, pig-__ 113 114 3.83 4.20 4.49
Cement: Natural and portland 110 104 4. 51 4.26 4.14
Lime, n. 0. s 113 111 5.73 5.62 5.73
Scrap iron and scrap steel. - 111 108 3.75 3.62 3.97
Furnace slag. - 107 105 1.73 171 1.8

Nonmineral categories:
Products of agriculture 110 109 8. 58 8.38 8.48
Animals and products. 112 112 | 21.87| 21.78 22.34
Products of forests. 113 113 7.85 7.83 7.58
Forwarder traffic 112 112 | 38.74 | 38.57 40. 67
All commodities 109 108 6.48 6.23 6.32

17, S. Interstate Commerce Commission, Bureau of Transport Economics and Statistics, Indexes of
Average Freight Rates on Railroad Carload Traffic 1947-55: Statement RI-1, 1947-55, Washington, Novem-
ber 1956; indexes are based on the Commission’s 1-percent waybill sample.

2 U, S, Interstate Commerce Commission, Bureau of Transport Economics and Statistics, Freight Com-
modity Statistics, Class 1 Steam (SIC) Railways in the United States: Statement 55100, 1954; 56100, 1955;

and 57100, 1956, table 5.
FOREIGN TRADE

Value.—The value of imports and exports of nonfuel minerals and
metals increased substantially in 1956 compared with 1955. Exports
increased over 38 percent, as compared with a 14-percent increase in
imports, so that the ratio of the value of exports to the value of im-
ports continued to increase—a trend evident for the past several
years. The ratio, computed from the data in table 32 for 1954, 1955,

§ The difference between these statistics ariges from length of haul, which is considered in the indexes
and not considered in the data on revenue per ton originated or tod,
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and 1956, was 26, 31, and 37 percent respectively, as compared with
an average of 16 percent for 1951-53. Imports in 1956 reached $2.2
billion, while exports were up to $0.8 billion.

Each of the major categories of imports and exports shared the
increased volume of trade, but crude nonmetallic minerals increased
substantially less than the other two categories. Exports of iron and
steel scrap accounted for over 80 percent.of the dollar increase over
1955 in crude metallic minerals and for over 50 percent of the increase
in total exports. However, if the exports of iron and steel scrap
are subtracted from the totals, a significant increase of 26 percent
remains for the rest of the category. The increases in imports over
1955 were 14 percent for crude metallic minerals, 16 percent for
metals, and 10 percent for crude nonmetallic minerals. Exports
increased 48, 40, and 8 percent respectively.

TABLE 32.—Value bf minerals and mineral products imported and exported by
flh?l Uni)ted States, 1954-56, by commodity groups and commodities! (Thousand
ollars
[U. 8. Department of Commeree]

Imports for consumption 3 Exports of domestic
SITC : ’ merchandise ¢
No. Group and commodity :
1954 1955 1956 1954 1955 1956
CRUDE METALLIC MINERALS 8 .
281-01 | Iron ore and concentrates....._| 119,459 | 177,345 | 250,343 24,784 36,993 48, 646
282-01 | Iron and steel scrap. e 5,949 7,051 11,331 51,612 | 177,526 293, 672
Ores of nonferrous base metals
and concentrates:
283-07 Manganese --co-oce-ceceeo- 77, 030 71,835 70, 907 592 612 664
283-11 Tungsten. oo iceccamanca- - 76,251 56, 155 57,827 111 65 225
283-06 Tin 41,725 36,773 32,317 -
283-01 [070) o1 G 69, 142 77, 868 65, 214 1,309 7,326 11, 648
283-08 Chromium._._____...______. 34,197 37,854 49, 296 50 76 99
283-05 Zine. 54,328 39, 556 , 162
Bauxite (aluminum ore) )
and concentrates.___.._._ 36, 289 36, 629 44,381 |. 666 528 834
306 38,272 51, 666 25 5 340
14,191 19, 852 , 1 10 9
5,358 3, 556
4,993 7,031 9,198
133 | 14| 718 8 104 312
5,576 5,759 3,737
180 142 | 13,989 15,783 21, 296
7,489 11,016 12, 767 107 1,887 312
Al 4,675 16, 364 10,770 12,985 6, 501 8,127
01d and scrap copper-.....- 2,081 9, 058 3,463 40,234 20, 560 20, 056
01(&1 bmingsss and e and 1,568 5,145 3,003 | 638,460 | 624,507 | 629, 8i4
DD. St e T e d )y y 'y 'y
. Other, not elsewhere in-
cluded 4,990 6,916 9,714 7,040 7,030 5,753
28502 | Platinum-group metals.____.____ 13,643 15,801 15, 606 b2 P I
Total crude metallic
minerals_..._....__ 628,743 | 681,670 | 774,973 | 192,054 | 299,603 442, 525
METALS (UNWROUGHT) 7
681-01 | Pig iron and sponge fron...._.. 15,156 15,849 19,108 872 2,056 15,038
681-02 | Ferroalloys:
'erromanganese. 12,022 28, 512 615 643 682
Ferrochromium. 8,012 1,347 | 996 2,267 2,891
Other. .ot 3,394 3, 861 1,780 3,325 4,984
682-01 | Copper. 335,721 | 383,156 | 130,625 [ 152,384 191,162
687-01 | Tin 141,787 | 145,958 467 504 ,
684-01 | Aluminum 83, 573 74,695 | 100,137 1,691 2,773 18,968
683-01 | Nickel (including serap)--..---- 124,454 | 149,522 | 153,839
686-01 | Zinc. 33,987 46, 638 65, 034 5, 532 4,203 2, 540
685-01 | Lead 70,376 74,753 80, 903 208 154 1,300

See footnotes at end of table,
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. TABLE 32.—Value of minerals and mineral prodﬁcts imported and exported by
the United States, 1954-56, by commodity groups and commodities ! (Thousand
_ dollars)—Continued ‘ v

. Imports for consumption 3 Exports of domestie
merchandise 4
SITC . Group and commodity
No. .
1954 | 1955 - 1956 1954 1955 . 1956
METALS (UNWROUGHT)$7—Con.
Cobalt metal 35,391 38, 685 32,910 ® ® ®
68901 [{Mercury. - mooomeemaaes 10, 784 5,149 11, 026 183 155 o84
Other nonferrous base metals._.| 9,917 13,575 26, 600 8,103 11, 028 12,093
671-02 | Platinum-group metals, in- : .
cluding unworked and partly .
worked . 21,641 32,361 41, 980 2,955 2,724 3,927
Total metals_...._._. 842,311 | 952,063 [1,104,371 | 154,027 | 182,216 254, 882
Total metals and
) metallic minerals. .|1, 471,054 |1, 633,733 [1,879,344 | 346,081 | 481,819 697, 407
CRUDE NONMETALLIC MINERALS
. (EXCEPT FUELS)
Diamonds: !
2672-01 Gems, rough or uncut...__. 59, 424 76,735 | 86,289 410 785 675
2272-07 Industrial 48, 521 66,051 . 72,791.| . 63 16 98
Totalooooooo-.._i..| 107,945 | 142,786 | 159,080 473 801 773
272-12 | Asbestos, crude, washed o -
ground 55, 857 60, 958 61, 774 - 276 236 338
271-02 | Sodium nitrate_.. .. .__._._._ 26,818 21,699 16,337 1,210 553 210
272-13 |- Mica, unmanufactured (in-
cluding SCrap)-eeaceececcaccn- 8,335 10, 862 11,232 79 35 92
2272-14 | Fluorspar—_____________________ 8, 962 8,540 11,225 50 65 31
272-11 | Stone for industrial uses, ex-
cept dimension 5,807 7,106 9,078 762 738 711
27206 | Sulfur. 58 612 5,334 52, 524 51,068 50,079
271-03 | Phosphates, natural, ground or
unground._ ... 3,081 2,703 2,626 21,169 20, 302 25,704
272-04 | Clay . 2,485 2,941 2, 969 8,350 10, 891 12,576
® Other mnonmetallic minerals N k
(except fuels) ... ... 20, 255 20,473 26, 169 19, 635 22,011 24,927
Total erude nonme- i
tallic minerals (ex-
cept fuels)__.__.____ 239,603 | 278,680 | 305,824 | 104,528 | 106,700 115, 441
Grand total, min-
erals and metals
(except fuels)....._. 1,710,657 1,912,413 (2,185,168 | 450,609 | 588,519 812,848

1 The grouping of the commodities is based upon Standard International Trade classification of the
United Nations. Basic data were compiled by the Office of the Chief Economist, Bureau of Mines, from
copies of unpublished tabulations prepared by the Bureau of the Census for the United Nations, which
tabulations represent a tentative conversion of United States import and export classification to SITC
categories. Revisions in these data have been made by the Office of the Chief Economist insofar as possible
to (1) include for the various classifications the latest revisions complied by Mae. B. Price and Elsie D. Page
of the Bureau of Mines, from the records of the U. S. Deg)artment of Commerce; (2) incorporate in all years
shown changes in assignments of classifications to SIT'C categories made by the Bureau of Census; and,
(3) in some few instances, make other changes in such assignments which it appeared would make the data
more comparable and/or more in line with the SITC.

As could be expected, individual commodities and groupings shown or omitted will not in all instances
be in accord with usual Bureau of Mines practice as followed in individual commodity chapters in this
Minerals Yearbook. In a few instances, values will differ from those for the same commodity in the corre-
iv;];;on(li]jngt chapter because of reclassifications, exclusions, or other reasons usually explained by footnotes in

e chapter. . .

2 Indicates that only part of the SITC category indicated is covered, the remainder of the category being
covered elsewhere in the major grouping. .

3 Includes items entered for immediate consumption, items withdrawn from bonded storage warehouse
for consumption, and ores, etc., smelted and refined under bond—included at time smelted or refined prod-
uct is withdrawn for consumption or for export. The figures for 1954 and foellowing are not strictly compara-
ble with figure for earlier years due to inclusion for the first time of imports individually valued at $250 or
less reported on informal entries.

4 Includes both mineral products of domestic origin and foreign mineral products that have been smelted,
refined, manufactured, or otherwise processed in the United States,

6 Excludes gold and silver.

6 Copper-base alloy scrap (new and old), including brass and bronze.

7 Includes alloys.

8 Exports, if any, are negligible and included with “Nonferrous metal scrap, other’ (284-01; see “Crude
metallic minerals’).

$ Includes all SITO Nos. 271-04; 272-01, 02, -03, -05, -08, -15, 16, and -19; and those parts of Nos. 672-01,
272-07 and -14 not shown separately above.
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Tariffs.—The first large-scale multilateral tariff negotiations under
the General Agreement on Tariffs and Trade (GATT) since those at
Torquay in 1951 were held in Geneva early in 1956. The United
States entered these negotiations under the authority contained in the
Trade Agreements Extension Act of 1955.° Table 33 gives the major
nonfuel mineral commodities affected by the negotiation. The tariff
reductions are in 3 stages—the first effective June 30, 1956, and the
other 2 at yearly intervals. The total value of imports of the com-
modities affected was $115 million in 1956, dominated by the $100
million imports of aluminum metal.

On November 13, 1956, the President rejected the unanimous
recommendation of the Tariff Commission for restoration of the 1930
‘rate of duty on ferrocerium (lighter flints) under the escape-clause
investigation completed December 21, 1955. The President first
deferred action on February 14, 1956, while the Attorney General,
at his request, investigated a possible antitrust violation and then
finally rejected the recommendation saying, in part:

It is the firm policy of the United States to seek continuously expanding levels i

of world trade and investment. Any departure from this established policy
must, of course, therefore, be taken only as predicated upon sound evidence and
reason. In my judgment such sound evidence and reason are lacking in this
case for there is a very serious question that increased imports are contributing
substantially towards causing .or threatening serious injury.1

The Tariff Commission reported its findings in the Acid-grade
fluorspar escape-clause investigation on February 18, 1956.' The
Commission divided 3 to 3, with Commissioners Brossard, Talbot, and
Schreiber finding that serious injury was threatened and Commis-
sioners Sutton, Jones, and Dowling finding that there was no such
threat. The former Commissioners pointed to the absolute and
relative increase in imports as evidence of threatened injury.”? The
latter held that a finding of injury under the escape clause required
that the conditions in the domestic industry must be seriously
deteriorated as compared with conditions of other domestic industries
and with previous normal conditions of the industry involved, and
such evidence was not present.’* In cases where the Tariff Com-
mission is evenly divided, the President can accept either finding as
the Commission’s decision. In this case, on March 20,.1956, he
accepted the finding of the “no injury” Commissioners as that of the
Commission.

Hearings were held before the House Committee on Ways and
Means during March 1956 on H. R. 5550, the Agreement on the
Organization for Trade Cooperation (OTC). The President strongly
urged enactment of the bill in both the 1955 and 1956 State of the
Union Messages. The OTC grew from the recommendation of the
President’s Commission on Foreign Economic Policy (the so-called
Randall Commission).. On April 18, 1956, the House Committee on
Ways and Means issued a favorable report, but with a strong minority
dissent signed by six Representatives. No action was taken during
that session of the Congress.

? Public Law 86, 84th Cong., 1st sess.
10 Letter from the President to the Chairman of the Senate Finance Committee and the House Ways and
Means Committee, released by the Tariff Commission, Nov. 13, 1956.
m:l Ul 9?6 Tariff Commission, Fluorspar, Acid Grade: Rept. to the President on Escape-Clause Investiga-
n, 3
13 Work cited in footnote 11, p. 6.
18 Work cited in footnote 11, p. 567.
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WORLD REVIEW

World Production.—The United Nations index of world mining
production (including fuels) increased to 117 in 1956 from 109 in
1955 (1953=100)."* The 7-percent rise in the world index was
somewhat higher than the increase in the United States, as shown in
table 2, but the index for all member countries of OEEC rose some-
what less (4 percent). Each member country reported increases in
mining and quarrying, and all but the Netherlands enjoyed higher
levels of activity in the basic metal industries (see table 34). The
world-wide prosperity of the mineral industries is reflected in a
14-percent rise in the total value of international trade in mining
products in 1956 over 1955, and a 7-percent increase in volume of
International trade in mining products.'®

TABLE 34.—Index numbers of production in mining and quarrying, and produc-
tion in basic metal industries in selected OEEC countries, 1950-56 !

(1953=100)
Al
mem- | Aus- | Belgium- Ger- Nether-| Nor- | Swe- | Tur- | United
Year ber tria | Luxem- | France| many, | Greece | Italy | lands | way | den | key | King-
c&gn- bourg 2 West dom
ies

74 91 390 81 22 69 98 70 81 69 96
99 399 91 41 75 100 77 89 77

93 101 3102 97 58 | 88 100 99 83 100

100 100 100 100 100 | 100 100 | 100 | 100 | 100 100

109 397 104 104 123 | 104 100 | 100 | 391 88 101

116 100 3108 110 132 | 127 101 {3108 | 3103 97 99

120 100 112 115 150 | 172 103 1 118 |-ceeeo 100

68 88 391 79 42 71 73 84 80 |-cemen 94

81 114 107 94 74 91 92| 90 | ... 100

91 111 112 105 90 | 101 81 97 | 102 {.._... 103

100 100 100 100 100 | 100 100 | 100 | 100 j.._..._ 100

119 108 3114 116 103 | 116 117 | 104 |3110 [ 108

140 125 3133 141 98 | 143 3133 13124 (3126 |..___. 17

1956.naa-- - 138 | 151 135 140 150 102 | 157 131 | 160 | 139 |...._. 119

1 Organization for European Economic Cooperation, General Statistics: No. 3, May 1957, pp. 10, 14.
3 Weighted average, computed by authors, using Organization for European Economic Cooperation
w?%t}:at:ised figure.

The Secretariat of GATT in 1956 prepared an estimate of future
requirements of imported raw materials for North America and for
Western Europe in 1973-75. This study indicates that total import
requirements of ore and metals will be 80 percent higher than for
1953-55 in 1973-75, but the import requirements for North America
will be only 25 percent higher. This disparity in import requirements
results from an assumption of a lower percentage increase in con-
sumption in North America and a higher percentage increase in
production. Table 36 summarizes the conclusions reached in this
important study of future mineral trade and production.

. 4 Work cited in table 35, footnote 1, p. vi.

15 Work cited in table 36, footnote 1, appendix table 111, Value figure was deflated by metal-ores price
index in table 35 to arrive at volume figure. -




34 , ' MINERALS YEARBOOK, 1956

World Prices.—Prices of metal ores rose significantly during 1956, in
part reflecting substantial increases in ocean freight rates. The
metal ores and total mineral price indexes increased 8 percent in 1956
over 1955, as compared with a l-percent increase in the primary
commodities index. ’ :

Ocean Freight Rates.—The sharp ocean’ freight-rate increase
reflected the worldwide shipping shortage occasioned by events

TABLE 35.—World trade price and frieg%l%t;rate indexes, 1952-56, and quarterly,

(1953=100)
" Pri Trip charter frel g t rate
Price indexes arter reigh
Year
Primar; Total Metal | General Ferti-
commod- [ minerals |- ores cargo Ore lizers
ities :
1952 105 108 114 129 129 121
1953. . 100 | 100 100 100 100 | - 100
1954 104 99 95 111 110 106
1955. 101 102 104 165 144 141
1956. - 102 ) 110 112 203 174 159
First quarter. ; 100 108 113 186 165 ®
‘Second quarter_ ... _______.___ 100 108 111 202 176 154
Third quarter. . 102 109 111§ - 202 172 158
Fourth quarter..__.__________________ 105 114 13 | | 221 183 | . 164

1 United Nations, Monthly Bulletin of Statistics: September 1957, special tables B and C. In the com-
%)utagion of f‘l;;he price indexes approximately half the weights are c. i. f. import prices and the other half
. 0. b. export prices. :

2 United Kingdom indexes based upon weighted average of quotations by all flags on routes important
to the United Kingdom tramp fleet.

3 Data not available.

TABLE 36.—Production, consumption, and net imports of nonferrous metals in
. Western Europe and North America, 1953-55, and tentative prospects, 1973751

‘Western Europe North America Total
Commoedity

1953-55 | 1973-75 | 1953-55 | 1973-75 | 1953-55 | 1973-75

Major nonferrous metals (million tons
copper equivalent): 2
Production: 3

Conventional metals 4. ..._...____ 0.27 0.3 1.75 2.3 2.02 2.6
"Aluminum — .32 .5 121 3.0 1.53 3.5
.59 .8 2.96 5.3 3.55 6.1

Consumption: .
Conventional metals 4. ..___..___ 2.10 3.5 52.66 3.5 4.76 7.0
Aluminum...___________.________ .44 1.6 1.07 2.4 1.51 4.0
2.54 5.1 53.73 5 6.27 11.0

Net imports:

Conventional metals ¢.._.__._____ 1.83 3.2 .91 1.2 2.74 4.4
Aluminum. ... _ . .12 1.1 -.14 —.6 -.02 .5
1.95 4.3 .77 .6 2.72 4.9

Value of net imports (f. 0. b.) of all non-
ferrous metals and ores, including iron
and manganese ore (thousand million
dollars) 2 - 1.01 2.2 .64 .8 1.65 3.0

¥ 1 Ccil;g;acti%goParties to the General Agreement on Tariffs and Trade, International Trade, 1956: Geneva,
June , D. 270,
b ;é&ll ﬁlgures (also values) refer in principle to primary metal only. Scrap is therefore excluded from the
rade values.
3 Mine production for the conventional metals; smelter production for aluminum.
4 Copper, lead, zine, and tin. :
8 Including about 330,000 tons in copper equivalent added to stocks.
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leading up to the Suez Canal crisis and closing. It will be noted that,
unlike tanker rates, the rate increases took place throughout the year.

RESEARCH AND DEVELOPMENT EXPENDITURES

Two studies of research and development expenditures in the
United States and in the United Kingdom have recently become avail-
able.’® They indicate that the pattern of research expenditures in
the primary metals and stone, clay, and glass industries is similar in
the two countries—3 percent of total expenditures. The general
pattern is also similar, with over 80 percent of the expenditures devoted
in each country to the same five industries—electrical equipment, air-
craft, motor vehicles, chemicals, and machinery. Although the
primary metal and stone, clay, and glass industries in the United
States employ almost 6 percent of total scientists and engineers, they
include only 3 percent of all scientists and engineers engaged in re-
. search and development. In contrast, the aircraft and electrical-
equipment industries employ 9 and 11 percent, respectively, of the
total scientists and engineers, but each employs 18 percent of those
engaged in research and development. The heavy emphasis on re-
search in these industries leads, of course, to broadening sales and.
markets for many mineral products. Selected data from these
studies are presented in table 37.

" TABLE 37.—Research and development in industry, United States and United

Kingdom 1!
Expenditures Employment 3
. (thousand)
Industry 2 j
United United
States Kingdom United United
(million (million States Kingdom

dollars) pounds)
Electrical machinery. . 778.3 32.0 28.8 27.0
Alrcraft 758.0 90.0 27.6 30.1
Automotive 4 604.1 5.8 16.6 4.8
Chemicals : . 361.1 20.0 21.5 14.7
General Machinery 318.9 13.0 16.3 10.8
Petroleum. 145.9 3.1 6.8 2.3
imary metals. . 59.8 4.2 3.7 3.4
Stone, clay, and glass. 38.0 1.3 2.1 1.0
Other. 635.3 15.6 33.9 11.8
Total. 3,699.4 185.0 157.3 105.9

1 Work cited in text footnote 16. United States data are for 1953; United Kingdom for 1955.

2 A general descriptive title is used herein, as the classifications employed in the two countries differ.
These differences are not important enough to invalidate the comparisons. :

3 United States data are ‘“research and development scientists and engineers.” United Kingdom data
are “‘equivalent to full-time workers employed in research and development.”

4 United States data include some “‘other manufacturing, n. e. c.”

DEFENSE MOBILIZATION

Defense Production Act.—Net changes of statistics under the pro-
gams under the Defense Production Act were relatively small in 1956.
ross transactions certified as of December 31, 1956, for all programs
increased 5 percent over the 1955 figure to $9.0 billion, but gross

16 The Economist, Research Out of Balance: Vol. 158, No. 5808, SeE‘t. 8, 1966*’?. 811 and following; and
National Science Foundation, Science and Engineering in American dustry: Washington, 1956.
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transactions consummated increased less than 1 percent to $7.7 billion.
Metals and mineral programs represented $6.1 and $5.2 billion of the
totals, respectively, angr showed the same percentage changes over
1955 as the totals. The probable ultimate net cost of gross transac-
tions certified for all programs increased slightly to $1.0 billion, metals
and mineral programs being $0.8 million of the total.””

Purchases of metals and minerals comprise $4.6 billion (67 percent)
of the $5.2 billion gross transactions consummated through December
31, 1956—an increase of $79 million over 1955 year-end figures, when
purchases of metals and minerals amounted to 66 percent of the total.
The value of gross transactions consummated and probable ultimate

TABLE 38.—Costs of mineral programs under the Defense Production Act, as of
: ) December 31, 19561

(Million dollars)
Gross transactions con- | Probable ultimate net
- summated cost of transactions
Program consummated
Amount Percent Amount Percent
Aluminum - 1, 555 20.2 18 2.1
Copper. 827 10.8 1 .1
Nickel. .. 706 9.2 126 14.8
Ma 485 6.3 111 13.1
Tungsten.- . . : 374 4.9 163 19.1
Tin.: 222 2.9 5 .6
Titanium._ 215 2.8 105 12.3
Molybdenum . 155 2.0 4 .5
Magnesium 129 1.7 18 2.2
Cobalt ‘ 114 15 7 .8
Columbium-tantalum 99 1.3 53 6.2
Mica. 50 7 36 4.3
Mercury. 47 .6 2 .2
Steel 45 .6
Chrome.... 41 .5 22 2.6
Zine- ... 30 .4 7 .8
Bauxite. 26 .3
Copper and cobalt. .. 22 .3 -
Lead.- 21 .3 2 .2
Dolomite. 20 .3
Fluorspar 16 .2 4 .5
Cryolite. 16 .2 2 .2
Lead-zinc 8 .1 8 .9
Uranium 6 .1 5 .6
Lead-zinc-copper 3 .1 3 .4
Asbestos 2 [©) 1 .1
Graphite. 1 @ 1 .1
Rare earths._ ® @ ® @
Total minerals and metals 5,235 468.0 704 82.7
Other materials, including fuels. . ... _____________ 2,390 310 74 8.7
Total administrative and interest expenses..__.__ 73 1.0 73 8.6
Total- 7,698 100.0 851 100.0

1 Executive Office of the President, Office of Defense Mobilization, Report on Borrowing Authority as
of Dec. 31, 1956, p. 9.

3 Less than 0.5 percent.

3 Less than $500,000.

4 Does not add to total owing to rounding.

11 The terms used to account for the activities under the Defense Production Act are unique, requiring
definition for complete understanding. Terms used in this section are defined as follows: ‘‘Program’ is a
plan for an expansion of capacity or supply of a specific material. “Transactions” are the individual con-
tracts or agreements entered into in carrying out a certified program. ‘Certificate’” is an Office of Defense
Mobilization notification that a program is essential and that transactions may be consummated up to
specified limits. “Consummated’” means executed contracts or agreements. ‘‘Probable ultimate net cost”
is the estimated nonrecoverable cost to the Government of transactions under a certified program.
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net cost thereof for all programs for each mineral are ranked by order
* of magnitude of the former in table 38.8
 During fiscal year 1956 several new expansion programs were certi-
fied: A metallurgical bauxite program for $38.6 million in gross trans-
actions, with no probable ultimate net cost; a mica-research program
for $1.3 million in gross transactions and probable ultimate net cost;
a cobalt program for $36 million in gross transactions, including work-
- ing capital but no probable ultimate net cost; and a synthetic man-
ganese dioxide program for $5 million in gross transactions and $0.7
million in probable ultimate net cost. There were also upward revi-
sions of the existing programs for beryl, metallurgical manganese,
-mica, and nickel purchases, and selenium research.’®
Domestic Minerals Program Extension Act of 1953 (Public Law
206, 83d Congress) expired December 31, 1956, but buying was to
continue until all contracts ran out. The beryl purchase regulation
was amended in July 1956 to provide a termination date of June 30,
1962, and an increase in the program limitation by 200 percent to
3,000 short tons. The mica purchase regulation was also extended
to June 30, 1962. The manganese purchase regulation was extended
for domestic small producers to January 1, 1961, with an increase in
the limitation by 47 percent to 28 million long-ton units of contained
manganese.? : ,
The progress of the domestic purchase programs for tungsten,
manganese, chrome, columbite-tantalite, beryl, mica, asbestos,
_fluorspar, and mercury is shown in table 39. The largest percentage
increase in the cumulative total delivered in any of the minerals by
the end of 1956 was in the asbestos program (over 50 percent), in
which case the program was terminated June 30, 1956, with the goal
attained. The delivered amount of each commodity increased during
1956 at least a third over the previous total accumulation, except for
mercury and columbium-tantalum ores and concentrates. In the
case of the latter the purchases at the end of 1955 had reached the
minimum goal of 15 million pounds authorized; and the program was
terminated, while for mercury the market price was above the program
purchase price, and accordingly none was offered for purchase during
the year. .
Total loans under the Defense Production Act?* borrowing authority
carried a gross transactions value of $381 million at the end of 1956—a
decrease of $12 million from 1955. The probable ultimate net cost
of these loans is carried on the Government books as zero, since
interest income is assumed to offset expenses. Gross transactions
consummated for loans on metals and minerals amounted to $240
million, a decrease of $17 million from 1955, all in copper projects.
No new loans had been certified during the year.
Cumulative advances to contractors in connection with purchase
contracts for metals and minerals, as of December 31, 1956, stood at
$134.9 million—an increase of 9 percent over the total at the end of

18 Executive Office of the President, Office of Defense Mobilization, Report on Borrowing Authority, for
the Quarters Ending Dec. 31, 1955, and Dec. 31, 1956.

1 Joint Committee on Defense Production Activities, Sixth Annual Report: House Rept. 1, 85th
Cong., 1st sess., Jan. 22, 1957, p. 165. -

20 Work cited in footnote 19, p. 116.

21 Work cited in footnote 18. General Services Administration, Defense Materials Service, Financial
Report, Defense Production Activities, Dec. 31, 1956. Defense Production Act, Progress Report 38, 85th
Cong., 1st sess., May 21, 1957, pp. 18-20.
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TABLE 39.—Commodities delivered under United States
purchase programs, 1955-561 .

Government domestic

Quantity Quantity
delivered delivered Authorized
Commodity as of as of total
December December purchases
31, 1955 31, 1956 .
Asbestos, chrysotile, nonferrous (short tons):
Crude No. 1 and No. 2 1,261 1,864 3,500
Crude No. 33 . S 645 1,075 2,000
Beryl ore (short tons) 833 1,203 . 4,500
hrome ores and concentrates (long tons) 2____________________ 101, 634 137,700 200, 000
Columbium-tantalum ores and concentrates (thousand
unds combined contained pentoxides) 4. ... 15,164 15, 601 15,250
Fluorspar, acid grade (short tons) 0 0 250, 000
Manganese ore (thousand long-ton units): .
Butte and Philipsburg Depots 2,037 3,262 6, 000
eming Depot. 6,183 6,215 6, 000
" Wenden Depot- sy 6,108 6, 000
Domestic small producers (carlot program) 5,332 10, 538 28, 000
Mercury (flasks, prime virgin) .. ; 5 125, 000
Mieca: Block, film, and hand-cobbed-(short tons hand-cobbed
equivalent) . oiloL 7,526 10,124 25, 000
Tungsten concentrates (thousand short-ton units WO3)_._____ 2, 3, 267 4,250

1 General Services Admmistration, Report of Purchases under Domestic Purchase Regulations, as of

Deec. 31, 1955, and Dec. 31, 1956, under section 4, P. L. 206, 83d Congress, and under P. L. 733, on delegw

tion of authority by Department of the Interior. .
2 Purchased with stockpile funds for the national stockpile.

8 Crude No. 3 accepted under P. L. 206 on the tie-in basis with other 2

authorized. )
4 Mostly foreign. Figures not published for domestic only.

grades, not figured into the quantity

©1955. Of this amount, the balance outstanding was $63 million, 18

percent less than at the end of 1955.

A review of the mineral segment of the accelerated tax-amortization
program is presented in table 40. The number of certificates of
necessity # in the mineral industries at the end of 1956 represented
2.4 percent of all certificates granted and 7.8 percent of total cumula-
tive cost of facilities.® The increase in the number of certificates
involving minerals was smaller in 1956 than in 1955; only 14 new
certificates were added (out of a total of 1,248 for all industries),
representing a value of new facilities certified of $49 million, as

compared with 25 in 1955, with a value of $95 million.

Of the 14,

12 were for metals—copper, mercury, taconite, titanium, uranium,

and zirconium; the other 2 were for cryolite and mica.

The percentage

of certified facilities reported in place as of December 31, 1956, was
81 percent for the metals and 94 percent for the nonmetallics.
A further reduction in open and unfilled expansion goals left only
nickel, mercury, selenium, Chemical-grade chromite, and substitutes
for strategic mica with open goals in the minerals field at the end of the
year. Two other goals of interest to the mineral industry still open
were for research and development laboratories and production facili-
ties for military and AEC procurement, under which a few strategic
metals fall. The goal for nickel was increased to a total annual suppl
of 440 million pounds by 1961. Copper, rutile, and taconite goals
were closed during the year. A number of requests were made for
establishing new expansion goals in various fields—the steel industry

22 A certificate of necessity is an incentive for expansion of facilities which entitles the holder to write off
a specified portion of the installation cost in 5 years instead of the normal depreciation period. This has the
effect of an interest-free loan to the holder during that period. Only that portion of the cost of facilities that

is attributable to defense purposes is certified.

2 Defense Production Act, Progress Report 38, 85th Cong., 1st sess., May 21, 1957, p. 58.

\
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in particular, which filed numerous applications for rapid tax amorti-
zation covering proposed production facilities estimated to cost $2.3
billion. These requests were denied.*

In 1956, under three new GSA contracts with the Bureau of Mines,
the Department of the Army, and the National Bureau of Standards,
studies were made of testing waviness (surface imperfections) in
natural mica and of developing synthetic mica. There was also a
new contract with Battelle Memorial Institute to review the Nossen
process for recovering manganese from low-grade -domestic ores.
Other research contracts still active at the end of the year covered
location of columbium-tantalum deposits; research and development .
on.-manganese; investigation of selenium-ore deposits and methods of
extraction; and development of a recovery process for producing
titanium tetrachloride from domestic titaniferous raw materials.?

The standby operating production-control system for the use of
priorities and allocations authority under title I of the Defense Pro-
duction Act is known as the Defense Materials System. Under this
system, the demand for certain materials in short supply has been
controlled: Aluminum; copper and copper-base alloys; carbon, alloy,
and nickel-bearing steel, including steel castings; and recently nickel
alloys. In January 1956 the Defense Mobilization order on policy
on the use of priorities and allocations authority was revised to limit
the allotments for steel, copper, and aluminum under the Defense
Materials System to the programs of the Department of Defense,
Atomic Energy Commission, and directly related activities. Table
41 gives the allotments of “A” products for the quarters of 1955 and
1956. These represent purchase authority to prime contractors and
producers of specially designed military equipment for the metals at
the mill level. The severe competition for available nickel led to
inclusion of nickel alloys in the fourth quarter of 1956 in this group of
metals, subject to quantitative allotment control. Quarter%y allot-
ments vary with inventory levels, changes in materials specification,
and model revisions, as well as schedule changes.

The total quantities of steel, aluminum, copper, and nickel alloy
set aside at the mill level included additional amounts, known as

- “B” products, required by manufacturers of civilian-type items’ in-
corporated in military end items. These allotments are not included
in the table, since during the year the shortage of these materials
lessened. Thus industry grew less dependent on such allotments, and
reported deliveries against them did not represent total use.?®

National Strategic Stockpile Program.?—As of December 31,
1956, stockpile objectives were valued at prevailing prices at $11
billion, consisting of $6.6 billion in minimum objectives and $4.4
billion in long-term objectives—the latter all associated with metals
and minerals. About 24.5 million tons of materials, having a value of
‘$6.5 billion, were actually on hand in the strategic stockpile at 228 °
sites at the end of 1956. Of this total, inventories valued at $5.2
billion applied toward minimum objectives.

3¢ Executive Office of the President, Office of Defense Mobilization, Defense Mobilization in a Full Econ-
omy: Rept. to the Joint Committee on Defense Production, Mar. 14, 1957, p. 22, 27

2 Works cited in footnotes 18 and 22, p. 22.

2 Work cited in footnote 19, p. 81.

37 Executive Office of the President, Office of Defense Mobilization, Stockpile Reports to the Congress:
January-June 1955 and July-December 1956, p. 2.
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TABLE 41.—Allotments for ‘‘A’’ products !

(Thousand short tons)
Commodity 2 First Second Third Fourth Year
. quarter quarter quarter quarter
Aluminum :
1955 o e 58,7 54.5 53.1 60.8 227.
1956. - - 2 mamieaan 60.0 65.9 62.5 64.5 252.
Change from 1955 ___________ percent.__ +2.2 +20.7 +17.7 +6.1 +11.
Copper and copper-base alloys:
1955 e 35.2 3L0 28.9 28.9 124,
1956. - _ . - 30.0 27.3 26.0 25.4 108.
?hange from 1955. . __________ percent.__ —14.8 —-11.9 —10.0 —12.1 —12.
teel:
1955_____. i 601.3 681.0 697.0 654.6 2, 633.
1956 . o oL 642.3 | 607.3 592.2 . 2 2,448,
Change from 1955_ . __________ percent.__ +6.8 —10.8 —15.0 -7.4 -7.

1 Office of Defense Mobilization, various press releases. i
2 Allotments for nickel alloys were begun in the fourth quarter, 1956, amounting to 11,900 short tons.

Deliveries during 1956 amounted to $322.4 million and consisted
- principally of metallurgical chromite, cobalt, copper, synthetic
manganese dioxide, nickel, palladium, phlogopite-mica splittings,
silicon carbide, tin, lead, and zinc, all toward minimum objectives
except tin; lead, and zinc. Materials on order amounted to $350
million at the end of 1956. Largest quantities (80 percent) of ma-
terials stockpiled came from purchases in the open market, of which
about 40 percent consisted of deliveries primarily of lead, zinc, and
tin to long-term objectives. In 1956 Battery-grade manganese,
mercury, tin, iridium, and platinum were added to the list of completed
long-term objectives, bringing this total to 12. The minimum ob-
jectives for 22 metals and minerals on the stockpile list had not been
achieved at the end of 1956. These were: Antimony, amosite asbes-
tos, refractory bauxite, celestite, chromite, cobalt, copper, diamond
bort, fluorspar, iodine, jewel bearings, magnesium synthetic manganese
dioxide, manganese (Chemical grade), mica, molybdenum, nickel,
palladium, selenium, silicon carbide, steatite-talc block, and titanium.
During the year beryl, bismuth, mercury, iridium, and platinum were
dropped, because objectives had been achieved.

Surplus agricultural commodities were bartered abroad for minerals

valued at about $379 million during the year. Materials acquired
- under this authority may be placed in a “supplemental stockpile,”
which is additional to the minimum and long-term objectives, or
placed in the strategic stockpile. During 1956 these barter arrange-
ments represented the largest single Government accumulation of
strategic materials—an amount about 20 percent greater than total
deliveries to minimum and long-term strategic stockpile objectives
in the same period. By the end of the year, $168 million of the
$379 million total of barter arrangements had been made for the
supplemental stockpile, with zine, lead, titanium sponge, and bauxite
heading the list in that order. Materials still to be delivered against
outstanding barter contracts totaled $370 million on December 31,
1956. :

Defense Minerals Exploration Administration.®—Government en-
couragement in the form of financial assistance for private exploration

% Defense Minerals Exploration Administration, Report for 4th quarter, 1956: Stockpile report to the
Congress, July-December 1956, p. 4.
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for new sources of strategic and critical materials continued during
1956, with the issue of 56 certifications of discovery or development
by DMEA, as compared with 51 in 1955.  Certifications on projects
in 14 States and Alaska were made on antimony, chromium, copper,
lead, manganese, mercury, mica, tin, tungsten, uranium, and zine.
In all, 200 exploration contracts were in force December 31, 1956.
The Government share of the cumulative amount of $21.5 million
total cost of work authorized at the end of the year was $12.9 million
(60 . percent). Comparable amounts, as of the end of 1955, were
$24.4 million and 61 percent. The potential ore reserves on all 276
certified projects are estimated to have a net recoverable value of
$295 million at current market prices. Total royalties paid to the
Government to the end of the year on all projects amounted to $1.6
" million. The net value of the minerals produced, on which royalties
have been received, is approximately $32 million. -

Office of Minerals Mobilization.” —This office has responsibility for
continuing evaluation of the preparedness position of the United States
in mineral raw materials and solid fuels, for recommendation of action
programs to ODM, and for development of measures that can be
undertaken by Government and industry to assure continuity of sup-
ply of these cornmodities in' a national emergency. In metals and
minerals during 1956, with the assistance of the Bureau of Mines and
the Geological Survey, comprehensive mobilization base evaluations
were made for antimony, asbestos, beryl, columbium-tantalum, chro-
mium, fluorspar, graphite, mercury, mica, and talc. Expansion goal
studies were made for copper, Battery and Chemical grades of man-
ganese, natural and synthetic mica, nickel, and rutile, to determine
the need for Government assistance in reaching desired production
capacity for these essential materials. A number of special studies
were carried out, including those on fluorspar reserves, nickel-cobalt,
and nonstockpiled materials. - ‘

Export Control Act.3>—The United States Department of Commerce
administers export controls of two types—short-supply basis and secu-
rity basis. As of December 31, 1956, the following mineral commodi-
ties were under short-supply control: Aluminum (including scrap),
copper (including scrap), diamond bort and powder, iron and steel
scrap, nickel (including scrap), and selenium (including scrap). Min-
eral groups on the so-called positive list of controlled items for security
reasons were: Abrasives, sulfur, lithium-containing minerals, certain
ferroalloys, beryllium, bismuth, cobalt, columbium, magnesium-base
alloys, molybdenum, radium metal, tantalum, mercury, tungsten wire,
zirconium, and lithium. All these commodities require an export
license for shipment anywhere except Canada.

NONDEFENSE MINERALS PROGRAM

Purchase Programs.—The Domestic Tungsten, Asbestos, Fluorspar
and Columbium-Tantalum Production and Purchase Act of 1956 3
provided authority to the United States Department of the Interior
to purchase from domestic sources the listed minerals as shown in

2 U, 8. Department of the Interior, Office of Minerals Mobilization, Quarterly Report to the Joint Com-
mittee, January-March, April-June, July-September, October-December, 1956.
3 Export Control, Thirty-Eighth Quarterly Report by the Secretary of Commerce to the President,

the Senate and the House of Representatives, Feb. 15, 1957.
31 Public Law 733, 84th Cong., 2d sess., July 19, 1956.
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table 42. Although minerals purchased under this act are to be made

available to the strategic stockpile, the legislation was enacted as in-
terim assistance until a long-range program could be developed by
the Administration and submitted to Congress. The Senate report
on this legislation quoted with approval the following statement of
Dr. Arthur S. Flemming, Office of Defense Mobilization;

I suggest, however, that where a domestic purchase program is about to
terminate and where all defense needs have been met, the Congress should make
provisions beyond the scope of defense legislation to assist the industry by pro-
viding for the purchase of specified amounts from-nondefense funds until the
Congress has had time to consider recommendations from the appropriate non-

~ defense agency; namely, the Department of Interior, for a long-range program.®

TABILE 42.—Domestic.Tungsten, Asbestos, Fluorspar, and Columbium-Tantalum
' Production and Purchase Act of 19561

Interim Quantity
Total limitation | purchased

Commodity limitation | (December | to Decem- Base price
31, 1956) 2 ber 31,
1956 2

‘Asbestos, chrysotile, nonferrous: 3 :

P o\ | S shorttons_.| 2,000 456 365 ({820

Crude No. 3, when offered with No. 1 2,000 456 225 | $400.

and/for No. 2. _...__._. short tons__

Columbium-tantalum bearing ores: ¢

Contained combined pentoxides 250, 000 57,173 368 | $1.40-3.00 plus 100 per-

..... -.pounds__ cent bonus.

Fluorspar, Acid grade, 97 percent calcium 250, 000 57,173 0| $53.

fluoride, f. o. b. milling point
Tungsten trioxide, f. 0. b. milling point.¢ | 1,250,000 285, 872 271,315 | $55.
short tons._.

1 Public Law 733, 84th Cong., 2d sess.
2 General Services Administration, Report of Purchases Under Domestic Purchase Regulation, Dec, 31,
1956: Federal Register, Feb. 20, 1957, p. 1057. .
C' Mee;&ng same specifications and under regulations in effect on January 1, 1956, Public Law 206, 83d
ong., 2d sess.
¢ A maximum of 5,000 short-ton units accepted from 1 producer in 1 month.

The House report stated:

The committee has concluded that in view of world conditions, the increasing
vulnerability of the mining industries of the United States to factors beyond
its control, and the need of assured sources of supply of mineral raw materials
to meet our future peacetime industrial requirements, a long-range nondefense
domestic minerals program would be of considerable benefit to the economy
of the United States. The committee also has concluded that the interim assist-
ance which would be authorized by S. 3982, as amended, should be provided
until the long-range program has been developed by the administrative agencies
and considered by the Congress.?

Purchases under this legislation are shown in table 42, and are also
included in the totals shown in table 39.

32 Senate Report 2146, to accompany S. 3982, Committee of Internal and Insular Affairs, June 6, 1956,
p. 5.
33 House of Representatives Report 2596, to accompany S. 3982, July 3, 1956, p. 13.




Review of Metallurgical Technology

By Oliver C. Ralston* and Earl T. Hayes?
4

OUTSTANDIN G TRENDS of the year included the following:

1. Concentration and beneficiation of iron ores to provide improved blast-
furnace feed and extend ore reserves.

. 2. Successful development of pelletizing and sintering procedures for fine
iron ores. :

3. The realization that cyclone separation could replace existing classifiers in
many grinding circuits.

4, The rapidly blossoming metallurgy of ultrapure silicon and improvements
in zone melting. -

5. The rapid increase in the use of liquid-liquid extraction and ion exchange
in hydrometallurgy. :

6. The industrial application of vacuum melting on the 100-ton scale.

7. The hope for developing a columbium (noibium) base alloy for high-temper-
" ature use.

The technologic advancement in metallurgy that had the greatest
effect on the American economy was the beneficiation of iron ores
to give improved feed for blast furnaces and indirectly extend our
ore reserves. 'This was not a sudden development but rather culmina-
tion of a decade of intensive effort. ,

In the Upper Lake States increasing quantities of iron ores were
concentrated, and the huge scale of operation of the many operating
mills permitted technologic and economic comparisons of the various
separatory methods. The success of pelletizing techniques in ag-
glomerating finely divided magnetic or flotation concentrates made
possible increases in output of iron blast furnaces by supplying
suitable sizes of higher grade raw materials.

Taconite concentration was well described in the report in the
Engineering and Mining Journal on the Silver Bay, Minn., concen-
trator of Reserve Mining Co. At Silver Bay a total of 36,000 tons
of ore was treated daily by 2-stage magnetic concentrators. The
ore had an average iron content of 32 percent, and the plant’s annual
production rate was 300,000 tons of pelleted concentrate analyzing
about 65 percent iron, 9 percent silica, and only 0.22 percent Mn, with
minor amounts of lime, magnesia, and alumina. Rake classifiers
and cyclones were tested in the pilot-mill grinding circuits, and
cyclones won out as the means of returning oversize to the ball mills.
The material is pelletized in drums, and the damp pellets are rolled
in coal dust to take up a coating of fuel. About 9 pounds of bentonite
per ton improves the binding properties of the more colloidal con-
stituents of the concentrate. The coal-coated pellets pass over a
downdraft sintering machine and are burned to hard condition.

1 Chief metallurgist.

2 Assistant chief metallurgist. :
8 Engineering and Mining Journal, The Concentrator at Silver Bay: Vol. 167, No. 12. ™
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Return of hot combustion gases to dry the pellets before induration
economizes on fuel. Oxidation of the magnetite to hematite during

pelletizing causes recrystallization and additional binding and harden-

ing of the pellets and provides useful heat. \

Jaspar concentration of Michigan iron ores came with starting of
‘the Republic plant at Eagle Mills of the Cleveland Cliffs Co. The
iron mineral is a specular hematite that requires flotation concen-
_tration to produce a product analyzing about 64 percent iron and 8
percent silica, which is pelletized. The pelletizing apparatus is a
dished disk- (flying saucer) rotating on an axis quite far from vertical,
over which the wet concentrate rolls into balls. The pellets are
hardened on a new updraft traveling grate 224 feet long, with feed
of pellets at 3 points along the travel. At the head end is introduced
- a bed of pellets 8 inches deep; when the heated zone has nearly
 reached the surface, a second layer 8 inches deep is added to absorb
heat rising from below. A third layer is likewise added at two-thirds
the length of the apparatus. Ultimately it was hoped to operate
with a final 36-inch bed. By comparison of this plant with the
Silver Bay plant, it can be seen that there is considerable individualism
- in procedures in the Upper Lakes iron districts.

"~ Other new iron-ore-concentrating plants, small, only in comparison
with the above two, went into production during the year. The
first commercial flotation plant to be installed on the Mesabi range
was -under construction during the year at the Jones & Laughlin
plant at the Hill Annex mine near Calumet, Mich. . Tailings from
old-style iron-ore ‘“‘washeries’” are to be dredged and pumped through
classifying wet cyclones and to be prepared as feed for the float
cells, The results from this plant, soon to be in operation, will be

closely watched, as many other dumps of large size might be treated

in g like manner.

-The revolution in preparation of blast-furnace feeds has aroused
interest in all phases of steelmaking. - Metallurgists have been
attracted by the high efficiency of the so-called ‘“cyclone burner’” for
firing large boilers. The cyclone burner is either a horizontal or verti-
"cal cylinder that burns tremendous quantities of coal in a small
volume. The coal used is crushed to only one-fourth inch and is
blown in through a. spiral path with preheated air. Ash fuses to a
slag, which flows out with little pellets of the iron component. The
inside wall of the burner is actually frozen slag, held to definite thick-
ness by an appropriate amount of water-cooling pipes on the inside
of the steel shell. The burners can be shut down on short notice and
started up very rapidly. Most of the 100 odd powerplant installations
of today use 5- to 6-foot-diameter burners, but those in the planning
stage re 8 to 10 feet in diameter.

v \_ritish Iron and Steel Research Association made an interesting

‘wment on the possibility of developing its “cyclosteel” process,

= vertical form of burner would be fired with a mixture of

‘n ore and coals of wide variety. The iron and slag are
taneously in the whirling flame and melted, collecting

3 rface of the burner and running down to another
% ‘ber below.t In the lower chamber the iron and

% ‘9& “urnal, Coming Revolution in Steelmaking: Vol. 158, No. 1, January 1957,
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slag form layers and are tapped separately or passed to another
ietitl;ling chamber kept hot by the gases that pass on to waste-heat
oilers. -

The advantages expected are: (1) Sintering will be eliminated,
permitting direct use of fine ore; (2) coking plants will be eliminated,
permitting use of low-grade coals; (3) blast furnaces and perhaps
Bessemer converters will be eliminated because absorption of carbon
in the iron is unnecessary, and the vortex furnace might well operate
at its highest efficiency if some unreduced iron oxide is left in the slag;
(4) much of the usual flux will be eliminated because of the high
temperatures that can be generated with preheated air or oxygen-
enriched air. N

The Cyclosteel researchers warn against immediate expectation of
a completed process and are prepared for 10 years of development.

Aside from iron reduction, there are other possible applications of
vortexes, such as in copper smelting, where the heat of combustion
of copper sulfide ores is ample from the theoretical standpoint to
make them smelt themselves to copper matte and slag. F. C. Ramsing
of Arizona ® has presented a design for a ““centrifugal reverberatory
furnace” to which he has recently proposed the modification of feeding

- the charge into the burner pipes, approaching more nearly the cyclone
burner type.

Direct use of the cyclone has been reported by the Russians, wherein

_ part of the heat of the hot furnace gases was used for preheating the

air. By control of the proportion of air to ore, the desulfurization
and grade of matte produced can be controlled. It is apparent, also,
that pyrite can be similarly burned to give a high percentage of SO,
as. :
8 The promise of increasing efficiency, particularly in the use of fuel,
makes these various vortex processes of high interest. For instance,
it might be possible to electrolyze zinc-plant tailings to recover
i:opper and precious metals as copper products and fume off zinc and
ead. ’

Other ripples of iron-ore beneficiation spread from these mills to
many related ore-dressing operations. Each mill had something
new (like the flying-saucer pelletizer). Something entirely different
in dense-medium separation came from Sweden. J. W. Franklin
reported a worldwide canvass and quoted J. Svenssen on the Stripa
“absolute gravity process,” invented by him while working for the
Stripa Mining Co. Five Swedish plants were in operation, as well
as 2 in Norway and 1 in Turkey on a chrome ore. At Stripa
the medium is made up of hematite-magnetite table concentrate—
(minus 12-plus 200-mesh), analyzing 65 percent iron. The separator
is a long, narrow, shallow trough with water inlets in the bottom ;
toward the end of the trough is a horizontal baffle separating the
strata into which the ore separates, giving float-and-sink products.
Little new water need be used, and most of it remains in the machine.
Separations up to 3.3 specific gravity can be made, and tests haw
been made at a specific gravity of 5 when a medium of granu}
iron is used. The machine worked well when the medium cc
as much as 20 percent gangue.

§ Ramsing, F. C., Centrifugal Reverberatory Furnace: U. S. Patent 2,620,309, M
¢ Franklin, J. W., Ore Dressing: Eng. and Min. Jour., vol. 158, No. 2, Febru -
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Cyclones were sometimes used in dense-medium separation, but
their more common uses were for dewatering and thickening pulps
or for classifying coarse from finer sizes of particles. In London, Liquid-
Solid Separations, Litd., offered a multiple unit, capable of producing
a cut at 5 to 10 microns. This is evidently based on the fact that
gas-cyclone experience has been that a small-diameter cyclone does
better work than a large one; Western Precipitation Co. in Leos Angeles
offered similar multiclones for removing particles from gases. The
potential usefulness of the new wet multiclone may be in classifying
pulps of nonmetallic minerals, because flotation separation of such
minerals usually fails on particles smaller than 20 mm., a size 1,000
times as great as the new machine might work on. In the case of the
nohmetallic minerals, the presence of slime sizes interferes with clean
flotation, and they would much better be discarded. Another field
for the new wet multiclone might be in treating cassiterite ores, in
which there are large losses of tin minerals in the slime sizes. For
many years tin losses in these slimes have been grievous, not only in
Britain but also in Bolivia and the Malay States.

The Kennecott Copper Corp. used a single 20-inch cyclone and
- one 8-inch pump to replace 4 conventional classifiers in grinding circuits
and cut the power demand from 120 to 60 hp. Manganese, Inc., at
Henderson, Nev., used eight 12-inch cyclones for classification and
" others to thicken flotation concentrate. Cyclones have replaced con-
ventional classifiers in the grinding circuit on auriferous pyrite at the
Lake View and Star, Ltd., Fimiston, Australia, with a saving in

maintenance and operating costs. ‘Union Miniére du Haut-Katanga, -

floating malachite in the Kolwezi area, uses cyclones on the middling,
but not the primary grind, because of excessive wear of the malachite.

Roan Antelope Copper Mines, Litd., at Luanshya, Northern Rhodesia, -

built tailing dams with cyclones, using the oversize for the dam walls,
while slimes are impounded in the center of the pond. Lower labor
requirements and faster dam formation, as well as better resistance
to rain wash, resulted, while capital cost was 10 percent of that of
other mechanical units.

Contrasted with the wet cyclone, which was relatively novel and
not yet proved thoroughly as to its total field of usefulness, the gas
cyclone for recovery of dusts, fumes, and mists from gas suspension
has been used many years and is well-documented in the various
handbooks. An article worthy of attention, on the fundamentals of
the apparatus ~~  \from the U. S. S. R.,” where a mathematical study
of the k- s flow through the cyclone separator was made
an” uation. The gas cyclone was useful not only in
tallurgical and chemical technology.
machine for concentrating or sizing minerals
as described by Tedman.! The British were
s of concentrating minerals, and this author
-shaped, rotating cylinder, with a frustrum
tated rapidly enough to keep solid particles
but not enough to bring about serious
e center of the apparatus, and light ma-
igrate in opposite directions, to be dis-

", Gaxovaya Prom.: Chem. Abs., vol. 51, No. 11, 1956, p. 3202g.
™ Fluid Boundary: Min. Mag., vol. 95, Aug. 1956, pp. 81-84.
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charged at the two ends. The apparatus will also separate sizes of
the same material.

The versatile concentrating and separating process known as flota-
tion calls for a certain amount of physical chemistry in the design of
reagents and in their application to pulps of ground minerals. One of
the better reviews appeared in Industrial and Engineering Chemistry
(American Chemical Society).?

Size reduction is a broader term for crushing and grinding. Dr.
L. T. Work wrote an annual review on this subject ° showing the
trends in practice and theory. :

An outstanding series of papers on copper for, the year was compiled
by A. W. Knorr of Engineering and Mining Journal ! on the San
Manuel enterprise in Arizona, in which the new smelter is described,
following other papers on the mine and the concentrating mill. Thirty
thousand tons of ore per day was mined and concentrated, and the
concentrate was smelted in a plant of the most modern design.
Seventy thousand tons of copper was recovered per year from con-
centrate, averaging 28 percent copper, high in iron and low in silica.
The silica used for flux came mainly from the oxidized zones of the
mine, which is in deeply oxidized territory. Natural gas was used in
firing the reverberatory furnaces, and waste-heat boilers supplied
steam to a 10,000-kw. generator, which took care of power demands
of the enterprise. A 500-foot stack discarded smelter gases, with their
75,000 annual tons of sulfur.

Electrolytic zinc held its own in competition with smelting, because

“the process is adaptable to the recovery of so many byproducts and
the product is highly pure zinc. Continuous vertical retorts for
smelting zinc ores have been in use many years and are quite efficient,
but good operating details on their operation have not been given to
the public. A continuous smelting process involving the vertical
blast furnace has been known to be under development in England
by National Smelting Co. Patents on changes in the mode of operation
continued to be issued, and were the sole source of information.
Prof. A. W. Schlechten,2in his annual review of metallurgy, reviewed
some of these patents. Roasted zinc ore and coke are fed to a hot-top
blast furnace to yield a top gas at 950° C. containing zinc vapor,
carbon dioxide, carbon monoxide, and nitrogen, which, if slowly

_cooled, would revert to zinc oxide fume, carbon monoxide gas, and
nitrogen. Shock chilling by a shower of molten lead was the first
method of recovering the zinc, but it was later found that molten
zinc could be used. '

The Anaconda Aluminum Co. aluminum-reduction plant at Co-
lumbia Falls, Mont., reached rated capacity production in 1956. It
was patterned after the plant of the Pechiney Co. at St. Jean de
Maurienne, France, cost $60 million, and was equipped with huge
Soderberg vertical pinpots of 90,000 to 100,000 amperes input.

There are 4 rooms, with a total of 240 pots. Current density is
300 amp. per sq. in., and 7 million pounds of aluminum busbars is

9 Hoffman, Itzhak, and Arbiter, Nathaniel, Flotation: Ind. Eng. Chem., vol. 49, No. 3, March 1957,

PD. 493-496.
10 Work, L. T., Size Reduction: Ind. Eng. Chem., vol. 49, No, 3, March 1957, pp. 534-537.
. 1%055? W’.,gg_alnooManuel, the Smelter-Unique in Modern Design: Eng. and Min. Jour., vol. 157, No.
P pp. .
n Schlecht'en, A. W., Metallurgy: Eng. and Min. Jour., vol. 158, No. 2, February 1957, pp. 128-131.
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in use. "Anode paste is 67 percent calcined petroleum coke and 30
percent coal-tar pitch. The cell gases resulting from electrolysis are
collected, and the carbon monoxide flue gases are burned and sent to
- cyclones to remove dust and then to spray scrubbers using a lime
slurry to insure that no fluorine gases being vented. -
Most of the innovations in hydrometallurgy were in the field of ion
exchange and solvent extraction. The latter is also known as liquid-

liquid extraction, and one modification of the latter is known as

solvent-in-pulp, parallel to resin-in-pulp, which has been mentioned
before. The uranium industry has been the heaviest user of ion-
exchange resins for extraction, stripping dilute uranium leach solutions
while many other metals pass through and then stripping the resin
with a suitable regenerant, used in small quantity to get a strong
solution of uranium. ~

Solvent extraction serves the same purpose as ion exchange and has
proved a strong competitor because the organic solvents can be con-
tacted easily with the pregnant aqueous leach or unfiltered pregnant

pulp. Ores with large amounts of slime-sized solids cause formation-

of a frothy “‘gunk’ that is slow to break down or may even break
down to an oily paste; this locks up part of the organic solvent, for
which there is no satisfactory way of recovery. Even violent centri-
fuging is not complete in the separation. Therefore the solvent-in-
plﬁgx method of avoiding the necessity of settling and filtration is not
yet certain of application. The large application to uranium hydro-
metallurgy, the separation of zirconium and hafnium salts, and the
tantalum-columbum (niobium) separations coming into commercial
practice was outstanding, however. : :

Silicon has been one of the metals of the year on which much at-
tention has been centered. The transistor grade of the metal is
wanted in purity approaching only 1 part per 10 billion of boron—a
highly harmful element. Bell Telephone Laboratories ¥ announced
that 1t has been found possible to remove boron down to this extreme
by treating the molten metal with a mixture of hydrogen and water
vapor to vaporize boron oxide. . '

Most of the pure silicon was supplied by du Pont, although Sylvania

Electric Co., Foote Mineral Co., Westinghouse Electric, and others

had been busy, and the literature of the year was quite voluminous
in the United States, United Kingdom, Germany, and U. S. S. R.
Various methods of making it are of interest, but an unusual one was
devised by C. C. Hein of Westinghouse. This patent presents the
silicon-gold phase diagram, already in earlier literature, which shows a
series of solid solutions at the gold end of the diagram; but at the
silicon end, gold is soluble in silicon to the extent of less than 1 part in
100 million, making it possible to discard most of the other impurities
into the gold of the melt. Several processes taking advantage of this
fact were detailed. The final ultrapure silicon was doped with
phosphorus, added to convert the pure silicon to the n-type transistor
ade.

ngn spite of the fact that very small amounts of silicon are used in
each transistor or rectifier unit, the United States produced several
thousand pounds of the metal, valued at $300 to $350 per pound.

13 Chemical and Engineering News, Ultrapure Silicon: Vol. 34, Aug. 27, 1956, p. 4145,

i i e S L e



REVIEW OF METALLURGICAL TECHNOLOGY 51

‘Zone refining was not restricted to metals alone or to intermetallic
compounds but was being tested for refining of molten salts and organic
compounds and even for separating heavy water from normal ice.

Two reviews during the year were prepared by W. G. Pfann
and R. J. Dunworth.’* Pfann differentiated among zone melting,
zone refining, zone remelting, and zone leveling. The way to make
zone melting a continuous process was pointed out. Zone leveling
is & way of introducing activator elements uniformly. Refining was

-developed first for germanium, then for silicon, but has been applied to
InSb, GaAs, AlISb, Sb, and As. Favorable results are reported for
Bi, Zn, Fe, Cu, Al, Ga, Zr, and Cr. Mixtures of anthracene-naphtha-
lene have yielded results, and removal of heavy water from normal
water appears to be possible. Dunworth pointed out that calculation
of the solute distribution coefficient permits estimation of the number
of passes required to reach ultimate distribution. The importance of
the solute gradient near the solidifying interface was pointed out, and
the relation of this gradient to the necessity of using slow rates of
solidification or liquid agitation was described. _

An interesting solution of the problem of zone-refining gallium was
reported by Richards.'®* Some of the elements to be removed had
segregation coefficients close to 1.0 in gallium, so that many passes
would be required for purifying the gallium. The system was con-
verted to metal chlorides; and GaCl;, which melts at 75° C., was suc-
cessfully refined to under 1 part per million impurities.

The sodium production of the Nation has grown steadily, depending
largely on the market for tetraethyl lead for gasoline, but recently
three new outlets have called for more rapid building of new facilities.
One was for titanium reduction, where it may have certain advantages
over magnesium as & reductant.  Zirconium may also use sodium for
the reduction step. In the organic field isosebacic acid, an inter-
medig e in production of resins and plasticizers, demands more sodium.
The result was that the 1956 output of the metal was 270 million
pounds—20 to 25 percent more than in 1955. The new metallurgical
center at Ashtabula, Ohio, where both titanium and zirconium have
been added to the industry, as well as the existing output for tetra-
ethyl lead, has attracted users of chlorine made during electrolysis of
fused salt to get sodium.

Vacuum melting continued to grow in importance in 1956, and
there was a noticeable trend toward expansion in the production of
ferrous products. United States Steel Corp., at its Duquesne, Pa.,
works, constructed a vacuum casting chamber 17 feet in diameter and
31 feet in height. In operation, a ladle of molten steel is placed on
top of an aluminum diaphram, forming the top seal, which melts and
allows the steel to drop into an evacuated chamber at-a rate of 3 to
10 tons per minute. In this manner the gas content of the steel is
reduced substantially during pouring. Other steel companies were
reported to be installing units up to 250 tons in size, using variations

14;:)_1’1%1\, W. G., A Fresh Outlook for Fractional Crystallization: Chem. Eng. News, vol. 34, 1956, pp.

B Dunévorth, R. J., Some Theoretical Factors in the Zone Melting Process: onne Nationals Fab.
31}’9131;. ANL-5360, February 1956, 38 pp.; Astia File No. AD 84784; for sale by Office of Tech. Services, price,

cents,
16 ﬁ;clig;‘ds, J. L., Purification of 8 Metal by Zone Refining of One of Its Salts: Nature, vol. 177, 1956,
Pp. 182-]
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of the same technique; some were so elaborate that TV cameras were
used to control the operation.

Allegheny-Ludlum Steel Corp. engaged in an expansion program
for its consumable-electrode vacuum:arc-melting plant, and melting
capacity at the end of 1956 was approximately 18 million pounds a
year. This company also was turning out induction vacuum-melted
ingots on a nearly continuous basis in a pilot plant.

Universal Cyclops finished a vacuum remelting furnace with a
capacity of about 8 million pounds a year. This company could
furnish ingots up to 20 inches in diameter and weighing 6,000 pounds.

These developments in vacuum melting are interesting because the
new melting capacity was designed primarily for high-temperature
alloys and stainless or premium-quality steels, in contrast to the work
" of previous years, when only the more expensive metals, like molyb-
denum, titanium, and zirconium, could be afforded the luxury of
vacuum melting.

Continued demand for low hydrogen in fabricated titanium products
lead Mallory-Sharon to construct one of the largest vacuum furnaces
in this country at its plant at Niles, Ohio. This horizontal, electric,
vacuum furnace is about 4 feet in diameter by 12 feet in length and will
hold several tons of metal at 1 charging. This type of installation is
almost a necessity to meet the current requirements of 150 ppm of
hydrogen in finished titanium sheet.

To avoid gas absorbtion in shaping processes Universal Cyclops of
Bridgeville, Pa., announced that, under terms of a Defense Depart-
ment contract, it would build ‘a complete metallurgical fabrication
unit to operate in an inert atmosphere. Although the primary
contract is based on the working of molybdenum in an oxygen-free
atmosphere, there should be no lack of users for such metals as ti-
tanium, zirconium, hafnium, uranium, and vanadium. In essence,
this dry room will work under a slight pressure of purified argon, and
the workmen will enter in diving suits to be fed their breathing oxygen
from an external supply. The atmosphere of the room will be con-
tinuously purified to keep oxygen and water vapor at a minimum.
All necessary metal-fabricating equipment, such as forges, rolls,
furnaces, saws, and lathes, will be in this dry room. :

Automation overtook one segment of the American steel industry,
when Jones & Laughlin installed a completely automatic rolling mill.
In this setup the mill can be used to follow any preset program that
the operator punches into a card. The system is flexible, because it
allows for the composition of the slab and variations in temperature
during rolling.

Precipitation hardening stainless steels continued to find wider use
as the development of missiles and supersonic aircraft increased the
demand for strength at high temperatures. Suitable heat treatment
of the 17 chromium-7 nickel type resulted in guaranteed tensile
strengths of 200,000 p. s. i.; in certain instances tensile strengths as
high as 240,000 p. s. i. were obtained. Brazed honeycomb structures
could be heat-treated satisfactorily to maintain this strength. An
interesting part of this heat treatment is refrigeration of the material
at minus 100° F. for a period of several hours.
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Perhaps the greatest interest of this year centered on development
of columbium-base alloys for high-temperature uses. The reasons
for this were twofold: , _

(1). Columbium is one of the last unexplored elements that holds
promise of strength at high temperatures.

(2) The separation processes, such as those developed by the
Bureau of Mines in the last few years for separating tantalum and
columbium, offer a potential means of producing cheaper columbium
and also provide for extraction of the metal from lower grade deposits.

In addition, the increasing production of tantalum for capacitor
use, with the resultant increase in byproduct columbium, supplied an
additional incentive to the study of columbium and its alloys. In
spite of vigorous research programs by such installations as Wright
Field Air Materiel Command and the %Ta,tiona,l Advisory Committee
for Aeronautics, along with several private companies interested
either in sales of the metal or development of the alloys, no super-
columbium-base alloys were developed during the year. A number
of the alloys that have been tested show promise, but none have been
developed that are as satisfactory as the 3 or 4 commonly used turbine-
bucket alloys. Any development of a high-temperature columbium-
base alloy depends on long-term research rather than upon a short
period of applied research. ’

Metal powders have been rolled for different purposes. such as the
production of oilless bearings by Moraine Products Co., where metal
powders are rolled onto a steel carrier that becomes a backing strip
for the finished bearing. Some of the newer techniques use expend-
able carrier strips of paper. Fabrication by rolling metal powders
offers another useful tool for certain specific applications. Mond
Nickel Co. of England has produced purer nickel sheet by this method
than by any other process, since intermediate steps of pressing and
sintering and subsequent contamination are eliminated. The powders
are randomly oriented; and, for material that will not be sintered, this
offers a great advantage, as in the case of uranium, which can be
formed into shape for reactors. Cladding tricks can be performed
that are well-nigh impossible by any other forming technique.
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Review of Mining Technology
By Paul T. Allsman,! James E. Hill 2 and Walter E. Lewis®
%
HIS CHAPTER reviews the highlights of developments in mining
technology during 1956 and presents a special report on the design
of mine openings in stable ground. This special report is presented
each year in an endeavor to stimulate use of the scientific approach to
the solution of problems related to-mining technology.

Assuming that the literature on mining technology reflects trends
in mining, 1t appears that two areas of activity were given most atten-
tion in 1956. One was research on mining technology,* and the other
was improvement of transportation, particularly trackless transporta-
tion, both at surface and underground mines.

Although much of the organized research was by Government
agencies, educational institutions, and privately financed organiza-
tions, both domestic and foreign, considerable research of a testing
nature was done by several of the larger mining companies. Testing of
equipment and certain supplies, such as rock bits and drill steel,
against standards received the most attention.

Improvement in drilling, breakage, and loading in previous years
had caused efficiency in these activities to surpass transportation, and
the latter had become a ‘bottleneck.” During 1956 the primary
effort was directed toward bringing the mining cycle into better
balance by improving transportation.

EXPLORATION

The diamond drill continued to be the most widely used tool for
exploring mineral deposits below the surface of the earth. Drilling
techniques have changed little in the post-World War II years; how-
ever, use of the wireline core barrel appears to have introduced a
method whereby the speed of core drilling can be increased. In many
respects the drilling techniques in exploring for oil were much farther
advanced than those for minerals. The oil industry has probed to
great depths in its search for oil. The world’s deepest oil well, com-.
pleted May 5, 1956, in Plaquemines Parish, La., was 22,570 feet deep;®

1 Chief mining engineer.
3 Assistant chief mining engineer.

3 Mining engineer.
4 Colorado School of Mines, Symposium on Rock Mechanies: Vol. 51, No. 3, Golden, Colo., July 1956,

239 pp.
Nﬁsourl School of Mines and Metallurgy, Rolla, Mo., The Second Annual Symposium on Mining Re-
search, Tech. Ser. 92, Nov. 12-13, 1956, 42 pp.
University of Minnesota, Sixth Annual Drilling and Blasting Symposium: Center for Continuation
Study, Minneapolis, Minn., Oct. 11-13, 1956 Sunpublished).
1 9;6 McGhee, {i‘ég, Drill ’em Ever Faster, Drill ’em Ever Deeper: Oil and Gas Jour., vol. 54, No. 59, June
, PD. 1562-153.
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317 days was required to drill the hole. At this depth, to change bits
required 9% hours, to get cutting returns off the bottom took at least
7 hours, and to get complete circulation required 9% hours. The pump
pressure exceeded 2,800 pounds per square inch. Temperature at
21,809 feet was about 340° F. :

- Bear Creek Mining Co. utilized helicopter transport to service an
exploration drilling project near the crest of the Cascade Mountains
in Snohomish County, Wash.® The field season in this region is
usually limited to about 3 months; but with the helicopter transport
no trallwork was necessary, and the field season was lengthened to- 5
months. In-haul costs amounted to $0.191 per pound and outhaul
- costs were $0.149 per pound.

Diamond drilling through permafrost in the northern regions of

Canada required a method that prevented freezing of the drilling
fluid.” Different methods had been tried, including heating the
water, use of petroleum products, and salt solutions. Heated water
was suitable for short holes. Petroleum products did not freeze;
however, because they are lighter than water, seepage water ma
~ displace them, and the actual drilling may be done with water, wit.
the ever present danger that the hole will freeze. Drilling with a
solution of calcium chloride was the best method to insure continuous
~operation, adequate depth of boreholes, and minimum loss of equip-
ment. The best concentration was about 13 percent. The solution
was easily made, could be reused without difficulty, and resisted
freezing to the point where the end product was a slush of ice crystals
and solution. Loss of drilling equipment was negligible where ade-
-quate strength of solution was maintained.
- Calculation of ore reserves at the Berkeley pit, Butte, Mont., by
Anaconda Copper Mining Co. demonstrated the necessity of adjust-
ments of assay values on churn-drill samples in certain types of
ground.®! Comparison of assay values on churn-drill samples with
assay values on samples taken from crosscuts driven into the same
area from neighboring mine levels showed that the difference between
the analyses of churn-drill and crosscut samples was insignificant in
low-grade material, but in the higher grade ore the churn-drill-sample
analyses were high compared with the crosscut-sample analyses.
The churn-drill results had to be reduced to check crosscut data,
each churn drill had to be placed to avoid steeply dipping veins and
gobs, and all segments in veins assaying above 1.1 percent copper
had to be reduced to 1.1 percent copper. Churn-drill assays in dis-
seminated copper-bearing material and those in other than veins
were left unchanged.

In 1956 exploration was begun on the Precambrian shield in
Canada and the United States. This study, the largest ever attempted
on the North American Continent, will require 2% years to complete.?
All known existing geological and geophysical data will be correlated
with the resulting structural and mineral evaluation by stereo-
interpretation of aerial photographs.

6 Goddard, Charles C., Airlift Is Bear Creek Answer to Short Summer Drill Season: Min. World, vol. 18,
No. 7, June 1956, pp. 60-61.

7 MacDonald, L. R., Permafrost Drilling: Canadian Min. Jour., vol. 77, No. 10, October 1956, pp. 92-94.

8 Shea, Edward P., Development and Planning of Open-Pit Mining in the Butte District: Pres. at
Mining Show, Am. Min. Cong., Los Angeles, Calif., Oct. 1-4, 1956, press release, 6 pp.

9 Mining Journal (London), Operation Overthrust—A New Conception in Minerals Exploration: Vol.
- 247, No. 6313, Aug. 17, 1956, pp. 193-194.
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EXPLOSIVES FRAGMENTATION

A paper presented at the Mining Research Conference sponsored

by the Missouri School of Mines discussed the reflection theory of rock
breakage by explosives.® The reflection theory suggests that the
rock is pulled rather than pushed apart. The detonation of the
explosive charge creates a high gas pressure on the drill hole in a few
microseconds. The reaction of the high pressure on the walls of the
drill hole generates a high-intensity compressive-strain pulse in the
surrounding rock. The compressive-strain pulse travels outward
from the drill hole in all directions. Near the drill hole the intensity
of the strain pulse is sufficient to cause crushing of the rock; however,
as the strain pulse travels outward, its intensity diminishes rapidly
until no further crushing of the rock is possible.
. The compressive-strain pulse continues to travel outward until it
is reflected by a free surface, when it becomes a tensile-strain pulse.
As the strength of the rock is less in tension than in compression by
a factor of 50 or more, the reflected tensile-strain pulse can break the
rock in tension, progressing from the free surface back toward the
shot point. Crater tests were made of this theory of rock breakage
under rigidly controlled field conditions. For this purpose, it was
necessary to design and construct a mobile laboratory for recording
blasting data.™

The laboratory had facilities for making film recordings of 16
simultaneous transient electrical signals over a broad range of ampli-
tude, frequency, and duration with specially designed oscilloscopes
and high-speed drum cameras. The electrical measurements, by
which the wave motion generated by a detonated charge are studied,
are recorded by the mobile laboratory equipment and picked up by
strain gages cemented into drill holes in rock.”? Strain-wave propa-
gation data, recorded by strain gages, was converted to a voltage pro-
portional to the strain and measured in the mobile laboratory. From
these studies mathematical formulas have been derived for computing
crater depths. A complete discussion of the reflection theory of rock
breakage was to be a 1957 Bureau of Mines report of investigations.

Strip-coal-mine blasting practice since about 1953 has tended toward
the use of explosives that contain mostly ammonium nitrate (no
nitroglycerin) as the explosive ingredient. Most manufacturers pro-
duced this type of explosive in 1956. Depending upon other ingredi-
ents mixed with the ammonium nitrate, the explosive may or may not
have to be detonated by a primer or booster charge of more sensitive
- material.

Liquid oxygen replaced conventional explosives at some surface
mines. Sunnyhill Coal Co. No. 8 mine, New Lexington, Ohio, found
that the cost of blasting high banks containing massive sandrock with
the conventional fixed explosives was so high that some pits were
abandoned.® The pits were reactivated through use of liquid oxygen
explosives, and coal was produced at a profit.

10 Duvall, Wilbur I., Rock Breakage by Explosives: Oral pres. at Mining Research Conference, Missouri
School of Mining and Technology, Nov. 12-13, 1956.

11 Atchison, T. C., Duvall, W. L, and Obert, Leonard, Mobile Laboratory for Recording Blasting and
Other Transient Phenomena: Buresu of Mines Rept. of Investigations 5197, 1956, 22 pp.

12 Obert, Leonard, and Duvall, W. I., A Gage of Recording Equipment for Measuring Dynamic Strain in
Rock: Bureau of Mines Rept. of Investigations 4581, 1949, 24 pp.

13 Lamm, A. E., Recent Developments in Drilling and hlasting Overburden: Min. Cong. Jour., vol. 42,
No. 10, October 1956, pp. 28-30, 40.
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DRILLING

Rotary-percussive drill studies have led a foreign investigator to
the conclusion that a combination of rotary drilling with percussive
drilling, in the form of a continuous rotary motion with percussion
superimposed, combines the best of both systems of drilling* The
rotary-percussive drill is designed to activate rotation and piston
travel by separate power units, ‘

Mine operators in the United States watched closely the results of
rotary-percussive-drilling trials in Europe and the United States.
Whether it will be adopted universally and eventually occupy the
same position as the pneumatically operated percussive drill will
depend upon the adaptability of the method in"all types of ground
and the cost and ability of the newly designed machines to fit into
the operating schedule.

MECHANICAL FRAGMENTATION

Electrical load tests to determine the power required for operating
different makes of continuous coal miners established the importance
of keeping sharp bits in the mine.’* Tests comparing time and elec-
trical-power use for dull and sharp bits showed that the total time
required for a 20-foot fullface advance was 50 minutes with dull bits,
" whereas a 30-foot fullface advance was made in 54 minutes with
sharp bits. Less than two-thirds as much energy per ton mined
was required when sharp bits were used.

In its strip pit near Carbondale, Pa., The Hudson Coal Co. mined
anthracite with an auger unit designed for use in bituminous coal.
A 32-inch-diameter cutting head equipped with tungsten carbide bits
cut a 34-inch-diameter hole. Optimum advance up to November
1956 was reportedly 6 feet a minute at a drill speed of 150 r. p. m.
Auger sections were 6 feet long, and about 1 minute was required to
add a section. A 3-man crew drilled five 150-foot holes a shift and
produced 180 to 190 tons of coal.

Walton Sudduth Co., Oak Hill, W. Va., was successful in augering
a 32-inch seam of coal.’® In an area previously stripped to an eco-
nomic limit, a 24-inch auger produced an average of 150 tons of coal
a shift with 6 men, 2 of whom were truck drivers. The high produc-
tion in the thin seam was attained by assigning enough trucks to the
job to provide storage capacity, allowing the auger to be employed
continuously for a full shift. Two truck drivers operating 4 trucks
drove the loaded trucks to the preparation plant while empty ones
were being filled. ‘

A planer patterned after a type used in coal mining was designed
and built in Spokane in 1954. In a cooperative experiment with
Montana Phosphate Products Co., Garrison, Mont., the Bureau of
Mines test-operated the planer in 1955 and published a report on the
research.” The planer originally consisted essentially of a welded-
steel carriage in which a vertical bank of paving breakers or pneu-

' Inett, E. W., Rotary-Percussive Drill Studies Explain New Drilling Technique: Eng. Min. Jour.,
vol. 157, No. 8, August 1956, pp. 75-79.

18 Cree, J. O., Power for Continuous Mining: Min. Cong. Jour., vol. 42, No. 10, October 1956, pp. 49-52.

16 Coal Age, 24-inch Auger Produces 150 Tons Per Day: Vol. 61, No. 12, December 1956, pp. 54-56

17 Howard, T. E., Design and Development of 8 Pneumatic Vibrating-Blade Planer for Minlng' Phos-
phate Rock; a Progress Report: Bureau of Mines Rept. of Investigations 5219, 1956, 30 pp.
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matic picks was so mounted that the chisels entered the solid phosphate
rock at an acute angle as the machine was pulled along the mining
face. The rock broken by the chisels was plowed away from the face.
Although sustained high production was not attained in the initial
tests, it was demonstrated that productivity could be increased with
less dilution and greater mine recovery if the planer could be designed
to. work without excessive tool breakage. Data based on four test
operations in 1955 were used in redesigning the planer in 1956.

LOADING, TRANSPORTATION, AND HOISTING

Hanna Coal Co. 60-cubic-yard shovel uncovered a 4y%-foot coal
seam in eastern Ohio.’* A dipperload contains about 90 tons. The
complete cycle of digging, swinging, depositing overburden, and
returning for another load was designed for 45 seconds. The prin-
cipal factors that contribute to the greater capacity of the machine
over other stripping shovels were the short cycle time, the 30-foot
longer boom, and the 32-foot longer dipper handle, which made it
possible for the machine to remove greater depths of overburden and
deposit it farther away in higher piles. The huge shovel can remove
overburden from & maximum depth of 90 feet; under favorable con-
tour conditions, a maximum of 120 feet of overburden may be
removed. - ;

Efforts to speed tunnel driving resulted in the development of
machinery that eliminates car servicing.® Engineers of San Fran-
* cisco Chemical Co., Montpelier, Idaho, developed a slusher-hoist
that is operated in conjunction with a mucking machine. The
mucking machine loads the car nearest the face; as the muck piles up
in the car, the slusher transfers the excess to the other cars. Double
bars lengthwise of the cars and aprons between the cars serve as a
base for the slusher. The muck can be dumped from the slusher at
any desired point on the train. A self-contained shovel loader and
hopper drawn by tractor was developed at the Grandview mine near
Metaline Falls, Wash., to avoid switching cars.®® The combine loads
a full string of cars by running over the top of the cars and dropping
the muck into them. Special flanges on the top and at the sides of
the cars guide the loader on its course over them.

Grab-type shaft muckers operating under a double-acting air
cylinder were considered in South Africa to be the most efficient,
economical method of mechanical shaft mucking.® New types used
were suspended on two ropes anchored to the center girder of the
grab carrying the grab blades. Sizes included 12-, 20-, and 30-cubic-
foot capacities. Maximum working heights are 10 feet 4 inches, 11
feet 8 inches, and 13 feet 10 inches, respectively. One of the new
models had 6 grab blades; the larger 2 had 8.

Dravo Corp., Pittsburgh, used a crawler-mounted, compressed-air-
powered loader to remove broken rock from an 18-foot-finished-diam-
eter, 1,600-foot shaft at the Intermountain Chemical Co. plant in

18 Mining Congress Journal, The Mountaineer: Vol. 42, No. 3, March 1956, pp. 26-28, 75. .

1 Wright, John S., Pierce, Roger V., For Faster Tunnel Driving—Meet the Whup d’Whup: Eng. Min.
Jour., vol. 157, No. 6, June 1956, pp. 88-89.

20 Engineering and Mining Journal, New Jumbo Carloading Combine Speeds Development and Tunnel

‘Work: Vol. 157, No. 3, March 1956, g? 92-95.
31 Mining Journal (London), The New Cactus Grah: Vol. 247, No. 6311, August 1856, p. 143,
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Green River, Wyo., at the rate of 225 feet per month.? The muck
was hoisted to the surface in 2%-cubic-yard buckets. For loading the
bucket was set against the rib on one side of the shaft. The crawler-
mounted loader crowded the muck pile; when the dipper was loaded,
it backed into the bucket and dumped its load into the bucket by
overshot action. A crawler-mounted loader was also used for muck-
ing in a 37-by-14-foot shaft sunk in Virginia for the Pocahontas Fuel

Co., Inc., by a contracting company.® ’

Mass transfer of solid minerals between mine and consumer has
been by railroad, truck, ship, or barge. Considerable research has
been directed toward the hydraulic transfer of solids by ‘pipeline.
The result of this research approached a climax as Pittsburgh Con-
solidation Coal Co. completed layin% 8 -110-mile, 10-inch (inside
diameter) pipeline for transporting coal between Cadiz and Eastlake,
Obhio, in September 1956. Three pumping stations about 35 miles
apart were under construction to pump the slurry (fine coal mixed
with water) through the pipeline to its final destination. The slurry
will travel at a rate of 3)4 miles per hour, delivering 150 tons per hour
at the discharge end. :

A good roadbed is a basic need for a modern open-pit and under-
ground mine-transportation system. This applies to all types or
combinations of transportation, including trucks, conveyors, inclined
skips, rails, and shuttle cars. Poor roadbed may result in excessive
operation and maintenance costs that may make a mine uneconomic
to operate. .

The extent of modern-day company construction of haulage road:
with good roadbeds is well-illustrated by U. S. Refining & Smelting
Co., which constructed a 4-mile haulage road for transporting ores
from the El Tiro open pit near Silver Bell, Ariz. The road was
begun in mid-1953, and the subgrade was completed by mid-1954.2
To obtain the lowest possible costs, the road was designed with a
maximum 2)%-percent grade, 1,000-foot minimum radius of curvature,
superelevations on all curves, and 2%-inch mat of asphalt mix surface.
The asphalt surface was laid in mid-1955 after the fills settled. The
total cost of construction was slightly less than $50,000 per mile.

Transportation for removing ores and waste from open-pit mines
continued to receive widespread attention from operators. Open-pit-
transportation methods may be classed broadly as rail, truck, con-
veyor, and inclined-skip haulage. These methods were used singly
or in combination, depending upon the design of the transportation
system.

In a paper presented at the 1956 American Mining Congress, L. S.
Campbell, assistant general superintendent, Eastern District, Oliver
Iron Mining Division, United States Steel Corp., stressed that, in
designing any open-pit-mine transportation system, the primary con-
sideration is the maximum grades upon which the system can operate.?
With rail haulage the maximum is about 3 percent; conveyors can be

1935"60onstruction Methods and Equipment, Loader Mucks Narrow Shaft: Vol. 38, No. 11, November

, . 100.
% Graddon, Fred C., Crawler-Mounted Loader Speeds Shaft Mucking: Eng. Min, Jour., vol. 157, No. 6,
June 1956, pp. 105-106.
# Purvis, D. R., Silver Bell Pit Operation: Pres. at Mining Show, Am. Min. Cong., Los Angeles, Calif.,
Oct. 1-4, 1956; press release, 2 pp.
25 Campbell, L. 8., Belts and Belt Conveyors As Used in the Transportation of Ores From Open-Pit
Mines: Pres. at Mining Show, Am. Min. Cong., Los Angeles, Calif., Oct. 1-4, 1956;press release, 4 pp.
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operated on grades up to about 30 percent; inclined-skip haulage is
limited only by the slope of the walls; and the truck-haulage maximum
is about 10-percent grade.

Conveyor installations in the Lake Superior district ?® have usually
been confined to grades between 10 and 30 percent. The first belts
installed in the Lake Superior district were 24 and 30 inches wide,
desiﬁned to run at 500 feet per minute and to transport 600 tons
per hour. The development of stronger belting allowed higher tensile
stress on the belt. Belts were constructed with capacities up to
6,000 or more tons per hour. Speeds of 800 feet per minute were
~ used in 1956, with belts 60 to 72 inches wide. :

Rail-haulage practice has also changed, especially in mines having
-enough reserves to warrant such developments. The Morenci open
pit has replaced trolley-electric with diesel-electric locomotives.?

Three types of locomotives have been used at Morenci since rail
haulage was introduced in July 1940. Four 1,000-horsepower. diesel-
electrics were purchased in 1939 andeplaced in service in 1940. This
ty'ﬁe of locomotive had ample power to handle a train of eight 40-
cubic-yard-capacity cars. There were nine 1,000-horsepower diesel-
electric locomotives in use in 1956, but they operated primarily above
the 5,000-foot level, hauling waste, switching, and handling work-
train assignments. Trolley-electric locomotives (1,350-horsepower),
using 750-volt direct-current power, were designed for service at
Morenci. They were used for short off-trolley operation on the
mining benches by the addition of 500-ampere-hour batteries. The
batteries were good for level-bench hauls that did not exceed one
quarter mile. By 1950 the length of haul had increased beyond the
battery range, and two 290-horsepower diesel-electric auxiliaries per
locomotive had to be used. Expansion of the mine and increasing
length of haul resulted in replacement of the trolley-electric with

1,750-horsepower diesel-electrics in 1955. Sixteen of these locomotives
were in use. :

The use of trucks or rubber-tired vehicles in open-pit haulage
approached the point where a combination of types and sizes was
necessary for economic and efficient operation. Many models of
trucks were described, suitable for almost any haulage problem.?
Those suitable for hauling in small pits or in the early development
“stage of large operations were 2-axle rear-dump, ranging from 10-15-
cubic-yard capacity. This truck has proven excellent for limited
working space and short hauls. Rear-dump trucks with a 20-25-
cubic-yard capacity require 3 axles, ample turning space, and good
haulage roads. They are suitable for longer hauls than the 10-15-
cubic-yard capacity truck. The 32-cubic-yard, 3-axle, rear-dump
truck has been used under somewhat the same conditions as the 25-
cubic-yard truck, but it has more power and can carry a larger load
faster. Two-axle, 40-50-ton, 400-horsepower trucks, using large
tires, were available but their use has not yet been proved.

Tractor-trailer, 15-25-cubic-yard capacity, bottom-dump units were
used where good material was handled, and the dump on top of the

2 Work cited in footnote 25. .

¢ Fenzi, W. E., Rail Haulage—Morenci Open Pit—Morenci, Ariz.: Pres. at Mining Show, Am. Min.
Cong., Los Angeles, Calif., Oct. 1-4, 1956; press release, 7 pp.

8 Isimll, C. V., The Various Types of cks for Open-Pit Haulage: Pres. at Mining Show, Am. Min,
Cong., Los A.ngeies, Calif., Oct. 1-4, 1956; press release, 3 pp.
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fill was later bulldozed over. An advantage of bottom dump is un-
loading in motion; the use of lar%e and small bottom-dumps, with a
few rear-dump trucks, is justifiable on a cost basis. The larger units
are used on the longer hauls, the smaller units on the shorter and
limited working space hauls, and the rear-dumps for handling rock
and other material that might not pass through the bottom dump. A
45-55-ton rear-dump tractor-trailer is equally as good on a short as a
long haul, provided the grades do not exceed 4 percent. _
A 70-ton bottom-dump hopper trailer was to be placed in service
for hauling coal from an open-pit coal mine in West Virginia.?? The
haul distance is 7 miles downhill from the mine to the tipple. The
trailer is rated at 75 cubic yards struck level but will carry well over
100 cubic yards when heaped. The total weight when loaded is ap-
proximately 120 tons. A diesel engine rated at 400 horsepower, con-

tinuous, at 2,100 r. p. m., supplies the motive horsepower. All

tires and wheels on the unit are interchangeable. The brakes are
unusually large, powered by atr, and also interchangeable. Each
wheel has a 10-inch-wide brake shoe set around a 26-inch-diameter
drum. Despite its size the unit has a shorter turning radius than a
two-axle or single-axle-drive truck. ‘ ’

Since it was introduced about 1949, the Rockover skip system has
come into common use on the Mesabi iron range.®® The system has
many desirable qualities of conveyor- truck- and rail-haul systems.
Great flexibility of mining is permitted, and the cost compares favor-
ably with that of the other methods. It can be designed to follow the
natural repose of the pit wall, resulting in the shortest hauling dis-
tance from pit bottom to surface of any of the other haulage systems.
The skip system of haulage must always be combined with truck
haulage for gathering the ore from the pit bottom; however, no elabo-
rate haulage-road system is needed other than to central loading points.

The use of diesel-powered trucks underground where relatively flat-
lying ore bodies were mined continued to expand. Where ventilation
was good and the back or roof high enough, trucks proved to be the
most economical mode of short-haul transportation.®* Minerva Oil
Co. Fluorspar Division mine No. 1, Hardin County, Ill., found that
in conveyor-belt and truck combinations, where trucks were used to
feed long-haul belts, it was more efficient to shorten the conveyor-
belt distance and increase the truck-haul distance.

The St. Joseph Lead Co., Indian Creek mine in the southeast
Missouri lead belt has changed haulage equipment from shuttle car
to the faster diesel truck where haulage distances exceeded 1,000
feet.*® In comparative performance tests it was found that the cost
for hauling 250 tons 1,000 feet a shift was 17 cents a ton for a 12-ton
shuttle car or a 6-ton truck. At 2,000 feet, 2 shuttle cars were re-
quired to get the 250 tons a shift, at a cost of 25 cents a ton. Two
6-ton trucks could do the same job at 23 cents a ton. The hauling
costs could be held to 25 cents a ton for distances over 2,000 feet by
increasing the tonnage capacity of the trucks.

2 Diesel Power, Largest Bottom-Dump Hopper Trailer; Vol. 34, No. 10, October 1956, p. 70,

# Cardew, Richard P., Skip Haulage: Pres. at Mining Show, Am. Min. Cong., Los Angeles, Calif., Oct.
1-4, 1956: press release, 3 (})p.

3t Montgomery, Gill, Underground Transportation Symposium—Auto Trucks Underground: Presented
at the Min. Show, Am. Min. Cong., Los Angeles, Calif,, October 14, 1956, press release, 4 pp.

# Jones, Elmer A., Mechanization at Indian Creek Mine of St. Joseph Lead Co.: Pres. at Mining Show,
Am. Min. Cong., Los Angeles, Calif.,_Oct. 1-4, 1956; press release, 5 pp.
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The Duval Sulphur & Potash Co., Carlsbad, N. Mex., had a track-
less operation at its Duval mine and moved everything on rubber.®
A total of 3,200 tons of ore was moved daily by 2 miles of conveyor
with 2 crusher and elevator installations on main-entry belts and 1
installation of a panel-entry belt that discharged onto a main-entry
belt.. Rubber-tired shuttle cars hauled ore from the face to roll
crushers mounted on skid-type bases, designed to straddle the con-
veyor and discharge directly onto the belt. Production workers were
transported to and from the active mining areas in trailers towed by
jeepls{, and maintenance equipment was transported in diesel-powered
trucks. ‘

Electric trucks equipped with 350-horsepower, 550-volt, direct-
current traction motors were used to carry a net 30-ton load up a
. 10-percent grade at the Crestmore limestone mine, Riverside, Calif.3*
The trucks operated under a standard trackless-trolley system, except
when backing under a shovel, where a gathering-type locomotive reel
extension was used. Fully loaded trucks pull up a 10-percent grade
at about 12 miles an hour.

An extensible belt conveyor working with a continuous mining ma-
-chine proved to be highly advantageous in moving broken coal away

from the face at the Betsy mines of Powhatan Mining Co., Blooming-
dale, Ohio. A series of movable pulleys, added to the regular con-
veyor system and housed in the same structure that contains the drive
unit, and head pulley, permits interlacing an extra 100-foot section of
belting into the system. As the continuous mining machine advances,
the conveyor operator changes the positions of the movable pulleys,
and permits the belt to be extended a maximum distance of 50 feet
from the fixed-head structure. After each 50-foot advance, another
100 feet of belting may be inserted and taken up by the movable
pulleys. In turn, this added 100 feet of belting allows another 50
feet of advance without moving the belt-head structure. A total of
500 to 600 feet can be advanced in this manner before it is necessary to
move the belt-head structure.

The Princess mine, Nova Scotia, installed a 3,800-foot, 42-inch-wide

cable-belt conveyor,® with a carrying capacity of 750 tons an hour at
a traveling speed of 400 feet per minute. All tension or pull is ab-
sorbed by the cables, with the rubber carrying only the load. The
conveyor was driven by a single motor at the upper end.
- Three friction-type hoists were to be installed at the new Hogarth
A-2 mine of Steep Rock Iron Mines, Litd.®® The friction-type hoist
has been used extensively in Europe for nearly 50 years. Since 1950,
5 companies in Canada and 1 in the United States have installed this
type of hoist. ' '

Although several friction-type hoist installations have been made on
the North American Continent, it is difficult to determine whether
the installations will continue. Companies having new mines or
making extensive revision of hoisting systems in ok% mines probably

# Tong, J. E., Trackless Mining at Duval Sulphur & Potash Co.: Pres. at Min. Show, Am. Min. Cong.,
" Los Angeles, Calif., Oct. 1-4, 1956; press release, 3 pp.

3 Wightman, R. H., New Underground Mining at Crestmore: Pres. at Mining Show, Am. Min. Cong.,

Los Angeles, Calif., Oct. 1-4, 1956; press release, 6 pp.
3 Mining Journal (London), Conveyor Installation in Canadian Mine: Vol. 246, No. 6297, April 1956,

p. 517.
1 0;5 Skﬂi!.ngs' Mining Review, Hoist Ordered for Steep Rock’s Hogarth A-2 Mine: Vol. 45, No. 30, October
' p‘
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will survey the field carefully before deciding upon the type of hoist
installation. In all probability the increased number of friction-type
hoists installed in Canada over those in the United States was due in
part to the new mines being opened up in Canada, and specific condi-
tions that are favorable to the friction-type hoist installation. - The
fact that installations in the United States are limited to new mines
and those large mines revising their hoisting systems indicates that
the number of installations in the United States will be relatively small
for many years. ~

GROUND SUPPORT AND CONTROL

Knowledge of the action of a rock mass as it subsides into the opened
area in longwall working is based on sound theories, but accurate
instrumentation for measurements to prove such theories conclusively
has not. yet been accomplished. To date the measuring methods and
measuring devices have disadvantages that are extremely difficult to
overcome. Stress-measuring devices that must be emplaced into the
subsiding mass by a new borehole or drive often have been found to
be useless or to give inaccurate data because the opening itself releases
the stress or induces other stresses. :

The Mines Branch of the Canadian Department of Mines and
Technical Surveys had underway an underground research program
on the problem of strata stress. Initial studies were conducted in the
coal mines of Springhill, Nova Scotia.®” ,

Observations were made of stress phenomena induced in a rock mass
by longwall mining in the areas ahead of the advancing face, at the
extraction face, and behind the face. Instrumentation for determining
stress in these three areas required the design of an electric strain-gage
cell. The stress observations were to continue; however, stress meas-
urements observed from the load cells in the different areas have
proved reasonably successful. The general nature of the results from
the first series of cells installed indicates that stresses of high magni-
tude occurred. The work to date has shown that it may be possible
to determine the stress changes, the approximate magnitude and direc-
tion of the stress changes, and establishment of whether the stress is
increasing or decreasing.

The effect of excavation on rock strata lying in the intermediate
area between the surface and extraction zones, with reference to its
influence on shaft openings, was presented at a symposium on mine
support in England.® This discussion revealed that, although observa-
tions of the phenomena in the immediate vicinity of the excavations
may be necessary, the total complex of rock movements must not be
neglected. Only by complete analysis of total rock movements can
full understanding of rock pressure be reached. The author, Mohr,
cited the three main zones of rock mass affected by longwall working
as the zone of extraction, the surface zone, and the intermediate zone.

37 Brown, A., Rock-Pressure Studies in the Mines of Springhill, Nova Scotia; A Progress Report: Part I,
Zorychta, H., Application of Instruments Employed at the Mine; Part II, Buchanan, J. G., Description
of the Load Cell and Analysis of Readings Obtained; Part III, Cameron, E. L., and Hardy, H. R., Deter-

mination of Rock-Strength Characteristics: Canadian Min. and Met. Bull., vol. 49, No. 530, June 1956,

pp.  402-411.

3 Mohr, Dr.-Ing. Habil F., Influence of Mining on Strata: Mine and Quarry Eng., vol. 22, No. 4, April
1956, pp. 140-152. Measurement and Rock Pressure: Mine and Quarry Eng., vol, 22, No. 5, May 1956,
pp. 178-189. Rock Pressure and Support: Mine and Quarry Eng., vol. 22, No. 6, June 1956, pp. 224-233,
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The zone of extraction includes the area above the excavation, where
immediate and rapid subsidence occurs, and the area below the exca-
vation, where the floor strata are lifting, causing side pressure. De-
formations in the extraction zone occur a relatively short time after
the excavation. In contrast, the surface zone has no overlying stra-
tum, and the beds subside more or less under their own weight onto
the strata below. In the intermediate zone rock subsidence occurs
simultaneously with, but more slowly than, that of the strata in the
excavation zone. The rock movements take place under the total -
weight of overlying strata and other opposing influences.

Under longwall working the theory of roof subsidence overlying an
- excavated area assumes that each point of the overlying mass of rock
attempts to move toward the center of the point of the excavated
area; therefore, while the rock lying directly over the center of the
excavated area subsides vertically, all other rock movement is diag-
onally downward. This diagonal, downward movement may be
divided into horizontal and vertical components. The limits of the
zone of rock movement above the excavation area are determined by
the limit angle, which is the angle of the plane of the cave beyond
the extremities of the excavation measured from the horizontal.
Until the greatest possible subsidence occurs, the rock strata are
undergoing vertical compression and stretching. The stretching (the
tearing away and separation of layers) is due primarily to unequal
subsidence of the rock mass. :

The plastic flowage of clay below coal pillars into mined-out entries
and rooms in a dry coal mine, without the action of additional mois-
ture, was investigated by the Coal Division of the Illinois State
Geological Survey.® It was determined that squeezes result from a
plastic condition of the clay caused either by moisture or by the
presence of clay minerals (such as montmorillonite), which become
plastic when enough natural moisture is present. Tests of clay below
various coal beds in Illinois indicated that the clay minerals are chiefly
micaceous in type, that montmorillonite is the dominant clay mineral
in the clay fraction of the squeeze clay, and that it is less abundant
in nonsqueeze clay. The montmorillonite crystal has the greatest
- ratio between thickness and the other two dimensions of any clay-
mineral crystal, and this characteristic plate or leaf shape is claimed to
supply the plastic properties of squeeze clay. Water in the layers
between montmorillonite sheets flows under rock pressures and con-
tributes further to the plastic properties of the clay. Although the
property that causes squeezes in clay is known, no simple way is
known to stabilize the clay by chemical treatment. Some success
in preventing underclay squeezes has been attained by using floor bolts.

Impact testing with electronic instrumentation to detect whether
a roof rock is ‘“loose’” or “drummy”’ was investigated by the Bureau
of Mines.®® The tests were made on shale and sandstone roof in the
Dehue coal mine at Dehue, Logan County, W. Va. Test sites were
selected by striking the roof with a bar and judging its soundness
from the character of the air vibrations heard with the ear. Sites

1 o;;_ Vlvohzlste, W. Arthur, Underclay Squeezes in Coal Mines: Min, Eng., vol. 8, No. 10, October 1956, pp.
4 Sumfnerﬂeld, P. N., A Study of the Air and Rock Vibrations Produced by Impact Testing of Mine
Roof: Bureau of Mines Rept. of Investigations 5251, 1956, 37 pp.
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were selected that ranged from near solid to very drummy. At
each site the roof was struck with a hammer, and the vibrations were
picked up in air with a microphone and in rock with an acceleration
or velocity gage. The outputs from the gages and microphone were
recorded on magnetic tapes. In the laboratory the tapes were
replayed to obtain quantitative measurements of amplitude, fre-
quency content, and duration of the vibrations. The work revealed
a significant difference between the characteristics of vibrations pro-
duced in solid and drummy roof rock. The difference is such that
the design of an electronic device to indicate the condition of the roof
may be possible. The results obtained from airborne vibrations with
the microphone appeared to be as good as those obtained from rock-
borne vibrations and the use of airborne vibrations for a practical roof-
testing device may prove to be best. )

The study by the Bureau of Mines of methods of determining the
load on rock bolts was continued in 1956. Four reports have gbeen
published relating to fundamental rock-bolting research in under-

ground mines, and the latest report described the testing of expan- -

sion-type, %-inch rock bolts.* v

As In previous tests with other types and sizes of rock bolts, a
torque-load relationship was established for the % inch, expansion-
type bolt (regular and high-strength), whereby the prestressed load
on the rock bolt could be determined with a torque wrench. In the
tests, unused, flat-steel bearing plates were employed. The relation-
ship between the torque and load was found to be about 50 pounds
of load per foot-pound of torque in both the regular and high-strength
bolts. This torque-load relationship was valid up to 130 foot-pounds
for regular bolts and up to 175 foot-pounds for high-strength bolts.
A torque of 130 foot-pounds on the regular bolt will produce a load
of 6,150 plus or minus 1,910 pounds 90 percent of the time, and a
‘torque of 175 foot-pounds on a high-strength bolt will produce 8,050
plus or minus 2,750 pounds 90 percent of the time. Above the 130
and 175 foot-pound values, torque-load relationship becomes erratic
because of binding between the bolt and plug threads. This binding
causes excessive torque to be expended in producing torsion in the
bolt, rather than tension, and the torsion adversely affects the yield
load of the bolt. Thus, on the basis of the tests, 1t is recommended
that the installed torques not exceed 130 foot-pounds on the regular
%nii 175 foot-pounds on the high-strength, %-inch, expansion-type

olts.

Yieldable steel arches for roof support were used in slusher drifts
at the Ruth mine operated by the Nevada Mines Division of Kennecott
Copper Corp.2 The yieldable steel sets replaced timber, which was
high in maintenance cost and, through failure in key places, resulted
in uneven draw of the ore from the panel. The ability of the yieldable
steel sets to support the roof in the slusher drifts eliminated expen-
sive branch-raise development, which has previously been necessary
to maintain uniform draw of the ore.’

41 Barry, A. J., Panek, L. A., and McCormick, John A., Use of Torque Wrench to Determine Load in
Roof Bolts; Part 3. Expansion-Type, 36-inch Bolts: Bureau of Mines Rept. of Investigations 5228, 1956,

13 pp.
42 bgii%el, R. C., Yieldable Steel Arches for Roof Support: Min. Cong. Jour., vol. 42, No. 7, July 1956,
Dp. 48-49.
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Preformed, prestressed concrete structural units were used in 1954
to replace timber sets in a 100-foot section of the Bonney shaft, an
entry to property of Bagner Mining Co., Lordsburg, N. Mex.#® The
prestressed concrete shaft sets proved to be satisfactory in all respects.
The cost of installation was about the same as for wood sets, and the
concrete sets compare favorably in cost and weight with conventional
wood sets and lagging. The advantages of concrete sets over wood
are no decay, no fire hazard, and low maintenance cost. '

An inclined tunnel driven through unstable ground in 1955 at the
Tioga No. 2 open-pit iron mine, Grand Rapids, Minn., required
solidifying of the ground with chemicals ahead of the advancing face.*
Unstable ground was also chemically solidified at the Errington under-
ground iron mine of Steep Rock Iron Mines, Ltd., near Atikokan,
Ont.# The unstable ground was solidified at several locations on the
700-foot and 1,100-foot levels.

Stilfontein Gold Mining Co., near Klerksdorf in the Transvaal,
placed about 1,300 cubic.yards of Prepakt concrete in a pump station
3,000 feet below the surface.#® The forms were filled with coarse ag-
gregate consisting entirely of waste mine rock taken directly from
mine workings. The aggregate was prepared before placement by
passing the waste mine rock through a trommel-type wash screen,
removing the minus-%-inch material and rock dust clinging to the
larger rock sizes. The gradation of coarse aggregate size ranged from
1 inch to more than 12 inches. -The necessary mortar for bonding the

packed aggregate was mixed on the surface and pumped down the

shaft and into the forms through a one and one-half inch pipe. The
most satisfactory mix of mortar consisted of 2 cubic feet of sand to
1 bag of pozzolanic cement, a water-cement ratio of about 0.51, and
1 percent of Intrusion Aid by weight of the cementing materials. By
using the Prepakt concrete method of placing it directly in the form
from the mine working place, double handling of coarse aggregate was
eliminated. Conveyance of the mortar by pipe eliminated mine
cars carrying concreting material.

A Brieden pneumatic packing machine from Germany was installed
in a mine of the Glen Alden Corp. in the Northern anthracite field of
Pennsylvania. The second in the series of experiments in applying
pneumatic packing for controlling strata movement (subsidence)
above mine workings was reported in 1956.# The Brieden is a con-
tinuous-flow-type packing machine. Material for packing is fed to a
hopper, from which it drops into a segmented, seven-compartment
drum that rotates in a conical housing. As the drum rotates it drops
the material into a discharge pipe through which compressed air
travels at high speed. The air carries the material through pipes to
the discharge point. The experiment demonstrated clear%y that the
machine could transport and pneumatically pack rock at a labor cost
of about 35 cents per cubic yard of material packed and a compressed-

43 Elgin, Robt. A., With These New Techniques Concrete Sets Prove Practical: Eng. Min. Jour., vol.

157, No. 9, September 1956, pp. 88-89.
44 Skillings’ Mining Review, Chemical Soil Solidification: Vol. 45, No. 15, July 1956, p. 26.
48 Skillings’ Mining Review, Solidify Ground in Underground Iron Mine: Vol. 45, No. 37, December

1956, p. 2.
L g;gamberton, Bruce A., Placing Concrete in a Deep Mine: Min. Eng., vol. 8, No. 10, October 1956, pp.

1.
4 Whaite, Ralph H., Anthracite Mechanical Mining Investigations, Second Testing of Brieden Pneu-
matic Packing Machine: Bureau of Mines Rept. of Investigations 5273, 1956, 22 pp.
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air cost of 19 cents; however, the decision of the cooperating company
to abandon plans to recover pillars in the packed area prevented
evaluation of the effectiveness of the backfilling for control of over-
burden subsidence. :

SPECIAL REPORT ON DESIGN OF MINE OPENINGS IN STABLE
GROUND #

Although underground mining dates back almost to the beginning
of recorded history, it has developed into its present state more as an
art than as a science, and mining engineers today have to rely more on
experience than quantitative methods. This lack of scientific ap-
proach does not reflect any lethargy or inability on the part of the
mining profession. Rather, the problem has been complicated by
many factors that make mining less amenable to the procedures or
tools of science. For example, consider the structural design of a
building. The engineer knows the strength of the component ma-
terials with reasonable accuracy. Generally the stress and the strain
in the various structural components can be predetermined from
theory. If the structure is too complicated for theory, accurate
models can be made and tested. Finally, the full-scale structure can
be instrumented with strain gages, load cells, etc., so that the results
from the theoretical or physical-model study and prototype can be
compared. '

In contrast, consider the problem confronting the mining engineer.
The strength of rock in place can at best only be approximated.
Principally since about 1945 stress analysts have turned their atten-
tion to the structural problems of an underground opening or system
of openings. Although the results of these analytic studies have been
very helpful, a virtually unlimited field remains for future investiga-
tion. Finally, and with a few exceptions, the mining engineer has
not been provided with satisfactory instrumentation. There were
no instruments or methods available in 1956 for accurately measuring
rock pressures, stresses, or strains in anything but relatively hard
uniform rock. . :

In order that the Bureau of Mines might contribute effectively to
solution of these mining problems, the Applied Physics Laboratory
was created in 1942. In the period 1942-56 this group worked on such
diversified problems as stabilization of soil by freezing, diamond-
drilling efficiency and diamond-bit design, physical processes involved
in fragmenting rock with explosives, and the design of underground
openings in rock. In 1956 its field of operation was devoted princi-
pally to problems involving rock (or soil) mechanics. Areas of in-
vestigation included rock fragmentation (the breaking of rock by
dynamic stresses), mine design and operation in stable ground (the
stability of relatively competent rock under static stress), and mine
design and operation in unstable ground (the movement and failure of
soils and incompetent rocks under static stress).

The dynamic-stress investigations have been concerned with
breaking rock with explosives, although they could include breaking
rock by other methods, such as with crushers, or the cutting action of
rock bits, etc.

48 Prepared by Leonard Obert, chief, Applied Physics Laboratory, Bureau of Mines, College Park, Md.
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Results of both fundamental and applied studies have been reported
in Bureau of Mines and technical society publications.®? One report
- of particular significance, by W. I. Duvall and T. C. Atchison and
titled “Rock Breakage by Explosives,” was being prepared in 1956.
This report will present a unified theory for the mechanism of rock
breakage by explosives. ’

The study of mine design in unstable ground has not reached the
reporting stage. The objective of these studies is to determine the
mechanism of block caving, particularly in regard to caving operations
at greater depths.

he design of mines in stable ground has been studied since creation
of the Applied Physics Laboratory. A large number of reports has
been published, the more significant of which cover (1) the distribution
of stress around single and multiple mine openings as determined from
theory and model study;® (2) instruments and procedures for meas-
uring ground pressure and stress;® (3) application of both theory and
measurement to the design of underground openings;% and (4) the
physical properties of mine rock. % ‘

The solution of problems related to mine design in competent rock
starts with a laboratory study to determine the magnitude and direc-
tion of stress in theoretical or physical models of the proposed mine.
Assumptions are usually made, and no allowance is made for rock
defects.®* Next, the physical properties of the rock and some geo-
logical information are obtained from diamond-drill cores (explora-
tion) or from preliminary mine openings (shaft and early develop-
ment). From this information and assuming an appropriate safety
factor, pillar sizes, room dimensions, roof spans, etc., can be calcu-
lated. Finally, an experimental room is mined in the deposit and
instrumented, permitting laboratory and field results to be compared.
Such a procedure was used at the Bureau of Mines Oil Shale mine,
Rifle, Colo., and at the Jonathan mine, Pittsburgh Plate Glass Co.,
Zanesville, Ohio. The agreement between the laboratory design,
based on studies and exploration drill core, and the final full-scale
room was remarkably good. ‘

4 Obert, Leonard, and Duvall, Wilbur I., A Gage and Recording Equipment for Measuring Dynamie
Strain in ﬁock: Bureau of Mines Rept. of Investigations 4581, 1949, 11 pp. Generation and Propagation
of Strain Waves in Rock, Part I: Bureau of Mines Rept. of Investigations 4683, 1950, 19 pp.

Duvall, Wilbur I., and Atchison, Thomas C., Vibrations Associated With A Spherical Cavity in an
Elastic Medium: Bureau of Mines Rept. of Investigations 4692, 1950, 9. pp.

Blair, B. E., and Duvall, Wilbur 1., Evaluation of Gages for Measuring Displacement, Velocity, and
Acceleration of Seismic Pulses: Bureau of Mines Rept. of Investigations 5073, 1954, 21 pp.

Grant, Bruce F., Duvall, Wilbur I., Obert, Leonard, Rough, R. L., and Atchison, T. C., Research on
Shooting Oil and Gas Wells; Oil Gas Jour., vol. 49, No. 6, June 1950, pp. 65-73.

% Duyall, Wilbur L, Stress Analysis Applied to Underground Mining Problems. Part I—Stress Analysis
Applied to Single Openings: Bureau of Mines Rept. of Investigations 4192, 1948, 18 pp. Part II—Stress

ysis Applied to Multiple Openings and Pillars: Bureau of Mines Rept. of Investigations 4387, 1948,

PD. .
81 Obert, Leonard, Measurement of Pressures on Rock Pillars in Underground Mines, Part I: Bureau of
Mines Rept. of Investigations 3444, 1939, 15 pp. Part II: Bureau of Mines Rept. of Investigations 3521,

1940, 11 pp.

Obert, Leonard, and Duvall, Wilbur I., Microseismic Method of Predicting Rock Fallure in Under-
ground Minlng, Part I—General Method: Bureau of Mines Rept. of Investigations 3797, 1945, 7 pp.

82 Obert, Leonard and Duvall, Wilbur I., Use of Subaudible Noises for the Prediction of Rock Bursts,
Part II: Bureau of Mines Rept. of Investigations 3654, 1942, 22 pp.

Merrill, Robert H., Design of Underground Mine Openings, Oil-Shale Mine, Rifle, Colo,: Bureau of
Mines Rept. of Investigations 5089, 1954, 66 pp.

8 Obert, Leonard, Windes, 8. L., and Duvall, Wilbur I., Standardized Tests for Determining the Physi-
cal Properties of Mine Rock: Bureau of Mines Rept. of Investigations 3891, 1946, 67 pp.
mg’l%ies, S. L., Physical Properties of Mine Rock, Part I: Bureau of Mines Rept. of Investigations 4459,

, {9 DDe

# Rock defects are defined herein as both mechanical and physical. Mechanical defects are those result-
ing from an imposed force and would consist primarily of fractures; the fractures classified as faults, joints,
and fracture cleavage. Physical defects are innate defects in the rock such as bedding planes or vugs, which
would constitute a source of weakness in the rock.
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The success of this procedure depends upon the ability of the
research group to invent and develop or to adapt instrumentation
that can be used in the mine to measure the stresses, strains, displace-
ments, etc., that develop in the rock in place. A variety of strain
gages, load cells, extensometers, and other devices have been developed
for this purpose. Some of these instruments or procedures have a

very specific application; others a general application. S
* For example, one method described illustrates the unusualness of the

instruments and procedures required in studying ground pressure and
“movement problems. - This method, referred to as the microseismic
method, resulted from the discovery that rock under stress generates
low-intensity seismic disturbances (subaudible rock noises) detectable
with suitable geophones and amplifiers. These amplified rock noises
can be reproduced audibly with earphones or loudspeaker and sound
like the occasional rock noise that can be heard with the unaided ear.

In a series of laboratory tests rocks of various types were loaded in -

8 hydraulic press in progressive increments.’® A geophone placed
in contact with the rock picked up the “rock noises’”, which were
amplified and graphically recorded. All rock types were found to
generate these ‘“rock noises”—some rocks at stresses as low as 25
percent of the crushing strength of the rock. Moreover, the rate
at which these noises are produced increases with the applied stress
varying; for example, in granite, 1 or 2 per minute at 25 percent of
the crushing strength of the rock, to 100 or more per minute at 90
percent of the crushing strength. - However, even at high stress only
occasional rock noises could be heard without amplification.

To employ this phenomenon in detecting areas of stress in a mine,
suitable geophone, amplifier, and recording equipment had to be
developed. This equipment is described in Report of Investigations
3797.5%% Modifications of this basic equipment have been developed
for special application.

The microseismic method has been employed in studying many
mining problems, such as detecting ‘loose’” rock in a mine roof,
determining pillar loading, particularly in operations involving the
recovery of pillar ore, predicting rock bursts, and controlling bedded
mine roof. The details of this method, together with examples of the
type of problems to which it can be applied, were described in a
report to be published in 1957 as Bulletin 573.

The microseismic method is one of a number of special tools
developed for studying ground-pressure problems. Other instruments
were being developed. These instruments, with an improved theory
and the accumulating data that have been made available both from
model studies in the laboratory and operational studies in mines,
have (linade possible a quantitative approach to mining in stable
ground.

DRAINAGE

The corrosive and erosive effects of acid mine waters on metals
and alloys used in pumping in the anthracite region of Pennsylvania

8 Obert, Leonard and Duvall, Wilbur 1., The MicroSeismic Method of Predicting Rock Failure in
Underground Mining, Part II: Bureau of Mines Rept. of Investigations 3803, 1945, 14 pp.
% Work cited in footnote 51.
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were reported in 1956. The test program consisted of stationary
and revolving-spindle immersion tests.. In the stationary immersion
tests, spool-type specimen holders containing specimens of metals
and alloys were suspended in the sump, main pump discharges, or -
flumes from pump discharges to receiving streams at four mines. In
the revolving-spindle immersion tests specimens of metals and alloys
were spun in mine water from a selected mine to study the effects of
velocity on corrosion. Corrosion rates obtained from the revolving-
spindle tests were higher than those from the stationary immersion
tests. Erosion or destruction by purely mechanical action may be
accelerated by the effects of either chemical or electrochemical
- -corrosive attack. Erosion may also accelerate corrosion by removing
the initial corrosion products that normally tend to limit further
corrosive action. :

On the basis of the tests, types 302, 303, 304, 316, 410, 430, 446, -
Armeco 17-4 PH, and Armco 17-7 PH stainless steels—cast stainless
steel alloys (ACI) CE 30, CFSM, and HC—and titanium were
found to have adequate corrosion resistance to the most severely
corrosive acid mine waters in the anthracite region. The corrosion
rate of the 89—2-9 bronze alloy was one-fourth that of the 75-15-10
bronze alloy ordinarily used in the anthracite region to resist corrosion
by acid mine water. The weight loss on the 89—2-9 bronze alloy after
30 days testing was more than 300 times that of the type-HC stainless-
steel alloy, which had the highest average weight loss of the stainless
steels after 150 days of testing. Increase in the lead content of the
bronze alloy appeared to be detrimental, because the corrosion rate
increased as the lead content increased. ‘

VENTILATION

At the International Nickel Co. Frood-Stobie mine in Ontario,
an air-conditioning system raises the temperature of cold air in winter
and lowers the temperature of warm air in summer.® During the
winter a fan blows fresh air from the surface through a 300-foot
vertical shaft into 2 open stopes and thence into the main intake.
In the two stopes, water is sprayed into the air, and as it turns to
ice it gives up heat. This heat, along with that absorbed from the
wall rock, has resulted in maintenance of an incoming air temperature
of 27° to 30° F. The ice formed from the sprayed water accumulates
in the stopes, and in summer it will be melted as the warm air passes
through the stopes. It is expected that the warm air will be cooled

5° to 10° F. .
HEALTH AND SAFETY

Mine health and safety studies often indicate a trend in the use of
certain types of machines or mining methods. Bureau of Mines
mine health and safety studies in 1956 covered several important
subjects. The potential ignition hazards associated with compressed-
air blasting were investigated.®® Originally developed for use in

8 Ash, 8. H., Dierks, H. A., Felegy, E. W., Huston, K. M., Kennedy, D. O., Miller, P. S., and Rosella,
J. ., Corrosive and Erosive Effects of Acid Mine Waters on Metals and Alloys for Mine Pumping Equip-
ment and Drainage Facilities; Anthracite Region of Pennsylvania: Bureau of Mines Bull. 555, 1955, 46 pp.

8 Mining Engineering, Mine Ventilation: Vol. 8, No. 7, July 1956, p. 685.

% Hanna, N. E., Zabetakis, M. G., Van Dolah, R. W., and Damon, G. H., Potential Ignition Hazards
Associated With Compresseci-Ai: Blasting Using a Compressor Underground; Bureau of Mines Rept.
ofInvestigations 5223. 1956, 33 pp. '
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coal mines where on-shift blasting with explosives was prohibited,
compressed-air blasting has been used for the past 15 years as a sub-
stitute for fixed explosives. The coal is dislodged by a high-pressure
discharge of air from a pressurized shell placed in the borehole.  Mobile
compressor units, developed for furnishing air to the shell and pro-
posed for use at the working face, are subject to the usual hazards
associated with electric cables and motors. In addition, the com-
pression of a flammable gas-air mixture, such as might enter the com-
pressor at or near a poorly ventilated working face, could constitute
an explosion hazard. On the basis of the investigation, it appeared
that there will be no ignition hazard in operating an Armstrong-type
compressor and its blasting device if the atmosphere in which the
compressor is operated is never within the flammability limits specified
in the provisions of the Federal Coal-Mine Safety Act and Federal
Mine Safety Code.

The frequency and seriousness of fires in coal mines from 1947 to
1955, in which belt conveyors were the contributing cause, prompted
the Bureau of Mines to review the safety aspects of controls and
operations of belt conveyors.® Permissible mining-loading equipment
was reviewed so that the mining public could compare the various
machines of this nature approved as permissible.? The Bureau of
Mines investigates and approves equipment as permissible for use
in gassy and dusty mines only when it meets certain minimum
standards. The first mining-loading machine was approved as per-
missible April 26, 1929, and up to January 1, 1955, 30 approvals
for designs of machines has been granted. Drill-dust-collecting devices
used in connection with rock drilling in coal mines are also approved
by the Bureau, and as of January 31, 1956, 38 approvals had been
granted for permissible units or combination units.%

Information on equipment for analyzing mine atmospheres was
publishedin 1956.% Analysis of mine atmospheres is important in
maintaining safe conditions in mining operations. Because of the
diverse nature of the constituents of mine atmospheres and the
various concentrations in which these constituents may occur, no
one type of apparatus is suitable for their determination under all
conditions that may be encountered in underground operations.

The use of high-speed machines for modern mechanized coal mining
has greatly increased the production and dissemination of fine coal
dust in mine entries. The control of this coal dust to prevent ignition
and development of widespread mine explosion was the subject of a
manuscript published by the Bureau of Mines.#* To be effective,
rock dust must be applied uniformly and continuously on the rib and
roof surfaces as well as on the floor of coal-mine entries. The rate of
application must be adequate to raise the incombustible content
of the mine dust to a minimum of 65 percent.

% Brown, C. L., Safety Aspects of Controls and Operations of Belt Conveyors in Coal Mines: Bureau
of Mines Inf. Circ. 7749, 1956, 15 pp.

61 Bruno, H. B., Permissible Mining-Loading Equipment: Bureau of Mines Inf. Circ. 7736, 1956, 33 pp.

6 Owings, C. W., Anderson, F. G., Harmon, J. P., Johnson, L., and Berger, L. B., Drill-Dust Collectors
Approved by the Bureau of Mines as of January 31, 1956; Bureau of Mines Inf. Cire. 7741, 1956, 25 pp.

63 Watson, H. A., and Berger, L. B., Equipment for Analyzing Mine Atmospheres with Special Reference
to Haldane-Type Apparatus: Bureau of Mines Inf. Cire, 7728, 1956, 51 pp.

% Hartmann, Irving and Westfield, James, Rock Dusting and Sampling, Including Wet Rock Dusting
of the Bureau of Mines Experimental Coal Mine: Bureau of Mines Inf, Circ. 7755, 1956, 13 pp.
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MINING METHODS AND\PERFO_RMANCE

Major responsibilities of the Bureau of Mines are the accumulation
and dissemination of information on mineral technology. The series
of information circulars and bulletins on mining methods and costs
published from 1928 to 1939 was an important phase of the Bureau’s
program in this respect. The program was interrupted by other
activities resulting from the emergencies of World War II and the
Korean War but was reactivated in 1955. One report was published
in 1955 and 5 in 1956.% ‘ '

The reports are intended to disseminate current information on
- mining methods and practices, with emphasis on those elements

that influence the selection of efficient exploration, development, and
mining procedures. When performance data are available for publica-
tion, they are reported in units of labor, power, and supplies, further
supplemented by mine production costs in dollars, when such data
are obtainable. These data are the means to evaluate comparative
efficiencies and performance attained by the reported mining practices.

6 Dare, W. L., Lindblom, R. A. and Soule, J. H., Uranium Mining on the Colorado Plateau: Bureau of
Mines Inf. Cire. 7726, 1955, 60 pp. )

Trengove, R. R., Methods and Operations at the Kaiser Steel Corp., Eagle Mountain Iron ‘Mine, River-
side County, Calif.: Bureau of Mines Inf. Cire. 7735, 1956, 25 pD. )

Reynolds, John R., Mining Methods and Costs at the Morning Mine, American Smelting & Refining
Co., Shoshone County, Idaho: Bureau of Mines Inf. Cire. 7743, 1956, 40 pD.

Popofi, C. C., Block Caving at Kelley Mine, The Anaconda Co., Butte, Mont.: Bureau of Mines Inf,
Cire. 7758, 1956, 102 pp. .
Wideman, F. L., Block-Caving Method at the Sunrise Mine, Platte County, ‘Wyo.: Bureau of Mines

Inf. Cire, 7759, 1956, 30 pp. :
Dare, W. L. and Durk, R. R., Mining Methods and Costs, Standard Uranium Corp., Big Buck Mine,
San Juan County, Utah: Bureau of Mines Inf. Cire. 7766, 1956, 51 pp.
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Statistical Summary of Mineral

Production
By Kathleen J. D'Amico?
2

HIS SUMMARY is identical to the summary given in volume

III of this series of mineral production in the United States (in-

cluding Alaska and Hawaii), its island possessions, the Canal
Zone, and the Commonwealth of Puerto Rico and of the principal
minerals imported into and exported from the United States. For
further details on production see commodity and area chapters. A
summary table comparing world and United States mineral produc-
tion also is included.

Mineral production may be measured at any of several stages of
extraction and processing. The stage of measurement used in the
chapter is normally what is termed “mine output.” It usually refers

BILLION DOLLARS
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F1curE 1.—Value of mineral production in the United States, 1925-56.

1Publications editor.
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to minerals in the form in which they are first extracted from the
ground but customarily included, 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 foregoing definition. The quantities of gold, silver,
~copper, lead, zine, and tin are recorded on a mine basis—that is, 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 measured in the form
of r:lcovered metal and valued at the average New York price for
metal. :

Data for clays and limestone, 1954-56 include output used in making
cement and lime. Mineral-production totals have been adjusted
. to eliminate duplication of these values.

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

TABLE 1.—Value of mineral production in continental United States, 192556,
by mineral groups ! :

I (Million dollars)
Non- Non-
Year Mineral| metals | Metals |. Total Year Mineral| metals [ Metals | Total
fuels |(except fuels |(except
fuels) fuels)

2, 1,163 655 4,484 836 900 6, 310
2,940 | 1,166 802 4,908 888 774 , 23

2, 500 973 507 3,980 1,243 729 7,062
1,620 671 287 2,578 1,338 | 1,084 9, 610
1,460 412 128 2, 000 1,562 | 1,219 | 12,273
1,413 432 205 2, 050 1,559 | 1,101 | 10,580
1,947 520 277 2,744 1,822 | 1,351 | 11,862
2,013 564 365 2,942 2,079 | 1,671 [ 13,529
2,405 516 3, 606 2,163 | 1,617 [ 13,396
2,798 711 756 4,265 2,350 | 1,811 | 14,418
2,436 622 460 3,518 32,629 | 1,518 | 14,066
2,423 754 631 3, 808 32,969 | 2,055 | 15,804
2, 662 784 752 4,198 33,276 | 2,362 | 17,346

1 Data for 1925-46 are not strictly comparable with those for subsequent years, since for the earlier years
the value of heavy clay products has not been replaced by the value of raw clays used for such products,

2 Includes Alaska and Hawaii.

3 The total has been adjusted to eliminate duplicating the value of clays and stone.
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TABLE 8.—Principal minerals imported | f5oé consumption in the United States,

[Compiled by Mae B. Price and Elsie D. Page, Division of Foreign Activities, Bureau of Mines, from
; . records of the Bureau of the Census]

1955 1956
Mmeral - | Short tons | Value | Short tons| Value
unless (thou- (unless (thou-
: otherwise sand otherwise sand
stated) dollars) stated) dollars)
METALS )
Aluminum: - -
Metal 177,652 | 174,695 216, 401 100, 137
Serap-co-cooeo 240,851 |1216,393 25,992 110,770
Ant.Pls:.tes, sheets, bars, etc. 20,972 | 113,973 22,582 | 116,480
imony:
Ore (antimony eontent) . 27,514 21,877 6,572 1,762
Needle or liquated - 46 19 46 23
Metal 3,667 1,860 4,321 2,245
Oxide. ... 2,210 926 1,479 636
%rs:;{itc: White 7,222 765 6,422 745
auxite:
8§1r!p 4 34,882,373 | 336,656 | 35,670,013 44,414
cined: :
‘When imported for manufacture of firebrick
long tons.. 107, 694 2,453 138,716 3,198
. Other. do. 4 [Q) 9, 960 221
Beryllium ore 6, 037 2,226 12,371 4,459
Bismuth._____ pounds__| 603,649 1,128 924, 614 1,830
goaon_carbide do. 40, 837 75 93, 675 172
admium: .
Metal do.-_ 927, 495 1,320 | 3,115,638 4,640
Cal Ii‘lue'dust (cadmium content)..._.___.___________ do....| 1,832,827 1,146 | 1,451,889 876
cium:
Metal - do_.__ 699, 799 835 8,387 10
ChrChl%ride- 1,844 58 1,855 60
omate: ’
Ore and concentrates (Cr%0s content) .. .....__._._____. 3765,280 | 238,063 919, 255 49, 350
Ferrochrome (chromium content)._ ... __________ 19,397 8,011 , 969 11,347
Gob :ml . 268 434 1687
obalt:
61105' (cobalt content) . ... _.____________ p01‘11nds.- 2,464, g?,zg (:) 2, Olg, 3363 ®
re.. 0. 3
N iy GLolnme Gmnaim) s
xide (gross weight). . — [ S A 1, ,
Salts and compounds (gross weight).._._______. do__"| 361,600 249 | 397,711 247
ggglprgﬁil(xg ;;:r ) do. 9,612,576 | 219,912 | 5,699,553 8,387
o i 1050 | 65408 | 70651 | 56814
oncentrates_..__ 3 y 3
Regulis, black, coarse. ... e 6, 386 4,515 5,198 4,395
Unrefined, black, blister..___.___________________ - 253,693 | 182,073 276,085 | 1225932
Refined in ingots, eC. oo oo oo 2202,312 | 2154,137 191, 812 157,944
Bl W) g e
rass and clippings_..._. 3 3 3
gell'fioalloys: Ferrosilicon (silicon content)._._______________ 5,963 11,993 5,005 1,737
old:
Ore and base bullion troy ounces-.| 1,071,270 37,340 | 1,197,136 41,785
I Bullion = ——-do____| 1,858,736 67,080 | 2,532,611 , 882
on ore:
gre..- G long gons-- 223,471, 958 2 177,‘4% 30,431, igg 250, 527
yrites cinder__ .. O--—- , 87 )
Iron and steel:
Pig iron__ e e e 283, 559 14, 564 326, 700 17,842
Iron and steel products (major):
Semimanufactures. . oo oo oo . 2393,919 |1234,750 382, 769 144,005
Manufactures. 2676,170 11291,043 | 1,094,796 | 1161,089
[T 21 o 2196,372 | 126,150 222,936 110,381
L dTin-pIate scrap. 32,167 839 32,633 1932
cad:
Ore, flue dust, matte (lead content)..__________________ 156,433 | 138,143 191, 302 50, 621
Base bullion (Jead content)____ J I 31 11
Pigs and bars (fead content) .._._.______________ - 263,977 | 73,032 262,204 | 177,719
Reclaimed, scrap, ete. (lead content) - 18, 13,931 20,464 15,268
Sheets, pipe, and shot_________________ - 2,048 53 7,654 12,017
Babbitt metal and solder (lead content)_____ - 21,283 | 121,911 2,526 13,381
Type metal and antimonial lead (lead content) - 13,213 4,379 8, 500 2,763
Manufactures.____ e 1164 235 1184

See footnotes at end of table.
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TABLE 8.—Principal minerals imported for consumption in the United States,

See footnotes at end of table.

1955-56—Continued
1956
Mineral Short tons | Value
unless (thou-
otherwise sand
stated) dollars)
Magnesium: B
etallic and scrap- 630 304
Alloys (magnesium content).. 24 203
Sheets, tubing, ribbons, wire and other forms (magne-
smm eontent) 2 8
Mangan
Ore (35 percent or more manganese) (manganese con-
tent) 1, 005, 998 69, 653
Ferromanganese (manganese content) _..______________ 23, 953 28,512
Spiegeleisen, less than 30 percent manganese, more than
1 percent carbon 234 18
Mercury:
Compounds. . pound 27,985 1100
Met: : flasks 47,316 11,010
Minor metals: Selenium and salts_ ... ___ pounds_. 234, 969 13,452
Molybdenum: Ore and concentrates (molybdenum con-
. __tent) pounds..
Nickel:
Ore and matte.....__.__
Pigs, ingots, shot, cathodes. -
Secrap... —-
Oxide. ... ...
Platinum group:
Unrefined materials:
Ore and concentrates. ... .._.._._____. troy ounces.
Grain and nuggets, including crude, dust, and
residues. .. troy ounces...
Sponge and SCrapP- - v e e oo d
Osmiridium._ . ___________________ -
Refined metal:
Platinum.________ i 433, 872 40, 628
Palladium.___ 110, 958
Iridium..._________ 2,323 203
Osmium _ 347 25
Rhodium._.____________ 20,323 | 2,039
Ruthenium 2,220 . 87
Radium:
Radium salts.. ... __ 43,221 633
Radioactive substitutes. ... ... 0 1514
g.l'ixre earths: Ferrocerium and other cerium alloy.._pounds.. 12, 536 40
ver:
Ore and base bullion 63, 125, 065 52, 900
Bullion__.___._____.__.________ 99, 706, 716 75, 209
Tantalum: Ore... . 1,312, 865 1,180
Tin:
Ore (tin content) ... 16, 688 32,317
Blocks, pigs, grains, ete.. ... _____.___.__ do.__. 62, 530 136, 412
Dross skimmmgs, scrap, residues, and tin a.lloys,
...... pounds. - 11, 364, 288 19,430
Tmfoll powder, flitters, ete.... ) 1605
Titanium
Ilmenite 359, 281 19,198
Rutile. 48 906 7,148
Metal 4, 095 621 , 509
Ferrotitanium -- 25 967 92
Compounds and mixtures. ... . __ccoooo__ do-.-. 1, 387, 548 1354
ungsten (tungsten content):
Ore and concentrates. do. 20, 860, 153 158,011
37, 456 119
870, 621 1,945
146, 1328
Ores (zine content) . _____ . 462, 379 49, 231
Blocks, pigs, and slabs. 244,726 65, 034
ts 454 172
602 97
72 118
1287
31, 140 792
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TABLE 8.—Principal minerals imported for consumption in the United States,
1955—-56—Continued

See footnotes at end of table.
N )

1955 1956
Mineral Short tons | Value | Short tons| Value
ess (thou- (unless (thou-
otherwise sand otherwise sand
stated) dollars) stated) dollars)
NONMETALS
Abrasives: Diamonds (industrial) oo ccemmmeaa—- carats_. (215,108,085 | 266,312 | 16,401, 781 174,295
bestos. 740,423 | 160,958 689, 034 161,829
Barlte
Crude and ground hd 359, 931 12,191 583, 597 13,577
‘Witherite. 2,363 78 , 934 110
Chemicals - 2 4,466 458 4,956 1467
Bromine. _pounds.__ 692 118 2,918 135
8i>monf 376-pound barrels-.| 5,219,700 | ! 14,354 | 4,456,120 114,189
ays: -
Raw. 189,133 | 12,857 172, 244 12,873
Manufactured 3,244 186 , 617 198
Cryolite o 21 980 3,190 23,122 2,901
Feldspar: Crude. long tons.. 9 258 9
Fluorspar. 363, 420 “18, 540 485, 552 111,225
Gem stones:
Diamonds. carats_.| 21, 774 496 (12151,633 | 1,881,474 | 1 162 039
Emeralds do--. 5, 235 1, 565 , 931 11,688
. Other. (0) 122,127 1 24, 009
graphlfa 48,800 2, 387 47,888 12,594
ypsum:
Crude, ground, calcined 23,978,042 | 126,331 | 4,336,650 17,853
Manufactures. ®) . 943 Q 1693
Todine, crude. __.pounds..| 1,231,994 1,513 | 1,704,868 2,180
Jewel f)earing= number, thousands._ 66, 100 12,875 800 12,456
Kyanite 7,581 339 6, 951 306
Lime:
Hydrated 1, 359 118 757 12
Other. 0, 264 559 31,903 549
Dead-burned dolomite. — 7,993 558 ), 587
Magnesium:

: agnesite. 106, 253 6,873 102, 765 6, 446
. Compounds. 12,357 1396 13,423 1497
ca:

Uncut sheet-and punch pounds_.| 1,747,106 3,334 | 1,958,907 13,748
Scrap. 9, 461 121 7,2 79
Manufactures 6, 156 17,814 5,411 17,926
Mineral-earth pigments:
Iron oxide pigments:
Natural 3,702 161 3,168 138
Synthetic 6,394 1850 5,997 1879
Ocher, crude and refined - 218 15 206 12
Siennas, crude and refined 840 180 722 171
Umber, ’crude and refined._ 2,654 179 2,762 89
Vandyke brown 15 9 200 12
Nitrogen compounds (major) 21,584,831 | 1275285 | 1,473,260 167,431
Phosphate, crude long tons._ 117,256 2,703 109, 891 2,626
Phosphatlc fertilizers do-.-- 29, 239 11,788 32,251 1,906
Pigments and salts:
Lead pigments and salts 1,146 267 5, 851 11,530
Zine pigments and salts 4,749 904 5, 7t 11,146
Potash - 2330, 563 11,769 333,952 1 12 018
Pumice:
Crude or unmanufactured 29, 938 1165 19, 487 111
‘Whole or partly manufacturPd 1,497 139 1,315 51
Manufactures, n. - ©) 14 [O) 18
Quartz crystal (Braleian pebble) .................. pounds. 2932,075 | 121,429 | 1,166,460 1,249
Salt 185,653 | 121,162 , 212 12,354
Sand and gravel:
Glass sand 170 172 478 393
Other sand. ..o - 317,947 1385 332,031 1454
Gravel - - 1, 680 (15) 179 (15)
Sodium sulfate. 124,474 2, 530 103, 249 2,174
Stone ® 15,579 © 7,609
Strontium: Mineral - 6,125 1 9, 439 192
Sulfur and pyrites:
Sulfur:
0] ¥ SN long tons_. 24,152 595 14,750 359
Other forms, n.e.s_._.__. 210, 475 2264 188, 550 4,975
ite: do-_-. 8 80, 305 18 520 873,296 18480
Tale: Unmanufactured - oo oo 29, 079 1986 23,351 1749
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TABLE 8.—Principal minerals imported for consumption in the United States,
. 1955-56—Continued

1955 1956
Minera - Short tons | Value | Short tons | Value
(unless (thou- (unless (thou-
otherwise sand otherwise sand
stated) dollars) stated) dollars)
COAL, PETROLEUM, AND RELATED PRODUCTS
Asphalt and related bitumen. .- oo oo 4,988 116 4,116 99
Carbon black:
Aeetglene black. pounds..| 8,097,358 | 11,331 | 8,373,224 1,383
G lGas lack and carbon black. ... ... do.---- 53,600 11 69, 890 18
oal:
ANthracite oo oo oo e e cccmmm———— 170 1 46 )
Bituminous, slack, culm, and lignite - 337,145 12,640 355, 701 12,885
Briquets [N SR (R 318 4
P tCnlm e m e mmmm e 126,342 | 11,405 130, 955 11,471
eat:
Fertilizer grade. ..o coeeao o 217,624 | 18,683 233,394 19,764
Poultry and stable grade. 11, 686 1579 14,295 | - 1766
Petroleum:
Crude.- ool thousand barrels_.| 2294,096 |2 654, 787 354,727 | 1837,686
Gasoline ¢ IS _-do___. 25,348 (13 27,317 9,311 1 40, 506
Kerosine. _do____| - 44 166 231 1896
Distillate oil 10 do-._. 5,089 | 115,550 5, 572 117,908
Residual oil 11 do....| 2155458 [12305, 456 165, 761 366, 458
Unfinished oils. do-___ 6,616 15, 540 4, 561 12,499
Asphalt (iquid and soHd) o oo oo do___. 3,324 7,571 3,602 8,768
Miscellaneous. do.... (%) 136 ) 134

1 Owing to changes in tabulating procedures by the Bureau of the Census data known to be not com-
parable with years before 1954.
2 Revised figure.

3 Adjusted by Bureau of Mines.

4 Data not available.
 Less than 1,000,
6 Weight not recorded.

7 Includes 92,594 pounds of concentrate containing 29,804 pounds of vanadium, valued at $16,811, received
but not reported by the Bureau of the Census until 1956. -
8 In addition to data shown an estimated 277,860 long tons ($711,740) were imported in 1955 and 292,520

long tons ($865,020) in 1956.
($; %f%u‘%%s) naphtha but excludes benzol: 1955—764,000 barrels ($7,168,000); 1956—1,656,000 barrels
10 Includes quantities imported free of duty for supplies of vessels and aircraft.
aixl'(lzrlé.ufcludes quantities imported free for manufacture in bond and export, and for supplies of vessels and
t.

466818—58—9



1955 1956
Mineral Short tons | Value | Short tons| Value
(unless (thou- (unless (thou-
otherwise sand |“otherwise | sand
stated) dollars) stated) dollars)
METALS
Aluminum:
Ingots, slabs, crude 5,969 2,713 34, 563 19,078
11« 18, 290 6 501 19,329 8,127
Plates, sheets, bars, etc. 8,009 7 518 12,493 13,093
Castings and forgm £ J 1,139 2, 425 1,247 3,094
Antimony: Metals and alloys, crude- 204 71 - 33 24
Arsenic: Calcium arsenate. ] pounds__| 1,885, 582 115 628, 020 52
Bauxite, including bauxite concentrates._______. long tons._. 14,117 528 14,921 834 -
“Aluminum sulfate - 19, 594 733 16,130 583
Other aluminum compounds. ... _________.___________-_ 8,497 1,974 22,452 3,183
Beryllium. . - : pounds._. 36,124 155 89, 558 260
Bismuth:
Metals and alloyS. o - oo cooo oo do_.__ 203, 667 363 287,092 559
Salts and compounds ..o o _ooooo__ o do___. 59, 218 51,251 182
Cadmium . do__._| 1,393,915 1,938 | 1,284,248 1,932
. Caleium chloride e - 20, 608 32, 5 1,057
Chrome:
Ore and concentrates:
Exports. 76 1,727 - 99
Reexports 87 12,990 502
Chromie acid- - 374 637 351
Ferrochrome. : 2,267 | - 5, 538 2, 891
Cobalt..__ . 1,231 | 3,025 142 1,820
Solumbmm metals, alloys, and other forms 10 A 9
opper:
Ores, concentrates, composition metal, and unrefined :
copper (copper content) ______________________________ 112,897 19,479 13,717 11,648
fined copper and semimanufactures. - 259,942 | 207,742 280, 575 253, 615
Other copper manufactures....._.... -l 234 309 - 185 201
Copper sulfate or blue vitriol ... __________________ 37,382 | 8,382 30,177 8, 036
Copper base alloys. . oo o ___ ® 46, 976 ® 54, 847
Ferroalloys:
Ferrosilicon pounds._.| 3;377,349 308 | 4,229,074 483
Ferrophosphorus. - ..o ... ____ do._._{106, 109,167 1,346 {150, 821,010 2,339
Ore and base bullion troy ounces.. 11, 206 1392 19, 962 710
Bullion, refined .. ________._____________________. do_.__ 151, 008 6, 561 713,900 25, 851
Iron ore U long tons__| 4,516,828 36,993 | 5,491,246 48, 646
Iron and steel:
Pigiron._ .. 34,989 |- 1,918 267,175 14,872
Iron and steel products (ma]or)
Semimanufactures_ ... ... _____________ 13,315,683 | 1483,367 | 3,025,957 496, 544
Manufactured sbeel mill produets .................. 11,124,299 | 1255,278 | 1,721,222 395, 422
Advanced produets_ ... .. _________________ @ 1144,473 ® 167, 004
Iron and steel scrap: Ferrous scrap, including rerolling :
Ll;lgterials ................................................. 15,171,774 | 1 178,560 | 6,404, 140 298, 489
e ’
Ore, matte, base bullion (lead content).______.__________ 11,334 1408 1,055 340
Pigs, bars, anodes_ .. .. 403 154 4,628 1, 300
BCraD - - oo TR 2,983 1,340 2,136 K78
Magnesium:
Metal and alloys__ ... _______________ 18,230 1 4,556 3,388 2,240
Semifabricated forms, n.e. ¢ ... ________________ 236 515 487 902
Powder. - el 14 34 56 99
Manganese:
Ore and concentrates_.._____._________________________ 6,279 612 6,133 664
Ferromanganese -« oo 1,789 643 2,248 6382
Mercury:
EXPOrtS e oo 76 pound flasks.. 451 155 1,080 284
Reexports.... o do___. 267 78 2,025 76
Molybdenum: :
Ores and eoncentrafo ___________ pounds__| 14, 580, 358 15,783 | 17,981,007 21, 296
do.... 22, 564 1 35, 240 21
do.._. 11,482 177 11, 440 202
- 3,952 12 4, 853 28
21,173 57 20, 735 14
349 193 353 944, 671 1,052
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TABLE 9.—-Principle minerals and products exported from the United States,

1956-56

[Complled by Mae B. Price and Elsie D. Page, Division of Foreign Activities, Bureau of Mines, from
records of the Bureau of the Census]

See footnotes at end of table.
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TABLE 9.—Principal minerals and products exported from the United States

1955-56—Continued
1955 1956
Mineral Short tons | Value | Short tons| Value .
. (unless (thou- ess (thou-
otherwise sand otherwise sand
stated) dollars) stated) dollars)
METALS
Nickel: .
O e e e 27,331 556
Alloys and scrap (including Monel metal), ingots,
sheets, etc..: 19, 964 15,610 16, 361 18,019
Nickel-chrome electric resistance wire. 208 773 .208 836
Semifebricated forms, n.e.c._____ 1,481 626 1,878
Platinum:
Bars, ingots, sheets, wire, sponge, and other forms in- >
cluding serap. .- -“-oooooo i .l ‘troy ounces.. 17,073 1, 306 23,823 2,383
Palladium, rhodxum, iridium, osmiridium, ruthenium
and osmium metals and alloys, including scrap .
11, 895 470 18,249
Platinum-group manufactures except jewelry ® 11,209 [©) 2,489
Radium metal (radium content)..._..________- milligram; 366 14 ||l
Rare earths:
Cerium ores, metal and alloy ... .o ______ pounds.__ 19, 296 75 23,784 79
sil Lighter flints_ - do___. 10, 772 83 16, 303 110
ilver: .
Ore and base bullion._.._______Z__________ troy ounces._ 71,074 63 | 2,058,401 1,868
Bullion, refined ...l . do_.._| 4,821,635 4,378 | 3,442,479 3,154
Tantalum:
Ore, metal, and other forms._._________________ pounds. . 3,390 107 3,647 115
Powder . il do..._ 594 - 25 6, 080 245
Tin:
Ingots, plgs, bars, ete: .
Expor S JE long tons__ 254 504 667 1,013
Reexports. 853 1,748 451 1,018
Tin serap and other tin bearing material except tmplate
F10 ¢ o J U --do.___ 6,190 2,441 4,396 2,130
Tin cans finished or unfinished . ______________ do_._. 26, 490 11,517 30, 502 13, 245
Tin compounds___.____ . pounds.__ 311, 005 - 54 375,021 672
Titanium:
Ores and A eS o cciciceeool 1,143 194 1,838 312
Sponge (including iodide titanium) and serap- .- - 10 36 14 60
Intermediate mill shape: - - 4 106 469 5, 509
Mill productsn. €. € oo 31 1,105 90 2,796
Ferrotitanium - —— 245 65 364 148
Dioxide and pigments.._ . _________ 54,353 18,333 64, 766 25,137
Tungsten: Ore and concentrates:
Exports - 34 65 117 225
Reexports.. 283 527 349 778
Vanadium ore and concentrates (vanadium content)
z pounds.__| 1,729,103 3,768 | 1,789,634 3,899
ine:
Ores and concentrates (zine content) ... |omom o |eamaaaae 854 162
Slabs, pigs or blocks. - - 118,060 | 14,175 8,813 2,465
Sheets, plates, strips or other forms, n.e. ¢_..__________ 3 657 2,193 , 444 3,031
Scrap (zinc content) 21, 612 2, 250 14,921 1,540
Dust R - 445 162 372 136
Semifabricated forms, n. e. €. o _______ 651 296 582 301
Zirconium: -
Ores and concentrates - 779 1,048 90
Metals and alloys and other forms_.._____.____ pounds._ 106, 778 101 18,987 200
NONMETALLIC MINERALS
Abrasives:
QGrindstones and pulpstones........__.__..__ pounds. . 904, 683 85 859, 231 64
Diamond dust and powder________.____________ carats-- 215, 787 516 210, 841 616
Diamond grinding wheels. 0. 180, 405 ) 4 948
Other natural and artificial metallic abrasives and prod-
ucts. - @ 23,409 O] 25,217
Asbestos: Unmanufactured: R
Exports. 2,161 236 2,797
Reexports. 626 31 153 37
Boron: Boric acid, borates, crude and refined_...._ pounds.__|[445, 176, 000 14, 533 [487, 450, 563 16, 596
Bromine, bromides, and bromates. ... do____| 3,649,861 1,656 | 6,111,363 2, 557
S?men - -376-pound barrels__| 1,795,448 7,067 | 1,973,221 , 250
a;
Kaolm or china clay. 49, 830 1,017 59,138 1,298
Fire clay. 109, 312 1, 152, 037 1, 561
Other clays 247, 397 8, 5156 ), 9,17

See footnotes at end of table.
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TABLE 9—Pr1nc1pa1 minerals and products exported from the United States,
1955-56—Continued

1955 1956
Mineral Short tons | Value | Short tons | Value
(unless (thou- (unless (thou-
otherwise sand otherwise sand
stated) dollars) stated) dollars)
NONMETALS—continued
Cryolite. 173 54 213 58
Fluorspar.. 873 65 197 31
Graphite:
Amorphous. 1,141 130 790 90
- Crystalline ﬂake, lump, or ehip. - oo 141 48 147 47
Natural, n. e. ¢ 112 22 125 24
Gypsum: i
Crude, calcined, crushed 22, 539 738 20, 757 711
Plasterboard, wallboard, and tile.__.._.... square feet._| - 8, 686 854 412 7,026,932 364
Ma.nufactures, n.e. ¢ @ 198 () 141
Todine, iodide, iodates_... pounds.. , 686- 357 505, 274 750
Kyanite and allied minerals. 1,716 87 1,331 63
ﬁme 82, 461 1,464 82,737 1, 546
ica:
Unmanufactured. ... pounds... 447, 491 35 546, 673 92
Manufactured: |
Ground or pulvenzed do_...| 5,808,347 332 | 8,901,497 486
ther do.._. 372, 548 1,340 343,159 -+ 1,139
Mineral-earth pigments: Iron oxide, natural and manu-
factured . 4,744 894 5,071 909
Nitrogen compounds (major) 828,117 44,795 | 1,038,307 53,090
Phosphate rock long tons__| 12,267,648 | 120,301 | 2,880,484 25 704
Phosphatic fertilizers. .. do_...| 1381,537 | 112,140 504, 612 17, 885
Pigments and salts (lead and zmc)
Lead pigments. 2,774 998 3,000 1,116
Zinc pigments. 4, 541 1,073 4,135 -1,087
Lead salts. 540 215 1,282 576
Potash:
Fertilizer. 222, 499 7,959 390, 716 13,705
Chemical _ _ 6, 804 1,244 6,839 1,232
Quartz crystal (raw) ... 22) 66 ® 65
g%iioactive isotopes, etc. 2) 1,288 ® 906
alt:
Crude and refined 407,131 3,023 336,320 2,464
Shipments to noncontiguous Territories 10, 019 721 11, 881
Sodium and sodium compounds: *
Sodium sulfate. 24, 561 870 20,784 (. 1,033
St Sodium carbonate. 1153,257 | 14,933 239, 743 8, 151
one: .
Limestone, crushed, ground, broken. ... oo 936, 766 1,149 | 1,060, 560 1,359
Marble and other i)uﬂding and monumental
cubic feet__ 437, 644 1,024 344,210 976
Stone, crushed, ground, broken 169, 074 2,924 175, 364 , 890
Manuiactures of stone ® 394 @ 377
Crnde long tons..| 11,600,951 | 148,708 | 1,651,325 48,304
Crushed ground, fiowers of. do_.__ 34, 701 , 454 24,006 l 775
Crude and ground . 35,230 859 42,333 1,009
Manufactures, n. e. 135 102 69 74
Powders—taléam (face and compact) o -coooooamcamos ® 1,246 ) 1,371
COAL, PETROLEUM, AND RELATED PRODUCTS
Asphalt and bitumen, natural:
Unmanufactured 32,723 1,444 30, 844 1,845
Manufactures, n. e. ¢ 2 714 () - 937
garbon black thousand pounds.. 454,181 40,735 425,328 36,105
oal:
Anthracite_ 3,152, 213 48,429 | 5,244,349 73, 535
Bituminous. 151,277,256 | 1436, 559 546 290 658, 472
Briquets.- 106, 294 1, 564 ' 107, , 452 1,716
Coke 630, 505 8,238 655,717 11,468

See footnotes at end of table,
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TABLE 9. ——Prmclpal mmemls1 and products exported from the Umted Sta.tes,

955-b6—Continued
1955 1956
Mineral Short tons | Value | Short tons| Value
(unless (thou- (unless. (thou-
otherwise sand otherwise sand
stated) dcllars) stated) | dollars)
COAL, PETROLEUM, AND RELATED PRODUCTS—continued
Petroleum: : '
Crude. thousand barrels..| - 11,570 | 138,650 28, 515 90,013
Gasoline 3 _ do____ 125,992 | 1177,471 28, 202 191, 233
Kerosene fes do_._. 2,497 10, 215 2, 876 12,323
Distillate oil _—.do____ 121,854 | 180,068 31,820 121, 740
Residual oil - . do____ 127,725 | 155,470 22,147 , 563
Lubricatlng oil do_._. 13, 663 88,933 13 217 193, 579
Asph: _do____ 1,477 , 0! 1,204 478
Liqueﬁed petroleum gases_ . ____________________ do____ 4,231 15, 649 4,274 16,214
_________ do____ 1,248 24,253 920 20, 851
Coke_ o do____ 4, 15, 647 6,376 20, 323
Petrolatum ; do._._ 330 6,304 307 6,195
Miscellaneous product do_.__ 830 16, 310 851 16,967
1 Revised figure. s Ei
2 Weight not recorde W e &W s ., oo

3 Includes naphtha but excludes benzol: 1955—59,000 ba.rrels ($990,000); 1956—64 740 barrels ($1,114,968).

TABLE 10.—Comparison of world and United States! production of principal
meta,ls and minerals, 1955-56

[Compiled under the supervision of Berenice B. Mitﬁzhell Division of Foreign Activmes,

Bureau of Mines
1955 1956
World United States ‘World United States
Mineral
Thousand short |[Percent|] Thousand short |Percent
tons of . tons ol
world world
Coal:
Bituminous. . 1,615,480 | 461,468 29 |1,701,720 497,996 | . 29
Lignite. . 592, 720 3,166 @ 624, 680 2,878 (0]
Pennsylvania anthracite - 144, 600 26, 205 18 | 155,700 28, 19
Coke (excluding breeze): .
ashouse 3 49, 500 * O] 50, 800 182 (O]
Oven and beehive...._ o ...._.___.. 265, 900 75,302 28 | 279,400 74,454 27
Fuel briquets and packaged fuel..____._____: 114, 600 1,699 1| 118,400 1,584 1
Natural gas..caecoaaeaaans million cubic feet._ . ) 9, 405, 351 (%) (%) 10, 081, 923 [0]
Peat 65, 580 274 (O] 58, 34 292 ®
Petroleum (crude)........ thousand barrels. |5, 626, 225 |2, 484,428 44 (6,125,425 | 2,617,283 43
Nonmetals:
Asbestos 1,730 45 3 1,705 41 2
Barite._. 2, 600 1,114 43 3, 000 1,352 45
Cement_._.oocoooo__. thousand barrels__[1, 275,100 | - 314, 913 25 |1,379, 900 333,472 24
Corundum . —— ) 5 1 I
Diamonds. th d carats_.| 17,500 oo 18, 300 -
Feldspar6__________ thousand long tons.. 970 465 48 1,155 622 54 -
Fluorspar. 1,460 19 1,720 330 19
Graphite. 290 ® O] 4) ®»
Gymrlm 34,080 10, 684 31 34,200 10,316 30
ite 4,700 486 10 5,200 687 13
Mica (includ.ing scrap)
thousand pounds..| 330,000 | 191, 506 58| 310,000 173, 506 . 56
Nitrogen, agricultural 87_________________ 6, 945 1,998 29 7,496 2,240 30
Phosphate rock._.__ thousand long tons_.| 29, 800 12, 265 41 33, 500 15, 747 47
Potash K320 equivalent__ 7,900 2,080 26 8,300 2,172 26
Pumice JE 3,800 1,804 47 3, 600 1,482 41
Pyrites. coocaoa___ thousand long tons_.| 16, 000 1,007 6 16, 300 1,070 7
Salt 68, 000 22,704 33 70, 700 24,216 34

See footnotes at end of table.
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TABLE 10. —Companson of world and United States! productlon of pnncxpa!
' metals and minerals, 1955—56—Contmued

1955 1956
World | TUnited States World United States
Mineral . .
Thousand short |Percent| Thousand short |Percent !
tons of tons of
world world
Nonmetals—Continued i :
Sulfur, native____.__ thousand long tons. - 7,000 5,800 83 8,000 6,484 81
Tale, pyrophyl]ite, and soapstone ........ 1,770 726 41 1,830 739 40
Vermiculite - 263 204 78 254 193 76
Metals, mine basls N
Antimony (eontent of ore a.nd concen- .
trate) . 51 ® 1 54 ©® 1 A
Arsenic® ___ . 46 11 24 44 13 30 i
Bauxite .._.....____ thousand long tons..| 16,400 1,788 c11 17, 400 1,743 10
Berymum concentrates [Q] .6 13 0] 4
Bismuth. ... thousand pounds. - 4, 000 [©) [©) O] ®
Cadmium y ——-do____ 17, 900 9,754 54 19, 020 10,414 55
Chromite. ... 3,800 153 4 4,200 5 :
Cobalt (contained)......_.___ short tons..| . 14,800 926 6 16, 000 1,269 8 ¥
Columbium-tantalum concentrates : i
thousand pounds_.| 11,560 13 &) 9, 640 217 2 3
Co{)per (content of ore and conoentrate)_- 3,400 999 29 3, 750 1,106 29 %
d fine ounces..| 36,400 {. 1,877 5 38, 400 1,865 5
Tron ore ... ... thousand long tons_.| 365,700 | 102,999 28 , 000 97, 849 25
Lead (content of ore and concentrate)..__ 2,370 338 <14 , 420 353 15 ¥
Manganese ore (35 percent or more Mn).| 11,715 287 2 12,145 345 3 H
Mercury..... thousand 76-pound flasks. . 185 - 19 10 197 24 12
Molybdenum (oontent of ore and con- i . .
centrate) . ..__._____ housand pounds._| 67, 900 61,781 91 | 63,200 57,462 91
Nickel (content of ore a.nd concentrate).. 215 4 2 231 7 3
Platinum group (Pt, Pd, ete.) - : .
thousand troy ounces. . 950 23 2 975 21 2
Silver____.________ thousand fine ounces_.| 223, 400 36, 470 16 | 222,400 38,739 17
Tin (content of ore and concentrate)® .
thousand long tons._ 180 (19) ® 180 oo
Tltamum concentrates: ’ T
1,405 583 41 1,789 685 - 38
P"h‘ﬂ 7 9 12 122 12 10
Tungsten eoncentrate..60 percent W03 o
(short tons)__ 81,600 | 16,412 - 20| 81,400 14,737 18
Vzmadium (content of ore and concen- :
trate)o . _____________ (short tons)._. 4,004 3,286 82 4,236 3,868 91
Zinc (content of ore and concentrate)____|. 3,180 515 16 3,330 542 16
Metals, smelter basis:
Aluminnm 1, 566 45 3,710 1,679 45
..................... 3,640 1,107 30 3,955 | 1,231 31
Iron plg (incl. ferroalloys). - 79,263 37| 222,300 77, 667 35
Tead.. - _C T 2,220 479 2| 2370 542 23
Magnesium 8 61 43 157 68 43
Steel ingots and castings 117,036 39| 312,700 115,216 37
By 1 O thousand long tons.. 181 22 12 181 18 10
Zi.nc. 2,970 964 32 3,110 | - 984 .32

1 Including Alaska and noncontiguous Territories.

2 Less than one percent.

3 Includes low- and medium-temperature and gashouse coke.

4 Bureau of Mines not at liberty to publish United States figure separately.

5 Data not available.

8 World total exclusive of U. 8. S. R,

7 Year ended June 30 of year stated (United Nations).

8 In 1955 United States production of antimony was 633 short tons, and 590 short tons in 1956.
¢ In 1955 United States production of beryl was 500 short tons, and 460 short tons in 1956.

10 In 1955 United States production of tin was 99 long tons.



Employment and Injuries in the Metdl

and Nonmetal Industries
By John C. Machisak!

e

HIS CHAPTER of the Minerals Yearbook relates to employment

data and injury experience in the metal, nonmetal, and quarrying

industries. Combined statistical data on the mineral industries
as a whole can be found in volume III. Each industry in the chapter
is shown separately, and no attempt has been made to combine and
show an overall picture. ‘

The voluntary reporting of data on injuries and employment by
operators of metal and nonmetal mines and quarries has contributed
substantially to the promotion of safety in these industries.

Data on injury and employment in the clay mining and milling
industry are included for the first time. Table 6 contains data for
~ clay mines only for 1955 and for clay mines and mills for 1956. = The
clay-mill figures are included with other nonmetallic mills in table 5.
The information for nonmetallic mills was compiled and published
for the first time in the 1955 issue of this report.

B METAL MINES -

The safety record for metal mines improved in 1956. Fewer
men were killed, and the number of nonfatal injuries reported was
less than in 1955; and the overall injury-frequency rate decreasing
16 percent. Employment declined; 62,744 men were reported work-
ing in 1955, whereas in 1956 an average of 57,739 men was employed.
The man-hours of employment and the number of active mine days
decreased slightly during the year. The average employee worked
an 8.02-hour shift and averaged 2,100 hours of worktime.

Copper.—The injury-frequency rate for the Nation’s copper-
mining operations improved somewhat over.that for the previous-
year. The number of fatal injuries was 9 less than was reported for
the previous year; nonfatal injuries were reduced by 316—decreases
of 35 and 21 percent, respectively. The combined (fatal and nonfatal)
injury-frequency rate declined 14 percent from the 37.92 reported
for 1955 to 32.72°in 1956. The number of men employed at copper
mines in 1956 was less than in 1955, and the drop was accompanied
by a decline in the man-hours of worktime. Days active increased
by 21 during the year, and the average employee worked an 8.00-hour
shift, with 2,576 hours of work to his credit for the entire year.

1 Chief, Branch of Accident Analysis, Division of Safety.
. 127
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TABLE 1.—Employment and injury experience at metal mines in the United

States, 1931-56

Average| i Number of Injury rates per
Men | active | Man-days | Man-hours injuries million man-hours
Year working| mine worked worked .
daily | days |(thousand) | (thousand)
Fatal | Nonfatal | Fatal | Nonfatal
1931 .. 71,991 232 16,692 138,237 147 7,868 1.06 56.92
1932__. 46, 602 209 , 748 80,213 100 4,486 1.25 55.93
1933... 49,338 201 9,913 80, 006 87 5,180 1.09 64.75
1934.__ 58,411 219 12,776 100, 959 108 7,105 1.07 70.38
1935.-. 83,975 218 18, 266 145,134 157 9,393 1.08 64.72
1936. - -| 90,552 249 22, 521 180, 803 195 13, 606 1.08 75.25
1937__. -|108, 412 252 27,296 219, 008 206 17,068 .94 77.93
1938._. -] 93,501 227 21, 255 170, 343 150 11,996 .88 70. 42
1939... -{102, 279 233 23, 836 189, 554 163 12,991 .86 68. 53
1940 . 110, 340 241 26, 631 211, 740 209 13,940 .99 65. 84
1941 - 114, 202 254 29, 034 230, 453 213 14, 590 .92 63.31
280 27,968 222,093 215 12, .96 55. 67
293 25,790 206, 242 195 11, 533 .95 | 55.92
289 20,349 163, 027 130 8,894 .80 54. 56
288 17,673 141; 295 6,922 .68 48.99
249 16, 238 130, 406 7,345 .69 56.32
275 19, 567 157, 024 126 8,293 .80 52. 81
282 20, 124 161, 516 104 7,631 .64 47.25
252 18,067 144, 368 69 6,940 .48 48.07
271 18, 522 147, 765 6, 611 .57 44.74
278 19,913 159, 417 95 6, 824 .60 42. 81
265 19,770 158, 649 117 6, 684 .74 42.13
270 19, 559 156, 605 92 6,164 .59 39.36
245 16, 294 130, 488 86 4,994 .66 38.27
264 16, 550 132,317 79 5,795 .60 43.80
262 15,118 121,259 67 4,443 .55 36.64

! Fluorspar mines, previously included with lead-zinc data for the Mississippi Valley States, now included

with nonmetal mines.
| 2\Pre1i.minary figures.

Gold Placer.—Employment and disabling work injuries-in the
Nation’s gold placer mining increased somewhat during 1956. No
fatal injuries were reported. Nonfatal injuries, on the other hand,
increased by 10—8 percent over those reported for the previous year.
The average number of men working daily was 1,594 compared with
1,300 reported for 1955. Employees averaged 8.48 hours per day and
The injury-frequency
rate was 51.11 in 1956—an 8-percent decrease from the 1955 rate

accumulated 1,743 hours during the year.

of 55.76.

Gold-Silver Lode.—Activity in the Nation’s gold-silver lode mines
was reported to be substantially lower during 1956 than in 1955.
Approximately 774 fewer employees were engaged, reflecting a drop
The number of fatal and non-
fatal injuries during 1956 dropped considerably more than did em-
ployment and man-hours, thus effecting a substantial reduction

of 1,754,308 man-hours during 1956.

in the injury-frequency rate.

There were 6 fewer fatalities (60

percent), and nonfatal injuries were reduced 205 in number (42

percent).

The overall injury-frequency rate (64.45) declined 20 percent from

the previous year’s rate (80.34).

The average employee had a work

year of 2,079 hours as compared with 2,129 hours in 1955. A 7.99-

hour shift was worked per man per day in both 1955 and 1956.
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Iron.—There was a substantial rise in employment in the iron mines
in 1956 (9 percent), as measured by the number of men employed.
Fatalities were increased by 3 (20 percent), and nonfatal injuries
decreased by 73 (10 percent). The overall injury-frequency rate for
1956 was 14.71 as compared to 16.72 in 1955. Iron mines averaged
232 active days during the year and had a total of 47.5 million man-
hours in 1956, a 3-percent increase over the previous year. The
average employee had a work year of 1,863 hours, with an 8.02-hour
shift per man per day. -

Lead-Zinec.—Employment in the lead-zinc mines showed a marked
decline to an average working force of 9,388 men in 1956. Eighteen
fatalities were reported during the year—an increase of 13 percent over

TABLE 2.—Employment and injury experience at metal mines in the United
States, by industry groups, 1947-51 (average) and 1952-56

Men | Aver- Number of Injury rates per
work- age | Man-days | Man-hours injuries million man-hours
Industry and year ing | active | worked worked
daily | mine
days Fatal | Nonfatal | Fatal | Nonfatal
Copper:

298 | 4,746,054 | 37,940,012 22 1,379 0.58 36.35
313 | 4,661,726 | 37,279,930 26 1,165 .70 31.25
311 | 4,941,301 | 39,488,069 25 1,212 .63 30.69
281 | 4,517,342 | 36,143,133 32 1,115 .89 30.85
301 | 4,983,697 | 39,639,285 26 1,477 .66 37.26
322 | 4,500,311 | 35,998,182 17 1,161 .47 32.25
218 754,005 | 6,237,953 1 196 .16 31.42
215 524, 577 | 4,200, 622 1 151 .24 35.95
212 549, 897 4,397,978 1 188 .23 42.75
215 440,289 | 3,519, 582 1 84 28 23.87
214 278,465 | 2,367,436 |._______ 132 |oooo. 55.76
205 327,435 | 2,778,056 |________ 142 . 51.11
260 | 1,326,152 | 10, 333, 268 12 1,120 1.16 108. 39
255 931,214 | 7,400,300 12 763 1.62 103. 10
254 817,573 | 6,529,816 6 680 92 104. 14
257 773,283 | 6,185,439 6 593 97 95, 87
266 770,659 | 6,160,793 10 485 1.62 78.72
260 551,171 | 4,406,485 4 280 .91 63. 54
271 | 17,557,171 | 60,677,101 29 1,278 .48 21.06
248 | 17,879,534 | 63,307,839 28 1,066 .44 16.84
270 | 8,335,343 | 66,839, 538 19 1,131 .28 16.92
220 | 6,131,671 | 49,177,496 14 713 .28 14. 50
246 | 5,739,395 | 46,012, 699 15 754 .33 16.39
232 | 5,926,237 | 47, 529,809 18 681 .38 14.33
261 | 4,046,927 | 32,351, 534 25 2,798 L7 86. 49
272 | 4,548,345 | 36,351,719 40 2,837 1.10 78.04
248 | 3,341,999 | 26,727,287 30 2,135 1.12 79.88
256 | - 2,754,503 | 22,038, 722 19 1,421 .86 64.48
256 | 2,894,574 | 23,167,144 16 1, 568 - .69 67.68
266 | 2,498,365 | 19,996,770 18 1,394 .90 69.71
279 808,394 | 6,478,257 5 488 W77 75.33
241 1,224,861 | 10,108, 156 10 702 .99 69.45
243 | 1,573,139 | 12,622, 249 11 818 .87 64, 81
244 | 1,676,576 | 13,424,116 .14 1,068 1.04 79. 56
257 | 1,883,635 | 14,969,917 12 1,379 .80 92.12
256 | 1,314,672 | 10, 549, 910 10 785 .95 74.41
272 | 19,238,704 (154, 018, 126 94 7,259 .61 47.13
265 | 19,770,257 (158, 648, 566 117 6, 684 .74 42.13
270 | 19, 559, 252 156, 604, 937 92 6,164 .59 39.36
245 | 16,293, 664 (130, 488, 488 86 4, 994 .66 38.27
264 | 16, 550,425 |132, 317, 274 79 5,795 .60 43.80
262 | 15,118,191 {121, 259, 212 67 4,443 .55 36.64

1 Preliminary figures. . .
2 Includes antimony, bauxite, chromite, cobalt, manganese, mercury, molybdenum, pyrite, titanium,
tungsten, vanadium-uranium, and several minor metal mines.
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the 16 reported for the previous year and a fatal rate of 0.90, an in-
“erease of 30 percent over the rate of 0.69 reported in 1955. Nonfatal
injuries totaled 1,394—an 11-percent decrease from 1955; however,
the non-fatal rate increased 3. percent, as did the overall injury-
frequency rate of 70.61 over the 68.37 rate reported for 1955. The
~average worker accumulated a total of 2,130 hours while working an
8-hour daily shift.

 Miscellaneous Metals.—This group of mines includes those pro-
ducing antimony, bauxite, chromite, cobalt, manganese, mercury,
molybdenum, pyrite, titanium, tungsten, vanadium-uranium, mag-
nesium, aluminum, and other minor metals. The safety record
improved considerably over 1955. There were 10 fatalities, a decrease
of 17 percent in 1956, when compared with 1955. The average
- npumber of men working daily in 1956 declined 30 percent to a total
of 5,142 from an average of 7,338 men in 1955. Nonfatal injuries
totaled 785—a 43-percent decrease from the previous year. The
overall injury-frequency rate of 75.36 in 1956 represented a 19-percent
decrease from the overall rate of 92.92in 1955. The average employee
at miscellaneous metal mines worked - approximately 2,052 hours
per year, with an 8.02-hour shift per day. Days active for 1956
were 256, approximately the same as in the previous year.

NONMETAL MINES (EXCEPTV STONE QUARRIES)

Nonmetal mines include those producing abrasives, asbestos,

asphalt, barite, feldspar-mica-quartz, fluorspar, gypsum, magnesite,
phosphate rock, potash, salt, sulfur, talc and soapstone, and minor
nonmetals. Employment in these mines increased in 1956—approxi-
- mately 7 percent. Man-days and man-hours increased accordingly.
The average employee worked an 8.13-hour shift and accumulated
2,204 hours of worktime during 1956. Fatalities numbered 14 for
the year—a decrease of 4, or 22 percent. Nonfatal injuries dropped
to 915—a decrease of 21 percent. The overall (fatal and nonfatal)
injury-frequency rate was 28.71 per million man-hours worked in
1956, a 27-percent decrease from the rate of 39.46 for 1955.
- Nonmetal Mills.—Statistical data on nonmetal mills for 1955 did
not include clay. However, for 1956 clay-mill data are shown in
table 5, which contains information for nonmetallic ore-dressing
plants. For this reason, no comparable information is available
because of the difference in coverage.

Clay Mines.—Statistical data on injuries and employment at clay
mines were published for the first time for 1955 and for clay mills in
1956. Employment at clay mines in 1956 increased approximately
8 percent; however, the man-hours worked decreased 2 percent from
the previous year. Fatalities were 2 less than in 1955 (a decrease of
29 percent), and nonfatal injuries declined 27 percent. Each em-
ployee worked an average of 1,627 hours per year and an 8.16-hour
S{llift per day. Clay mines worked an average of 19¢ days during
the year.
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TABLE 3.—Employment and injury experience at nonmetal mines
quarries) in the United States, 1981-56 -

(except stone’

Men | Aver- : Number of injuries| Injury rates per
work- | age | Man-days | Man-hours million man-hours
Year ing | active | worked worked
daily | mine [ (thousand) | (thousand)
days ) Fatal | Nonfatal | Fatal | Nonfatal
227 2,029 17,941 11 841 0.61 46.88
201 1,347 11,825 7 528 .59 44.65
225 1,729 14,134 8 745 .57 52.71
236 1,947 15,187 8 787 .53 51.82
250 2,086 16, 168 7 813 .43 50.28
259 2,689 21, 556 4 1,044 19 48.43
256 2, 561 20, 536 13 987 63 48.06
236 2,251 17,827 6 726 34| 40.72
228 2,196 17,281 10 719 58 41.61
247 2,416 18, 988 14 826 74 43. 50
263 2,920 23,225 17 1,182 73 50.89
274 3,473 28,093 22 1, 537 78 54.71
269 3,426 27,999 25 1,471 89 52.54
282 3,173 25,760 | 17 1,283 66 49.81
291 3,016 24,613 16 1,145 65 46. 52
291 3,297 26, 877 26 1,369 97 50. 94
292 3, 555 28,809 | 12 1,308 42 45.40
287 3,432 27,784 15 1,176 54 42.33
277 3,340 26, 948 10 1,125 37 41.75
293 3,512 28, 456 19 1,238 67 43. 51
298 3,729 30,130 17 1,351 56 44,84
288 3, 588 28, 954 14 1,171 48 40. 44
292 3,727 30, 488 22 1,419 72 46. 54
284 3,638 , 564 9 956 30 32.34
267 3,669 29,732 18 1,155 61 38.85
271 3,980 32, 351 14 915 43 28.28

1 Fluorspar for Illinois and Kentucky previously included with lead-zine data for Mississippi Valley

States, now included with nonmetal mines.

2 Preliminary, includes clay mines, not compiled before 1955.

TABLE 4.—Employment and injury experience at nonmetal mines (except stone
quarries) in the United States, 1947—-51 (average) and 1952-56 !

Men | Aver- Number of injuries| Injury rates per

work- | age | Man-days | Man-hours million man-hours

Year ing - | active | worked worked
daily | mine

days Fatal | Nonfatal | Fatal | Nonfatal

290 | 3,513,720 | 28,425, 551 15 1,240 0. 43.62

288 | 3,588,289 | 28,954,402 14 1,171 .48 40. 44

292 | 3,727,298 | 30,488,130 22 1,419 ] . 46. 54

284 | 3,637,783 | 29, 563, 983 9 956 .30 32.34

267 | 3,668, 540 | 29, 732,267 18 1,155 .61 38.85

271 | 38,980,135 | 32,350, 566 14 915 43 28.28

1 Includes abrasives, asbestos, asphalt, barite, clay, feldspar-mica-quartz, fluorspar; gypsum, magnesite,

3 Includes clay mines, not compiled before 1955.

phosphate rock, potash, salt, sulfur, tale and soapstone, and minor nonmetals.
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TABLE 5—Employment and injury experience at ore-dressing plants in the
United States, by nonmetallic groups, 1956

Men | Aver- Number of injuries| Injury rates per
. work- | age | Man-days | Man-hours : million man-hours
Nonmetallic group ing active | worked worked -
daily | mine .
. days Fatal | Nonfatal | Fatal | Nonfatal
Abrasives. ..coooo__._ 671 301 201,773 | 1,614,831 1 30 0.62 18.58
“Asbestos 134 253 33,901 271,207 -
Asphalt___ 132 158 20, 888 166, 904 - 3 . 17.97 -
Barite.._......___. - 578 266 153,903 | 1,278,135 . 50 39.12
‘Feldspar-mica-quartz...-- 398 262 104, 302 853,053 16 18.76
- Fluorspar. — 395 293 115, 668 925, 334 7 7.56
Gypsum.._.. .| 1,372 275 | 377,071 | 3,068,837 12 3.91
Magnesite....__ - 101 314 31, 705 3 20 78.85
Phosphate rock -] 1,701 283 480,775 | 3,850,298 1 26 .26 6.75
Potash______._. -] 1,059 362 , 648 | 3,069,192 1 93 .33 3030
alt. . - 88 303 238,533 | 1,969, 462 1 49 .51 24.88
Sulfur..____..______ - 7 138 © 964 , 712 . 1 . 129.67
Tale and soapstone. - 716 270 192,997 | 1,573,292 |._ 66 41.95
Minor nonmetals. 1,420 301 427,274 |- 3,321,814 1 51 .30 15.35
262 | 1,884,591 | 16,392,029 1 560 .06 34.16
Total...__ e 16, 670 279 | 4,647,993 | 38,615,738 6 984 .16 25.48

TABLE 6.—Employment data and injury ex-perienée at clay mines and mills in
the United States, 1955 and 1956

Men | Aver- Number of injuries Injui“y rates per.
work- age | Man-days | Man-hours . . million man-hours

Year ing | active | worked worked _
: daily | mine .
- days Fatal | Nonfatal | Fatal | Nonfatal
222 766,243 | 6,236,974 7 247 ‘1. 12 '39. 60
199 745,347 | 6,084,041 5 180 .82 29. 59
1955, e (No figures for clay mills compiled in 1955) ,
1 560 .06 34.16

1956 oo 7,198 262 | 1,884,591 I 16, 392, 029

METALLURGICAL PLANTS

The overall injury experience at metallurgical plants (ore-dressing
and nonferrous smelters and refineries combined) was more favorable
in 1956 than in 1955, although there were three more fatalities. The
number of nonfatal injuries totaled 1,755 in 1956—a 25-percent
decrease over the previous year, with a combined (fatal and nonfatal)
injury-frequency rate of 15.79 per million man-hours, or a 17-percent
decrease. There was a decline of 10 percent in the number of men
employed and both man-days and man-hours decreased the same
amount—9 percent. The average employee worked 8 hours per day
or 2,505 hours during 1956.
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TABLE 7—Employment and injury expenence at metallurglca.l plants in- the
United States, 1931-56 :

v
‘Men | Aver- Number of injuries| Injury rates per -
work- | age | Man-days | Man-hours million man-hours

Year ing | active | worked worked :

daily | plant | (thousand) | (thousand)

. days . Fatal | Nonfatal | Fatal | Nonfatal

299 8, 642 70,374 16 1,393 0.23 19.79

257 5, 542 44, 856. 8 837 .18 18.66

267 5,875 46, 180 13 1,079 .28 23.37

274 7,366 57,966 13 1,320 .22 22.77

291 10,632 83,874 28 1,962 .33 '23.39

309 12,727 101, 218 32 2, 240 .32 22.13

313 14,899 117, 551 41 3,217 .35 27.37

292 11,383 90, 018 20 2,273 .22 25.25

303 12, 594 96, 737 24 2,171 .25 22. 44

295 14,484 113,116 18 2, 582 .16 22.83

311 16,916 132,102 34 3,410 .26 25. 81

334 17,073 134,998 | - 29 3,674 .21 27.22

336 21,755 173, 633 31 4, 666 .18 26. 87

329 19,113 152, 326 38 4,158 .25 27.30

46, 467 329 15,268 121,491 19 3,271 .16 26.92

44,954 284 12,783 101, 673 20 2,794 .20 27.48

49, 082 313 15,353 122, 630 21 3,228 17 26. 32

47,768 317 15,121 121,028 14 2,749 .12 22.71

47, 663 294 14,031 112,095 23 2, 567 .21 22. 90

46, 277 314 14, 539 116, 430 29| 2,574 .25 22.11

48,019 318 15, 247 122, 088 16 2,714 .13 22.23

49, 032 319 15,628 124, 967 16 2,853 .13 22.83

55, 283 318 17,603 138, 811 12 2,824 .09 20. 34

-| 54,396 307 16,713 133, 675 16 2, 578 L12 19.29

49, 892 309 15,417 123, 524 10. 2,346 .08 18.99

1956 1. o e 44, 697 313 13,999 111, 980 13 1,756 12 15.67

1 Preliminary figures.

ORE-DRESSING PLANTS

This group handles the crushing, screemng, washing, jigging,
magnetic flotation, and other milling of metallic ores. There was a
14-percent decline in the number of men employed and in the man-
hours of employment. The number of fatalities increased by 1.
Nonfatal injuries in 1956 decreased 41 percent. The average ore-
dressing plant employee worked 2,271 hours on an 8. 02-hour shift
during 1956. The combined (fatal and nonfatal) injury-frequency
rate was 13.95 per million man-hours—a substantial decrease from
the comparable rate of 20.46 in 1955.
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TABLE 8.—Employment and injury experience at ore-dressing plants in the
United States, by industry groups, 1949-51 (average) and 1952-56 !

Average Number of in- | Injury rates per
Men | active | Man-days | Man-hours juries million man-hours
Industry and year |working| mill worked worked - :
. daily | days .
i Fatal | Nonfatal | Fatal | Nonfatal
Copper: !

1947-51 (average)-...| 6,119 321 | 1,963,253 | 15,712, 446 2 . 256 0.13 16.29

1952 o llililieeio- 6,141 345 | 2,121,019 | 16,968,809 1 306 06 18.03

1953 -1 6 345 | 2,156,732 | 17,253,852 1 211 | 06 12,23

1954 A 294 | 2,087,365 | 16,698,943 4 273 24 16.35
1955 2 .| 6,110 313 | 1,915,412 | 15,563,288 | _______ 209 |______ 13.43

19662 . 6,076 342 | 2,079,732 | 16,626,935 2 153 .12 9.20

Gold-silver: . )

1947-51 (average).____ 888 | -286 253,605 | 1,981, 553 1 91 .50 45.92

1952 . 676 295 199, 571 , 590,564 |________ 39 |ooeaol 24. 52

289 142,604 | 1,140,610 | _______ 38 | . 33.32

301 116, 066 925,843 | 1 34 . 36. 72

121, 420 971,223 | _______ 4“2

292 91, 444 730,076 |- 27.39

243 847,302 | 6,861,170 2 85 29 12.39

222 869,203 | 7,037,046 | _______ 54 | 7.67

244 | 1,082,748 | 8,721,861 2 88 23 10.09

226 9,314 | 7,574,213 3 80 40 10. 56

258 | 1,044,212 | 8,383,134 2 87 .24 10.38

218 859,203 | 6,940,431 1 - 73 .14 10. 52

259 | 1,002,023 | 8,027,458 2 235 25 29.27

273 | . 994,480 , 953, 3 221 27.78

258 | 1,080,762 | 8,650,758 1 220 12 25,43

247 875,911 7,023, 574 1 132 14 18.79

220 748,844 | 6,068,766 | _______ 153 |- 25.21

251. 585,414 | 4,683, 662 1 78 .21 16. 65

296 458,043 | 3,674,291 1 146 .27 '39.74

308 977,165 | 7,819,987 |_..__.___ 232 |ooo: 29, 67

314 | 1,380,298 | 11,045,420 [._____.__ 269 [oooooo- 24. 35

317 | 1,238,274 | 9,898,374 1 311 .10 31.42

305 | 1,000,798 | 8,012,937 1 303 12 37.81

269 587,691 | 4,717,923 |________ 142 | 30.10

284 | 4,524,226 | 36,256,918 8 813 22 22. 42

204 | 5,161,438 | 41,370, 360 4 852 10 20. 59

296 | 5,843,144 | 46,812, 501 4 826 .09 17.64

275 | 5,256,930 | 42,120,947 10 830 A 19.71

280 | 4,830,686 | 38,999,348 3 795 08 20. 38

- 283 | 4,203,484 | 33,699,027 4 466 12 13.83

! Includes crushers, grinders, and washers and ore-concentration, sintering, cyaniding, leaching, and all
other metallic ore-dressing plants and auxiliary works.

2 Preliminary figures.

3 Includes antimony, bauxite, mercury, manganese, tungsten, chromite, vanadium, molybdenum, and
other metals.

NONFERROUS REDUCTION PLANTS AND REFINERIES

The nonferrous reduction plants and refineries that comprise this
section of the mineral industries are engaged in the primary extraction
of nonferrous metals from ores and concentrates and the refining
of crude primary nonferrous metals, exclusive of iron and steel plants.
The number of fatalities increased by 2, and there were 262 fewer
nonfatal injuries during 1956. The combined injury-frequency rate
(fatal and nonfatal) decreased 10 percent from that reported for 1955.
Average hours worked per man per year were 2,622, on the basis of
a 7.99-hour shift per day.
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TABLE 9.—Employment and injury experience at primary nonferrous reduction
an:il ieﬁne;‘y; plants in the United States, by industry groups, 1947-51 (average)
and 1952-56 1 ’

Men | Aver- | Number of Injury rates per
work- | age Man-dggs Man-hours injuries million man-hours
Industry and year ing | active | work worked
daily [smelter i :
days Fatal | Nonfatal | Fatal | Nonfatal
12,024 321 | 3,853,934 | 30,885, 844 5 571 0.16 18.49
0, 629 323 | 3,438,403 | 27,507, 902 6 367 .22 13.34
11,177 324 | 3,617,642 | 28,942, 736 1 332 .03 11. 47
,244 303 | 3,408,422 | 27,316, 287 4 323 .15 11.82
11,691 312 | 3,651,422 | 29,211,324 5 401 .17 13.73
11,089 319 | 3,541,619 | 28,335,167 1 309 .04 10.91
3,929 313 | 1,230,861 9, 843, 039 © 3 165 .30 16.76
3,639 318 | 1,158,368 | 9,266, 594 2 105 .22 11.33
3,753 292 | 1,095,526 | . 8,764,219 1 80 .11 9.13
3,259 314 | 1,021,980 | 8,175,841 1 93 .12 11.37
2,712 291 788,077 | 6,304,539 |.______. 135 |- 21.41
3,414 316 | 1,078,782 | 8,630,248 5 - 132 .58 15.30
9, 633 342 | 3,290,449 | 26,144, 081 4 839 .15 - 32.09
9,671 356 | 3,440,024 | 27,384, 308 4 876 .15 31.99
9, 709 354 | 3,436,291 | 27,354,478 2 808 .07 29. 54
8, 881 334 | 2,969,269 | 23,612,421 1 675 .04 28.59
7,842 337 | 2,639,723 | 20,955,639 |._______ 600 |- __ 28. 63
8,418 322 | 2,712,673 | 21,615, 641 1 625 .05 28.91
Miscellaneous metals: 3 !
1947-51 (average)....| 6,264 313 | 1,958,571 | 15,724,228 2 8 13 24.04
952 322 | 2,420,607 | 19,438,096 (._______ 653 |.___.__ 33.59
332 | 3,609,904 | 26,937,080 4 778 15 28.88
340 | 4,056,044 | 32,449,905 |.___.___ 657 | .. __ 20. 25
3371 3,506,679 | 28,053,417 2 415 .07 14.79
Tot {)56 355 | 2,462,622 | 19, 700, 386 2 223 .10 11.32
o .
324 | 10,333,815 | 82,597,192 14 1,953 .17 23. 64
332 | 10,466,492 | 83, 596, 500 12 2,001 .14 23.94
331 | 11,759,363 | 91,998, 513 8 1,998 .09 21.72
325 | 11,455,715 | 91, 554, 454 6 1,748 .07 19.09
324 | 10,585,901 | 84,524,919 7 1, 551 .08 18.35
328 | 9,795,606 | 78,281,442 9 1,289 .11 16.47

1Includes smelters, refineries and roasting, electrolytic, retort, and all other nonferrous metal reducing
or refining plants.

2 Preliminary figures.

3 Includes mercury, antimony, tin, and magnesium plants,

STONE QUARRIES

The quarrying industry revealed a small decline in the number of
fatal and nonfatal injuries for 1956. Fatal injuries declined 8 per-
cent—>53 reported in 1955, and 49 reported for the year 1956. Non-
fatal injuries decreased 2 percent—3,778 reported for 1955 and 3,701
for 1956.  The combined (fatal and nonfatal) frequency rate of 21.38
for 1956 was 5 percent lower than the rate of 22.43 reported the
previous year. Man-hours worked increased as did the number of
men employed.

Cement.—The cement industry’s safety record was not as good in
1956 as in 1955, with a 14-percent increase in the number of fatal
and nonfatal injuries. Fatal injuries increased by 3, nonfatal in-
juries increased by 37, or 33 and 13 percent, respectively; the overall
mjury rate increased 12 percent. The industry worked 9 more days
in 1956 than in 1955, with a 2-percent increase in the number of man-
hours worked.

Granite.—The number of nonfatal injuries in the granite industry
decreased by 4 percent; however, fatal injuries showed a 50-percent
rise. The combined (fatal and nonfatal) injury-frequency rate per



- 136 _ MINERALS YEARBOOK, 1956

“million man-hours of employment increased 2 percent. The granite
industry worked 6 fewer days than in the previous year. The number
of men working during the year decreased by 143—from 5,944 em-

_ ployed in 1955 to 5,801 in 1956. .

Lime.—The quarries that produced limestone chiefly for the manu-
facture of lime had a very good safety record in 1956. The industry
employed more men and worked more man-hours in 1956 than in
1955. The number of fatal injuries reported in 1956 was the same as
in the previous year; nonfatal injuries increased by 6 (1 percent).
The combined (fatal and nonfatal) injury rate decreased 6 percent.
Days worked in 1956 were fewer by 2 than those worked in 1955.

Limestone.—The safety record at limestone quarries and related
plants improved in 1956. The number of fatal injuries decreased
by 39 percent; approximately the same number of nonfatal injuries
was reported as in 1955. The combined (fatal and nonfatal) injury-
frequency rate decreased 6 percent. . More men were employed in
1956, and the man-hours worked increased 5 percent over 1955.
Limestone quarries worked 231 days during 1956—5 less than in
1955.

Marble.—Marble quarries and their related plants worked more
days, employed more men, and worked more man-hours during 1956,
compared with the previous year. This increased employment was
. accompanied by a favorable frequency rate. There was a 9-percent
decline in the number of nonfatal injuries reported; and 1 fatal
injury was reported—the same as in 1955. The combined (fatal
. and nonfatal) frequency rate declined 19 percent from the comparable
rate of the preceding year.

Sandstone.—The safety record for the sandstone industry improved
in 1956 over that in 1955. Nonfatal injuries were fewer by 71 (a 19-
percent decrease), 1 fatal injury was reported, the same as in 1955.
The combined (fatal and nonfatal) injury rate declined 15 percent
from 1955. Employment in the sandstone industry declined during
1956.

Slate.—Slate quarries and their related plants improved their
safety record during 1956. No fatal injuries were reported for this
industry; and there were 33 fewer nonfatal injuries, representing a
21-percent decline from the 159 reported in 1955. The combined
injury-frequency rate (fatal and nonfatal) fell from 48.01 in 1955 to
42 .80 in 1956—an 11-percent decline. The number of men employed,
the number of active days, and the man-hours of employment were
less than in 1955.

Traprock.—The traprock industry’s safety record for 1956 was not
as favorable as in 1955. Nonfatal injuries increased 9 percent—
from 213 in 1955 to 233 in 1956. The fatal injuries rose from 2 in
1955 to 4 in 1956. The combined (fatal and nonfatal) injury rates
increased 7 percent over the combined rate for 1955. More men were
employed and more man-hours worked, although the average num-
ber of days the traprock industry worked was reduced by 27—from
232 days 1n 1955 to 205 in the current year. -
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TABLE 10. —Employment and injury experience at stone quarries in the United
States, 1924—56

. Number of Injury rates per
Men | Aver- | Man-days | Man-hours injuries million man-
Year work- | age worked worked hours
ing | active | (thousand) | (thousand) |_.-
daily | mine .
days Fatal | Nonfatal | Fatal | Nonfatal
269 25,328 236,983 138 14,777 0. 58 62. 35
273 25, 046 233,222 149 14,165 .64 60. 74
271 24,708 230,464 154 13,201 .67 57.28
271 24,783 229, 806 135 13,459 .59 58.57
272 24,397 224,953 119 10, 568 .53 |  46.98
268 22,968 211, 766 126 9,810 .59 46. 32
255 20, 559 186, 502 105 7,417 .56 39.77
224 15, 527 133, 750 61 5, 427 .46 - 40. 58
195 11,114 93, 710 32 3,574 . 38.14
183 11, 362 7, 888 59 , 637 .67 41.38
204 13,108 95, 259 €0 3,924 .63 41,19
200 14, 623 110, 033 51 4,152 .46 37.73
236 18,874 147,064 |, 91 5,717 .62 38.87
241 20, 264 158,299 77 6,348 .49 40.10
223 17,256 133,766 5,027 .61 37.58
236 18,726 143, 847 48 5,204 .33 36. 18
240 19,121 147,244 72 5,188 .49 35.23
260 22,370 173,165 76 6, 870 .44 39. 67
271 22, 808 180, 836 112 6, 349 .62 35.11
274 19, 136 155,280 80 5,199 .52 33.48
268 15, 691 129, 302 73 4,437 .56 34.32
264 15,376 127,168 53 4,121 .42 32.41
274 19, 262 158, 852 55 5,137 .35 | 32.40
279 20, 996 171,979 75 5, 504 .44 32.00
284 21,993 179,111 |~ 75 4,994 .42 27.88
275 22, 569 182,258 66 4,826 .36 26. 48
272 23, 346 189, 535 54 4,762 .28 25.12
277 23, 470 191,113 867 4,945 .30 25. 87
279 22, 844 186, 552 74 4, 503 .40 24.14
278 23,248 189 777 43 4,450 .23 23.45
273 21, 506 175,817 34 3,834 .19 21.81
275 20, 864 170, 808 53 3,778 .31 22,12
272 21,439 175,424 49 3,701 .28 21.10

1 Preliminary figures,

466818—58——10
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TABLE 11.;-Employment and injury experience at stone quarries in the United
! States, by industry groups, 1947-51 (average) and 1952-56

Aver-

Injury rate per

Number of
Men age injuries million man-
Industry and year work- | active | Man-days | Man-hours hours
: ing mine- worked worked
daily | days
Fatal | Nonfatal | Fatal | Nonfatal
Cement:1 .

1947-51 (average).-.. 28, 677 324 | 9,302,371 | 73,432,153 20 646 0.27 8.80
1952 8, 384 329 | 9,338,887 | 74,193,087 17 481 .23 6.48
329 | 9,504,900 | 75,800,327 16 388 .21 5.12
320 | 8,879,804 | 71,058, 012 6 322 .08 4,53
320 | 9,000,019 72, 097, 180 9 281 12 3.90
329 | 9,138,129 | 73,194, 550 12 318 .16 4.34
-250 | 1,656,319 | 13,740,081 5 600 .36 43,67
245 | 1,630,766 | 13, 585, 369 12 565 |° .88 41. 59
252 | 1,631, 13, 506, 490 2 552 .15 40.87
243 | 1,571,232 | 13,018, 657 4 457 .31 35.10
239 | 1,421,453 | 11,800,012 4 492 .34 41.69
233 | 1,352,321 | 11,223, 641 8 474 .71 42.23
297 | 2,715,164 | 21,705,160 8 824 .37 37.96
294 | 2,716,061 | 21,877,280 7 528 .32 24,13
294 | 2,690,660 | 21,663, 764 3 526 .14 24,28
294 | 2,345,142 | 18,809,131 10 457 .53 24.30
202 | 2,441,932 | 19,672,136 6 417 .30 21.20
290 | 2,619,414 | 21,164,118 6 423 .28 19.99
237 | 5,953,736 | 49,998, 564 24 1,886 .48 37.72
241 | 6,462,276 | 54,265,172 27 1,890 .50 34.83
240 | 6,651,663 | 55,839,029 16 2, 039 .29 36. 52
237 | 6,224,718 | 52,231,092 12 1,748 .23 33.47
236 | 5,608,126 | 47,132, 663 28 1,641 .59 34.82
231 | 5,938,401 | 49, 689 337 17 1,642 .34 33.05
257 715,477 | 5,897,907 1 191 17 32.38
254 ,640 | 5,021,773 1 196 .20 39.03
248 606,435 | 4,981,451 1 161 .20 32.32
252 643,873 | 5,326,541 | _______ 159 (. 29, 85
251 557,180 , 669, 780 1 210 .21 44,97
253 635,513 | 5,278,402 1 191 .19 -36.19
241 977,636 | 8,131,625 3 371 .37 45, 62
248 964, 7,876,133 6 367 .76 46. 60
247 | 1,027,719 | 8,369,173 2 368 .24 43.97
221 768, 252 , 283,356 |- 262 |- 41.70
240 802,432 | 6,515,963 2 365 .3t 56.02
232 753,625 | - 6,197,835 1 294 .16 47. 4
266 512,056 | 4,431,011 2 218 .45 49.20
271 438,334 | 3,692,983 (________ 226 |_.____ 61.20
263 A 3, 615, 041 1 186 .28 51.45
261 393,270 | 3,276,274 | _______ 181 |- 55.25
255 401,299 | 3,332,462 1 159 .30 47.71

251 350,202 | 2,943,767 | _______ 126 |-oeoo- 42,
233 642,287 | 5,462, 632 3 271 .54 49. 61
236 687,908 | 6,040,033 4 250 .66 41.39
-230 692,605 | 6,001,314 2 230 .33 38.32
230 679,468 | 5,814,087 2 248 .34 42. 66
232 631,314 | 5,588,130 2 213 .36 38.12
205 651, 368 5 732 793 4 233 .70 40. 64
277 | 22,475,046 (182,799,133 66 5,007 .36 27.39
279 | 22,843,676 |186, 551, 830 7 4, 503 .40 24.14
278 | 23,248, 371 (189, 776, 589 43 4,450 .23 23.45
273 | 21, 505, 759 |175, 817, 150 34 3,834 .19 21.81
275 | 20,863, 755 |170, 808, 326 53 3,778 .31 22.12
272 | 21,438,973 |175, 424, 443 49 3,1 .28 21.10

1 Includes burning or calcining and other mill operations.

2 Preliminary figures.
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OMBINED sales of abrasive materials in the United States
during 1956 increased at about the same rate as the value of the -
Gross National Product in terms of 1954 dollars,® which was
nearly 3 percent. However, some segments of the industry did not
follow the general pattern. Sales of abrasive grinding wheels increased
9 percent in value. Sales of surface-coated abrasives declined 5
percent in quantity but increased 1 percent in value.
Production of crude silicon carbide in the United States and Canada
advanced both in tonnage and value, but that of abrasive-grade

TABLE 1.—Salient statistics of the abgs;saiges industries in the United States,
195 :

1955 1956 Change from
: 1955 (percent)
Short Value Short Value Short | Value
tons tons : tons
Natural abrasives (domestic) sold or used
b;;rgrodueers: .
ipoli 1_ | 249,662 | 2 $212, 566 45, 009 $202, 537 -~9 -5
Quartz, ground sand, and sandstone 3| 239,030 | 1,844,371 | 281,894 | 2,067,238 +18. +12
Grindstones 2,799 195,761 | 142,789 | 14261,439 | . |- ...
Millstones.....- [N PSR 4,400 [--_.____ ®)
be-mill liners. - - 1,061 73, 596 ®) (O]
Grinding pebbles. 2,330 71,392 49 +5
) ot 9,812 | 1,073,386 | —17 —10
Emery 12,153 174,032 +13 +15
Artificial abrasives:
Silicon carbide . ... ... 74,805 | 11,027,693 95,778 | 14,937,322 +28 +35
Aluminum oxides_ . ________.__.____. 105,822 | 22,141,686 | 195,228 | 22,553,844 | ... +2
Metallic abrasives (various types)
shipments._ ... 157,616 | 17,911,738 | 140,455 | 18, 201, 289 —11 +2
F(;iteigt)l trade (natural and artificial abra-
ves):
289, 794, 989 99,940,729 | _...__. +11
124, 876,193 _| 26,845,480 |_._..__. +8
6, 444, 156

7,755,450 |- .- +20

1 Data not comparable with earlier years.
2 Revised .

3 For abrasive purposes.

¢ Includes oilstones and other sharpening stones,

s Figures withheld to avoid disclosing individual company confidential data.
¢ Production (United States and Canada).

1 Commodity specialist.
2 Statistical assistant.
3 Gross National Product is issued by the National Income Div., Dept. of Commerce, and published

in its Survey of Current Business
139
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aluminum oxide showed little change. Production of metallic
abrasive decreased in tonnage but increased in value. Domestic
output of garnet declined, but domestic-emery production rose.

Imports of abrasive products increased 11 percent in value; exports,
8 percent; and reexports, 20 percent. Slightly more than 16 million
carats of all types of industrial diamond exceeding $74 million in value,
were imported.

This chapter includes for the first time reexports of abrasive mate-
rials from the United States. It also includes the statistics for most
materials used for abrasive purposes but omits certain clays, carbides,
oxides, and other abrasive substances, which are discussed in the

" section Miscellaneous Mineral-Abrasive Materials.

NATURAL SILICA ABRASIVES

Tripoli—Sales of processed tripoli, amorphous silica, and rotten-
stone declined 8 percent in tonnage and 10 percent in value from 1955.
Beginning in 1955, table 1 shows data on crude tripoli instead of
processed tripoli, sold or used by producers. No imports of tripoli
were reported during 1956. A small production was reported from
Australia.t :

Companies mining and processing tripoli, amorphous silica, or
rottenstone in 1956 were: Ozark Minerals Co., Cairo, Ill. (amorphous
+ silica); Tamms Industries, Inc.,  Tamms, Ill. (amorphous silica);
American Tripoli Division, The Carborundum Co., Seneca, Mo., and
Ottowa County, Okla. (tripoli); Penn Paint & Filler Co., Antes Fort,
Pa. (rottenstone); and Keystone Filler & Manufacturing Co., Muncy,
Pa. (rottenstone).

Price quotations on tripoli in E&MJ Metal and Mineral Markets
were as follows (per short ton, paper bags, minimum carlot 30 tons,
f. 0. b. Missouri): Once-ground through 40-mesh, rose and cream,
$50; double-ground through 110-mesh, rose and cream, $52; and
air-floated through 200-mesh, $55.

TABLE 2.—Pi‘ocessed tripoli ! sold or used by producers in the United States,
. 1947-51 (average) and 1952-56, by uses 2

Abrasives Filler Other, including Total
- foundry facings

Year

Short Value Short | Value | Short | Value | Short | Value
tons tons tons tons

$737,075 | 4,372 | $89,791 | 2,078 | $58,392 | 33,620 | $885,258
y 7,000 | 156,000 | 3,459 | 116,124 | 35,459 | 1,043,124

852,000 | 7,000 | 163,000 | 4,183 | 123,635 | 36,183 | 1,138,635
1,181,000 | 8,719 | 202,626 | 1,856 75,136 | 41,625 | 1,458,762
1,376,590 (38,189 |3188,748 [ 45,910 | ¢ 236,597 | 46,969 | 1,801,935
1,327,548 | 7,274 | 173,089 | 3,875 | 116,218 | 43,338 | 1,616,855

1 Includes amorphous silica and Pennsylvania rottenstone.
2 Partly estimated.

3 Includes some tripoli used for abrasive purposes.

¢ Includes some tripoli used for filter block.

Abrasive Sands.—Glass grinding, stone polishing, sandblasting,
and similar industries used substantial tonnages of natural sands with
a high silica content as abrasive materials. Sales of these sands

4 Bureau of Mines, Mineral Trade Notes: Vol. 42, No. 5, May 1956, p. 40.
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totaled 1,668,502 short tons valued at $5,250,606 in 1956, compared
with revised figures of 1,734,611 short tons valued at $4,637,959. in
1955. The 1956 figures include 776,961 short tons of blast sand
valued at $3,611,085. The tonnage and value.of these sands, by
States, are given in the Sand and Gravel chapter of this volume.

. Quartz.—Information on production and sale of crude, crushed, and
ground quartz and ground sand and sandstone, which formerly
appeared in the Abrasive Materials chapter of Minerals Yearbook, is
included in the Stone and Sand and Gravel chapters of this volume.
However, the quantity and value of these materials used for abrasive
purposes are reported. , \ ,

The tonnage of graded quartz used by the coated-abrasive industry
~ in 1956 was slightly less than in the preceding year. ,

Development work continued in the silica-mining industry of
Quebec; a large tonnage was blocked out. A plant was being con-
structed near Ste. Canut to produce silica for the ceramic and abrasive
industries.®

TABLE 3.—Quartz, ground sand, and sandstone used for abrasive purposes,
1 )

954-56
1954 1955 1956
Short Value Short Value Short Value
tons tons tons
Ground $and. - - ooooooocceeeeaee 182,046 | $1,466,762 | 209,729 | $1,692,064 | 257,656 | $1,939, 524
Sandstone, quartz, and quartzite....| 32,106 184, 573 29, 301 152, 307 24,238 127,714
Total : 214,152 | 1,651,335 | 239,030 | 1,844,371 | 281, 894 2, 067, 238

SPECIAL SILICA-STONE PRODUCTS

_ Grindstones and Pulpstones.—Ohio was the only State reporting

production of grindstones. No sales of pulpstones were reported.
Oilstones and Other Sharpening Stones.—Sales of natural sharpening

stones increased 5 percent in tonnage but decreased slightly in value

TABLE 4.—Grindstones and pulpstones sold by producers in the United States,
. 1947-51 (average) and 1952-56 .

Grindstones Pulpstones
Quantity
Year ]
Short tons Value Equiv- Value

Pieces alent

‘ short

tons
1947-51 (AVErdEe) - < cceeecmmmmmrmcmmmcmcmmemmae 6, 601
1952 e e ccmcmmmcmccececc e e e 3,962
1953.._ 2,499
1954 - e cecmcemmm e 2,218
1955. . 2,799
1956 - - o cecceemcmmmmmmemmceceeemeememm——— e 12,789

1 Includes oilstones and other sharpening stones.

§ Glass Industry, vol, 87, No. 3, March 1956, p. 146.
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per ton compared with 1955.
Hampshire.

I _ Oilstones and whetstones were produced
in Arkansas; whetstones, in Indiana; and scythestones, in New

‘Millstones.—Rowan County, N. C., was the only area reporting
production of millstones. No output of chasers was reported.

TABLE 5.—Value of millstones and chasers sold by producers in the United
States, 1947-51 (average) and 1952-561

Number Number
Year of pro- Value Year of pro- Value
ducers . ducers
2 $13, 524 2 ®
1 9,285 1 ®
2 18,375 $4, 400

! Produced in New York (1947-48 and 1953-54), North Carolina, and Virginia

- 2 Figure withheld to avoid disclosing individual company confidential data.

(1947-50 only).

Grinding Pebbles and Tube-Mill Liners.—Production of grinding
pebbles increased 9 percent in tonnage and 5 percent in value over the

previous year. Output was reported from Minnesota, North Carolina,
Texas, Washington, and Wisconsin. Tube-mill liners were reported

from Minnesota, North Carolina, and Wisconsin.

TABLE '6.—Grinding pebbles. and tube-mill liners sold or used by pr(;ducers in
} the United States, 1947-51 (average) and 1952-56

. Grinding pebbles Tube-mill liners Total
Year
Short tons | Value- | Short tons | Value - ‘| Short tons | Value
3,449 $85,163 1,378 $53, 703 4,827 $138, 866
3, 95, 455 1,083 66, 218 4,543 161, 673
2,472 81,159 1,219 68, 688 3,691 149, 847
3,070 99, 491 933 59, 471 4,003 158, 962
2,130 , 268 (0] ®» ®» O]
2,330 71,392 1,061 73, 596 3,391 144,988

" 1 Figure withheld to avoid disclosing individual company confidential data.

NATURAL SILICATE ABRASIVES

Garnet.—Sales of garnet declined 17 percent in tonnage and 10 per-
cent in value from 1955. California garnet producers were inactive.

The tonnage and value of garnet sales declined in all producing States.
~_ Production of garnet in Australia, India, and Madagascar was noted
in Foreign Service dispatches and various publications.®

Domestic producers selling garnet were: Florida Minerals Co., Mel-
bourne, Fla.; Idaho Garnet Abrasive Co., Fernwood, Idaho; Barton
Mines Corp., North Creek, N. Y., and Cabot Carbon Co., Willsboro,

N.Y

New York was the leading garnet-producing State; Idaho ranked

second; and Florida, third.

Although some garnet was produced as a byproduct of _the con-
centration of other minerals, most output came from deposits mined

¢ Bureau of Mines, Mineral Trade Notes: V:l].94526, N0.835, May 1956, p. 31.
S| , D. 83.
U. S. Embassy, New Delhi, India, State Department Dispatch 636; Nov. 23, 1956, p. 1.

U. 8. Embassy, Paris, France, State Department Dispatch 2219: May 17, 1956, enclosure 1.

Mining World, India: Vol. 18, No. 9, A
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primarily for garnet content. Sales of garnet since 1920 are presented
graphically in figure 1.

The use of garnet in manufacturing coated abrasives declined 7 per-
cent co%pared with 1955; its use in fine sizes as'a polishing material
increased. : :

THOUSAND SHORT TONS

Abrasive garnet /
N \ A
W \~ V)
K \ Emery .,_'

V’ . K . ‘
o — \"Pm/ \-.'——- —
1920 1925 1930 1935 1940 1945 1950 1955 1960

X
<

Fieure 1.—Marketed production of abrasive garnet and emery in the United
States, 1920-56. .

TABLE 7.—Abrasive garnet sold or used by producers in the United States,
. 1947-51 (average) and 1952-56 )

Year Short | Value Year Short | Value
: tons i tons .
1947-51 (AVErage)-—-o.-—oooo-- 9,339 | $79,521 14,183 | $971,353
1952, 11, 390 ) 11,835 | 1,191, 456
1953 10,520 | 988,797 9,812 | 1,073,386

NATURAL ALUMINA ABRASIVES

Corundum.—Imports of corundum increased 33 percent in tonnage
but decreased 14 percent in value over 1955. Tge drop in import
value resulted from the decline in average value from $69 a short ton
in 1955 to $45 in 1956. Union of South Africa continued to be the
ISea.ding producer. There was no commercial production in the United
tates.

Canadian corundum deposits were inactive in 1956, but small quan-

tities were produced in India and Malaya.’

1 L&nifzg?Joumal (London), Metals, Minerals, and Alloys: Corundum: Vol. 246, No. 6204, Apr. 6, 1956,
pD. .
Ii\Iortiusm Miner, Abrasive Prodaction Not Likely to Grow Unless Need Dire: Vol. 42, No. 25, Sept. 13,

1956, p. 15.
U. §. Consulate, Singspore, State Department Dispatch 121: Sept. 14, 1956, p. 18.
U. S. Embassy, New Delhi, India, State Department Dispatch 636: Nov. 23, 1956, p. 1.
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Nearly all corundum from Namaqualand and Southern Rhodesia
was found to be unsuitable for abrasives and was used for manu-
facturing refractories. ) :

Prices for crude corundum were quoted in E&MJ Metal and Mineral
Markets, c. i. f. United States ports, at $100 to $120 a short ton. No
significant changes in the price of graded corundum were noted during
1956. '

TABLE 8.—World production of corundum, by countries,! 1947-51 (average) and
1952-56, in short tons 2 )

[Compiled by Helen L, Hunt and Berenice B. Mitchell]

Country ! 1947-51 1952 1953 1954 1955 1956
(average) .
Argentina____ . 20 ® ® @ 3 O]
Australia. - |eee 61 ® 10 ¢ -
French Equatorial Africa_________________ | S P
India T 623 713 363 14 . 149 395
Madagascar. _ §
Malaya, Federation of__ 42 4100
Mozami)ique N .
Rhodesia and Nyasaland,
Federation of: -

Nyasaland 88 52 |- 17 20 e

Southern Rhodesia. ... .. ;N S 843 2, 840 1,168 4,448
South-West Africa, 2 . -
Union of South Africa_ ... ______. ___ 3,325 4,179 1, 865 1,443 834 2,068

World total (estimate)!__________ - 9,700 | 11,000 | 10,000 10, 000 8, 000 11, 000

1 Corundum is produced in U. 8. 8. R. in addition to countries listed, but data on production are not
available, and estimate is included in the total. :
2 This table incorporates a number of revisions of data published in previous Abrasive Materials chap-
ters. Data donot add to totals shown owing to rounding where estimated figures are included in the detail.
f gata ?ot available; estimate by senior author of chapter included in total.
Xports. .

Emery.—Domestic production of emery increased 13 percent in
tonnage and 15 percent in value over 1955. The average value per
ton increased slightly. Imports of emery increased 133 percent.
Emery was used principally as a nonskid component in stair treads,
floors, and pavements. The only domestic producers were Joe DeLuca
and DiRubbo & Ellis, both of Peekskill, N. Y. A plant for processing
emery ore was operated at Peekskill. Domestic production of emery
since 1920 is presented graphically in figure 1.

Emery production in Turkey during 1956 was 4,980 metric tons.
Exports of emery from Greece were 4,651 metric tons. - Both ton-
nages were less than in recent years.?

TABIE 9.—Emery sold or used by producers in the United States, 1947-51
(average) and 1952-56

Year Short Value Year Short Value
tons tons

9,758 | $132,313
10,735 151, 455
12,153 174,032

1947-51 (average) 6. 739 $86, 554
1952. 10, 352 141,911

1953 s 10, 562 143,974

8 Coleman, John, The Pella/Swartkoppies Corundum-Sillimanite Deposits: South African Min. and
Eng. Jour. (Johannesburg), vol. 67, pt. I, No. 3293, Mar. 23, 1956, p. 393.

Mining World (Africa), Federation of Rhodesia and Nyasaland: Vol. 18, No. 11, October 1956, p. 77.

° U. 8, Embassy, Ankara, Turkey, State Department Dispatch 676: Apr. 26, 1957, p. 2.

U. 8. Embassy, Athens, Greece, State Department Dispatch 901: June 19, 1957, p. 5.
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INDUSTRIAL DIAMOND

Imports of industrial diamond into the United States during 1956
were over 16 million carats valued in excess of $74 million, a record
both for quantity and value. During 1956 world production of dia-
mond increased to a total of 23,130,000 carats; 18,300,000 carats was
classed as industrial.

The United States Government continued to purchase industrial
diamond for the national strategic and supplementary stockpiles.

- Continued industrial activity in the United States was reflected
by the increased use of industrial diamond.™ ,

Trade-practice rules and codes were established by Federal agencies
for the industrial-diamond trade.!

Production.—Industrial-diamond production throughout the world
in 1956 showed an increase of 5 percent over 1955. As in recent
years, 73 percent of the total came from Belgian Congo, the leading
producer; 9 percent from the Union of South Africa, ranking second,
and 8 percent from Ghana (Gold Coast), third in output. Because
parts of Sierra Leone were opened to native African operators for
mining, diamond production increased substantially. Much of the
%iamond listed as exported from Liberia may have originated in Sierra

eone. ‘ : .

Comparison of the value of the gem- and industrial-diamond sales

indicated that, in recent years, 30 percent of the total value of the .

TABLE 10.—World production of industrial diamond, by countries, 1954-56, in
thousand carats!

Country 1954 1955 1956
Africa:

Angola. 300 304 300
Belgian Congo.-.-. : 12,060 12,480 13, 280
French Equatorial Africa. - 100 90 95
French West Africa 140 210 260
Ghana (Gold Coast) 1,670 1,770 1,415
Sierra Leone 23.__ 260 540 780
South-West Africa. 100 80 100
Tanganyika. ... 160 150 187

Union of South Africa:

4‘Pipe’’ mines:
Premier 1,100 1,050 1,100
DeBeers group. 560 450 400
Others. . 60 100 100
“Alluvial” mines. 90 66 60
Total Africa.. 16, 600 17,300 18,100
Other areas:

Brazil 8, - 100 100 150
British Guiana... 18 20 18
Venezuela., - - 68 100 75
Australia, Borneo, India, and U. 8. 8. R __..... 3 3 3
World total 16, 800 17, 500 18, 300

1 Prepared jointly by the Bureau of Mines and Dr. George Switzer, Smithsonian Institution.
: énclude& unofficial production and Liberia.
stimate.

10 Jron Age, Diamonds; Still on Upswing: Vol. 177, No. 13, Mar. 29, 1956, p. 23.
1t Industrial Diamond Review, Color Codes for Diamond ‘Pastes: Vol. 16, No. 193, December 1956, p. 227.
Federal Trade Commission, Washlngton, D. C., Trade Practice Rules for the Diamond Industry: 1956,

8 pp.
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sales was from industrial material, although industrial diamond
composed over 80 percent of the total, by weight.!?

Information about diamond mining in India,® Australia,
Borneo,”” and U. S. S. R.1® occasionally appeared in the technical
press and Government dispatches.
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J Ficure 2.—United States imports and average price per carat of industrial
i diamond, 1938-56.

TABLE 11.—Industrial diamond (excluding diamond dust and manufactured bort)
imported for consumption in the United States, 1947-51 (average) and 1952-56

[Bureau of the Census]

Thou- Thou- Thou- Thou-
Year sand sand Year sand sand
carats dollars carats dollars

8,772 29, 281
13, 469 51,117
12, 769 46, 882

13, 807 48,018
114,952 1 65, 672
16, 155 273,264

1 Revised figure.
2 Owing to changes in tabulating procedures by the Bureau of the Census data known to be not com-
parable with other years.

12 Mining Journal (London), 1955—A Record Year for Diamonds: Vol. 246, No. 6282, Jan. 13, 1956, p. 60;
De Beers: Gem Demand 8till Greater Than Production: Vol. 246, No. 6300, May 18, 1956, pp. 616-617.

‘Wall Street Journal, World Diamond Sales in 3d Period Fell 2.3% Because of Stone Shortage: Vol. 148,
No. 68, Oct. 5, 1956, D. 4.

South African Mining and Engineering Journal (Johannesburg), Diamond Sales Report Analyzed:
Vol. 67, pt. 1, No. 3297, Apr. 20, 1956, p. 543.

13 Bureau of Mines, Mineral Trade Notes: Vol. 42, No. 5, May 1956, p. 41.

Infdlusltgial and Mining Standard, Nationalisation of Mining in India?: Vol. 111, No. 2813, June 21, 1956,
pp. 11, 13.

14 Bureau of Mines, Mineral Trade Notes: Vol. 42, No. 6, June 1956, p. 25.

18 Mining World, Indonesia: Vol. 18, No. 4, April 1956, p. 65.

16 Mining World, U. 8. 8. R.: Vol. 18, No. 8, July 1956, pp. 77, 79.
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TABLE 12.—Industrial diamond (including diamond dust and manufactured bort)
imported for consumption in the United States, 1955-56, by countries

[Bureau of the Census]

Crushing bort Other industrial .
Bort manu- (including all diamond (includ- | Carbonado
factured types of bort ing glaziers’ and and Dust and
(diamond suitable for engravers’ ballas powder
Country dies) _ crushing) diamond unset . :
: and miners’) o
N - N
Carats| Value | Carats | Value | Carats | Value |Carats| Value| Carats| Value
1956
North Ameriea:
Bermuda 10, 573| $104, 974 .
Canada-.... .. 132 $596/ 1 170, 013 1 $436, 884 1 591, 144{13, 379, 219| 7,095($13, 168
Haitioooo o[ 378 2, 546
Mexico . 240, -
Total____.._ 132 596/ 1170,013| 1436, 884| 1 602, 335/13, 487,239 ____ 7,095 13,168
South Ameriea: : . . -
Brazil JEUE SR (R RIS 130,102 1529,135|11,175(1$25,602( ... ___| __.___
British Guiana, IR, 205 2, 370|
Venezuela. 13,548 273,302
Total_ : . 143,855 1804,807|11,175{125,602| . .__.._|______ N
Europe: . .
Austria_ 289 3,390 -
Belgium- .
Luxembourg. . 24 2, 200 R 1, 018, 420|12, 091, 103| -
France...__..... 1,761| 147, 507 i 35,208 318, 455 : oo
Germany, West., 265 4,672|._. 5,856| © 117, 315 - i
Netherlands..... 184 14,767| o o|eeeoo- 317,727} 2,973, 774
Sweden. - - 20 502 R (RO IO R FUIUUI R
: Swi%grland ..... 5 317 879 2,198 5,330 37, 586 1,074] 2,547
i
Kingdom__.__ 380} - 34, 578|1, 695, 603| 3, 808, 399115,120,245/125,598,380| . 40, 705{132, 798 s
Total_ 2, 639| 204, 543|1, 696, 482| 3, 810, 597|16,503,165|141,140,003 41, 779{135, 345 .
Asia: ‘
Indig oo L 178] -3, 850
Tsrael . oo feeoo | 1, 025 11, 109
Lebanon. . 516 4,878
Total . 4 n79) 19,837 : ) T
Africa: . ) .
Belgian Congo.. ' 4,348,729) 9,643,360 567,224| 1, 661,421 55, 570(148, 312
French Equa- - e
torial Africa._. _-| 25,657 295,359 b
- Liberia. 330 412 1,243 22,012 e
Union of South o o
Africa. 286,843 739,155| 702,112] 3, 581,338 . .| 48, 288]138, 295 ‘§
Total_ 4, 635, 902{10, 382, 927/1, 296, 236/ 5, 560, 130 1103, 858|286, 607
Oceania: Aus- .
tralia - 1, 700] 4, 208|
Grand total <
955 oo 2, 771 205, 139)16,502,397|114,630,408)18,449,010/151,016,224| ! 1, 175(125, 602152, 732|435, 120
1956
North America: .
Bermuda...oo.__|-.o___. [ N, 6,342 79,407| |
218,807| 540, 839| 3, 578, 769| 10, 392 14,984
724 609) 5, 251 |
219, 531] 547,790| 3, 663, 427 10, 392] 14,984
T 11,642) " 230,478| 1,549] 23,589(__.____| ._____
British Guiana.. o 240 4, 382
Venezuela..__.__| _.____|....__.. 2, 549 55,096) 11,236/ 282,019
Total. 2,540 55,996 23,118 516,879] 1,549] 28,589 . ____| ...

See footnotes at end of table.



148 . MINERALS YEARBOOK, 1958

‘ TABLE 12.—Industrial diamond (including diamond dust and manufactured bort)
imported for consumption in the United States, 1955-56, by countries—Continued

[Bureau of the Census]

Crushing bort. Other industrial
Bort manu- (including all diamond (includ- | Carbonado
factured types of bort ing glaziers’ and and - Dust and
(diamond suitable for engravers’ - ballas powder
Country dies) crushing) diamond unset -
. and miners’)
‘| Carats| Value | Carats | Value | Carats | Value |Carats| Value | Carats| Value
1956 )
Europe: - -
" Belgium-Lux-
embourg. ... 1, 044, 053|$13,258,472)
France _._._- -{ 3,003|$218, 349 123,077| 1,084, 553
Germany, 362 28, 655 - 3, 926 52, 459
Netherlands.....| 2,824 65,558 2,160 $6,696] 168,161f 1,390,212 ..
weden_ . __.__.. 1221 7,
%wi_z?lrland ..... 62| 3,950 . : 1, 300 13,793
ni
Kingdom.....| 2,275 A5., 501|1, 822, 634 4, 404, 413{3, 955, 712|124, 324, 606 1, 150/$16, 516| 17, 613 70, 596
Total. ... 8, 648| 329, 497|1, 824,794} 4, 411, 109|5, 296, 229|40, 124, 095| 1,150 16, 516| 25, 38| 110, 337
Asia: : ' ’
Hong Kong.. 207 - 827|
India. 626) 17,625
Israel_ 3, 067] 21,287
Japan 1, 871 5,840
Total_ » . 5,771 45,579
Africa: -
Belgian Congo. |- .| ccoo._. 6, 590, 447/15, 285, 268 378, 140| 1,386,115 81, 270/227, 633
. British West
Africa,n.e.c. - 6,937 52, 346/
French Equa-
torial Africa... . 22,523 368, 936
Liberia...o._.___ 3, 169] 56, 074 949| 29, 419
Union of South .
Africa.o_ ... 214 1,887 323,347 871, 3241, 060, 648| 6, 136, 823| -|121, 250|344, 780
Total . ___.__ 214| 1,887)6,913, 794]16, 156, 59211, 471, 417| 8, 000, 294 949] 29, 419(202, 520|572, 413
Oceania: Aus-
tralia. 500 1, 285
Grand total
956 -] 9, 0542332, 912|8, 805, 504/|20, 843, 228|7, 344, 825/252,351,559| 3, 648] 69, 474238, 750|697, 734
1 Revised figure.

©
2 Owing to changes in tabulating procedures by Bureau of the Census, data known to be not comparable
with other years.

Prices.—Advances in the price of several classes of industrial
diamond were noted during 1956.17 ,

Technology.—Diamond genesis was reviewed in a series of technical
articles. The theory was that diamond crystallized during a late
phase of volcanic activity and that differences between diamond crys-
tals may be explained by varying gas pressure and different chemical
and physical conditions in the magma.®®

The extreme hardness of the diamond (compared with other ma-
terials used for abrasive purposes) and its superior abrasive qualities
explain its acceptance by industry, in spite of its high cost.!®

The special techniques of sampling alluvial and kimberlite diamond
deposits were described.®

17 Mining Journal (London), Industrial Diamonds Dearer: Vol. 247, No. 6328, November 1956, p. 667.

18 Ruzicka, P., The Diamond and Its Genesis: Ind. Diamond Rev., vol. 16, No. 191, October 1956, pp.
189-191; vol. 16, No. 192, November 1956, %1}. 212-217,

1 Gemmologist, Hardness Numbers of Minerals: Vol. 25, No. 301, August 1956, p. 149.

30 Mining Magazine (London), Sampling Diamond Mines: Vol. 94, No. 5, May 1956, pp. 272-274.
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A new edition of a book on diamond drilling was published by an
industrial-diamond firm,* and various types of diamond core drills and
their application were described.??

Mechanization of the larger diamond mines increased production,
and more efficient concentrating methods saved much of the finer
material, previously lost.? ) '

New concentration methods for recovering diamonds included the
use of the heavy-medium process and the redesign of the better known
types of concentrators.?

Diamond material salvaged from grinding sludge, broken diamond
tools, and core-drill bits was an important source of industrial-diamond
supply. New methods were devised for secondary-diamond re-
covery.? .

An important reason for the growing popularity of the diamond
in industry was the trend toward closer tolerances in machined prod-
ucts. Diamond grinding wheels and tools were particularly effective
in achieving this result. New methods of mounting diamonds on
tools to form improved cutting edges were meeting with success.2

Diamond tooling has increased production in some specialized jobs,
which include machining hard rubber containing an abrasive filler,
machining cemented carbides, and producing desired finishes on items
having high production quotas.?”

The importance of industrial diamond in the manufacturing
economy of the United States was stressed.?®

A proposed set of standards for wire-drawing dies suggested that
the .diamond used be heavy enough to be resized to at least double
the original hole diameter in small and intermediate sizes. Larger
stones should warrant 4 to 6 recuts.”

OﬂfC#mzning, J. D., Diamond Drill Handbook: 2d ed., J. K. Smit & Sons of Canada, Ltd., Toronto,
ntario, 655 pp. .
2 Read, V., I})«:xploration: Eng. and Min. Jour., vol. 157, No. 6, June 1956, pp. 19, 38.

2 Bureau of Mines, Mineral Trade Notes: Vol. 42, No. 2, February 1956, pp. 23-28; No. 3, March 1956,
p. 24; No. 4, April 1956, p. 25.

Mine and Quarry Engineering (London), Royal Visit: Vol. 22, No. 11, November 1956, p. 460.

Mining Journal (London), Metallurgical Processes in Use at Mines of the Belgian Congo; Recovery of
Diamonds: Vol. 246, No. 6297, Apr. 27, 1956, pp. 514-515; Casts to Extend Diamond-Mining Operations:
Vol. 247, No. 6320, Oct. 5, 1956, p. 406.

Mining Magazine (London), Newsletters; Transvaal: Vol. 94, No. 1, January 1956, pp. 36-40.

Mining World, South-West Africa: Vol. 18, No. 3, March 1956, p. 78; Union of South Africa: Vol. 18, No. 3,
March 1956, p. 78; Union of South Africa and South-West Afriea: Vol. 18, No. 4, April 1956, p. 67; French
Eq';‘liatorial Africa: Vol. 18, No. 8, July 1956, p. 84; South-West Africa: Vol. 18, No. 13, December 1956, -
p. 74. -

Mining World and Engineering Record (London), Consolidated African Selection Trust, Ltd.: Vol. 171,
No. 4469, Nov. 24, 1956, p. 292; Diamonds in Angola: Vol. 171, No. 4471, Dec. 8, 1956, p. 316.

Rocks and Minerals, South Africa: Vol. 31, No. 7-8, July-August 1956, pp. 365-366. .
- South African Mining and Engineering Journal (Jofmnnesburg), Consolidated African Selection Trust:
Vol. 67, p. II, No. 3329, Nov. 30, 1956; p. 926; S. W. African Diamond Concession: Vol. 67, pt. II, No.
3327, Nov. 16, 1956, p. 809, Tanganyika: Vol. 67, pt. I, No. 3293, Mar, 23, 1956, pt. 379; Newest Diamond -
Mine: Vol. 67, Iiv)t II, No. 3330, Dec. 7, 1956, p. 951.

Vicker, Ray, Diamond Boom: Wall Street Jour., vol. 148, No. 90, Nov. 6, 1956, pp. 1, 14.

3 South African Mining and Engineering Journal (Johannesburg), The Williamson Diamond Mine:
Vol. 67, pt. II, No. 3328, Nov. 23, 1956, pp. 857, 859, 861, 863, 865.

Mining Journal (London), Use of the Centrifugal doneentratlng Pan in Alluvial Mining Operations:
Vol. 247, No. 6318, Sept. 2}5 1956, pp. 336-337.

% Jron Age, Reclaimed Diamonds Help Pay Grinding Costs: Vol. 178, No. 8, Aug. 23, 1966,0%199.

Grinding & Finishing, Douglas Aircraft Reports Large Savings by Salvaging Diamond ps From
Grinders: Vol. 2, No. 5, September 1956, p. 63. _

Lannon, F. H., Jr., A Fortune in Diamonds: Automatic Machinery, vol. 18, No. 1, November 1956, pp.

3 Mining Journal (London), New Uses for Diamonds: Vol. 247, No. 6326, Nov. 16, 1956, p. 590.

South African Mining and Engineering Journal (Johannesburg), Diamonds and Industry: Vol. 67, pt. I,
No. 3292, Mar, 16, 1956, p. 357.

7 Work eited in footnote 10,

# Dietrich, W. F., Waggaman, W, H., and Chandler, H. P., The Diamond and Sheet-Mica Industries:
Min. Cong, Jour., vol. 42, No. 9 ,September 1956, pﬁ. 111-116, 122,

» Joveredge, A. D., More and Better Wire From Each Diamond Die: Wire and Wire Products, vol. 31,
No. 8, August 1956, pp. 903-904.
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A method for calculating the most efficient .ratio for diamond-to-
bond ratio in diamond-grinding wheels was devised.®

Precision equipment has been designed to shape the diamond in a
tool in a fraction of the time previously required, when the process
depended upon much handwork and frequent inspection.® ~

The manufacture and new uses of diamond tools and grinding
wheels were described in the technical press.®* The advantages
gained by the use of diamond tools and grinding wheels over other
methods were explained during a series of lectures given at the Dia-
mond Symposium, sponsored by the American Society of Tool
Engineers in Chicago during March 1956.3

The pilot plant of the Carboloy Department of General Electric
Co. manufactured synthetic diamonds. A domestic source of indus-
trial diamond would relieve the United States strategic dependence
on supplies from overseas. ' ,

The original man-made diamond and some 500 carats of similar
material were presented to the Smithsonian Institution as a perma-
nent exhibit by the General Electric Co.3*

Because of the rising price of industrial diamond and the difficulty
of obtaining types necessary for certain grinding operations, the use
of substitute grinding methods was given increased consideration.®

Reports: from England indicated that a new product, ‘‘diard,”
claimed to be the equal of industrial diamond, could be produced at
a competitive price.?® '

World Review.—A comprehensive review of the world diamond

industry in 1955 was published during 1956,* and an English trans- .

lation of the 1954 review, by the same author, was published by a
firm of diamond-tool manufacturers.

3 Lindblad, F. W., Determining Diamond Concentration in Diamond Wheel: Grinding & Finishing,
vol. 2, No. 2, June 1956, p. 51.

31 Mining and Industrial Magazine of South Africa (Johannesburg), Students Learn Diamond Shaping at
Rand Courses: Vol. 46, No. 2, February 1956, pp. 69-70.

32 Sinelair, E. L., Are You Using the Most Efficient Diamond Wheels?: Grits and Grinds, vol. 46, No. 2,
February 1956, pp. 3-10. .

Weavind, R. G., Simplified Manufacture of Diamond Tools: Optima (Johannesburg), vol. 6, No. 1.
March 1956, pp. 22-25. .
195Gﬁrodzinski, P., Automation and Diamond Tools: Ind. Diamond Rev. (London), vol. 16, No. 184, March

, PP. 45-46.

Mining Journal (London), New Uses for Diamonds: Vol. 247, No. 6326, Nov. 16, 1956, p. 590.

33 American Machinist, Diamond Tools by the $Million: Vol. 100, No. 8, Apr. 9, 1956, pp. 181-182.

3 Mining Engineering, Diamonds: Vol. 8, No. 5, May 1956, p. 482.

American Metal Market, Diamonds Now Being Produced by Carboloy: Vol. 63, No. 85, May 4, 1956,
pp. 1, 8.

Mining Journal (London), Diamonds: Vol. 246, No. 6299, May 11, 1956, p. 584.

South African Mining and Engineering Journal (Johannesburg), Synthetic Diamonds: Vol. 67, pt. I,
No. 3300, May 11, 1956, p. 685, Synthetic Diamonds Now Produced in Limited Quantities: Vol. 67, pt. II,
No. 3313, Aug. 10, 1597, p. 187.

35 Modern Machine Shop, Offhand Tool-Sharpening Machine: Vol. 28, No. 10, March 1956, pp. 294, 296,

208.
Cass, W. G., Diamond Substitutes in the Soviet Union: Tooling, vol. 10, No. 4, April 1956, pp. 39-40.
Q‘Iéoo]ingl%l_<}7l7>roduction, Tool Sharpening Improved by Method X Process: Vol. 21, No. 11, February
1956, pp. . ' '
Machinery (New York), Save Cost of Diamonds: Vol. 62, No. 7, March 1956, p. 269.
Tooling, Electric Discharge Machining: Vol. 10, No. 5, May 1956, p. 21.
AWEb’?r’Iggﬁ Ele%té‘olytic Grinding of Hard Metals and Carbides: U. 8. Govt. Res. Rept., vol. 26, No. 2,
ug. 17, , D. 66.
Reichardt, H., Grinding Single Point Carbide Tools: Grinding & Finishing, vol. 2, No. 6, October 1956,

PD. 34-39.
36 Chemical Engineering and Mining Review (London), Substitute Diamonds: Vol. 48, No. 12, Sept. 10,
. 375.
37 Moyar, A., L’Industrie du diamant en 1955: Brussels, Belgium, 1956, 125 pp

38 Moyar, A. [The Diamond Industry in 1954] J. K. Smit & Sons, Murray Hﬂl,'N. J., 1956, 69 pp. (trans.
rom French).
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ARTIFICIAL ABRASIVES

Production of silicon carbide in the United States and Canada
increased 28 percent in tonnage and 35 percent in value over 1955.
Aluminum oxide production changed little in tonnage or value.
Shipments of metallic abrasives manufactured in the United States
declined 11 percent in tonnage but increased slightly in value over 1955,

The aluminum oxide production included 24,455 short tons of
‘“‘white high-purity’”’ material, valued at $3,862,482. About 46 percent
of the silicon carbide and 5 percent of the aluminum oxide were used for
nonabrasive purposes. The ratio of production to annual plant
capacity for silicon carbide was 81 percent in 1956, compared with
63 percent in 1955; for aluminum oxide, 69 percent in 1956, the same
as In 1955; and for metallic abrasives, 53 percent in 1956 and 60
percent in 1955.
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Ficure 3.—Relationship between ingot-steel and artificial abrasive production,
1940-56.

Sales of abrasive grinding wheels were 9 percent greater in value
than in 1955. The quantity of coated abrasive sold in 1956 decreased
5 percent, the value increased 1 percent.

g Much broader utilization of grinding wheels and coated abrasives
in the industry of the United States and foreign countries was noted
by trade press and scientific journals.®® Their increasing use was

3 Steel, Abrasive Wheel Sales Gain: Vol. 139, No. 26, Dec. 24, 1956, p. 37.
P Prikhod’ko, N., Recent Russian Advances in Production of Abrasives: Grinding & Finishing, vol. 2,
No. 8, December 1956, pp. 21-23.
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TABLE 13.—Crude artificial abrasives produced in the United States and Canada,
1947-51 (average) and 1952-56

Silicon carbide ! Aluminum oxide ! Metallic Total
(abrasive grade) abrasives 2
Year
Short Value Short Value Short Value Short Value
tons tons tons tons
1
1947-51 (average) — 71, 960 | $7,320, 558 | 159, 496 |$12, 468,093 | 143,131 [$13,312,012 | 374, 587 |$33, 100, 663
1952 91, 531 | 12,040, 946 | 180,375 | 17,813,760 | 157,034 | 17, 582,275 | 428,940 | 47, 436, 981
62,301 | 8,190,431 3 23,807,806 { 160,500 | 18,038,046 | 466,937 | 50, 036, 283
66,972 | 8,787,445 | 219,308 | 22,420,833 | 118,096 | 13,271,832 | 404, 376 480, 110
74,805 | 11,027,693 | 195,822 | 22,141,686 | 157,616 | 17,911,738 , 51,081,117
95,778 14 937 322 | 195,228 | 22,553,844 | 140,455 | 18,201,289 | 431, 461 | 55, 692,

1 Bureau of Mines not at liberty to publish data for United States separately. Figures include material
used for refractories and other nonabrasive purposes.
2 Shipments from United States plants only.

TABLE 14.—Production, shipments, and stocks of metallic abrasives in the United
States, 1955-56, by products

Manufactured Sold or used Stocks on hand | Average
during year during year Dec, 31 annual
Product capacity
Short Value Short Value Short Value Short
tons " tons tons tons
1955 i
Chilled iron shot and grit._.| 95,588 | $8,242,831 | 96,423 | $8,267,421 {19,398 | 3 $868, 579 168, 534
Annealed iron shot and grit.| 30,195 | 3,487,544 30,114 | 3,664,210 | 1,593 2189,086 | - 52,544
Steel shot__________________ 31,251 | 5,974,305 30,018 | 5,697,257 | 13,119 2 499,911 40,194
Other types (including cut
wireshot) __.____________ 884 242,783 1,061 282, 850 1442 | 2114,135 3,010
Total oo 157,918 | 17,947,463 | 157,616 | 17,911,738 {114,552 | 21,671,711 264, 282
1956
Chilled iron shot and grit___| 72,048 | 6,943,444 72,410 | 7,171,128 | 9,036 854,343 142,134
Annealed ironshot and grit.] 36,501 | 3,911,724 35,917 | 4,514,354 | 2,177 267, 892 69, 484
Steelshot___ ... 28,577 | 5,338,287 27,553 | 5,484,056 | 4,143 771,014 45,025
Other types (including cut
................ 5438 | 1,197,124 4,575 | 1,031,751 | 1,305 342,752 9,875
Totaleeee et 142, 564 | 17,390,579 | 140,455 | 18,201,289 | 16,661 | 2,236, 001 266, 518
1Stock adjustment.
2 Revised figure.

TABLE 15.—Stocks of crude artificial abrasives and capacity of manufacturing
plants, as reported by producers in the United States and Canada, 1947-51
(average) and 1952-56, in short tons

Silicon carbide Aluminum oxide Metallic abrasives !
Year -
Stocks, Average Stocks, Average Stocks, Average
Dec. 31 annual Dec. 31 annual Dec. 31 annual
capacity capacity capacity
1947-51 (average). ... ------- 10, 285 83, 572 34,222 238, 314 9,434 234,257
952. 25, 347 111, 200 60, 354 255, 100 9, 801 226, 427
1953 18, 587 110, 900 25,165 273, 200 11,913 255, 624
1954 27,852 120, 000 29, 924 280, 200 14,414 950
1955, 10, 966 118,820 39,895 282, 200 214,552 264, 282
1956 - e e 10,314 118, 900 38, 551 283, 500 16, 661 266, 518

1 Figures pertain to United States plants only.

2 Stock adjustment.
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attributed to fast and accurate cutting machinery and finishing of
metal and plastic components by abrasives of all types.

New methods of making abrasive grinding wheels followed the
mass-production techniques of other industries.*

MILLION REAMS } MILLION DOLLARS

2500

TOTAL VALUE
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Bd GARNET

m FLINT

2,000 SILICON CARBIDE

R ALUMINUM OXIDE

25

Ficure 4—Coated-abrasive industry in the United States, 193/8—56.

In a paper presented at the 110th meeting of the Electrochemical
Society, beginning September 30, 1956, the properties of silicon
carbide were described, and new uses were forecast.*

New types of silicon carbide and new treatment methods resulted
in a marked improvement in many of its uses as a refractory material .

Silicon-carbide-production facilities were expanded in Canada.

The abrasive industries of Australia and West Germany were

described.* . . .
Performance data on ceramic cutting tools machining various

types of material indicate that high speeds are necessary to obtain
the best results. Many advantages and limitations on their use are

19452 DeW;tZ_t,zg. J., The Increased Use of Abrasive Cutting: Machinery (London), vol. 88, No. 2251, Jan. 6
PD. 3
a Oanadian Machinery, Streamline Grinding-Wheel Making: Vol. 67, No. 11, November 1956, pp. 120-121.

42 Butler, G. M. (Carborundum Co.), Silicon Carbide Products; Present and Future: Electrochem. Soc.
Jour., vol. 103, No. 9, September 1956, p. 208 (abs.). -

8 Taylor, K. M., Improved Silicon Carbide for High-Temperature Parts: Materials and Methods, vol.
44, No. 4, October 1956, pp. 92-95.

Alliegro, R. A., Coffin, L. B., and Tinklepaugh, J. R., Pressure Sintered Silicon Carbide: Jour. Am.
Ceram. Soc., vol. 39, No. 11, November 1956, pp. 386-389.

# Chemical Week, Silicon Carbide: Vol. 79, No. 23, Dec, 8, 1956, p. 24.

Bureau of Mines, Mineral Trade Notes: Vol. 42, No. 5, May 1956, p. 22; vol. 43, No. 5, November 1956,
pp. 25-33.
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claimed; but, for certain purposes, they seem to have demonstrated
their value. Aluminum oxide was the abrasive preferred for their
manufacture.* ’

New developments were reported in manufacturing aluminum
oxide.* ' ,

MISCELLANEOUS | MINERAL-ABRASIVE MATERIALS

In addition to the natural and manufactured abrasive materials
for which data are included herein, many other minerals were used
for abrasive purposes. A number of oxides, including tin oxides,
magnesia, and iron oxides (rouge and crocus), were employed as
polishing agents. Certain carbides, such as boron carbide and tung-
sten carbide, were used for their abrasive properties, especially when
extreme hardness was demanded. Other substances with abrasive
applications included finely ground and calcined clays, lime, talc,
ground feldspar, river silt, slate flour, and whiting.

Cerium Oxide.—The optical and glass industries reported increased
uses for cerium oxide for lens and other types of polishing.*

Regulations were issued on June 29, 1956, amending an act of
1951, which limited harvest of the walrus in Alaska. Walrus hide
was used by the abrasive industry for buffing wheels. Exports of
approximately 200 mature walrus hides may be expected annually .4

FOREIGN TRADE #

Imports.—Imports of abrasive materials during 1956 rose 11 per-
cent in value over 1955. Industrial diamond continued to be
dollarwise, the most important abrasive material imported. The
quantity exceeded 16 million carats; value was over $74 million.
Imports of crude silicon carbide and aluminum oxide gained slightly
over the preceding year. Coated-abrasive papers and cloths, imported
at nearly the same rate as in recent years, were equivalent in quantity
to 1 percent of the domestic production. Imports of bonded abrasive
products were negligible. Corundum and emery imports increased
33 and 133 percent, respectively, in quantity over 1955.

4 American Machinist, How Good Are Ceramic Tools?: Vol. 100, No. 26, Dec. 3, 1956, pp. 113-136.

de Marco, L. M., Ceramics Challenge Machines: Steel, vol. 138, No. 20, May 14, 1956, p. 130.

Engineer, Ceramic Tools: Vol. 201, No. 5239, June 22, 1956, p. 732.

Engineering, Ceramics for Cutting Steel: Vol. 181, No. 4702, Apr. 20, 1956, hp 228,
ME ga;z,llgl. J., Jr.b ;"gilrowaway” Ceramic Turns New Profits From O1d Lathes: Iron Age, vol. 177, No. 18,

ay 3, 1956, pp. 91-94. ) ’

Machinery (New York), Diamonite Ceramic Cutting Tools: Vol. 62, No. 6, February 1956, p. 226.

Steel, Ceramic Tool Outeuts Carbide: Vol. 139, No. 5, Jan. 30, 1956, p. 89.

Tangerman, E. T., What We Should Know About Ceramic Tools: Am. Machinist, vol. 105, No. 6, Mar.
12, 1956, pp. 154-159. .

’I‘ooling, Ceramic Tools: Vol. 10, No. 12, December 1956, pp. 50-52.

‘Wheildon, W. M., Notes on the Devel’opment and Performance of Ceramic Tools: Bull. Am. Ceram.
8oc., vol. 35, No. 4, April 1956, p. 43.

46 Blast Furnace and Steel Plants, 44 Alundum Abrasive: Vol. 44, No. 10, October 1956, p. 1130.

47 Glass Industry, The Glass Division at the Annual C. C. S. Convention: Vol. 37, No. 3, March 1956,
pD. 146, 153, 158, 160, 164. :

48 Department of the Interior Information Service, Interior Dept. Issues Regulations for Walrus Hunting.

4 Figures on imports and exports compiled by Mae B. Price and Elsie D. Page, Division of Foreign
Activities, Bureau of Mines, from records of the Bureau of the Census.
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TABLE 16.—Abrasive materials (natural and artificial) imported for consumption
in the Unitgd States, 1954-56, by kinds

[Bureau of the Census]

1954 1955 1956
Kind

Quantity| Value Quantity| Value Quantity| Value

Burrstones: Bound up into mill-
stones_._______________ short tons.__ [©) $1,066 |- oo @ $480
Hones, oilstones, and whetstones
number-_ 22, 740 222,599 58, 903 2 $31, 523 98, 689 2 39, 508

Corundum (including emery):

Corundum ore short tons.. 1,108 74,072 1,399 96, 762 1,857 83,141
Emery ore_._...__.____.__ do._.. 560 12, 625 840 10, 686 1,960 33,776
QGrains, ground, pulverized, or

refined____________ short tons._ 243 52,643 566 118,163 480 107, 890

Paper and cloth coated with
emery or corundum._reams__| 38,024 2.358,337 | 327,012 319, 565 32,317 2 331, 4256
Wheels, files, and other manu-
factures of emery__short tons.. 10 218,122 34 261,467 48 275,030

Wheels of corundum or silicon
217,318 4 210,640 10 222,312

____________ 28 41,020 ||
2181,766 | 2,771 205,139 | 9,054 | 2332,012

Orushing bort (including all
types of bort suitable for

cluding glaziers’ and en-
gravers’ diamond unset and

miners’).___ carats_. |4, 782, 767 | 27,276, 374 48,449,010 (¢51, 016,224 |7, 344,825 | 2 52, 351, 559
Carbonado and , 370 30, 533 41,175 425, 602 3,648 69, 474
Dust and powder__ 181,418 | . 502,896 | 152,732 435,120 | 238, 750 697,734

Flint, flints, and flin
__short tonsa_ 5,021 116, 321 7,809 2 169, 612 9, 492 2 243,166
_.-short tons._ 492 2 156, 085 886 181, 658 836 222,715

Artlﬁclal abrasive
Cx;ude, not separately provided

or!

Carbides of silicon (carbo-
rundum, ecrystalon, car-
bolon, and electrolon)

short tons__| 38,935 | 4,679,202 67,691 | 7,914,696 | - 72,659 8, 906, 901

Aluminous abrasives, alun- - i
dum, aloxite, exolon, and
lionite _short tons..| 184,177 | 17,603,570 | 151,720 | 14,201,390 | 156,982 | 15,044,908

Other.. ---do-.. 1,002 85,081 | 1,390 109, 288 2,198 205, 006

Manufactures:
Grains, ground, pulverized, re- .
fined, or manufactured
short tons._ 521 115, 749 1, 246 250, 168 1,370 299, 915
‘Wheels, files, and other manu-
faetures, not separately pro-

vided for..._______ short tons.. 5 6,964 3 5,849 17 229,370
Total. R . 272,022,620 (.- ... 2489,794,989 | _______.. 2 99, 940, 729
1 Less than 1 to:

12 l?wi.ugth to changes in tabulating procedures by the Bureau of the Census data known to be not comparable
with other years.

3 Adjusted by Bureau of Mines; Bureau of the Census shows 271,012 reams.

4 Revised figure. .

9, 021, 207 | 20, 711,297 (46,502,397 |414, 630, 408 (8,805,504 | 20,843,228 -
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- Exports.—Exports of abrasive materials from the United States in
1956 rose to a record value of nearly $27 million. Abrasive papers
and cloths, including both natural and artificial abrasives, were 25
percent of "the total value; all types of abrasive grain combmed 23
percent; all types of natural and bonded abrasives combined, 22 per-
cent; natural abrasives not elsewhere classified, 19 percent and man-
ufactured diamond products, 6 percent.

Table 18, showing the reexports of abrasive materials, is included
for the first time. It comprises the exported abrasive materials that
have not changed their form since importation. Various kinds of in-
dustrial diamond constitute virtually all of the reported value. Of
these reexports, Canada received some 80 percent.

TABLE 17.—Abrasive materials eprrted from the United States, 1954-56

[Bureau of the Census]

1954 1955 1956
Kind

Quantity Value Quantity | Value Quantity | Value

Natural abrasives:
Diamond grinding wheels, sticks,

hones and laps-...._.__ carats_. 129,868  $553, 643 180,405|  $850,225 187,438| $948, 007
Diamond dust and powder
carats._ 90, 665 237, 657 215, 787 515, 555 210,841; 616,038
Diamond suitable only for in-
dustrial use-._._._.___ carats__ 9, 758 62, 845 1,168 16, 320 11, 725 97,937
Grindstones. and pulpstones
short tons. . 357 46, 560 452 85,167 430 64, 303
Emery powder, grains, and grits
(natural) 2, 599, 462| 169, 749 2, 800, 285 179,810( 3,869,277] 248,403
Corundum (natur: d 301, 878 49, 701 310, 975 44, 497 496, 357 73, 989
Whetstones, sticks, e
ural) 130, 765 70, 764 211, 134 95,161 125, 580 95, 987
Natural abrasives ! not elsewhere
classified . __._________ pounds..|104, 688, 654| 3, 743, 691|131, 419, 734| 4, 699, 379]142, 196, 239 5, 124, 926
Manufactured abrasives:
Aluminum oxide, fused, crude
and grains____________ pounds.__| 22,631,036 2,776,940 26,390, 434| 8,221,190 24, 815, 955| 3,292, 934
Silicon carbide, fused, crude and
grains____________.___ pounds..| 13,185, 745| 2,188, 640| 14, 141, 545| 2,288, 373| 15, 682, 429| 2, 737, 896
Alumina unfused._..._.__ do.... 387,180 39, 901 235, 866 25,370 67, 403 7,641
Manufactured abrasives, not
elsewhere classified.._pounds. . 34,404 14, 356, 113, 247 37,412 158, 681 45,061
Abrasive pastes, compounds and .
cake . ... ... pounds... 463, 267 136, 331 744,911 170, 608 518,767| 159, 551
Grinding wheels, except dia-
mond wheels.___.____ pounds..| 4,288,194| 3,436,676 4,908,799| 4,018,404| 4,926,902 4,262, 429
Pulpstones of manufactured R
abrasives._._._____._ pounds..| 2,437,279 557,148 2, 670, 963 617,831| 3,374,244| 860,078
Whetstones, etc., of manufac-
tured abraswes _______ pounds. - 405, 861 458, 431 419, 979 539, 141 560,661 714, 606
Abrasive paper and cloth (nat- )
ural abrasives)...______ Teams. - 72,607 1,160,692 69,222 1,185,061 55,814 1,068, 057
Abrasive paper and cloth (arti-
ficial abrasives).._.._.. reams.. 133,225| 4,478,249 151,706 5, 474,299 158, 441| 5, 567,078

Metallic abrasives (except steel
_pounds..| 8,202,157 574,579 11, 413,127 812,390| 11, 547,717| 860, 559

..................................... 220, 756, 553 |- - - -~~~ {224, 876, 193|. . _......._|26, 845, 480

t Includes: Flint, garnet, mpoh rottenstone, natural rouge, polishing rouge, pumice, diatomaceous earth,
infusorial earth, and klesel
2 Revised to include dlamond suitable only for industrial use.
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TABLE 18.—Abrasive matenals reexported from the United States, 1954-56,
by kinds

[Bureau of the Census]

1954 1955 1956
Kind
Quantity| Value | Quantity| Value | Quantity| Value
Natural abrasives:
. Diamond grinding wheels, sticks,
hones, and 1apS._-ooooo-__ carats.. 284 $3,116 711 | $12,495
Diamond dust and powder....do__._| 20,733 58, 556 29,933 3 55,137 | $152,991
Dlamond suitable only for industrial
......................... carats._|1, 182, 858 |6,187, 478 |1,179,752 [6,347, 745 |1,198, 589 | 7, 586,414
Natural abrasives ! not elsewhere | .
classified . _ .. .. pounds-.| 55,900 783 65, 660 1,400 |- ccimoic]acmaeae -
Manufactured abrasives:
&luminum oxide, fused, crude and
rains. .o pounds. . - - 10, 197 13,000
Slheon carbide, fused, crude and
grains________ ... pounds_.| 135,220 12, 959 27,215 8,257 |occicccao|emm e
Alumina, unfused. ... do. 935 403 | -
Grlndmg wheels, except diamond
wheels_. .. _______.._.pounds. | .o |oceeoaaoo 6, 025 6, 002 1,200 856
Abrasive paper and  cloth (natural '
abrasives). ... ___.______ T T (R 30 1,158 oo cameaofemmmmeaae
Abrasive paper and cloth (artiﬁcial
abrasives) ... . _____ (X251 - T R (S 53 1,899
Metallic abrasives (except stecl wool)
pounds. . 23, 243 2,189
Total..__ 6,264,295 |- - -eee-- 6,444,156 |- ooaen- 7,755,450

1 Includes: Flint, garnet, tripoli, rottenstone, natural rouge, polishing rouge, pumice, diatomaceous earth,

infusorial earth, and kieselguhr.
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Aluminum

By R. August Heindl} Arden C. Sullivan,? and Mary E. Trought® 7

4 :

ORLD PRODUCTION of primary aluminum reached an all-

time high in 1956, and aluminum production in the United

States was a record 1.7 million tons, an increase of 7 percent or
113,000 tons over the previous year. Of possibly greater significance
was reversal of the supply-demand picture during 1956. By the
end of the year two producers of primary aluminum had taken pre-
liminary steps toward selling metal to the Government under con-
tracts signed during the aluminum-expansion goal. Stock increases
at the producing plants were another indication of the ample supply
of aluminum. At the end of 1955 stocks were 15,000 tons, but by
end of 1956 they had increased to 102,000 tons.

Despite this apparent surplus of aluminum, the three major and
two prospective producers had large new production facilities under
construction. These facilities were expected to increase the capacity
" for producing primary aluminum (1.78 million tons at the end of
1956) to 2.5 million tons by the end of 1958.

A study prepared by the Aluminum and Magnesium Division,
Business ang Defense Services Administration of the United States
Department of Commerce, which described the primary aluminum
industry and the fabricating facilities from 1900 through 1953, was
published.* This book described the world aluminum industry, with
major emphasis on the United States. It included chapters on
history, structure, economic characteristics, raw-material require-
ments, supply, and consumption.

TABLE 1.—Salient statistics of the aluminum industry, in the United States,
1947-51 (average) and 1952-56

1947-51 1952 1953 1954 1955 1956

(gverage)
- Primary production . .
short tons__ 670, 834 937,330 1,252,013| 1,460,565 1,565,721 1,678 954
Value ..o oo $214, 747, 000|$344, 320, 000|$496, 315, 000|$592, 837, 000|$684, 038, 000|$805, 782, 000

Average ingot price per pound
cents

16.9 19.4 20. 9| . 21.8 23.7 26.0
Secondary recovery X -
short tons. . 269, 730 304, 522 368, 566 1292, 041 1335, 994 1339, 768
Imports (crude and semi-
crude) __.___.__ short tons_._ 147,012 . 150,738 359, 481 243, 750 2 239, 475 264, 975
Exports (crude and semi-
crude).._ ... ____ short tons__ 39, 087 “10, 614 15, 355 50, 096/ 33,834 67,977
World production_____ do_____ 1, 536,000 22,270,000| 22,725,000 23,090,000 23,470,000 3,710,000 .

1 Not strictly comparable with previous year’sdata. The 1954-56 data are recoverable aluminum content;
previous years’ data are recoverable aluminum-alloy content.
2 Revised figure.

1 Assistant chief, Branch of Light Metals.
2 Statistical clerk.
3 Statistical assistant. . .
4 Business and Defense Services Administration, Materials Survey—Aluminum: Washington, D. C.,
1956, 318 pp.
159
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GOYERNMENT REGULATIONS

Late in 1955 the Director of Defense Mobilization announced that
no calls were to be issued for aluminum by the Government for the
- strategic stockpile during the first half of 1956. In February 1956
it was announced that the call for 25,000 tons, issued in September
1955 for delivery to the Government by April 30, 1956, was to be
reduced to 11,000 tons. Subsequently the delivery date was changed
to May 31, 1956. The Government stated in May 1956 that no
deliveries were to be made in the latter half of the year, and in No-
vember it was further stated that no calls were to be made in the
first half of 1957. The deferral was possible, according to the Director
of Defense Mobilization, because the minimum stockpile objective for
aluminum had been met, and purchases toward long-term objectives
are not made in times of strong industrial demand. -

During December Kaiser Aluminum & Chemical Corp. invoked
the “put right”’ provision of its Government supply contract. Under
the contracts, through which the Government encouraged expansion
of the aluminum industry during the Korean War, the companies
have the right to sell to the Government metal that nonintegrated
consumers do not purchase. Most of the rights, will expire during
1958. The quantity that Kaiser asked the Government to purchase—
10,000 tons—was so small that it may have been only a token quan-
tity to determine the procedures to be followed if larger deliveries
should become necessary. However, this action, and the increase in
producers’ stocks, coupled with Reynolds Metals Co.’s advertising
that it had metal for sale (a preliminary step before invoking the
“put” clause), indicated that the supply of primary aluminum at the
end of the year was becoming ample.

Under the Defense Materials system that had been in effect since
July 1953, that portion of the aluminum supply available to the
United States above the quantity set aside for defense and atomic
energy requirements and the national stockpile was free for civilian
consumption without any Government restriction. The total quan-
tity of metal set aside was made up of an “A” allotment for specif-
ically designed military equipment and a “B’’ allotment for aluminum
required by manufacturers of civilian-type items incorporated in
military end items. During 1956 the total of the two allotments, by
quarters, as announced by Business and Defense Services Adminis-
tration were:

Tons Tons
First quarter__.______________ 72, 500 | Third quarter________________ 71, 000
Second quarter__.____________ 75, 000 | Fourth quarter_.______________ 73, 000

DOMESTIC PRODUCTION

PRIMARY

Primary-aluminum production in the United States set a new record
for the fifth consecutive year. The output of nearly 1.7 million tons
was 113,000 tons or 7 percent more than in 1955. Since 1951 pro-
duction has doubled.
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During the year water supplies for generating hydropower were
mostly good. Small production losses occurred early in the year in
- the Tennessee Valley area, and low water in December in the Bonne-
ville area also curtailed production. Most of the Bonneville hydro-
power loss was supplanted by steam-generated power, but at the
end of the year there were indications that the producers in the Pacific
Northwest would have to curtail operations.

TABLE 2.—Production of primary aluminum in the United States, 1952-56, by
quarters,! in short tons

Quarter 1952 1953 1954 1955 1956

226, 377 287,004 349, 069 374,711 419, 052
235, 158 311, 687 366, 330 385, 156- 441, 252
240, 425 329,163 371,789 396, 826 376,346
235, 370 324,159 373,377 409, 028 442, 304

937,330 | 1,252, 013 1,460, 565 | 1,565,721 1, 678, 954

1 Quartérly production adjusted to final annual totals.

More serious production losses occurred in August, when strikes
were called in 8 plants operated by the Aluminum Company of
America and Reynolds Metals Co., representing about 47 percent of
the productive capacity in the United States. Production of primary
metal in August—92,000 tons—represented the lowest monthly
amount since January 1953. On August 9 Alcoa signed a 3-year
pact with the United Steel Workers, involving a 46-cent-per-hour
package, including a 24% cents direct wage increase over the 3-year
period. Reynolds reached a similar agreement August 26. Shutdown
in 5 plants of these companies, representing another 25 percent of
primary capacity, was averted by settlement with the Aluminum
Workers International Union. Labor contracts of the 3 XKaiser
Aluminum & Chemical Corp. reduction plants expired August 31;
but no strike occurred, as a new labor contract was established similar
to those of the other 2 companies. It was estimated that the strikes
resulted in loss of nearly 70,000 tons of aluminum production.

During 1956 the annual productive capacity for primary aluminum
in the United States increased 166,300 short tons from 1,609,200 tons
at the beginning of the year to 1,775,500 at its end. In addition, new
facilities were under construction during 1956 to increase the capacity
an additional 777,000 tons.

The annual production capacity of domestic aluminum industry in
1955 and 1956 and expansions under way at the end of 1956 are shown
in table 3. Expansion of alumina-production facilities to meet the
requirements of the primary-aluminum industry are discussed in the
bauxite chapter of this volume.

The Aluminum Company of America during 1956 brought two
additional potlines into production at its Rockdale Tex., plant. This
addition increased the capacity of the plant 50,000 annual tons to
150,000 tons. Other additions increased Alcoa’s annual capacity at
Point Comfort, Tex., from 95,000 tons to 120,000. By providing more
pots at the Wenatchee and Vancouver, Wash., works the combined
annual capacity was increased 11,000 tons.



162 MINERALS YBARBOOK, 1956

TABLE 3.—Primary-aluminum productioﬂ capacity in the United States

(Short tons per yéar)
. ' : Being built
Company and plant End 0f 1955 | End of 1956 or planned | Total !
in 1956
Aluminum Company 6! America:
Alcoa, Tenn 157,100
Badin, N. C 47,150
Massena, N. Y. 112, 250
Point Comfort, Tex.. 140, 000
Rockdale, T 150, 000
Vancouver, Wash 97, 500
‘Wenatchee, Wash 108;-500
Evansville, Ind__._ 150, 000
Total .. 706,500 | = 792, 500 170, 000 962, 500
Reynolds Metals Co.: .
Arkadelphia, Ark.__-______________________________ 55, 000 55, 000
Jones Mills, Ark___ R 97, 000 109, 000
Listerhill, Ala. (I).... e 50, 000 77, 500
Longview, Wash________________.__________________ 50, 000 60, 500
San Patricio, Tex...._ 80, 000 95, 000
Troutdale, Oreg. .. __.___._______.__________.._____.__ 82, 500 91, 500
Listerhill, Ala. (IT).. . e 112, 500
Total . ol S, 414, 500 488, 500 112, 500 601, 000
Kaiser Aluminum & Chemical Corp.: .
halmette, La._ ... 220, 000 220, 000 27, 500 247, 500
Mead, Wash___ 175, 000 176,000 f____.______. 176, 000
Tacoma, Wash. 33, 38,500 | . .. .__ 38, 500
Ravenswood, W. Va___.______ ||l 220, 000 220, 000
Total . s - 428, 200 434, 500 247, 500 682, 000
Anaconda Aluminum Co.: Columbia Falls, Mont_.____ 60, 000 60,000 |_._.__._____
Harvey Aluminum Co.: The Dalles, Oreg. .. .. ... __| oo |oeeeo . 67, 000 67, 000
Ormet Corp.: Clarington, Ohio_____________________ | . oo ____ 180, 000 180, 000
Grand total.._.____.____.___________ 1,775, 500 777, 000 2, 552, 500

1 Expected to be in production before or during 1958.

In April it was announced that Alcoa planned to construct a new

primary plant near Evansville, Ind., on the Ohio River. The plant

was to cost approximately $80 million, and production was to begin
in the fall of 1957. Initially power from Southern Indiana Gas &
Electric Co. was to be used, but by mid-1958 Alcoa was to have its
own power supply. ‘Coal purchased under contract was to be used
in the new powerplant, to be operated for Alcoa by the power com-
pany. Dock facilities were to be constructed primarily to handle
river shipments of alumina from Mobile, Ala. This new plant would
be Alcoa’s eighth aluminum-reduction plant and the company’s
second plant to depend upon solid fuel for its power supply. Alcoa’s
reduction plant at Rockdale, Tex., utilizing power generated by steam
obtained from burning lignite, was the first to utilize solid fuel
exclusively.

Alcoa also announced in August that construction was to start on
a seventh potline at Point Comfort, Tex., which would increase the
capacity of that plant 20,000 annual tons. Electric power for the
expanded operation was to be developed by radial engines driven by
natural gas.

Reynolds Metals Clo. in 1956 brought into production new facilities
at 5 of its 6 reduction plants. Plants expanded, and the size of the
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expansion in annual tons was: Jones Mills, Ark., 12,000 tons; Lister-
hill, Ala., 27,500 tons; Longview, Wash., 10,500 tons; San Patricio,
~ Tex., 15,000 tons; and Troutdale, Oreg., 9,000 tons. '

In January Reynolds announced that work was to start on construc-
tion of & new primary-aluminum plant near its present plant at Lister-
hill, Ala. The new facility, costing between $75 million and $80
million and having an annual capacity of 100,000 tons, was to use
power supplied by the Tennessee Valley Authority. Initial produc-
tion was scheduled for the end of 1957. Reynolds also had a contract
providing for shipment of an average of 32,000 tons of metal per year
over a 10-year period to a new foundry of the Ford Motor Co. that
was to be constructed adjacent to the Reynolds plant. Most of the
metal was to be shipped molten. Later in the year the capacity of
the new plant was revised to 112,500 tons.

Late in the year the New York State Power Authority voted ap-
proval of a proposed contract allotting 200,000 kilowatts of firm power
from the St. Lawrence Seaway to Reynolds; the contract also required
the approval of Governor Harriman. When the contract was ap-
proved it was expected that Reynolds would construct a new primary
plant with an annual capacity of 100,000 tons. v

In October Reynolds picked up its option on a 4,000-acre tract in
Wyoming, with a view to possible construction of an aluminum-
reduction plant in the area. The 4,000-acre tract covered a large
seam of subbituminous coal, which would be satisfactory for power
generation.

During 1956, Kaiser Aluminum & Chemical Corp., through the
addition of new cells, increased the capacity of its Mead, %Vash.,
plant 1,000 annual tons. Addition of a new potline to its Tacoma,
Wash., plant increased capacity by 5,300 tons to 38,500 tons per year.

Kaiser announced that its Chalmette, La., plant was to have its
capacity increased 27,500 tons to 247,500 tons, through addition of a
ninth potline. Electric power for the new line was to be provided by
Chalmette’s existing generating facility, which used natural gas,
supplemented by purchased power as required.

onstruction of the first stage of Kaiser’s Ravenswood, W. Va.,
reduction plant, announced in 1955, was well under way by the end
of 1956. The first potline was to be in operation late in 1957. Three
more potlines, which would bring the capacity to 125,000 tons a year,
would follow soon. Construction of 3 additional potlines, which
would bring the total plant capacity to 220,000 tons, depended upon
market conditions.

The 1956 production of the Anaconda Aluminum Co. Columbia
Falls, Mont., plant slightly exceeded its rated annual capacity of
60,000 tons. Production in 1955 was less than 15,000 tons, as the
first metal was not tapped until late in the year. Anaconda also re-
ported that, upon expiration of its contract for obtaining alumina
from Reynolds, the material would be purchased from Kaiser under
a long-term contract.

Olin Revere Metals Corp. was constructing a 180,000-ton-annual-
capacity primary-production plant near Clarington, Ohio, on the
Ohio River. At the beginning of the year the Olin Mathieson Chemi-
cal Corp. had announced plans to construct a 60,000-ton plant. How-
ever, when this company joined with Revere Copper & Brass, Inc.,
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to form Olin Revere Metals Corp. the plans were revised upward.
Olin was to receive 120,000 tons of the 180,000 tons of production,
with the remaining 60,000 tons going to Revere. Capacity produc-
tion was expected late in 1958, with some production before that time.
The new plant was to use coal-generated power, to be supplied by two
225,000-kilowatt generating units owned by Ormet in a new power
plant at Cresap, W. Va. A third 225,000-kilowatt unit will be owned
by Ohio Power Co. All three units were to be operated by Ohio
Power Co., a subsidiary of American Gas & Electric Co.

Harvey Machine Co. in mid-1956, announced that arrangements
had been completed for funds to construct its proposed reduction
plant at The Dalles, Oreg. The initial annual capacity of the plant
‘was to be 54,000 tons, with first production scheduled for late 1957.
This capacity was to be increased 13,000 tons in 1958, and the long-
term program called for a second reduction plant of 67,000 tons annual
capacity during 1960 to 1963. Harvey also announced that contracts
had been signed with two Japanese aluminum companies for the
necessary alumina.

- Plans for constructing a primary-aluminum plant in Pennsylvania—
a joint effort of St. Joseph Lead Co. and Pittsburgh Consolidation
Coal Co.—announced in 1955, were dropped in 1956. It was stated
that failure of the company to obtain a rapid tax-amortization allow-
ance was the reason for dropping the plan. :

In addition to expansion of primary facilities the three major
producers were constructing additional fabricating works. Aloca had
under way expansion of its sheet- and plate-rolling facilities at Daven-
port, Iowa, and Alcoa, Tenn., and at three locations new equipment
was being installed for producing foil. A third mill for producing
welded tube was added at Alcoa, Tenn. Capacity for producing
extrusions was being increased through addition of presses at Cressona,
Pa.; Vernon, Calif.; and Lafayette, Ind. A new die-casting plant
was to be constructed at Edison, N. J., which would absorb all opera-~
tions of the existing Garwood, N. J., plant. New and larger die-
casting machines were being added at the Chicago works. The sand-
foundry operation at Cleveland, Ohio, was being enlarged.

By the end of the year Kaiser had nearly completed constructing
a plant at Ravenswood, W. Va., to provide cold-rolling facilities for
light-gage sheet and foil. Construction was also well along on addi-
tion of a hot-rolling mill and additional cold-rolling equipment at the
same plant. At Kaiser’s Trentwood, Wash., rolling mill the stretch-
ing force of the heavy plate stretcher was increased from 5 million
to 10 million pounds, and new plate facilities were installed. Equip-
ment to provide greater capacity and variety of sizes of roll-form tub-
ing was completed during the year. Kaiser purchased from the
General Services Administration (GSA) the forging plant at Erie, Pa.,
and installed a 750-ton and a 1,500-ton hydraulic forging press to
increase capacity. At the time of the purchase it was announced
that 8,000-, 5,000-, and 3,000-ton presses were to be installed. At
the Newark, Ohio, rod, bar, and wire plant three new wire machines
were being placed. Upon completion of the additions in 1957 the
plant was to have an annual capacity of 172,000 tons (including billet).
Extrusion facilities at the Halethorpe, Md., light-extrusions-press
plant were being increased by three 2,750-ton presses and one 3,500-
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ton press._ At the heavy-press plant at Halethorpe the second of two
8,000-ton hydraulic extrusion presses, operated under contract for the
Air Force, was completely installed.

“Reynolds added plate-stretching equipment having 8,000 tons
capacity at its McCook, IlL., sheet plant. A new extrusion plant was
being constructed at Richmond, Va. Upon completion of expansions
under way at these and other facilities, Reynolds was to have the
following approximate fabricating capacity, in annual tons: Sheet
and plate, 385,000; foil and foil products, 58,500; extrusions, 56,500;
wire, rod, and bar, 30,000; cable, 25,000; powder and paste, 9,000;
and welded tubing, 6,000.

As a result of hearings before Subcommittee 3 on Minerals and
Raw Materials to the Select Committee on Small Business, Chairman
Sidney R. Yates, in his report, recommended that nonintegrated users
of aluminum form a cooperative buying corporation under terms of
the Small Business Administration Legislation. Congressman Yates
felt that such an organization would permit nonintegrated users to
compete more fairly with large users, who can make long-term con-
tracts with primary producers.® During the year the Aluminum
Procurement Corp. was organized by the aluminum-extruding indus-
try to study, with the primary producers, the availability and distri-
bution of primary metal.

Tn January 1951 an antitrust suit against Alcoa was ended when the
court reserved jurisdiction over the case for the next 5 years. This
5-year period ended in January 1956, when the United States Depart-
ment of Justice filed a petition requesting that the case be continued
an additional 5 years. At the end of 1956 the court had not reached
a decision.

. SECONDARY

Domestic recovery of secondary aluminum from new and old scrap
totaled 340,000 short tons in 1956. Recovery from new scrap in-
creased 3 percent to 268,000 tons, and recovery from old scrap de-
creased 6 percent to 72,000 tons. Secondary aluminum was recovered
from the 439,000 tons of aluminum scrap consumed in the United
States (337,000 tons of new scrap and 102,000 tons of old scrap) and
also from the aluminum contained in copper-, zinc-, and magnesium-
base alloys produced from scrap. Used or discarded items that had
been remelted were classified as old scrap; waste generated in fabri-
cation or as rejected products was new scrap. Scrap was imported in
both pig and unmelted forms. An estimated 90-percent recovery
factor was applied to the scrap imports to compensate for duplication
and losses incident to remelting. .

Recovery was calculated from reports the Bureau of Mines on
consumption of purchased and toll-treated scrap, excluding all home
scrap (scrap produced and consumed at the same plant). Aluminum-

_scrap consumption was reported by the nonintegrated secondary
smelters, primary producers, foundries, fabricators, chemical pro-
ducers, and other miscellaneous consumers. Secondary-aluminum
recovery was approximately the same as in 1955. Scrap imports

s Subcommittee 3 on Minerals and Raw Materials to_the Select Committee on Small Business,
Report: House of Representatives, 84th Cong. 2d sess., Washington, D. C., 1956, 150 pp.
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were 26,000 tons compared with 41,000 tons in 1955, and exports in
1956 were 19,000 tons compared with 18,000 tons in 1955.
- For details on secondary aluminum see the chapter in this volume

~ on Secondary Metals—Nonferrous.

I
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Fieure 1.—United States production and imports of primary- and secondary-
aluminum pig and ingot, 1940-56.

CONSUMPTION AND USES

For the seventh consecutive year the apparent consumption of
primary aluminum increased and in 1956 totaled 1,782,000 tons—
approximately 27,000 tons more than in 1955. The consumption
figure includes aluminum destined for the national steckpile.

The new supply of aluminum was calculated as the sum of domestic
primary production, secondary recovery from both old and new
purchased and toll-treated scrap, imporfs of pig and ingot, and the
ingot equivalent of imported scrap. Exports of crude forms of
aluminum were considered as a type of consumption. In 1956 pri-
mary production was 1,679,000, secondary recovery 340,000, and
imports of crude and scrap 240,000 tons to give a total new supply of
2,259,000 toms. This represented an increase of 143,000 tons (7
percent) over 1955.

A survey of the percentage of shipments of fabricated aluminum
products by end uses indicated only minor changes in the pattern
between the last 6 months of 1955 and the first 6 months of 1956.°

¢ American Metal Market, Aluminum End Use: Vol. 63, No. 206, Oct. 26, 1956, p. 9.
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TABLE 4.—Apparent consumj)tion of primary aluminum and ingot equivalent of
sialcondary aluminum in the United States, 1947-51 (average) and 1952-56, in
short tons ) ' s

Primary Secondary
Year Domestic recovery
Sold or Imports Apparent : Imports
used by | (net) 12 consump- (net) 3
producers tion 2 From old | From new
serap scrap
672,154 65, 600 737,754 91, 408 178,322 38,093
938, 181 134,153 | 1,072,334 71,264 233, 258 5,374
1,219, 968 322,086 | 1,542,054 78,940 | . 289,626 19, 836
1, 478, 740 218,147 | 1,696,887 4 59,989 4232,052 —22,044
1,571, 845 183,080 | 1,754,925 476,372 4259, 622 520, 305
1, 591, 478 190,335 | 1,781,813 471,613 4268, 095 5,997

1 Crude and semifabricated, excluding scrap. May include some secondary.

2 Figures include mill shapes. ) )

3 Ingot equivalent of net imports (wt.X0.9). Imports are largely serap pig. Some duplication of second-
ary alaminum occurs because of small amount of loose scrap imported, which is included as secondary
recovery from old scrap. ’

4 Not strictly comparable with previcus years’ data. The 1954-56 data are recoverable aluminum content;
previous years’ data are recoverable aluminum-alloy content.

& Revised figure.

TABLE 5.—Sources of aluminum supply—crude and scrap,! 1947-51 (average)
and 1952-56, in short tons

Recovery from scrap

Year Primary Imports 2 Total Exports 2
production . supply !
old New
670, 834 91, 408 178,322 133,855 | 1,074,419 5,204
937,330 71,264 233,258 134, 531 1,376, 383 2,312
1,252,013 78,940 289, 626 324,888 | 1,945,467 6, 499
1, 460, 565 3 59,989 8 232,052 228, 611 1,981,217 39, 448
1, 565, 721 . 376,372 | 8259, 622 4214,418 | 42,116,133 22, 430
1, 678, 954 371,673 8 268, 095 239,794 | 2,258,516 | ° 51,959

1 Ingot equivalent of scrap. .

2 Crude metal (ingot, pig, slabs, etc.) plus ingot equivalent (wt.X0.9) of scrap. . .

3 Not strictly comparable with previous years’ data. The 1954-56 data are recoverable aluminum content;
previous years’ data are recoverable aluminum-alloy content.

4 Revised figure.

The survey showed that 19 percent of the wrought products went
into building materials, 17 percent into transportation equipment, and
13 percent to consumer durable goods. Other major consuming
categories were: Electrical, 8 percent; machinery and equipment,
except electrical, 6 percent; and packaging and containers, 4 percent.
Shipments for conversion into primary wrought products and ship-
ments to distributors and jobbers consumed an additional 26 percent.
Shipments of sand castings to transportation—motor vehicles (except
military) decreased from 27 percent of the total shipments of sand
castings in the last half of 1955 to 18 percent of the total in the first
half of 1956. Other major shipments of sand castings were: Industrial
and commercial machines, equipment and tools, 27 percent, up from
23 percent; transportation—miscellaneous (except military), 15 per-
cent; and national defense, 20 percent. By far the largest proportion
(68 percent) of the shipments of permanent mold castings went to
transportation—motor vehicles (except military). Shipments for
home appliances, furnishings, and equipment accounted for an addi-
tional 13 percent.
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The data in table 6 present shipments of wrought products and
castings, which increased slightly to 1,840,000 tons in 1956. Com-
pared with 1955, shipments of rolled structural shapes increased 14
percent, forgings 8 percent, and die castings 6 percent. Shipments of
permanent mold castings decreased 26,000 tons or 18 percent. The
following distribution for wrought products also was obtained from
figures published by the Bureau of the Census:

Plate, sheet and strip: zyﬁfmmf
Non-heat-treatable__ _ . _________________________________ 37
Heat-treatable_ . ______._________________________________ 10.
Foil . 7.

Rolled structural shapes:

Rod, bar, ete____.__________________________ 3.
Wire, bare (nonconduetor) . _____________________________ 2.
5
1

©

51

1

Cable, bare (including steel-reinforced) .. ______-___________

Wire and cable, covered or insulated. .. ___________________

Bare wire conduetor_ _ - _________________________________
Extruded shapes:

Soft alloys_ - i 22.

Hard alloys_ - - 1.
Tubing: '

Drawn, soft and hard alloys__ . _________________________ 2.

Welded, non-heat-treatable !_____________________________
Powder, flake, and paste:

Atomized__________________________ e e le el
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Total e 100. 0 100. 0

1 Includes small amount of heat-treatablelwelded tube.

TABLE 6.—Net shipments ! of aluminum wrought and cast products by producers,
1952-56, in short tons

[Bureau of the Census]

1952 1953 1954 1955 1956
‘Wrought products:
Plate, sheet, and strip-.__..___________ 542, 849 684, 083 582, 538 771, 362 784,059 -
Rolled structural shapes, rod, bar, and
WIAP® o o oo oL 221,773 211, 023 180, 641 183,976 210, 600
Extruded shapes, tube bloom, and
tubi 173,771 225, 961 256, 650 387, 546 396, 202
23, 982 22, 366 23, 452 17, 840 14,210
................. 35,172 37,833
Total.. 962,375 | 1,143,433 | 1,043,281 | 1,395,896 1, 442, 904
97, 308 107,277 78,277 82, 741 85, 890
73, 442 100, 012 107, 204 149,174 122,711
84, 866 119, 665 122, 645 177, 602 188,115
3,874 2,057 3,401 ® ®
Total.. 259, 490 329, 011 311, 527 3 410, 390 397, 291
Grand total ... ... ___________ 1,221,865 | 1,472,444 | 1,354,808 |3 1,806,286 1, 840,195

! Net shipments consist of total shipments less shipments to other metal mills for further fabrication.

2 Withheld because the estimates did not meet publication standards of the Bureau of the Census because
of the associated standard error.

8 Revised figure.
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Probably because of the size of the potential market considerable
interest was shown in the increasing use of aluminuin in automobiles.
Data gathered by the Aluminum Company of America in its annual
survey of the automotive industry showed that the 1955 models used
an average of 29.6 pounds of aluminum per car and that the 1956 cars
used 34.6 pounds per car. On this basis the total consumption of
aluminum by the industry was nearly 100,000 tons. The major
application, which accounted for nearly 50 percent of consumption in
automobiles, was in automatic transmissions. Thirty percent was
used in the engine and an additional 7 percent was used in body trim
Results of surveys showing consumption by make and model and
applications were published.? '

- The first railroad gondola cars built in the United States of all-
welded aluminum bodies were to be used by Kaiser Aluminum &
Chemical Corp. in its mining operations on Jamaica.® It was reported
that the new cars will transport 84 tons of bauxite per trip compared
with 70 tons for the conventional car. The Canadian National Rail-
way, as part of its 1956 building program, ordered 2,000 railroad box-
cars equipped with aluminum-alloy roofs. This order followed de-
livery of 1,750 similar cars ordered in 1955, which had the first struc-
tural aluminum roofs ever to go into railroad service in quantity.
The factors influencing the railroad in its decision were the light weight
of aluminum and its corrosion resistance.® ‘

Increasing quantities of aluminum were used in constructing boats.
Although the tonnage used represented a small part of the total ship-
ments of aluminum, the growth of the industry had been rapid. At
1 exhibit of more than 600 boats, 33 percent were constructed entirely
or mainly of aluminum. This represented a 2-percent increase above
the previous year. Boats constructed of wood, sheet plywood, or
molded plywood accounted for 46 percent of the total.l® It was
estimated that 8,000 tons of aluminum would be required in manu-
facturing light pleasure craft and that an additional 11,000 to 15,000
tons would be required in manufacturing outboard motors in 1957.
Quantities of aluminum also were used in larger vessels. The S. S.
United States contained over 2,000 tons of aluminum, and the aircraft
carrier Forrestal over 1,000 tons of the metal.

A number of articles discussing the future markets for aluminum
were published.! Most of the increase in aluminum consumption
described in these articles was expected to be in expanding present
uses. Such items as building and construction, highway construction,
automotive, railroad, marine and aircraft uses, consumer durables,
packaging, use of porcelain-enameled aluminum, and furniture and

7 Conlee, R. E., Still More Aluminum Used in Cars for 1956: Automotive Ind., vol. 114, No. 2, Jan. 15,
1956, pp. 4849, 106, 111-112. N - R

Light Metal Age, Autos in ’57—10 Percent More Aluminum: Vol. 15, Nos. 1 and 2, February 1957, pp.
16-18.

8 American Metal Market, Aluminum Ore Cars Estimated as Increasing Payloads by 14 Tons: Vol. 63,
No. 112, June 13, 1956, p. 9.

9 American Metal Market, Aluminum Boxcar Roofs: Vol. 63, No. 61, Mar. 30, 1956, p. 15.

10 American Metal Market, Aluminum Use in Boat Construction Seen as Firmly on the Uptrend: Vol.
63, No. 31, Feb. 16, 1956, p. 9. Aluminum Industry Expects Increased Use in Water-Craft Manufacture:
Vol. 64, No. 38, Feb. 26, 1957, p. 10.

11'Boyd, Ray G., The Next Ten Years for the Aluminum Extrusion Industry: Light Metal Age, vol. 14,
Nos. 11 and 12, December 1956, pp. 26-28.

Smith, Harry L., Jr., Future Markets for Aluminum: Light Metal Age, vol. 14, Nos. 11 and 12, December
1956, pp. 28-29.

Per. 8 s, George, Moving Along with Aluminum: Light Metal Age, vol. 14, Nos. 11 and 12, December
1956, pp. 30-31.
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electrical uses were all expected to require increasing quantities of

aluminum.
STOCKS

On December 31, 1956, inventories of primary aluminum held at
reduction plants reached an alltime high of 102,000 short tons. The
previous high was 78,054 tons on July'31, 1947. The substantial
year-end stocks resulted from increased production, suspension of
deliveries to the national stockpile, and an improved balance between
supply and demand. On January 1, 1956, stocks totaled 15,000 tons
when demand still exceeded supply. By May 31 they had dwindled
to 12,000 tons, the low point of the year. During the next 7 months
producers continued to build up their inventories, and by the end of
the year they were 7 times the quantity held on January 1. Based on
the December rate of production the year-end stocks were equivalent
to 21 days’ output. In addition to the pig-aluminum stocks reported,
reduction plants also had inventories of ingot and aluminum in process.

Inventories of secondary-aluminum pig and ingot at secondary
smelters increased gradually throughout 1956 until 20,000 tons was
- stocked on December 31. The 1956 closing stocks were 7,000 tons
(54 percent) above the 1955 year-end stocks and represented 27 days’
production. Consumers’ stocks of aluminum-base scrap increased
20 percent from 20,000 tons to 25,000 during 1956. '

TABLE 7.—Stocks of primary aluminum at reduction plants in the United States,
: 1952-56, by quarters, in short tons :

Quarter ended— 1952 1953 195 | 1956 1956
Mar. 31 . 1171 15,257 63,246 11,970 19,240
June 80,1 T 13,753 17810 | ° 66,555 12,630 17,309
Sept. 30 T 12,495 26, 991 46, 611 9808 | 47,179
Dec. 31 : 7,274 39,319 21,144 15,020 102, 496

On January 1, 1956, the price of aluminum pig, 99 percent pure,
was 22.5 cents per pound and that of aluminum ingot, 99 plus percent
pure, was 24.4 cents per pound. In March there was a price increase
of 1.5 cents per pound on both aluminum pig and ingot. One primary
producer cited the rising costs, particularly of the industry’s expansion
program, and increased freight rates as reasons for the advance in
price. Following the new wage contract negotiated in August 1
producer announced a second increase of 1 cent per pound on pig and
1.2 cents per pound on ingot effective August 10; within a few days
the 2 other major producers followed suit. The new base price, f. 0. b.
shipping point, was 25 cents per pound for standard 99-percent
aluminum pig and 27.1 cents per pound for standard 99-percent-plus
sluminum ingot.

The combined average price of copper-silicon alloys 108 and 380
(AXS-679), as secondary ingot, was 27.01 cents per pound as com-
piled from quotations published daily in the American Metal Market.
The average price in 1956 was 1.72 cents per pound below the 1955
average but 6.4 cents above the average for 1954. In March and
during the summer months the price of alloy ingot rose, probably
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TABLE 8.—Prices of aluminum, other selected metals, and the Bureau of Labor
Statistics, wholesale price index, 1936-56 !

Aluminum,| Copper | Composite |Zinc, Prime| Wholesale
primary |electrolytic,| finished Western, price
ingot New York steel East index
Year : (cents per | (cents per | (cents per | St. Louis | (1947-49=
. ‘| pound) pound) pound) (cents per 100)
. pound)
193640 (average)-_- - 19.85 11.08 2. 66 5.50 52.2
1941-45 (average) --. - 15. 30 11.87 2.67 8.10 64.9
1946-50 (averageg - - 16.09 19. 62 3.79 11,77 96.4
) %gg(l}-fﬁ (average) ... ___________._ 20.96 28.97 5.12 13.61 115
First quarter ... __________________ 24.46 | - 44.21 5.81 13.48 112.4
Secpn quarter. 25.90 45.87 5.82 13. 50 114.1
Third quarter-.._._.___________________ 26. 57 40. 44 6.10 13. 50 114.7
Fourth quarter. 27.10 36. 96 6.27 13.50 115.9
A(5) ¢ 1 P 26.01 41.88 6.00 13.49 114.3
Increase from 1936-40 average to 1956 '
average—pereent ... . ______________ 31.0 278.0 125.6 145.3 119.0

1 Source: Metal Statistics, 1957 (American Metal Market).

because of advances in the price of primary aluminum. The Amer-
ican Metal Market listed the following closing market prices for
December 31, 1956: Alloy 195, 25.50 to 26.50 cents per pound; Nos.
12, 108, 380, and 319, 23.50 to 24.00 cents per pound.

Scrap-aluminum prices also increased in March and during the
summer months; a slight increase also occurred in November, Dealers’
buying prices for new aluminum clips averaged 16.99 cents per pound
in 1956 compared with 17.93 cents in 1955. The monthly averages
ranged from a high of 20.50 cents in January to a low of 14.85 cents
in November. . Cast-aluminum-scrap prices aversged 13.99 cents
per pound—1.35 cents below the 1955 average. The first-quarter
monthly averages of 17.00 cents per pound represented the high
point and the June average of 11.44 cents the low point. This was
the first time the average price of new clippings and cast scrap have
shown a decline since 1952. The closing market prices for scrap on
December 31, 1956, according to the American Metal Market, were:
28, 38, 518, and 52S aluminum clips, 18.00 to 19.00 cents per pound;
75S clips, 15.25 to 16.00 cents per pound; and aluminum borings and
turnings, 16.00 to 17.00 cents per pound.

FOREIGN TRADE **

Imports.—As a result of tariff negotiations during 1956 under the
General Agreement on Tariffs and Trade the duty on crude aluminum
was to be reduced by 3 approximately equal increments during the
next 3 years from the rate of 1.50 cents per pound in effect during
the first half of 1956 to 1.25 cents per pound. The first reduction,
effective in July 1956, reduced the tariff to 1.40 cents per pound.

Suspension of the 1%-cent-per-pound duty on scrap was continued
in 1956.

Aluminum imported for consumption in 1956 totaled 265,000 short
tons—an 1l-percent increase over the 1955 imports. HEighty-two
percent of the total was crude metal and alloys; 8 percent plates,

13 Figures on imports and exports compiled by Mae B. Price and Elsie D. Page, Division of Foreign
Activities, Bureau of Mines, from records of the Bureau of the Census.
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sheets, and bars; and 10 percent scrap. Crude and semifabricated
imports increased 22 and 8 percent, respectively, from the previous
year. Shipments of pig and ingot from Canada increased 17 percent,
and those from Norway were almost 4 times the. corresponding 1955
shipments. However, imports from West Germany dropped from
900 tons to 7 tons in 1956.- Canada supplied 92 percent of the crude
imports, Norway 7 percent, and 8 European countries the remainder.
Twenty-seven percent of the semifabricated shapes was received from
Belgium-Luxembourg, 20 percent from United Kingdom, 14 percent
from Canada, and the remainder from Japan and from various
European countries. Aluminum-base-scrap imports decreased 36
percent from 1955. Although Canada continued to be the major
supplier of scrap providing 74 percent in 1956, the shipments received
from that country were 34 percent less than in 1955. The quantity
of scrap imported from France decreased from 5,000 tons in 1955
to 900 in 1956; as a result, the United Kingdom became the second
largest supplier. The average values of aluminum imported in the
United States in 1956 were 23.1 cents per pound for crude, 36.5
cents for semifabricated, and 20.7 cents for scrap.

TABLE 9.—Aluminum imported for consumption in the United States, 1954-56,
by classes

[Bureau of the Census]

hd 1954 1955 1956
Class

Short Value Short Value Short Value
tons tons tons

Crude and semicrude:

Metal and alloys, crude:....____. 215,250 (1$83, 573,141 | 177,652 | 1$74, 694,865 216,401 ($100, 136, 584
14,674,654 | 240,851 | 1216,393,332 | 25,992 | 110, 769, 830
18,042,188 | 20,972 113,972,690 | 22,582 | 116,479,851

196, 289, 983 (2239, 475 | 12105, 060, 887 264,975 |1127, 386, 265

Manufactures:
Foil less than 0.006 inch thick.__. 918 | 11,671,880 1,758 12,063,111 | 1,653 | 12,608,869
Folding rules. ... ______ | | _____ ® 31 ® 1636
Leaf (51 by 5% inches).._.._____ O] 112,315 O] 7,972 O] 18,171
Powder and powdered foil (alu-
minum bronze).._.___.._.______ 11 13,578 25 28,329 81 79, 836
Table, kitchen, hospital utensils,
@b i 1,716 | 12,908,513 2,720 14,266,911 | 2,431 | !3,969,914
Other manufactures... O] 12,617,119 (O] 11,239,292 ®) 12,139,104
Total oo ®) 17,223,405 ®) 18, 505, 646 ®) 18, 806, 530
Grand total..__._.________.____ () 1108, 513, 388 O] 12113, 566, 533 () [1136,192,795

1 Owing to changes in tabulating procedures by the Bureau of the Census data known to be not comparable
with years before 1954.

2 Revised figure.

3 Number: 1955, 100; 1956, 1,200; equivalent weight not recorded.

4 Leaves: 1954, 3,748,428; 1955, 2,466,054; 1956, 3,030,097. -

$ Quantity not recorded.

Exports.—United States exports of crude and semicrude aluminum
in 1956 were 68,000 short tons—double the quantity exported in 1955.
Exports of pig and ingot have increased every year since 1951, and in
1956 they were approximately 6 times those of 1955. The United
Kingdom received 30 percent of the crude metal and Argentina 23
percent; Mexico and Italy each received 10 percent. The aluminum
exported as plates, sheets, bars, castings, forgings, and semifabricated
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TABLE 10.—Aluminum imported for consumption in the United States, 1955-56,
by classes and countries, in short tons

[Bureau of the Census]

1955 1956
_ Country Metal Plates, Metal Plates,
and alloys, |- sheets, Scrap and alloys, sheets, Scrap
crude bars, etc. crude bars, ete.
North America:
Canada. 171, 519 5,802 29, 477 199, 919 3,149 19, 350
Other North America.._..| o ooooao |l ooo_. b2 ORI I 165
Total o] 171, 519 5,802 29, 513 199, 919 3,149 19, 515
South America. 33
Europe:
Austria. .. 110 19 56 220 12 58
Belgium-Luxembourg...._| . _______ 5,141 696 13 6,184 168
Denmark____.._.... 2 201 53
France.... 897
German; 314
Ttaly. ... (O]
Netherlan 1,889
Norway.__. 116
Sweden 229
Switzerland_...._..___.___ 46
United Kingdom.__.______ 27 3,251 1,327 133 4, 462 2,017
Yugoslavia_ .|| emccce e 441 15 |
Other Europe. Li1: 3 P 284
Total. oo 5,968 12, 860 10, 823 16, 482 17,637 6,071
Asia:
India - -
Indomesia. - o oeoeooocoo|cmmcmm oo - 61
Japan 2 2,229 85 [ccommmeeeee 1,796 |-coooeeeae
Southern and Southeast-
ern Asia, n. e. c. - - 110 : . 68
Taiwan_ ... 163 -l
Total oo 165 2,229 162
Africa - 131
Oceania_ o] 81 80

Grand total: Short tons. 177, 652 20, 972 2 40, 851 216, 401 22, 582 25, 992
Value..... 3 $74,604,865 |3 $13,972,690 |2 3 $16,393,332 |$100,136,584 |2 $16,479,851 |3 $10,769, 830

1 Less than 1 ton.
2 Revised figure.
3 Owing to changes in tabulating procedures by the Bureau of the Census data known to be not compar-

able with years before 1954.

shapes increased 47 percent, and Canada, Cuba, and Venezuela were
the chief purchasers, as in previous years: Aluminum-base-scrap
exports increased 6 percent. West Germany received 8,000 tons
(41 percent of the total) compared with 14,000 tons in 1955. Italy
purchased 6,000 tons (30 percent), which was more than twice the
1955 quantity. Japan and Canada were the next largest buyers and
received 16 and 6 percent, respectively. The averge values of alumi-
num exports increased in 1956 and were as follows: 27.6 cents per
pound for crude, 58.8 cents for semifabricated, and 21 cents for scrap.

During 1956 the Bureau of Foreign Commerce set the following
export quotas on aluminum scrap:

Tons Tons
First quarter..________._______ 6, 000 | Third quarter_.________________ 4, 000
Second quarter..____________.. 4,000 | Fourth quarter..- . ___________ 4, 000

Near the end of the year it was announced that the export quota
for the first quarter of 1957 for aluminum scrap would be 5,000 tons.
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TABLE 11.—Aluminum exported from the United States, 1954-56, by classes

- g [Bureau of the Census]

1954 1955 1956
Class
Short Value Short Value Short Value
tons tons tons |
Crude and semicrude: -
Ingots, slabs, and crude_._____________ 4,044 | $1,691,050 | 5,960 | $2,773,040 | 34,563 | $19,078, 286
Berap- ool - 12,984,970 | 18,290 | 6,501,382 | 19.329 8,127,293
Plates, sheets, bars, ete.___ 3 4,803,109 | 8,009 | 7,518,319 | 12,493 | 13,092, 89
Castings and forgings.__.____ - 1,795,482 | 1,139 | 2,424,571 |. 1,247 , 093, 90
Semifabricated forms, n.e.c.__.._.___ 87,200 427 474,395 345 376,943 -
Total . . 50,096 | 21,361,820 | 33,834 | 19,691,707 | 67,977 | 43,769, 322
Manufactures:
Foilandleaf __ . _____._____ 237 432, 444 543 957, 653 425 675, 985

Powders and pastes (aluminum and
aluminum bronze) (aluminum con-

1) O S [, 403 | 456,052 297 314,814 351 419,373

ten
Cooking, kitchen, and hospital uten-

L 1 2,448,110 | 1,422 | 2,847,748 | 1,222 2, 863, 168
Sash sections, frames (door and win-
dOW) oo 551, 836 570 | 1,034,373 760 1, 531, 357
Venetian blinds and parts. 1,029,397 | 2,390 | 2,151,654 | 2,875 2, 830, 531
‘Wire and cable 1,359.388 | 6,581 | 3,700,399 | 3,288 2, 543, 250
Construction materials, n. 3,751,050 | 3.058 | 5,301,981 | 3,644 6, 511, 631
Other manufactures. O] 108, 286 o 229, 444 1) )
Total - s 10, 136, 563 ® 16, 538, 068 ®) 17, 580, 213
Grand total. ... ... ____.________ 2 |31,498,383 | (2 |36,22,773| (® 61, 349, 535
1 Weight not recorded.
2 Quantity not recorded. )

In 1956 all commercial production of aluminum was by the electro-
lytic reduction of pure alumina. The industry’s trend toward increas-
ing the size of the reduction cells was continued when Kaiser announced
that, by the addition of eighteen 100,000-ampere vertical stud Soder-
berg reduction cells at its Tacoma, Wash., plant the annual capacity
was increased 5,000 tons. The new cells were twice the size of those
already in the plant and used only 7.5 kw.-hr. per pound of metal
produced as compared with 8.5 kw.-hr. per pound required by the

older cells.

The water requirements of the aluminum-reduction industry,
exclusive of that used in power generation, in 1952 averaged 105
million gallons daily.’* This indicated that the production of 1
pound of aluminum required approximately 20 gallons of water.
Approximately 75 percent of the total water was used by the sprays
in the gas scrubbers. Cooling rectifiers and transformers accounted
for 13 percent of the consumption, and 8 percent was used for sanitary
facilities. It was stated that the requirements varied widely between
plants, depending upon the availability and cost of water. Surface
water composed 63 percent, ground water 34 percent, and brackish

water 3 percent of the total consumption.

The American Gilsonite Co. announced that a plant to process
Utah gilsonite into high-octane gasoline and high-purity electrolytic

13 Conklin, H. L., Water Requirements of the Aluminum Industry: Geol. Survey Water Supply Paper

1330-C, 1956, 36 p.
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TABLE 12.—Aluminum exported from the United States, 1955-56, by classes
and countries, in short tons '

[Bureau of the Census]

1955 1956

Country )
Ingots, Plates, Ingots,
slabs, sheets, Serap slabs, and sheets, Scrap
and crude | bars, ete.! - crude bars, ete.!

4,723 193 1,422 7,428 1,235
993 60 4

5, 969 9, 575 18, 290, 34, 563 14, 085 19, 329
$2, 773,040 [$10, 417, 285 ($6, 501, 382 |$19, 078, 286 |$16, 563, 743 |$8, 127, 293

1 Includes plates, sheets, bars, rods, extrusions, castings, forgings, and unclassified “semifabricated forms.”

coke for the aluminum industry would be completed in 1957 at
Grand Junction, Colo.™*

At the Third International Light Metal Congress in Leoben,
Austria, in 1956, papers on several aspects of the aluminum industry
were presented. These papers, which were abstracted in English,’
covered aluminum in the economy of the major producing countries,
electrolysis, superpurity aluminum, the subhalide process, foundry
practice, secondary aluminum, surface treatment, powder metallurgy,
and the use of aluminum in architecture, transportation, packaging,

~and electrical applications. :

14 American Metal Market, Gilsonite Plant to Convert H-C Mineral to Electro Coke for Aluminum
Industry: Vol. 63, No. 133, July 13, 1956, pp. 1, 9. \

15 Light Metals, The Third International Light Metal Congress—Leoben, 1956: Vol. 19, No. 220, July
1956, pp. 215-224.
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New alloys publicized in 1956 included casting alloy F132, an-
nounced by the Aluminum Company of America as a replacement of
‘alloy D132. The new alloy was to be used in automotive pistons and
had the same properties-as the alloy it replaced. However, since it
. required less nickel than the older alloy, its availability would be
relatively unaffected by shortages of the critical metal.’® Iron-alumi-
num alloys with unique electrical, magnetic, and refractory properties
lagged in commercial development because of apparent room-tem-
perature brittleness. Melting and casting practice, hot working, heat
treatment, and the effect of alloying elements were studied.'

Utilization of compacts prepared from fine aluminum powder
containing aluminum oxide appeared to extend the useful range for
aluminum to temperatures above 600° F. Extrusions and forgings
were prepared from this material, and in some instances the extruded
pieces served as stock for further fabrication by forging, rolling, or
drawing. The mechanical and physical properties of the
APM (aluminum powder metallurgy) products were compared with
commercial alloys. Corrosion, machinability, joining, and plating
and anodizing were also discussed.’®* The effect of heat encountered
in high-speed aircraft and missiles on aluminum and other light-
metal alloys was reported.? ,

The rapid increase in new applications of aluminum resulted in
studies of the corrosion and mechanical properties of its alloys.
Seventy articles discussing the corrosion properties of aluminum in
many diverse applications were summarized.”? Results of 20-year-long
corrosion tests on commercial aluminum alloys were published.?? The
first paper included a discussion of weathering data obtained on
wrought aluminum-base alloys. Pertinent data obtained after ex-
posure periods of 1, 3, 6, 10, and 20 years were tabulated and arranged
graphically to illustrate the effect of natural aging on the tensile
strength of specimens stored indoors for 20 years, rating of corrosivity
of 7 atmospheric conditions employed, and the rate of weathering of
the 5 aluminum alloys. The results have been correlated with data
from the Aluminum Research Laboratories on similar alloys in other
atmospheric environments and on newer alloys that complement or
supersede the alloys used in this study. The second paper stated
that results of the study in marine atmospheres showed that all of the
non-heat-treatable alloys containing less than 4 percent magnesium
and 1 containing about 1 percent manganese were very resistant to
corrosion. Of the heat-treatable alloys, the clad varieties and 1
alloyed with about 2 percent cadmium were quite corrosion resistant,
while those containing copper, silicon, and manganese were least
resistant. Surface films and protective paints were also evaluated.

16 ihi:oerican Metal Market, New Aluminum Casting Alloy Low in Nickel: Vol. 63, No. 21, Feb. 1, 1956,

pp. 1, 10.

17 Metal Progress, Tougher Iron-Aluminum Alloys: Vol. 70, No. 3, September 1956, pp. 182-184.

18 Lyle, Jr., J. P., Aluminum Powder-Metallurgy Products: Materials and Methods, vol. 43, No. 4,
April 1956, pp. 106-111.

¥ Levy, Alan V., Performance of Light Metals at Elevated Temperatures: Light Metal Age, vol. 14,
Nos, 11 and 12, December 1956, pp. 12-13, 37.

2 Horst, R. L., Materials of Construction, Aluminum Alloys: Ind. Eng. Chem., vol. 48, No. 9, Septem-
ber 1956, part II, pp. 1696-1701.

2t Walton, C. J., and King, W., Resistance of Aluminurm-Base Alloys to 20-year Atmospheric Exposure:
ASTM Special Tech. Pub. 175, 1956, pp. 21-44.

Reinhart, F. M, and Ellinger, G. A. Effect of 20-year Marine Atmosphere Exposure on Some Alumi-
num Alloys: ASTM Special Tech. Pub. 175, 1956, pp. 47-64.




ALUMINUM : 177

A review of the information available on stress corrosion of alumi-
num and its alloys was published.? \

Although most aluminum alloys do not show stress-corrosion failure,
the use of alloy compositions and heat treatments designed to give the
highest mechanical properties tended to result in susceptibility to
stress corrosion to various degrees. In addition to the mechanism
and environmental conditions leading to failures of the alloys, pro-
tective measures were described.

Increased interest in aluminum for applications in which appearance
is important stimulated studies of coating and finishing methods.
Decorative and corrosion-resistant surfaces had been obtained almost
exclusively by electrolytic oxidation or anodizing methods; however,
in many applications where resistance to abrasion was not required
low-cost chemical treatments were replacing anodizing. Articles
described these methods.?® Commerical operations also were de-
scribed.2 Development in 1951 of a porcelain enamel that could be
fired on aluminum opened the way for industry to utilize such coatings.
A number of operational difficulties had to be solved before commercial -
production could be started. Properties of such coatings and the
equipment and operations used in preparing them were described.”®

Revised specifications covering the allowable stresses, design rules,
and fabrication procedures for structures built of aluminum alloys
6061-T6 and 2014-T6 were released.”’ Alloy 6061-T6 was the alloy
most commonly used for structural purposes where a high degree of
corrosion resistance was required. Alloy 2014-T6 was a high-
strength alloy most commonly used for heavy-duty structural
purposes. ‘

All of the early nuclear reactors and many of those being constructed
in 1956 used aluminum and steel as the principal structural materials.
Low neutron-absorption characteristics, satisfactory resistance to
low-temperature aqueous corrosion, excellent heat-transfer properties,
and reasonable cost led to the widespread acceptance of aluminum
for atomic energy uses. However, most aluminum alloys were found
to oxidize and disintegrate rapidly in high-purity water at 250° to
275° C., the temperatures used for power production. Research
indicated that addition of nickel up to 1 percent and of other materials
such as copper and titanium in small quantities markedly reduced
the tendency for 2S aluminum to disintegrate.”® The effects of
radiation on aluminum also were studied.®® Boral, an aluminum-

22 Champion, F. A., The Interactions of Static Stressand Corrosion With Aluminum Alloys: Metallurgia,
vol. 53, No. 316, February 1956, pp. 63-68.

% Pocock, W. E., Finishes for Aluminum Alloys, Part I, Electrolytic or Anodic Coatings: Metal Progress,
vol. 70, No. 4, October 1956, pp. 75-78; Part II, Chemical or Conversion Coatings: Metal Progress, vol. 70,

No. 5, November 1956, pp. 97-101.
19Iéilzucus, Wi,8 _z]md Krekel, P., Surface Treatment of Aluminum: Metal Industry, vol. 88, No. 10, Mar. 9,

56, po. 185-187.

2 fron Age: New Building Trends Expand Anodizers’ Market: Vol. 177, No. 8, Jan. 19, 1956, pp. 74-77.

3 Jensen, O. J., Tops in Wall Tile; Vikon’s Porcelain-on-Aluminum: Modern Metals, vol. 12, No. 7,
August 1956, pp. 33, 34, 36, 38.

76”7?%‘!%'2 E. A., Glass on Aluminum: Modern Metals, vol. 12, No. 9, October 1956, pp. 66, 68, 70, 72, 74,

'y 'y ) .

Close, G. C., Mass Producing Porcelain-Enameled Aluminum Parts: Light Metal Age, vol. 14, No. 7-8,
August 1956, pp. 10-13. X .

27 Journal, Structural Division of the American Society of Civil Engineers, Specifications for Structures
of Aluminum Alloy 6061-T6: Vol. 82, No. ST3, May 1956, pp. 970-1 to 970-34.  Specifications for Structures
of Aluminum Alloy 2014-T6: Vol. 82, No. ST3, May 1956, pp. 971-1 to 971-32.

3 Lane, J. A., Where Reactor Development Stands Today: Nucleonics, vol. 14, No. 8, August 1956, pp.

30-37.
& ”t%l%} :1[55]65‘" Damaging Effects of Radiation on Solid Reactor Materials: Nucleonics, vol. 14, No. 9,
eptem . 3
lazrldelsag . M: Bfaterials for Nuclear Power Reactors: Materials’and Methods, vol. 44, No. 2, August 1956,
ju i . .
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boron carbide sheet material, was found to be uniquely suited for

shielding where hard gamma rays had to be avoided. This material
consists of a core of boron carbide uniformly dispersed in aluminum
and clad on both sides with commercially pure aluminum. “The sheet
was made commercially available.3 , «

The use of significant quantities of honeycomb sandwich structures
in aircraft was begun during World War II. Such sandwiches were
first constructed of wood, but later high-strength aluminum alloys
were used. A number of applications in commercial gircraft, such
as floorings, partitions, seats, and wings, have been suggested, as
well as domestic and industrial uses in which pleasing appearance
and strength were both important.® -

Research continued on the development of aluminum die cast
engine blocks. In 1955 a six-cylinder in-line block was die-cast and
tested. During 1956, in a joint development by the Doehler-Jarvis

Division of the National Lead Co. and the Kaiser Aluminum &

Chemical Corp., it was announced that design work on a V-8 auto-
mobile engine block to be die-cast in aluminum was completed.
It was predicted that the V-8 aluminum block would weigh 60 to 70
pounds. The 6-cylinder engine block weighed 43 pounds when

MILLION SHORT TONS
4

. 5 Other countries

":'3::. U. S.S.R.and Hungary
/) Western Eutope
Canada

/) United States

.

'Fieure 2.—Trends in world production of primary aluminum, 1940-56.55

30 American Metal Market, Detroit Firm to Market Boral on Commercial Scale: Vol. 63, No. 104, June 1.
1956, pp. 1, 9. Alcoa Markets Plate of Boral for Atomic Use: Vol. 63, No. 126, July 3, 1956, p. 10.
31 Green, J. D., More About Metal Honeycomb: Light Metals, vol. 19, No. 209, June 1956, pp. 186-187.
b Crlgrsléer, G.sll)_§4Production of Honeycomb Sandwich Structures: Metal Progress, vol. 70, No. 5, Novem-
er , DD. 3
lgziAmerlica;n Metal Market, Progress on Aluminum Die-Cast V-8 Engine Block: Vol. 63, No. 73, Apr. 18,
, PP. 1, 9.
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trimmed as compared with a weight of approximately 175 pounds in
gray iron. The Aluminum Company of America developed a method
" of spraying a thin coat of steel on aluminum. Such a development was
important, because aluminum pistons did not function well when
bearing directly on an aluminum cylinder wall; they required a.cyl-
inder wall having a ferrous alloy surface.® ‘

Electrical applications continued to utilize large quantities of alu-
minum. High-tension lines had been an established application for
many years, but such uses as insulated conductors, busbars, tele-
phone cables, service wires to homes, and windings were using alu-
minum.® Charts were published showing variables and cost figures
for economical ACSR conductor sizes for transmission voltages.3

WORLD REVIEW

New facilities completed and put into operation during 1956
raised total world aluminum capacity to 4.2 million short tons—an
increase of 446,000 tons over that at the end of 1955. The United
States reported 166,300 tons of the new capacity; Canada, 112,000
tons; U. S. S. R. and satellite countries, an estimated 110,000 tons;

"TABLE 13.—World production of aluminum, by countries, 1947-51 (average) and
1952-56, in short tons !

{Compiled by Pearl J. Thompson and Berenice B, Mitchell]

-Country - 1947-51 1952 1953 1954 1955 1956
(average) :
10, 240
65, 447
6,799
614, 721
411,000

- 0 1 23,400
70,992 | 116,996 | 124,581 | 132,426 | 142,701 165, 082

9, 800 10, 700 23,100 29,100 37,800
30,451 | 110,756 | 117,881 | 142,439 | 151,089 162, 439
15,000 27,000 31, 000 36, 000 41,000 3?, 374

3,994
58: 235 61,136 63, 462 67,741 69, 896
47,025 50, 145 58, 544 6(33,)392 ;73%, 749
79, 527 102,184
22, 000 lg, 500

200 , 600
11, 508 14,935

Sweden (int 11, 063 13,734
Switzerland.....___ 33,069 35,274
Taiwan (Formosa).- 7,717 9, 655
U.8.8. R4 ______._. 475, 000 500, 000
United Kingdom.. 27,378 30, 892
United States...... 1,565,721 | 1,678,954
Yugoslavia - - oo es 2,293 3,078 3,854 12, 675 16,162

‘World total (estimate)...._.___.._.. 1, 536,000 (2, 270, 000 |2, 725,000 |3, 090, 000 |3, 470,000 | 3, 710, 000

1 This table incorporates a number of-revisions of data published in previous Aluminum chapters. Data
do not add to totals shown, owing to rounding where estimated figures are included in the detail.

3 Average for 1 year only, as 1951 was the first year of commercial production.

3 Negligible.

4 Estimate.

§ Average for 1950-51.

88 Chemical and Engineering News, All-Aluminuin Engines: Vol. 34, No. 38, Sept. 17, 1956, p. 4502.

3 Ridpath, C. H. E., Contributions of Aluminum to the Electrical Industries: Light Metals, vol. 19, No.
218, May 1956, pp. 156-158. . : )

# Shafer, A. J., and Vick, H. J., Pick Best ACSR Size and Voltage: Electrical World, vol. 145, No. 6,
February 1956, pp. 74-77.
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FreeséEurope, 42,800 tons; Asia, 11,700 tons; and Australia, 3,400
tons. :

Estimated world production increased 7 percent in 1956 to a new
high of 3.7 million short tons. All countries showed increases ex-
cept Czechoslovakia, Hungary, and India. North America produced
62 percent'of the total; Europe, 35 percent; Asia, 3 percent; and South
. America and Australia, less than 1 percent. The United States
made the largest gain; with an increase of 113,000 tons.

NORTH AMERICA

Canada.—Production of aluminum in 1956, although only slightly
more than in 1955, reached a new high of 615,000 tons. Power
shortages experienced in the first part of the year affected operations
at Arvida, Isle Maligne, and Shawinigan Falls. :

The Aluminum Company of Canada was granted permission by
the Quebec Legislature to construct a new hydroelectric power plant
at Chute-des-Passes on the Peribonka River, which would support
150,000 tons of new aluminum capacity, including the new 22,000-ton
plant under construction at Isle Maligne. Three new potlines at
the company’s Kitimat plant in British Columbia began operating
during the year at an annual rate of 90,000 tons. Total capacity of
the company at the end of 1956 was 762,000 tons compared with
650,000 tons at the end of 1955.

Canadian British Aluminium Co., Ltd., subsidiary of British
Aluminium Co., Ltd., and Quebec North Shore Paper Co. began
constructing the first and second stages of an aluminum plant at Baie
Comeau, Quebec. The plant was to be built in 4 stages, each with a
designed capacity of 45,000 tons. The alumina requirements for the
first two stages, through 1977, were to be obtained from the Aluminum
Company of Canada. Under the contract alumina was to be ex-
changed for ingot on a barter basis over a period of 20 years, beginning
in 1958. Alcan expected that by 1960 receipts of ingot from Canadian
British Aluminium Co., Ltd., would exceed 20,000 tons a year.
Ingot produced in excess of that delivered to Alcan was to be sold
to one of the parent companies, British Aluminium Co., Ltd.?”

TABLE 14.—Primary-aluminum production capacity in Canada
(Short tons per year)

Endof | Endof | Being built
1955 1956 or pIz;gglGed Total

Aluminum Company of Canada:

Arvida, Quebec. . ... 362,100 | 362,100 [--ccoceacen- 362,100
Beauharnois, Quebec_...._....__. 37,000 37,000 |-ccooacaeeen 37,000
Isle Maligne, Quebec.__.._...____ | 93,000 | 115,000 |-ccococeeo- 115,000
Kitimat, British Columbia - - 90,000 | 180,000 150, 000 330, 000
Saguenay area, Quebec..._....... JE P S 1120, 000 120, 000
Shawinigan Falls, Quebec........ .-| 68,000 68,000 [--ccoeooo 68, 000
7 650,100 | 762,100 270,000 | 1,032,100
British Aluminium, Ltd.: Baie Comeau, Quebec...._.______| . ___|-ccooo_.__ 90, 000 90, 000
Grand total. oo 650,100 | 762,100 360,000 | 1,122,100

1 Scheduled.

36 American Bureau of Metal Statistics, Yearbook of the American Bureau of Metal Statistics: 36th Ann.
Issue for the Year 1956, 50 Broadway, New York, N. Y., June 1957, pp. . .
F*;)Asmfségan I\getal Market, Canadian British Setting Stage for Operations in Late 1957: Vol. 64, No. 28,
eb. 8, , P. 9.
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SOUTH AMERICA

Brazil—DBrasileira de Aluminio completed a 40,000-kw. hydro-
electric plant at Jaquia-Guacu and began building another 50,000-kw.
plant nearby. -

A German group applied for permission to install an aluminum
plant in Vitoria, Espirito Santo, to -utilize the recently discovered
bauxite deposit at Muqui and produce 20,000 tons of aluminum
annually. i :

When enough power became available Reynolds Metals Co. reap-
plied for permission to exploit bauxite deposits in the lower Sio
Francisco Valley and to build a 100,000-ton aluminum plant. The
company’s earlier application was denied because of a power shortage.

Kaiser Aluminum & Chemical Corp. was authorized to negotiate
with- Cia. Hidroelectrica do-S&o Francisco for power to operate an
aluminum plant at Recife or Salvador. Bauxite would be obtained
from the Amapa Territory. ' )

Venezuela.—Kaiser Aluminum & Chemical Corp. formulated plans
 for constructing an aluminum plant in Bolivar State, near the
Government’s Caroni River hydroelectric project.

EUROPE

Czechoslovakia.—A decrease in imports of bauxite from Hungary
in the last quarter of 1956 resulted in a reduction in aluminum output
to 23,400 short tons. :

Germany, West,—New operating facilities at Vereinigte Aluminum
Werke’s (VAW) Erftwerk, as well as increased production at existing
plants, made possible an 8-percent increase in primary-aluminum
output in 1956. Of the 162,000 short tons.produced, VAW accounted
for 115,000 tons and Aluminium Hutte G.m.b.H. the remaining
47,000 tons. Production of secondary aluminum declined 6 percent
as a result of lower imports, especially from the United States, and a
drop in domestic sales.

The rapid increase in consumption of primary and secondary
aluminum in recent years was halted in 1956. Increases of 29 and 30
percent, respectively, had been reported in 1954, and 1955.

Rising costs of raw materials resulted in an increase in the price of
primary aluminum to DM 233 per 100 kilograms (about US$0.25 per
pound) delivered at railhead, from the previous price of DM 223
(US$0.24 per pound) effective since June 1953.

As no significant new facilities were expectéd to be in operation
before 1960, fabricators entered into long-term contracts with Canada
for 55,000 short tons of aluminum per year and with Norway for
11,000 tons per year. The Federal Government renewed, for another
year, the duty-free import quota of 44,000 short tons of primary
aluminum. The normal duty was 12 percent ad valorem.

Imports of crude aluminum and aluminum scrap totaled 69,000
short tons, of which 17,000 was from Austria; 11,000 from the United
States; 9,000 from Norway; 6,000 from the Soviet Union; 6,000 from
Canada; 5,000 from Poland; 4,000 from Czechoslovakia; 2,000 from
Switzerland ; and 9,000 from other countries. Exports of aluminum
were 2,000 short tons. '
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Construction of a new 55,000-short-ton primary plant at Greven-
broich was being considered by VAW during the year, but no definite
plans were announced. VAW completed plans for constructing a
150,000-kw. brown-coal power station at Frimmersdorf, which,
together with a similar project to be built by Rheinisch Westfaelishe
Elecktrizitaeswerk A. G. (RWE), will supply part of the power for

- VAW’s Erftwerke at Grevenbroich. The cost of power produced in

a brown-coal station normally was 2.5 pfennigs per kw.-hr, compared

with an average 4.5 pfennigs paid by the aluminum industry for.

electric power.

Hungary.—Shortages of electric power were reported as accounting
. for the decline in output of aluminum in 1956—38,000 short tons

compared with 41,000 in 1955. At the end of the year the aluminum
industry was reported to be at a standstill. Aluminum exports also
declined in 1956 and totaled 12,000 short tons, compared with 14,000

- tons in 1955.

Italy.—The total annual production capacity of the Italian primary
aluminum industry in 1956 was slightly more than 70,000 short tons.
Montecatini Company, because of increasing demand, planned to

" expand the annual capacity of its Bolzano plant from 28,600 tons

to 33,000 and to build a new 13,200-ton plant at Crotone in southern
Italy near the Calabrian bauxite deposits.

Norway.—The output of 102,000 short tons of aluminum in 1956
was 28 percent more that that in 1955 but was still below capacity
because of power shortages at the Sunndalsgra smelter of Aardal A/S.
Demand, however, remained steady, and projects to increase -alu-
minum capacity to 177,500 short tons were to be undertaken. Among
these were the expansion of the Hoyanger smelter by Norsk Aluminium

A/S from 9,900 short tons to 14,600, with initial production in 1958

and full production by 1960; the Sunndalsgra plant of Aardal A/S
from 71,500 to 111,000 tons; and Det Norske Nitridaktieselskap
plants from 26,400 to 31,900 tons. Elektrokemish A/S was to build
a new plant at Mosjoen with an initial capacity of 20,000 tons, to be
completed in 1959. The total capacity at the end of 1956 was
107,800 tons.

Exports of primary aluminum in 1956 were 88,000 short tons, of
which 17,000 tons went to Sweden, 15,000 to the United Kingdom,
14,000 to the United States, 12,000 to Belgium-Luxembourg, and the
remainder to other countries. '

Spain.—An aluminum output of 14,900 short tons in 1956 was
30 percent more than that produced in 1955 and was sufficient to meet
domestic requirements. Empressa Nacional del Alumino was author-
ized to build an aluminum plant at San Balandran, Aviles, with an
initial annual capacity of 16,500 short tons. The plant being built by
Aluminio Iberico at Alicante was scheduled for completion in mid-1957.
Aluminio y Aleaciones, S. A., was authorized to build an aluminum
plant at Sabinanigo, Huesca, for producing aluminum and semimanu-
ffictured products. A new company was to be formed to operate the
plant.

Switzerland.—Aluminiumindustrie A. G., despite a shortage of
hydroelectric power, produced a record high of 35,000 short tons of
aluminum in 1956. The company announced plans for constructing
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a new aluminum plant at Steg with an initial capacity of 11,000 short
tons, which would be increased later to 22,000 tons.

U. S. S. R—Aluminum capacity in the Soviet Union was estimated

by the Metal Bulletin of London at 530,000 short tons at the end of
1955 and 600,000 tons at the end of 1956.3® Construction of a large
aluminum plant was begun during the year at Krasnoyarsk, Siberia.
Nepheline from deposits at Achlinsk was to be concentrated in an
alumina plant now under construction at Achlinsk and then shipped
to the aluminum plant at Krasnoyarsk. Two other plants were to
be built in Siberia, 1 at Irkutsk and the other at Pavlodar, each with
a capacity of 82,500 short tons. '
. A 33,000-short-ton aluminum plant was reported to be under
construction in Stalingrad. A small plant of 11,000-ton capacity
was operating at Nadvoytsy, which was to be increased to 29,000
tons under the Five-Year-Plan.3® ‘

Yugoslavia.—An aluminum plant and rolling mill began operations
at Racine near Sibenik during the latter part of 1956. The initial .
capacity of the plant was 4,400 short tons, which was to be increased.
to 9,400 in 1957 and to 18,200 by 1958.

An agreement was signed in August 1956 between the Government
of Yugoslavia, the Soviet Union, and the German Democratic Re-
public, whereby the Soviet Union and East Germany would jointly
loan $175 million, to be repaid in aluminum, for constructing a 55,000-
short-ton-capacity aluminum plant near Titograd, Montenegro, and
for expansion of the Kidricevo plant to 55,000 tons capacity. A
third plant was planned with Soviet-East German funds to be con-
tributed later.®® - ’

Aluminum output reached a record high of 16,000 short tons in -
1956, of which over 12,000 tons was produced at Kidricevo and the

remainder at Lozovac.
) . ASIA

India.—The Government of India’s expansion plan to raise the
annual aluminum capacity from 8,500 to 45,000 short tons included
the building of 2 new 11,000-ton plants, 1 at Mettur in Madras and
the other at Rihand in Uttar Pradesh. Plans of the Indian Aluminium
Co., Ltd., subsidiary of Aluminium, Ltd., of Canada, for erecting an
aluminum plant at Hirakud in Orissa were approved by the Gov-
ernment. The plant was to have an initial capacity of 11,000 tons,
which could be later increased to 22,000 tons. Alumina would be
supplied from the Muri plant in Bihar and power from the Hirakud
hydroelectric power station. The company also planned to increase
the capacity of its Jaykaynagar plant from 2,800 tons to 5,900.

Japan.—Aluminum output reached a postwar high of 73,000 short
tons in 1956, in spite of a power shortage in the latter part of the year.
To compete with international prices, the companies lowered costs
of production by reducing requirements for power, alumina, cryolite, -
and labor. By the end of the year aluminum was sold by producers
at ¥231,000 4 a short ton to large consumers and ¥242,000 to small
and medium consumers.

:: Metal Bulletin (Londong, No. 4183, ,li‘&pt. 2, 1957, pp. 14-15.

Metal Bulletin ndon), No. 4193, May 10, 1957, p. 24.

4 American Metal Market, Yugoslavia To Expami Aluminum Industry With Aid‘ From Russia: Vol.

63, No, 186, Sept. 27, 1956, . 9.
4360 yer—US 81,
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Nippon Light Metals Co. began modernizing the idle Niigata plant
© in August 1956 so that it would produce about 24,000 short tons of
aluminum per year. The company also planned to modernize the
Kambara and Shimizu plants. The company aluminum capacity
was raised from 33,000 short tons at the end of 1955 to 36,000 at the
end of 1956.

Showa Denko Co. planned to install 22 new 100,000-amp. electro-
lytic cells at its Kitagata plant in 1957, which would increase capacity
some 5,500 short tons.

Sumitomo Chemical Co. converted 59 of its 178 electrolytic cells
from 32,000 to 52,000 amperes capacity. Another 16 cells were to be
refitted in 1957 and some 60 new 52,000-ampere cells installed at the
Kikumoto plant, increasing production from 13,200 short tons in
1956 to 22,000 in 1957. -

As a result of the exceptionally high level of industrial and other
economic activities, domestic demand for aluminum in 1956 was high,

“making it necessary for the Government early in the year to take
measures to restrict its exportation. Exports during the year were
only 2,965 short tons compared with 12,660 tons in 1955. .

Taiwan (Formosa).—Taiwan Aluminium Corp. planned a large-
scale modernization program that called for rebuilding the reduction
pots into 55,000-ampere cells, installing 32 new pots, and constructing

facilities to recover cryolite and make aluminum fluoride. The pro-

ject also called for adoption of Alcoa’s combination process for treating
red mud. The capacity of the plant was to be 20,000 short tons of
red mud annually, from which 3,800 short tons of alumina, 1,700
tons of caustic soda, and 5,500 tons of pig iron could be recovered.
Ingot production was expected to reach 22,000 tons after moderniza-
tion of the potlines and full utilization of the alumina capacity.
Expansion of fabricating facilities also was to be undertaken.®

Of the 10,000 short tons of aluminum produced in 1956, 4,000 tons
VSvas exported, principally to Korea, South Africa, and the United

tates. . .

AFRICA

Belgian Congo.—An international syndicate composed of Belge de
I’Aluminium of Belgium, Pechiney and Ugine of France, Société pour
I'Industrie de I’Aluminium of Switzerland, Montecatini of Italy,
Vereinigte Aluminium Werke of West Germany, Aluminium, Ltd.,
of Canada, and the Reynolds Metals Co. of the United States, was
formed under the name of ALUMINGA to study the possibilities of
building an aluminum plant in Belgian Congo near the mouth of the
Congo River at Inga. This project depended largely on development
of hydroelectric power in the area.

French Africa.—Initial production of aluminum at the new $37
million plant at Edea in the Cameroons was scheduled for January
1957 by Compagnie Camerounaise de I’Aluminium Pechiney-Ugine
(ALUCAM). A description of this, the first aluminum plant to be
built in Africa, was given in a press release * issued by the Cameroons
Information Service. The 45,000-ton-annual-capacity plant, work on

4 Bureau of Mines, Mineral Trade Notes: Vol. 44, No. 3, March 1957, pp. 3-5.
4 Bulletin d’Information et de Documentation, French Cameroons, No. 146, May 28, 1956, 3pp. Trans-

lation submitted in Foreign Service Dispatch 17, Elisabethville, Belgian Congo, Plans for Aluminum
Production in French Cameroons: Oct. 26, 1956, 4 pp.
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which was begun in May 1955, was to contain a series of 208 elec-
trolytic cells rated at 100,000 amperes, of the same type as those de- .

“veloped by Pechiney at its plants in France, and also installed by

?ﬂjaconda Aluminum Co. at its plant at Columbia Falls, Mont.
Alumina at first would be imported from France but would later be
obtained from the French Guinea bauxite deposits, exploitation of
which was planned for the near future. Other raw materials, such as
petroleum coke, pitch, fluorine and cryolite products, and materials
for lining, would be imported from France. Power was to be supplied
from a powerplant at the falls on the Sanaga River. The ingots and
plates produced at the plant would be shipped to France for conver-
sion into end products. A small quantity of the aluminum, in the
form of roofing sheets, would be returned to the Cameroons.

Société Europeene pour I'Etude de I’Aluminium en Afrique
(AFRAL), which consists of the chief French, Italian, German, and
Swiss aluminum producers, with Aluminium, Ltd., of Canada investi-
gated the feasibility of establishing aluminum plants on the Konkoure
River in French Guinea and on the Kouilou River in French Equa-

“torial Africa.

Recent developments in bauxite and aluminum developments in
French Africa were described.

Gold Coast.—The Preparatory Commission set up by the United
Kingdom and Gold Coast Governments in 1953 to’ study the Volta
River project stated in its report issued in 1956 that the plan was
technically and economically sound.% To accomplish the plan the
following projects must be completed: (1) Development of the bauxite
deposits in the vicinity of Aya and Yenahin, (2) construction of a
231,000-short-ton aluminum plant near Kpong, (3) building of new

'~ railways from mine to the smelter and thence to the port of Tema,

(4) construction of a dam across the Volta River at Ajena, and (5)
completion of port facilities at Tema. The commission estimated
that construction of the dam and the installations would take 7 years,
the railways about 6 years, and the smelter 4 years. Initial cost of
the project, with an annual output of 88,000 tons of aluminum, would
be £160 million and £230 million for the final stage. '

4 Moyal, Maurice, Aluminium Developments in French Africa: South African Min. and Eng. Jour.,
vol. 67, No, 3332, Deec. 21, 1956, pp. 1057-1062.

# Pre| tory Commission, The Volta River Project: Report, London, 1956, vol. 1, 135 p?.; Appendixes
to the Report of the Preparatory Commission: Vol. 2, 475 pp.; Engineering Report: Vol. III, 123 Dp.
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Antimony
By Abbott Renick ! and E. Virginia Wright ?
' e

STIMATED world production of antimony in 1956 was 54,000
E short tons—6 percent more than in 1955. The free world supply

of primary antimony came chiefly from Mexico, Bolivia, and
Union of South Africa. ’ : '

Domestic mine production (antimony content) was 590 tons com-
pared with 630 tons in 1955. The Sunshine Mining Co. su plied
virtually the entire output, recovering the impure cathode metal from
complex silver-lead-copper ore in Shoshone County, Idaho. United
States smelter production totaled 10,000 tons, a 22-percent increase’
over 1955 output. - : '

The price of antimony metal, RMM brand, 99% percent, f. 0. b.
Laredo, Tex., was quoted at 33.00 cents per pound throughout the
year. The New York price for antimony metal, RMM %rand, in
cases was 34.97 cents per pound compared with 32.15 cents in 1955.
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Fiaure 1.—Trends in world production, United States imports for consump-
| tion, and New York price for antimony, 1915-56.
1 Commodity specialist.

2 Statistical assistant.
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The United States new supply of primary antimony, in terms of
recoverable metal 3 was 14,600 short tons compared with 15,000 tons
in 1955. A breakdown of this supply shows. that domestic_ore and
concentrate contributed 4 percent (500" tons), domestic and foreign
 silver-lead ore 14 percent (2,100 tons), and imports 82 percent (12,000
tons). The types of antimony materials imported (general imports)
arrived as follows: Ore and concentrate 6,050 short tons; metal 4,700
tons; oxide 1,250 tons; and a small quantity of antimony sulfide.
The supply from secondary sources was 24,100 short tons.

Total consumption of antimony in the United States was 39,100
short tons and comprised 12,900 tons of primary antimony, 2,100
tons of antimony contained in foreign and domestic lead-silver .ores
consumed in manufacturing antimonial lead by primary lead refineries,
and 24,100 tons of secondary antimony. ’

TABLE 1.—Salient staiistics of antimony in the United States, 1947-51 (average)
and 1952-56, in short tons

1947-51 1952 1953 1954 1955 1956
(average) .
Production:
Primary:
MinNe. o cccecec e 3,882 2,160 372 766 633 590
. Smelter. 11,892 11, 860 7,100 7,912 8,169 10, 005
SeCondary . - cc-ccecoemmmmzcmcmmmaae 21, 688 23,089 22, 360 22,358 23, 702 24,106

Antimony content of antimonial lead pro-
duced by primary lead refineries from

domestic and foreign ores.-. 2,414 2,777 2,790 1,956 2,032 2,065

* General imports. . ... 14, 647 12,824 11,492 8,795 | 113,051 12, 533
Ore and concentrate | 10,415 7,945 7,778 4,722 17,514 6,572
Metal...._- - 3,600 3,389 2,627 2, 825 3,671 4,693
[0« T [V SR 540 1,466 1,076 1,225 1,834 1,236
(3151 (6 (- - 92 24 11 23 32 32

Exports of ore, metal and alloys2..__._... 388 161 24 44 212 65

Crsumption of primary antimony 8. ._._. 15,181 14,988 14, 300 12,180 12,472 12, 897

. ‘Yage price of antimony at New York 4 :
ants per pound) oo cmeemcemmeeeameee 36.49 44.02 35.90 30. 47 32.15 34.97
lld production & . cooooeeaoaan 49, 000 49, 000 37,000 | 44,000 51,000 54, 000

1 Revised figure.
3 Gross weight.
3 Does not include antimony contained in domestic and foreign silver and lead ores, recovered at primary

lead refineries and marketed in antimonial lead.
4 American Metal Market.
s Exclusive of U. 8. 8. R.

DOMESTIC PRODUCTION
MINE PRODUCTION

During 1956 domestic mine production totaled 590 tons of anti-
mony, of which 540 tons was estimated as recoverable. Production
was again confined almost entirely to the Sunshine Mining Co., Sho-
shone County, Idaho, where impure antimony metal was recovered as
a byproduct of processing silver-lead-copper ore. The cathode metal
was obtained by leaching a high-antimony concentrate (produced
rom ore from the Sunshine mine and adjoining properties operated

v Sunshine on a profit-sharing basis), and subsequent electrolysis of
the leach solution. The electrolytic plant produced metal containing
about 95 percent antimony; arsenic was the major impurity. The
company plans to install facilities at Kellogg, Idaho, to produce
refined antimony metal by removing arsenic.

3 Calculated at 92 percent of gross metal content.
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In addition, 2,100 tons of antimony contained in domestic and
foreign silver-lead ore was recovered by primary lead refineries in
producing antimonial lead.

TABLE 2.—Antimony-bearing ore and concentrate, produced (shipped) in the
United States,! 1947-51 (average) and 1952-56, in short tons

Antimony content - | Antimony content

Gross Gross

Year weight Year weight
Quantity| Average Quantity| Average
percent percent
1947-51 (average)...| 11,562 3,882 33.6 || 1954 cocooeaaeaen 4, 686 766 16.3
JL T 4,854 2,160 44,5 || 1955 ccoeeeeeee 38,967 633 16.0
1958 - e cccccmmmee 2,161 372 17.2 || 1956 cccoeeceaeee 3, 505 500 16.8

1 Includes Alaska.

SMELTER PRODUCTION

Primary.—United States smelter production of antimony in 1956
was 10,000 tons, or 22 percent above the 8,200 tons in 1955. Of the
total output, 47 percent was oxide; 43 percent, metal; 9 percent,
primary residues and slags; and 1 percent, sulfide. - Production was
increased partly because the Bradley Mining Co. at Stibnite, Idaho,
resumed smelter operations. In July that company contracted with
Sunshine Mining Co. for the purchase of approximately 2,000 tons of
cathode metal; by the end of 1956 the purchases were nearly completed.

Secondary.—Output of secondary antimony was 24,100 short tons,
" comprising 22,800 tons from secondary-metal plants and 1,300 tons
from scrap at primary lead refineries. Production increased 2
percent over 1955. A detailed review appears in the Secondary
Metals—Nonferrous chapter of this volume.

TABLE 8.—Smelter production of antimony, 1947-51 (average) and 1952-56, by
types of material, in short tons, antimony content

Year Metal Oxide Sulfide? | Residues [ Total

1947-51 (average) - 4,994 6,314 13 0] 11,892
1952 2, 533 6, 805 108 2,414 11, 860
1953.. 2, 000 4, 600 100 400 7,100
1954. 2,178 4,925 124 685 7,912
1955. . - 2,138 5,390 92 549 8,169
1956. - - - 4,291 4,731 129 854 10, 005

1 Also includes ground high-grade sulfide ore.

2 Not reported before 1951.

CONSUMPTION AND USES

The total consumption of antimony was 39,100 tons, 2 percent
higher than the 38,200 tons consumed in 1955. Primary antimony
used was 12,900 tons (12,500 in 1955); the antimony content of lead-
silver ore consumed by primary lead refineries in manufacturing
antimonial lead was 2,100 tons (2,000 in 1955); secondary antimony
totaled 24,100 tons (23,700 in 1955).

Consumption of primary antimony in manufacturing finished
products increased 3 percent above 1955; of the total, 58 percent was
in nonmetal products and 42 percent in metal products. Consump-
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TABLE 4.—Antimony metal, alloys, and compounds produced in the United States,
1947-51 (average) and 1952-56, in short tons

- Antimonial lead produced at primary lead refineries
Primary .
metal, . Total
oxide, Antimony content secondary
Year sulfide, antimony
and Gross : (content .
residues | weight From From Total of alloys) 3
(antimony domestic | foreign From
content) : ores ! ores 3 scrap
Quantity| Percent
11,892 71,092 1,756 658 2,186 4, 600 6.5 21, 688
11,860 58, 203 2,210 567 1,615 4,392 7.5 23,089
7,100 62, 373 1,684 1,106 1,747 4, 537 7.3 360
7,912 59, 873 1,299 7 1, 565 3, 521 5.9 22,358
8,169 64, 044 1,307 725 1,523 3, 555 5.6 23, 702
10, 005 66, 826 1,320 745 1,283 3,348 5.0 106

1 Includes primary residues and small qﬁantity of antimony ore. )
2 Includes foreign base bullion and small quantities of foreign antimony ore.
3 Includes antimony content of antimonial lead produced from serap at lead refineries.

tion decreased 4 percent in' nonmetal products and increased 16
percent in metal products. '

Consumption of secondary antimony, chiefly in metallic products,
increased 2 percent. :

TABLE 5.—Industrial consumption of primary antimony, 1947-51 (average) and
1952-56, by type of material, in short tons, antimony content ’

Year Ore and Metal Oxide Sulfide Residues Total
* |concentrate
1947-51 (average)!._ - - 15,181
1952 1,776 4,321 7,465 117 -1,309 14, 988
19682 . 2,100 5,400 5,800 100 900 14, 300
1954 __. : 768 4,609 5,885 94 824 12,180
1985, o . 491 4,041 7,051 127 762 12,472
1956 1,149 4,154 6,843 112 639 12,897

1 Breakdown by type of material not available before 1949,
2 Estimated 100-percent coverage based on reports from respondents that consumed 89 percent of the
grand total of antimony in 1952. :

At the end of 1956 industry stocks, including 560 tons of cathode
metal held by the Sunshine Mining Co., totaled 8,100 short tons, a
500-ton decrease from the 8,600 tons on hand December 31, 1955.
Mine stocks, which are included in industry stocks, were 240 tons,
compared with 200 tons at the end of 1955.

On May 24 in an appearance before the Senate Committee on
Interior and Insular Affairs, Arthur S. Flemming, Director of Defense
Mobilization, testified that the quantity of antimony on hand and
on order was about 80 percent of the minimum stockpile objective.
The long-term objective was stated to be substantially higher than
the minimum.

In a directive issued July 9, Flemming authorized acquisition of
antimony to meet the minimum or long-term stockpile objective for
fiscal year 1957. The directive also authorized procuring antimony
by barter or exchange of surplus agricultural commodities for the
strategic and supplemental stockpiles. No purchases that could be
acquired from domestic production were obtained from foreign sources.
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TABLE 6.—Industrial consumption of primary antimony, 1947-51 (average) and
1952-56, in short tons, antimony content .

Product 1947-51 1952 19532 |- 1954 1955 1956
(average)!
Metal products: :

Ammunition. . 13 3 3 5 5 14
Antimonial lead. 5,620 2,196 2,300 1,531 1,305 1, 6!
Battery metal - ® 2,253 3,000 1,583 1,214 1,215
Bearing metal and bearings........._. 1, 512 1,119 1,000 816 831 1,077
Cable covering. 92 43 60 156 146 190
Castings._.__ 93 80 80 70 67 57
Collapsible tubes and foil .___________ 33| 32 60 47 24 12

eet and pipe. 241 70 170 238 157
Solder.. - 143 145 200 148 131 144
Type metal 859 624 700 613 598 528

er.. ® 61 127 118 161 137
Total metal products._._._ - 8, 606 6, 626 7,700 5,325 4,639 5, 366
Nonmetal products: ’

Ammunition primers. ._.__.________._ 12 24 30| . 22 20 13
Antimony sulfide (precipitated)--.___ * 67 50 37 44 45
Fireworks._ ® 36 50 27 32 37
Flameproofed coatings and com-

pounds. ). 980 450 316 626 | - 423
Flameproofed textiles.oo-.o_..___._ 765 2,059 780 950 592 659
Frits and ceramic enamels 1,482 959 1, 000 706 1,020 957
QGlass and pottery-..- 444 579 700 763 1,028 1,231
Matches 35 22 20 15 17 18
Paints and lacquers. o - eeocoeoeaoo 943 853 340 681 414 573
Pigment ©® 766 780 700 825 853
Plastics 473 632 560 620 767 976
Rubber products. oo 51 66 20 49 78 156
Other 6_ ) 2,370 1,319 1,820 1,969 2,370 1, 590

Total nonmetal products.- - ----—-.. 6,575 8, 362 6, 600 6, 855 7,833 7,531

Grand total 15,181 14, 988 14, 300 12,180 12,472 | 12,897

1 Data for 1947-49 exclude certain intermediate smelting losses, which are included for subsequent. years.
3 Estimated 100-percent coverage based on reports from respondents that consumed 89 percent of the
grand total antimony in 1952.
3 Included with ““antimonial lead.”
4 Not reported as an end-use product before 1951.
s Included with “Other nonmetal products.”
. ¢ Antimony trichloride and sodium antimonate included to avoid disclosing individual company opera-
ions.

TABLE 7.—Industry stocks of primary antimony in the United States at end of
year, 1955-566, in short tons, antimony content

Dec. 31, 1955 - Deec. 31, 1956
Mine 1 Other Total Mine ! Other Total
Ore and concentrate. .. o-cooooooceomoaen 2202 3,366 33,568 242 2,232 2,474
Metal : 4 1267 1,267 focomoeee 2,236 2,236
Oxide. - 3,234 57 Y — 2,638 2,638
Sulfide. - o oo 94 94 159 159
Residues and S188 - oo oo oo oo oo 445 445 598 598
Total oo 2202 8,406 28,608 242 7,863 8,105
1 Includes Alaska.,
? Revised figure.

The domestic price of antimony metal, RMM brand in bulk,
99% percent f. 0. b. Laredo, Tex., was 33.00 cents per pound through-
out 1956. The corresponding New York price, in cases, was 34.97
cents per pound. Comparable prices during 1955 averaged 30.18
and 32.15 cents per pound, respectively.
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Quoted prices of antimony oxide in 1956 were 27-29 cents per

pound, carlots, in bags, and 28%-30% cents per

carlots.

pound, less than

TABLE 8.—E&MJ Metal and Mineral Markets opening and subsequent changes
in nominal quotations for antimony ore, 1956, antimony content, per unit (20

pounds)
Date 50-55 percent | Minimum Minimum
: 60 percent 65 percent
Jan. 1 $3.20-$3. 35 $3.90-$4.00 $4. 05-$4. 25
Feb. 16_._ 3.20- 3.35 3.80- 3.90 3.95- 4.15
June 14 3.20- 3.35 3.80- 3.90 4.05- 4.20
Nov. 22 3.00- 3. IQ 3.55- 3.65 3.90- 4.00

TABLE 9.—Foreign metal prices, New York, 1956, antimony content, cents per

pound !
[American Metal Market]
Date 99.6 percent 99.5 percent 99 percent
Jan. 1 28. 00-28. 50 27.00-28. 00 26. 00-27. 00
Mar. 2] e 28. 00-29. 00 27. 50-28. 00 27. 00-27. 50

1 Duty paid New York—Ilots of 5 tons or more.

TABLE 10.—Antimony oxide prices, New York, 1956, cents per pound
[E&MJ Metal and Mineral Markets]

Carlots, in Less than
Date bags carlots in
bags
Jan, 1____ 29. 00 30. 50
May 10. 27. 50-29. 00 28. 50-30. 50
June 7. 27.00-29. 00 28. 50-30. 50

FOREIGN TRADE *

Imports.—General imports of contained antimony totaled 12,500
tons compared with 13,100 tons in 1955. Imports of recoverable
metal were estimated to be 12,000 tons and comprised 6,050 tons in
ore and concentrate, 4,700 tons of metal, 1,250 tons of oxide, and a
small quantity of sulfide.

Imports of ore and concentrate, principally from Mexico, Union
of South Africa, and Bolivia, decreased 13 percent from the pre-
ceding year; the average grade was 38 percent antimony (a decrease
of 8 percent). Imports of metal, chiefly from United Kingdom,
Yugoslavia, and Belgium-Luxembourg, increased 28 percent. Im-
ports of oxide, 73 percent of which came from United Kingdom,
decreased 33 percent, and imports of sulfide, chiefly fromYugoslavia,
remained the same as in 1955.

4 Figures on imports and exports compiled by Mae B. Price and Elsie D. Page, Division of Foreign
Activities, Bureau of Mines, from records of the Bureau of the Census.
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Exports.—In 1956 exports (gross weight) of ore and concentrate
“were 32 tons valued at $1,900; metal and alloys, 33 tons valued at
$24,200; and compounds, 211 tons valued at $134,400. By compari-
son, exports of ore and concentrate in 1955 totaled 8 tons valued at
$5,000; metal and alloys, 204 tons valued at $71,000; and compounds,
189 tons valued at $126,000.

No antimony was reexported in any form.

TABLE 11.—Antimony imported for consumption in the United States, 1947-51
. (average) and 1952-561!

[Bureau of the Census]
Needle or
Antimony ore liquated Antimony metal | Type | Antimony oxide
antimony metal -
. and
anti-
Year Antimony ) monial
Short content Short lead 2 | Short
tons tons | Value | Short Value | (short | tons Value
(gross (gross tons tons) | (gross
weight)| Short Value |weight) weight)
tons
1947-51
(average).| 27,388 | 10,337 |$3, 179, 617 131 [$76,018 59 |$2, 147, 410 962 651 | $396,138
1952 18,246 | 7,945 | 3,200, 889 34 (20,719 | 3,354 | 2338938 | 1,494 | 1,766 | 1,056,286
1953. ,242 | 7,778 | 2,035,125 17| 8,678 | 2,612 | 1,402,226 | 1,350 | 1,296 579, 600
1954 12,870 | 4,722 | 1,289,782 33| 17,101 | 2,802 | 1,349,179 | 771 | 1,476 645, 057
1955.....-.--|316,307 | 87,514 (31,876, 601 46 | 18, 6! 667 | 1,859,906 | 1,366 | 2,210 926, 312
1956 - -eeae | 17,424 | 6,572 | 1,762,210 46 | 22,715 2,245,194 | 1,044 | 1,479 635, 808

1 Does not include antimony contained in lead-Sﬂver ore. :
: gstigeaated antimony content; for gross weight and value, see Lead chapter of this volume.
eV figure.

TABLE 12.—Antimony iniported into the United States,‘ 1947-51 (average), 1952-54
(totals), and 1955-56, by countries !

[Bureau of the Census]

Needle or
Antimony ore liquated Antimony metal | Antimony oxide
antimony
Countr Antimony
v Short content Short Short
tons égns Value Stl‘l)ort Value (tons Value
(gross 0SS ns gross
weight)| Short | Value |weight) weight)
tons
1947-51 (average)------| 27,672 |10,415 [$3, 198, 286 132 [$76,237 | 3,600 |$2, 171,208 651 | $396,138
1952. 18,246 | 7,945 | 3,200, 889 34 120,719 | 3,389 | 2,359,525 | 1,766 | 1,056,286
7,718 | 2,035,126 15| 7,682 | 2,627 | 1,407,424 | 1,296 579, 600
8 4,722 | 1,289,782 33 | 17,101 | 2,825 | 1,359,497 | 1,476 645, 057
1955 - . .
126 22,418 9| 1,422
2,296 787 981 590, 089
2,422 445,205 9| 1,42 | 981 590, 089
3.2,008 | 3 571,869
3155 364,879
1 63,724
32,432 | 3700,472

See footnotes at end of table.
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TABIE 12.—Antimony imported into the United States, 1947-51 (average), 1952-54
(totals), and 1955-56, by countries —Continued

[Buresau of the Census]

: ’ Needleor
Antimony ore liquated Antimony metal | Antimony oxide
) antimony
Coun Antimony
untry Short content Short ’ Short
tons . . tons | Value | Short | Value tons Value
(gross (gross tons (gross
weight)| Short | Value |weight) weight)
. tons )
1955—Con.
Europe: ,
Austria_ 6 3 $1,328
Belgium- .
Luzembourg $2,661 | 1,087 | $528,798 190 $92, 850

6 3
_ " 12,342 6 2,398
32|11 2,255 5| 2,562 | 159| 72,519
28| 17 6,230. 10| 4283
5| 2,212
23 [ 19| i, 070 11| 5488 | 501 | 244,376 | 1,015 | 790,307
________ 726 | 334225 | |l lC

89 50 20, 883 37 | 17,206 | 2,690 | 1,270,383 | 2,210 | ' 926,312

372 | 1353 | 341,664 ' .
25| 107 13888

33,579 82,150 | 3654,489
4,626 |3 2,610 710,041
Grand total..._. 316,307 |8 7,514 (31,876,601 46 | 18,628 | 3,671 | 1,860,472 | 2,210 926, 312

1956
North America:
Canada__.___.._.. 386 201 41, 989 25 12, 463
Mexico ocoooaeans 11,106 | 2,977 | 624,742 | _______|._._____ - 91 521,232
Total._ ... 11,492 | 3,178 666, 731 791 521, 232 25 12, 463

2,013 | 1,306 454,854
221 98 ,
377 231 78,021

2,611 | 1,635 562,205 | __.___.

16 1

Luxzembourg... . I
France
Germany, West
%thllst’ed Kingdom_ 6 4
om.
Yugoslavia._ _
Total____.___.__ © 22 15
Asia: Turkey......... 82 44
Africa:
Algeria_ __________ 744 260 41,664 |||
Union of South -
Africa_________ 2,473 | 1,440 470,465 ||
Total...._..._._ 3,217 | 1,700 512,129 (| _____ [SPS R S S, SO
Grand total...._ 17,424 | 6,572 | 1,762,210 46 | 22,715 | 4,693 | 2,423,794 | 1,489 639, 924

1 Data are general imports, that is, they include antimony imported for immediate consumption, plus
material entering the country under bond.  Table does not include antimony contained in lead-silver ores.
:%me&tg sﬁhown from Chile probably were mined in Bolivia or Peru and shipped from a port in Chile.
€ gure.
4 Mozambique revised to none.

187 78,123 99 40,757 -
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TECHNOLOGY

The Bureau of Mines conducted a laboratory study of selective
extraction of mercury and antimony from cinnabar-stibnite ore.
The results of this investigation indicated that bulk flotation of sul-
fides, followed by furnacing of the flotation concentrate with a care-
fully regulated admission of air, would yield an overall recovery of
more than 95 percent of the mercury in the ore and would permit
possible recovery of antimony from the furnace calcine. Quantita-
tive data were published ® showing the results obtained. : .

A technical paper describing a new process for upgrading cathode
antimony from the Sunshine Mining Co. leaching plant to 99.95 per-
cent antimony was presented; among other things it stated: ®

The procedure is to mix the cathode metal with flake sodium hydroxide. This
mixture is placed in an iron pot and heated in an electric furnace to 590° C. which
is below the melting point of antimony but well above the melting point of caustic.
The size of particle of the cathode metal does not seem to have much of a bearing
on the rate of reaction as the metal is very porous. Heat transfer in the pot is

“slow and poor, consequently a small diameter long pot is used. The mixed charge
is heated for 3 hours after the temperature has reached 450° C. and carried to a
maximum of 590° C. The charge is removed from the pot by a boring bar or
auger. The charge is soft but it will not discharge from the pot simply by tipping
and the auger tends to remove the fusion in small pieces which aids the leaching
‘step. The discharged cake drops directly into water in a leaching drum which is
heated with live steam. One and one-half hours leaching time at almost boiling
temperature is enough to remove the arsenic. Leaching is followed by 3 hot
washes for the complete removal of NaOH and soluble impurities. The washes
are cycled, as in conventional washing procedures, with the final wash being fresh
water. :

The final metal contains less than 0.05% of any impurity with copper, lead,
arsenic, and iron present. Iron is the most troublesome impurity, mainly because
the heating has been done in a mild steel pot.

A technical article on antimony oxide glasses stated in the abstract:?

. Glass compositions containing antimony oxide as a glassformer were developed.
The stabilizing oxides used in these compositions were Al,0;, Na;O and K;O.
Glasses formed from these oxides, containing antimony oxide in amounts up to
78% by weight, transmitted infrared radiation in wavelengths up to 6.2 u.

Two United States patehts were issued during 1956 relative to

antimony ?
WORLD REVIEW

Australia.—A report that the New England Antimony Mines
suspended operations in 1956 ° stated:

Owing to lack of working capital, directors of New England’ Antimony Mines
N. L. have found it necessary to discontinue all mining operations for the present.
The mine, however, they report, is opening up quite promisingly and ore supplies
in sight should provide for two years’ profitable operation. * * *

8 Erspamer, E. G., and Wells, R. R., Selective Extraction of Mercury and Antimony From Cinnabar-
Stibnite Ore: Bureau of Mines Rept. of Investigations 5243, 1956, 15 pp.

¢ Gould, Wayne D., Sunshine Mining Co.—Metallurgical Practices: AIME, Northwest Section Meeting,
Spokane, Wash., Apr. 30, 1956.

7 Hedden, Walter A., and King, Burnham W., Antimony Oxide Glasses: Jour. Am. Ceram. Soe., vol. 39,
No. 6, June 1, 1956, pp. 218-222.

8 Nixon, Alan C., and Deal, Carl H., Jr. (assigned to Shell Development Co.), Processes Relate to Sepa-
ration of Xylenes With Antimony Trichloride and the Separation of Cs Aromatic Compounds by Fo:
Complexes With Antimony Tri-Bromide: U. S. Patents 2,768,222 and 2,768,220, Oct. 23, 1956.

A. In;igst;iﬁzl & I;IImlng Standard (Australis), Rye Park Looks Forward to Big Proflts, Vol. 111, No. 2817,

ug. 16, 1956, p. 21.
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Bolivia.—Total exports of antimony contained in concentrates was
about 5,600 short tons compared with 5,900 tons in 1955. Under
Supreme Decree 4540, of December 15, 1956, the Bolivian Government
established a scale of export taxes on the gross value.of antimony con-
tained in concentrates as follows: '

Grade of concentrates
Dollars Unitled Stt%tes, (gén'-
rency per long-ton un
antimony ! 65 per- | 60 per- | 55 per-

cent | cent | cent ..
$2.50. 2.80 1.40 0.50
$3.50. 5.60 4.20 2.80
- $4.50. 8.40 7.00 5. 60

1 At the free rate of exchange, official prices to be estab-
lished for different grades of concentrate. :

Canada.—Preliminary data for 1956 report that Canada’s produc- '

tion of antimony totaled 910 short tons valued at $576,300 compared
with 1,011 tons in 1955. The only producer was the Consolidated
Mining & Smelting Co. of Canada, Ltd., Trail, British Columbia,
which recovered the metal as an antimonial-lead alloy from residues of
lead refining. :

Eire.—The Metal Bulletin (London) reported:*

High grade ores of antimony and gold have been found in a disused antimony
mine at Clontibret, County Monaghan, according to a statement made in Dublin
by the Mining Corgoration of Ireland—a subsidiary of Can-Erin Mining Com-
pany of Toronto. * ¥ !

. Mexico.—Production of antimony increased to 5,000 short tons in
1956, compared with 4,200 tons in 1955. Total production, by type
of material, was as follows:

Short

Antimony content: tons
Ore and concentrate._.._._..___ B e e 3, 594
Impure antimony bars . - o oo oo e ——— e 880
Impure lead bars. . eeeeeeieeee B35
Other forms.__ e 13

T otal e e e e e e 5, 022

Exports also increased and totaled 3,600 tons, all of which went to
the United States.

Peru.—Output of antimony in Peru was 950 short tons, virtually
unchanged from 1955.

Union of South Africa.—The Union of South Africa continued as
the leading antimony producer in the world. Production of antimony
in concentrates totaled about 15,700 short tons, virtually unchanged
from the previous year.

The Consolidated Murchison (Transvaal) Goldfields & Develop-
ment Co., Ltd., 1956 Annual Report to Stockholders stated:

16 Metal Bulletin (London), Antimony and Gold Found in Eire: No. 4168, Feb. 8, 1957, p. 19.

b g e e
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* % * Up to the present time all the lenses which have been exploited have
been discovered by surface prospecting, but there is the possibility that-other
lenses may exist which are not disclosed by surface indications, and it has been
decided to explore this possibility by initiating a programme of underground
development within the line of antimony mineralisation at elevations ranging
from 500 to 900 feet below the surface and designed to traverse the 50,000 feet
of strike within this Company’s Claim Area, * * *

* % * The ore reserves at 3lst December, 1956, which were deemed to be

ayable on account of the combined Gold and Antimony content amounted to
400,000 tons; an increase of 20,000 tons over the figure at the previous year end.
The results of operations at the mine were as follows:

Years ended December 31
1966 1956
Tons milled . _ oo eem b mm——aen 139, 673 - 163, 776
Gold produced-fine oUNCes_ - oo ooco oo 4, 818 3
Concentrates and cobbed ore produced-short tons.... 24, 834 24, 897
Revenue from all SOUrCes. - - ——ooccececoocc-aen-- £1,516, 857 £1, 294, 847
Working costs per ton milled-shillings..----cc------ 67. 22 62. 82
Working costs—total. oo £469, 420 £514, 410
Gross Profit_ o - e aae £1,047,437  £780, 437
Capital expenditure. oo £46, 318 £6, 748
Stock of cobbed ore and concentrates at end of the
year-short tons__..-._-_ e cmmmmmm———————————— 2, 320 4, 431

United Kingdom.—The following table provides information on the
consumption of antimony by principal uses.

Batteries - - oo e emcmmmemece—ccccemmmemmmmmmmmm—mm——aemma———— 1,238
Other antimonial lead___ .-

Bearings. oo oo

Oxides for white pigments
Oxides for other USeS. - - - ccccoc o cccccecmcmmmomam—e—man
Miscellaneous useS------- e e mmmimtemmm—noeam e mm————————

Total all trades. - o e icmmmcmm—mm e ——————

The above figures exclude the consﬁmption of antimony in scrap,
which was as follows:

. Long ton

Antimonial lead - - - - - e mmem e cicemmmmmmmme———me—————— 3, 856
TOr OthEr USES. .- o oo oo oo oo eememmmmmmmmemmmmmemmmmmmmmmmmmmse 398
Total consumption in SErap- - - -eeeoooem e 4, 254

The Mining Journal (London) reported: *

Antimony from China, the U. 8. 8. R. and other sources, mainly beyond the
Iron Curtain, is being offered on the Continent at discounts of up to £50 below
London prices for metal of equivalent grades.

Yugoslavia.—Production of antimony ore totaled 91,500 short tons,
a 3-percent increase above 1955. Smelter output of metal totaled
1,833 short tons compared with 1,769 tons in 1955.

lgoBrit!sh Bureau of Non-Ferrous Metal Statistics, Bulletin-Statistics for January 1957: Vol. 10, No. 1
p. 80. ’
18 Mining Journal (London), vol. 246, No. 6287, Feb. 17, 1056, p. 209.
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TABLE 13.—World productibn of antimony (content of ore),! by countries,? 1947-51
. (average) and 1952-56, in short tons 3 .

[Compiled by Augusta W. Jann and Berenice B. Mitchell]

Countrys - 1047-51 | 1052 1953 | 195 1955 1956
_ (average) -
North America:
Canada ¢__ 896 1,165 744 651 1,011 910
Honduras. - 3 JRON ISRP (EVS IR A
Mexicod_____ T 7,220 6,008 4,063 4,610 4,209 5,022
United States - 3,882 2,160 372 766 633 590
Total 12,001 9, 423 5,179 6,027 5,853 6, 522
~South America: . - )
Argentina_ 530 ©) 8) Q 7 2
Bolivia (exports).o-—o—— ... 11,903 10, 809 6,376 5,751 5,907 5,629
Peru. 1,267 567 1,062 933 960 . 953
Total ’ 513,200 | 511,430 87,490 56,740 6,874 6, 584
Europe: .
Austria 403 429 543 429 440 410
Czechoslovakia . _____________________ 3,130 1,800 1, 1,800 1,800 1, 800
France. - 406 518 330 |ooeo g
Greece_.._. . _______ 198 380 560 | ... ____ 6)
.................................. 654 692 465 317 358 310
Portugal ——-e - 26 155 1 10 |ocom |
Spain y 217 288 254 120 210 5250 .
Yugoslavia (metal) . _._.___.__________ 1,670 1,465 1,554 1,711 1,769 1,833
Total 38_______________ ... 6,900 6,100 5,900 | 4,700 4,800 4,900
Asia:
British Borneo: Sarawak..._.________ 1 -
urma 8 —— 100 | 100 130 55 65 90
China 8, 4, 830 8, 800 11,000 12,000 13, 000 13, 000
Iran 7. 125 265 110 50 63 ©
Japan 179 230 354 291 357 619
Thailand (Siam) 137 77 50 78 28 41
Turkey. 1,216 1,274 951 1,080 1,841 3,700
Total & - 6,640 10, 700 12, 600 13, 500 15, 400 17, 500
Africa: . .
Algeria._ 1,027 1, 456 1,995 2,535 1,124 82,300
French Moroceo_____._._________.__ 735 925 64 429 349 |
Rhodesia and Nyasaland, Fed. of
Southern Rhodesia. 50- 110 26 72 223 77
250 475 341 330 397 330
7, 505 7,949 3, 009 9, 528 15, 641 15, 689
Total. .o el 9, 567 10, 915 5,435 12,894 17,734 518, 400
Oceania:
Australia. ... _______________ 266 268 251 131 344 315
New Zealand...___...._______________ 2 7 12 ||
Total. ... 268 275 263 131 344 315
World total (estimate)2...__._____.__ 49, 000 49, 000 37,000 44, 000 51, 000 54, 000

! Approximate metal content of ore produced, exclusive of antimonial lead ores. A

2 Antimony is also produced in Hungary and U. S. 8. R.; an estimate for Hungary by senior author of
the chapter is included in the total, but there is too little information to include an estimate for U.S.S. R.

3 This table incorporates a number of revisions of data published in previous Antimony chapters. Data
do not add to totals shown owing to rounding where estimated figures are included in the detail.

: %ct]ilgets antimony content of miscellaneous smelter products.

stimate,
¢ Data not available; estimate by senior author of chapter included in total.
7 Year ended Mar. 20 of year following that stated.
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Arsenic
By Abbott Renick ' and E. Virginia Wright?
| % |

RODUCTION of white arsenic in the United States increased
13 percent in 1956 compared with 1955. Imports, comprising a
third of the new supply, decreased 11 percent from the previous

year. As a result of heavier than usual oll-weevil infestations in
“the cotton-growing areas of the South, apparent consumption of
white arsenic increased 34 percent. This circumstance, favorable to
the producers brought their year-end stocks to the lowest point since -
1951 and 58 percent below stocks at the end of 1955. White arsenic
continued to be quoted at 5% cents a pound throughout 1956.
World production of white arsenic, estimated at 44,000 short tons
in 1956, was 4 percent less than in 1955.

TABLE 1.—Salient statistics of the white arsenic industry in the United States,
i 1947-51 (average) and 1952-56, in short tons

Produc- | Ship- Apparent | Producers’ | - Price
Year tion ments | Imports | Exports 1| consump- |stocks,end pound 3
tion 2 of year
15,003 11,453 4200 256 078 | $0.06
9,244 4,483 | . 13,727 11, 263 . 065~ 06%%

11,315 4,717 16, 032 10, 820 14
11, 523 4,848 |- coeeae 16,371 12,464 0514
11,673 7,222 18, 895 11,571 0514
18,876 6,422 |ooocmooo 0553

roducers.

1 Reported bsyhg

2 Producers’ shipments, plus imports, minus exports.

3 Refined white arsenic, carlots, as quoted by E&MJ Metal and Mineral Markets.
4 Estimated by the Bureau of Mines.

DOMESTIC PRODUCTION

The domestic arsenic output was entirely a byproduct of the
smelting and refining of complex cotgper and lead ores, and the quan-
tity of arsenic produced was directly related to the output of these
metilals. Production of white arsenic increased 13 percent compared
with 1955. '

White arsenic was produced by The Anaconda Co., Anaconda,
Mont. (copper smelter), United States Smelting, Refining & Mining
Co., Midvale, Utah (lead smelter), and American Smelting & Re-
fining Co., Tacoma, Wash. (copper smelter). Arsenic metal was not
produced during 1956.

1 Commodity specialist.
2 Statistical mytant.

199



200 MINERALS YEARBOOK, 1956

TABLE 2.—Production and shipments of white arsenic b& United States
- producers, 1947-51 (average) and 1952-56 )

Crude Refined Total
Year Pro- Shipments Pro- Shipments Pro- Shipments
. duc- due- duc- -
tion, tion, tion,
short | Short Value short | Short | Value | short | Short | Value
tons! | tons tons tons tons tons

$1,041,617 | 1,025 | 1,023 | $92,300 | 15,930 | 15,003 |1, 133, 017

563,719 | 627 | 525 | 46,751 | 15,673 | O, 610, 470
495,678 | 528 | 499 | 43,383 | 10,873 [ 11,315 | 539,056
492,562 | 537 | 602| 48516 | 13,167 | 11,
501,104 | 812 | 687 | 53,557 | 10,780 | 11673 | 554 661
18,048 | 685145 7/8| 828 | 60,524 | 12,201 | 18,876 | 754 669

1 Excludes crude consumed in making refined.

CONSUMPTION AND USES

. In 1956 more than half of the white-arsenic supply was consumed
in manufacturing calcium and lead _arsenate insecticides. The appar-
ent consumption of white arsenic in the United States was approxi-
mately 25,300 tons—34 percent above the 18,900 tons consumed in
1955. One important factor in the expanded requirements of calcium
arsenate during 1956 was its value as a replacement for chlorinated
hydrocarbons. ~ According to one investigation: 3

Late in 1955 it was found that a technique of treating individual weevils topi-
cally with known amounts of insecticide could be used to determine whether a
population was resistant or not. Early in 1956 an extensive program of testing
weevils from various areas of the state was undertaken in cooperation with

county agents to delimit the area where resistance was a problem.
. Bilearly July it was found that about two-thirds of the cotton acreage includ-
ing

ost of the Mississippi Delta, Red River Valley, and Macon Ridge was
affected. Growers in these areas who had been advised to begin the season with
the chlorinated hydrocarbons soon found they were not getting satisfactory
control and were advised to change to calcium arsenate or Methyl Parathion.

Other major requirements for arsenic were in weedkillers, in soil
sterilizers, and on firebreaks in national forests.

Arsenic also was used in manufacturing - glass, lead-base alloys,
dyestuffs, cattle dip, wood preservatives, poison bait, debarking trees,
and animal husbandry and in oil wells as a corrosion inhibitor.

STOCKS

Stocks of white arsenic held by producers decreased 58 percent
and at the end of 1956 totaled 4,900 tons, decreasing nearly 7,600
tons from the alltime high of 12,500 tons at the end of 1954. Pro-
ducers’ stocks of commercial calcium arsenate and lead arsenate on
December 31, 1956, totaled about 2,000 and 1,400 tons, respectively.

# The Cotton Trade Journal, Nashville, Tenn., Dec. 14, 1956, p. 2.
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TABLE 8.—Production of arsenical insecticides and consumption of arsenic wood -
preservatives in the United States, 1947-51 (average) and 1952-56

Consumption
Production of insecti- | of wood pre-
cides (short tons) ! servatives
(pounds) 2
Year
Lead ar- | Calcium ‘Wolman
senate arsenate salts (25
(acid and | (70 percent percent
basic) |Cas(AsOs)2) sodium
arsenate)
1947-51 (average) 13, 660 17,883 1,237,788
1952 7,143 3,817 1, 658, 426
1953 7,098 3,630 1, 900, 692
1954. . 7,810 1,379 1, 966, 790
1955. 7,388 31,885 2,133,215
1956 4 5,763 12, 514 2, 009, 839

1 Bureau of the Census, U. S. Department of Commerce.
2 Forest Service, U. S. bepartment of Agriculture.

3 Revised figure.
PRICES

4 Preliminary figures.

White arsenic was quoted at 5% cents per pound (powdered, in
_ barrels, carlots) throughout 1956. According to the Oil, Paint and
Drug Reporter, calcium arsenate, in carlots, was steady at 9-10
cents per pound. Likewise, the quoted price for lead arsenate, carlots
(3-pound bags), remained unchanged throughout the year at 27/
cents per pound. The domestic price for arsenic metal remained
. 54 cents per pound throughout the year. From January 1 to July 6
the London price for white arsenic, per long ton, 98-100 percent,
was stable at £45-£50 nominal (equivalent to 5.63 to 6.25 cents per
pound). From July 7 to the end of the year the price for white
arsenic was steady at £40-£45 nominal (equivalent to 5.00 to 5.63
cents per pound). The London price for arsenic metal, per long ton, -
opened in January at £410 (equivalent to 51.25 cents per pound)
and from the early part of August until December 31 was quoted -
at £400 (equivalent to 50.00 cents per pound).

FOREIGN TRADE *

Imports.— White arsenic imported for consumption in 1956 totaled
6,400 short tons, 11 percent below 1955 receipts, and 11 percent below
the 5-year average (7,200 tons), 1951-55.

Mexico continued to be the principal supplier of white arsenic
imports, with 91 percent of the total; Canada furnished 8 percent;
and Sweden, France, and Poland-Danzig supplied the remainder
(1 percent). Forty-two tons of arsenic sulfide was received from
Belgium-Luxembourg; arsenical sheepdips came exclusively from
the United Kingdom.

Imports of metallic arsenic totaled 44 short tons valued at $31,200
compared with 114 tons valued at $83,400 in 1955. Sweden supplied
64 percent; United Kingdom, 25 percent; and Poland-Danzig, 11
percent.

¢ Figures on imports and exports compiled by Mae B. Price and Elsie D. Page, Division of Foreign Ac-
tivities, Bureau of Mines, from records of the U. 8. Department of Commerce.

466818—58——14
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Exports.—Exports of calcium arsenate totaled 314 short tons, valued
at $52,000, decreasing 67 percent from 1955. Nicaragua was the
principal recipient, followed by Peru, Cuba, Canada, and the Philip-
pines, in descending order. No direct foreign sales of white arsenic
were reported by United States producers. ,

: Exports of lead arsenate totaled 1,300 tons, valued at nearly $576,-

" 000, an increase of 137 percent over 1955. Peru was the principal
recipient, followed by Colombia, Canada, France, Uruguay, Venezuela,
‘Lebanon, and Bermuda, in that order.

Tariff—White arsenic, arsenic sulfide, paris green, and sheepdip
(certain varieties contain arsenic) were all free of duty. Arsenic acid
was subject to duty at 3 cents per pound;lead arsenate, at 1}4 cents per
pound; and metallic arsenic, at 3 cents per pound. Compounds of
arsenic not specified in the tariff act were subject to duty at 12%
percent of their foreign market value.

TABLE 5.—Arsenicals imported into and exported from the United States, by
classes, 1947-51 (average) and 1952-56, in pounds

[Bureau of the Census]
Class - 1947-51 1952 1953 1954 1955 1956 .
(average) .
Imports for consumption: .
‘White arsenic (As3Os con-
22,905,648 | 8,966,906 | 9,434,212 | 9,695,722 | 14,443,828 | 12,843,81:
91, 817 60, 220 141,472 | . 117,085 228, 960 88, 666
94,429 |____________ 20,018 | oo 93, 717 84,894
63, 406 102, 415 52, 436 55, 700 40, 960 70, 421
2(13, ;% 161, 316 - - .
4
356, 441 192, 205 42,644 oo 60, 000
58,038 65,221 79, 520 173, 565 172,175 229, 61
17,728 41,255 N
Exports: : .
Calcilum arsenate.....---- 4,559,595 | 5,606,613 | 3,890,246 | 1,975,894 | 1,885,582
Lead arsenate..cccoeaea-- 1, 533, 664 255, 268

628, 020
303, 030 709,752 | 1,080,498 | 2,563,176

TECHNOLOGY

The abstract of a technical paper on the extraction of cobalt metal
from arsenical ores follows: *

Cobalt recovery from arsenical concentrates by pressure leaching and reduction
involves special methods and operating problems. Principal steps in the process
are auto-oxidation acid leaching under pressure, filtration of the tailings, purifica-
tion of the solution, hydrogen reduction of the ammoniacal solution, and electrical
furnacing for sulfur removal and granulating the metal. )

A United States patent was issued in 1956 relative to arsenic.®

WORLD REVIEW

Be]lfium.—Various arsenic products are made by Société générale
métallurgique de Hoboken at plants near Antwerp, Herenthals, and
Reppel; by Société des mines et fonderies de zinc de la Vieille-Mon-
tagne, Liége; and by Belgochimie S. A., Ghent.

Canada.—Arsenical ores are widely distributed throughout Canada,
in association with gold, silver, cobalt, and certain sulfide ores. Re-

& Mitchell, J. S., Pressure Leaching and Reduction at the Garfield Refinery: Min. Eng., vol. 8, No. 11,

November 1956, 1:3) 1093-1095.
¢ Bicek, Edward J. (assignor to Universal Oil Products Co., Chicago, Ill.), Process of Removing Arsenic
from a Naphtha: U. S. Patent 2,769,770, Nov. 6, 1956.
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covery of arsenic as arsenious oxide (As,0;), however, was confined to
Beattie-Duquesne Mines, Ltd., and O’Brien Gold Mines, Ltd., in
Quebec and Deloro Smelting & Refining Co., Litd., in Ontario. Pro-
duction of white arsenic in 1956 totaled 1,300 short tons compared
with 800 tons in 1955.

Mezxico.—Byproduct white arsenic was recovered by Cia. Metal--
urgica Pefioles, S. A. (subsidiary of American Metal Co.), at its
Torreén, Coahuila, lead smelter. The American Smelting & Refining
Co. produced white arsenic at its San Luis Potosi copper smelter.
Output of white arsenic totaled 2,900 short tons in 1956, an 11-percent
decrease from 1955.

TABLE 6.—World production of white arsenic, by countries,! 1947-51 (average)
and 1952-56, in short tons 2

[Compiled by Augusta W. Jann and Berenice B. Mitchell]

Country ! 1947-51 1952 1953 1954 1955 1956
(average) .
North America:
Canada. 562 854 702 590 786 1,312
Mexico. . 9,388 3,159 2, 204 2,675 3,255 2,913
United States - 15,930 15,673 10,873 13,167 10,780 | 12,701
South America:
Brazil 1,183 1,062 522 1,275 1,077 ®
Peru . 357 L 105 ——-
Europe: .
Belgium (exports) - - ce-coceoovoaao__. 807 1,106 1,903 1,979 2,281 4 3,150
France : 3,743 6,934 6,217 812 6, 393 ® .
Germany: West (exports)..........___ 1,531 122 675 239 635 334
Greece. 31 97 68 42 ®
Ttaly. : 1,052 2,209 1,179 1,243 1,166 41,100
Portugal 972 1,452 1,301 1,196 1,973 1,789
Spain. 362 173 60 22 3)
Sweden 16, 551 17,189 569 10, 762 13, 803 (8;
United Kingdom 43110 @ ® @ @ ®)
Iran ¢ 34 ® ® ®
Japan . 1,690 1, 545 1,576 1, 583 1,910 1,833
Rhodesia and Nyasaland, Fed. of:
Southern Rhodesia. 228 568 416 459 508 1,084
Union of South Afriea_._..______._____ 3 —
Oceania:
Australia_ 500 134
New Zealand 10 .
World total (estimate) 1. _____.___ 56,000 54,000 30, 000 38, 000 46, 000 44, 000

1 Arsenic is produced in Argentina, Austria, and East Germany, and estimates by the author of the
chapter are included in the total. Information is not adequate to estimate production in China, Czecho-
slovakia, Finland, Hungary, and U. S. 8. R.

2 This table incorporates a number of revisions of data published in previous Arsenic chapters. Data
do not add to totals shown due to rounding where estimated figures are included in the detail.

:%:)atta ngg available; estimate by senior author of chapter included in total.

stimate.
5 White arsenic, including arsenie soot.
6 Year ended March 20 of year following that stated.

Southern Rhodesia.—Qutput of white arsenic at the central roasting
plant at Que Que, Southern Rhodesia, totaled 1,100 short tons, com-
pared with 500 tons in 1955.

Sweden.—The Boliden Mining Co. continued to be the world’s
leading white arsenic producer.

United Kingdom.—Arsenic metal was produced by Metallo Chemical
Refining Co., Ltd., and Imperial Smelting Corp., Ltd., London. The
latter company also produces arsenic alloys. Arsenical copper is
made by British Copper Refiners, Litd., Prescot, Lancashire.



Asbestos

By D. O. Kennedy ! and Annie L. Mattila®
e

HE WORLD production of asbestos was nearly as high in 1956

as in 1955—approximately 1% million tons. Canadian production

decreased slightly but was still over 1 million tons. Production
within the United States declined for the third successive year and
amounted to about 2 percent of the world production. Imports
and consumption in the United States declined 7 percent in 1956
compared with 1955. Imports of low-iron chrysotile of spinning
lengths from British Columbia were about the same as in 1955—close
to 7,000 tons—but imports of shorter fibers from British Columbia
increased. Imports of Canadian spinning fibers decreased 6 percent
compared with 1955. ,

TABLE 1.—Salient statistics of the asbestos indﬁstry in the United States, 1947-51
(average) and 1952-56 -

1947-51 1952 1953 1954 1955 1956
(average)
Domestic asbestos: : .
Produced ... short tons._ 39,676 53, 888 57, 950, 45, 813 44,752 41,626
Sold or used.-..__.._-- do.--.. 39,719 53,864| . 54,456 47,621] 44,580 41, 312
Value ... $2, 435, 357| $4,713,032| $4,857,359| $4,607,062 $4,487, 428 $4, 742, 446
Imports (unmanufactured)
short tons__ 643, 883 709, 469 692, 245 678; 390 740, 423 689, 034
Value. oo $41, 508, 089($61, 604, 601($59, 753, 583 1 $55,856,606/ ! $60,957,578| 1 $61,829,275
Exports (unmanufactured) 2
short tons.__ 13,874 10, 724 3,076 1,894 2,787 2,950
Value $2,827,982| $2,670,970{  $592, 222 $291, 157| $267, 776 $374, 964
Apparent consumption
short tons.. 669, 728 752, 609 743, 625 724,117 782, 216 727, 396
Exports of asbestos products 2__..|$10, 520, 505/$13, 028, 857 $10, 627, 293| $11, 484, 735| $12, 858, 504| $14, 181, 122

1 Owing to changes in tabulating procedures by the U. 8. Department of Commerce, data known to be
not strictly comparable with earlier years.
2 Includes material that has been imported and subsequently exported without change.

DOMESTIC PRODUCTION

Domestic output of asbestos decreased 7 percent in 1956, compared
with 1955, reflecting a 3-percent decrease in Vermont production and
a 24-percent decrease in Arizona. A small quantity of both amphi-
bole and chrysotile asbestos was produced in California, but produc-
tion of ampgibole in North Carolina and Georgia was suspended.

The Vermont Asbestos Mines Division of the Ruberoid Co., operat-
ing in Vermont, continued to be the one large asbestos producer in
the United States. Although over 3 percent of the fiber produced
was of spinning grade, only a small part-of it was sold for textile use;
most of it was used in electrolytic cells.

1 Assistant chief, Branch of Construction and Chemical Materials.
+ Statistical assistant.
205
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‘The purchase program for acquiring Government warehouse stocks
of Arizona asbestos, conducted by the Materials Branch, Emergency
Procurement Service, was completed early in 1956. By Congres-
sional action (Public Law 733, 84th Congress, dated July 19, 1956),
& new program was established whereby the U. S. Department of
the Interior was authorized to purchase domestic nonferrous chryso-
tile asbestos meeting the same specifications and under the same .
regulations as those in effect during the former purchase program.
The prices to be paid were those in effect January 1, 1956. Purchases
were not to exceed 2,000 tons of Nos. 1 and 2 combined and not to
exceed 2,000 tons of No. 3, except that No. 3 might be purchased
only when offered with No. 1 or No. 2 or both in ratio not to exceed
1 ton of No. 3 to 1 ton of No. 1 or No. 2 orboth. The Interior Depart-
ment delegated the authority to make these purchases to General
Seryices Administration July 31, 1956. Purchases were made with
funds remaining from the previous program, and no new funds were
authorized for the new program in 1956. Production in Arizona
virtually ceased when the first program was completed and was not
resumed until after the passage of Public Law 733 in July. Stimulated
by the 2 purchase programs, production of the longer fibers (crudes
Nos. 1, 2, and 3) increased 14 percent in 1956 compared with 1955,
but production of shorts decreased 35 percent. During 1956, 94
percent of all crudes Nos. 1, 2, and 3 sold were purchased by the
Government.

‘Ten companies operated in Arizona in 1956; but, as in previous
years, 5 of them produced 97 percent of the State total. The follow-
ing firms and individuals produced chrysotile in the Globe district of
Arizona in 1956: American Asbestos Cement Corp., American Fiber
Corp., Barry De Rose, Jaquays Mining Corp., Kyle Asbestos Mines
of Arizona, Lawrence D. Poor, Metate Asbestos Corp., Phillips
Asbestos Mines, Via Development Co., and Western Chemical Co.

The Bureau of Mines issued a report?® describing 18 deposits in
Arizona that were not discussed in a previous report (Information
Circular 7706) published in 1955. Key maps in both reports showed
the locations of all mines and deposits. A small quantity of short-
fiber chrysotile was produced by the Tabor Mining Co. from the
Phoenix mine in Napa County, Calif. The Huntley Industrial
Minerals, Inc., produced a small quantity of amphibole asbestos in
Inyo County, and Zimdars & Delmue produced tremolite from the
Noon Day mine in the Towa Hill district.

CONSUMPTION AND USES

Consumption of asbestos decreased 7 percent in 1956 compared
with 1955. This decrease was entirely in the chrysotile variety, as
imports of amosite were virtually unchanged, and imports of crocido-
lite were 24 percent greater in 1956 than in 1955. Nearly 96 percent
of the asbestos consumed was chrysotile; of this only 24,000 tons (ap-
proximately 3 percent) was of spinning grade.

As asbestos was employed extensively in building construction, as
well as in many industries, trends in asbestos consumption, industrial
production, and volume of new construction are shown in figure 1.

3 Stewart, Lincoln A., Chrysotile-Asbestos Deposits of Arizons (Supp. to Inf. Cire. 7706): Bureau of
Mines Inf. Cire. 7745, 1956, 41 pp.
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Fieure 1.—Consumption of asbestos compared with total new construction and
industrial production 1935-1956. Statistics on value of construction from
Bureau of Foreign and Domestic Commerce and on industrial production from
Federal Reserve Board. ’

TABLE 2.—Apparent consumption of raw asbestos in the United S\ta.tes, 1947-51
(average) and 1952-56

Year Short tons Value Year Short tons | Value:
1947-51 (8Verage) -vocowvu-- 669, 728 | $41, 115, 464 724,117 | $60, 411
1952 e cieecmmmeeee 752,609 | 63, 646, 663 782,216 | 65,177,230
1053 i ccccnnmmaemmanas 743,625 | 64,018, 720 727,396 | 66,196, 767
PRICES

Price increases were announced by Canadian Johns-Manville Co.,
Ltd., in December 1955, amounting to about 10 percent for all long-
fiber grades of chrysotile and 5 percent for all short fibers. The new
price schedule, shown below, held throughout 1956:

Grade U. 8. dollars per ton
Crude No. 1. - e cccmmecmmmmmmcecmcem e $1, 400-81, 725
Crude No. 2 - e eemm—mmm—mmm——m—emmm———— 750- 1, 100
No. 3—Spinning fiber_ - - oo 350~ 575
No. 4—Shingle fiber_ _ - - oo 170- 225
No. 5—Paper fiber- oo 110- 140

No. 6—Plaster fiber_ - oo ccmmem e ' 82
NoO. 7—Shorts. - o e e ccecccmcccccccccmcmmmm—mmcc——cm—————— 38— 75
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The Arizona quotations, unchanged during 1956, were as follows:
h . Per ton . o. b. Globe,
riz.

. Grade
No.lerude $1, 500-$1, 750
No.2erude.__ - _ 900- 1,050
No.3ecrude._ 400- " 450
Filter fiber_.___ .. e 250- 450 .

African asbestos was sold by negotiation with individual purchasers,
and there were no market quotations. Department of Commerce
reports show.the following average figures for imports in 1955 and
1956, per short ton:

_ 1955 1956
Amosite: Union of South Africa. ... __________________.__ $125. 38  $126. 51
Crocidolite:
Bolivia. oo 92. 74
Australia_ - __o___ 229.00 224.09

Union of South Afriea___ .. ___ 206. 06  186. 46

FOREIGN TRADE *

Imports.—During 1956 imports of chrysdtile asbestos totaled
654,845 tons, an 8-percent decrease from 1955. Although imports of
amosite remained about the same as in 1955 and imports of crocidolite
increased, these represented only 5 percent of the total imports; and
total imports decreased 7 percent in 1956 compared with 1955.
Nearly 92 percent of the 1956 imports originated in Canada, but so
much of the Canadian imports was of short fiber that the Canadian
imports represented only 85 percent of the total value of all imports
of asbestos into the United States in 1956.

TABLE 3.—Asbestos (unmanufactured) imported for consumption in the United
States, 1947-51 (average), 1952-54 (totals), and 1955-56, by countries and

classes
[Bureau of the Census]

Crude (including Mill fibers " Short fibers Total
blue fiber)

Country

Short | Value Short | Value Short Value Short | Value
tons tons tons tons

35,2811 $5, 889, 81411174, 010|1$19,337,583| 434, 503($16, 280, 692| 643, 884|841, 508, 089
38,636 8,048,835 212, 6841 31,202, 506/ 458, 149| 22, 263, 260] 709, 469| 61, 604, 601
39,2011 9,052,007| 170, 692/ 27, 521, 438| 482, 352| 23, 180, 138| 692, 245| 59, 753, 583
37,461| 7,502, 58| 148, 962| 24, 556, 953 491, 967| 23, 797, 295| 678, 300| 55, 856, 606

1955

North America: Canada. 873 471,279| 167,191) 27, 388,074| 531,023 25, 215, 464| 699,087 53,074, 817
South America: Venezu-

ela_ 1 435 1 435
Europe:

France.. 7 582 7 589
Germany, West_ 2 278 2 278
Italy. . 8 9,810 oo 8 9,310
Portugal .. __________ 4 538 4 538
United Kingdom, ... 72 20, 642 9 9, 627 81 30, 269
Yugoslavia.......___ 558 23,276 6 575 - 564 23, 851
Total..........._._.| 562, 23,814 88| 30, 805 16 10, 216 666 64, 835

See footnotes at end of table.

4 Figures on imports and exports compiled by Mae B. Price and Elsie D. Page, Division of Foreign
Activities, Bureau of Mines, from records of the Bureau of the Census,
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TABLE 3.—Asbestos (unmanufactured) imported for consumption in the United
States, 1947-51 (average), 1952-54 (totals), and 1955-56, by countries and
classes—Continued

Crude (including Mill fibers Short fibers Total
blue fiber)
Country
Short Value Short Value Short Value Short Value
tons tons tons tons
1955—Con.
Africa:
British East Africa..|.._. R 12 $1, 358 12| $1,358
Rhodesia and Nyas-
a.nd, Federation
of % 8,168 $1,999, 787 237 $73,041 15 4,312| 8,420| 2,077,140
Southern British
............. 189 42, 458 - 189 42,458
Unlon oi South
............ 27, 508| 4,745,488 635l 105, 172 557 79,168| 28,700| 4,929,828
otal .- 35, 865| 6, 787, 733 872 178,213 584 84,838 37,321| 7,050,784
Oceania: Australia.._.__ 3,348 766, 707 e - 3,348|. 766, 707
Grand total...._._. 40, 648| 8,049, 533| 168, 152[427, 597, 527| 531, 623|425, 310, 518' 740, 423|460, 957, 578
1956 ‘ '
North America: Canada. 273 208, 248| 155,961] 27, 814, 601| 477, 512| 24, 261, 803| 633, 746 52, 284, 652
34 3,153 34 3,153
120 17, 866, 14 2,740 1 2,316 145| 22,922
154 21, 019' 14 2,740 11 2,316 179 26,075
40 1, 530 40 1, 530
400| - 2| 400
11 12, 060 11 12, 060
5 560] 5 560
U.8.8. 6| 2, 750 | 6| 2, 750
United Kingdom. . |occoeooocaooaaaa_ 127 32,671 193 48, 688 320 81, 359
Yugoslavia_.....__... 3,735 141,275 - | | 3785 141, 275
Total. oo 3, 49| 142, 235 144 47, 481 233 50,218 4,119 239, 934
Africa:
British East Africa_. 13 1,199 9 ‘1,494 22 2,693
French Morocco... .- 3 3,111 3 3,111
Rhodesia and Nyas-
aland, Federation
[ & T, | 14,271] 2,927,727 339 180,117 30 14,244 14,640 3,122,088
Union of South
Africa 8. 32,774 5, 381, 599| 199 28, 097| 202 35,146| 33,175 5,444,842
Total.__... 47,045 8, 309, 326| 554, 212, 524 241 50,884| 47,840| 8,572,734
Oceania: Austral 3,150 705, 830 3,150 705, 880
Grand total 54,364 4 9, 386, 7081 156, 673(428, 077, 346 477, 997|424, 365, 221| 689, 034|461, 829, 275

1 Includes 11 tons ($1 632) classiﬁed by the Bureau of the Census as ‘“amosite, crude’’; reclassified by
Bureau of Mines as “m

3 Believed to be all trom Southem Rhodesia.

#Includes 1 ton ($336) of blue crocidolite credited by the Bureau of the Census to United Kingdom.

4 Owing to changes in tabulating procedure by the Bureau of the Census data known to be not compara-
ble with years before 1954.

& Includes 225 tons ($57,304) of chrysotile crudes, 30 tons ($5,820) of blue crocidolite, and 15 tons ($3,875) of
short fibers credited by the Bureau of the Census to Mozamblque 302 tons ($34,020) of amosite crude credited
by the Bureau of the Census to The Federation of Rhodesia and Nyasaland; 2 tons ($785) of amosite crude
credited by the Bureau of the Census to the United Kingdom and 2 tons (3679) of blue crocidolite believed
to have originated in the Union of South Africa and processed in the United Kingdom.

Chrysotile fibers of spinning length (Canadian crudes Nos. 1 and 2
and spinning fiber No. 3) were available in excess of United States
requirements in 1956. Except for a few hundred tons imported from
Southern Rhodesia, virtually all of the spinning-grade chrysotile was
imported from Canada. Imports of low-iron chrysotile of spinning
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grade from British Columbia increased from 5,742 tons in 1955 to
6 ,982 in 1956.

TABLE 4.—Asbestos (chrysotile) imported for consumption in the United States:
from Canada, by grades, 1947-51 (average) and 1952—56 in short tons -

[Bureau of the Census]

Grades 1947-51 1952 1953 1954 1955 1956
(average) )

Crude No. 1. 232 144 168 82 65 50
Crude No. 2 255 332 207 181 164 217
Other crudes 416 79 467 844 644 -6
gijgnmg or textile ﬂber .................. 19, 845 24,112 19,417 18, 319 21, 339 20, 638
Shingle fib 82, 524 98, 577 86, 540 72,242 83,898 83,032
ﬁber . - 69, 698 87, 644 63, 139 57,465 61, 954 52,201
Short fiber. 434,578 | 458,012 482 179 491 149 | 531,023 477 512
Total 607,548 | 668,900 | 652,117 | 640,282 | 699,087 633, 746

TABLE 5.—Asbestos (chrysotile) imported for consumption in the United States
from Southern Rhodesia ! by grades, 1947-51 (average) and 1952-56, in short

tons
[Bureau of the Census]
Grades : 1947-51 | 1952 1953 1954 1955 1956
(average) i :

Crude No. 1. 1,358 w2| 10| - 18 105 61
Crude No. 2 2,982 1,363 814 275 162 71
Sph:ming or fextile fber.o.-.--o-oooo- 156 177 - 730 156 76 . 339
25357  8206| 7,304 6,243| 7,901 14,139

Shingle ﬂber , 245 103 161 feooo .
Short fiber. p 6 ! 364 15 30
Total 9,850 | 10,543| 9,990 7,219] 842 14,640

1 Effective July 1, 1954, reported_by the Bureau of the Census as Federation of Rhodesia and Nyasaland.
Beheved to be all from Southern Rhod

Includes small amounts credited by the Bureau of the Census fo Mozambique.

Imports of crocidolite from the Union of South Africa increased
nearly 32 percent to a high of 19,270 touns in 1956, but imports of
chrysotile and amosite from the Union of South Africa were virtually
unchanged.

TABLE 6.—Imports of amosite, crocidolite, and chrysotile into the United States
from Union of South Africa, 1952-56, in short tons

[Bureau of the Census]

1952 1953 1954 1955 1956
AMOSIO_ - emeeee e 118,323 15,261 14,634 11,745 211,735
Crocidolite 6,885 7,781 10,911 314,592 419,270
Chrysotile 1,694 3,388 1,855 2,363 52,170
b D 26, 902 26, 430 27, 400 328,700 33,175

1 Includes 105 tons credited by Bureau of Census to Mozambique.

2 Includes 302 tons credited by Bureau of Census to Southern Rhodesia and 2 tons credited by Bureau
of Census to United Kingdom.

3 Includes 1 ton credited by Bureau of Census to United Kingdom.

4 Includes 30 tons credited by Bureau of Census to Mozambique and 2 tons credited by Bureau of
Census to United Kingdom.

§ Includes 240 tons credited by Bureau of Census to Mozambique.
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Exports.—Exports of raw asbestos increased slightly in 1956.
Compared with the quantity of asbestos imported and consumed in
the United States, the quantity exported was insignificant (less than
0.5 percent).

" TABLE 7.—Asbestos and asbestos products exported from the United States,
: 1947-51 (average) and 1952-56

[Bureau of the Census]

Unmanufactured asbestos . Asbestos products
Year Domestic? Foreign 2 Domestic!| Foreign 2

Short tons | Value Short tons | Value Value Value
1947-51 (average). ..—coooooeee- 11,803 | $2,392, 803 1,081 $435, 139 |$10, 508, 121 $12,384
1952. 10,265 | 2, 550, 065 459 - 120,905 | 13,027,739 1,118
1953. 2,780 540, 273 296 51,949 | 10, 615, 832 11,461
1954. 1,847 275,778 47 15,379 | 11, 475,082 9, 653
1955. 2,161 236, 336 626 31,440 | 12,820,917 37, 587
1956. . 2, 337, 696 153 37,268 | 14,171,309 9,813

1 Material of domestic origin, or foreign material that has been milled, blended, or otherwise processed
in the United States.
3 Material that has been imported and subsequently exported without change.

TABLE 8.—Asbestos and asbestos products exported from the United States,
. 1955-56, by kinds

. [Bureau of the Census]

1955 1956
Products
Quantity Value Quantity Value

Unmanufactured asbestos:

Crude and spinning fibers_._..______... short tons. . 240 $48, 858 514 $107, 022

Nonspinning fibers. . .. do_._. 287 42,817 301 54, 654

‘Waste and refuse. .. do. 1,634 144, 661 1,982 176, 020

Total unmanufactured do. 2,161 236, 336 2,797 337, 696

Asbestos products: ’

Brake lining and blocks:

Molded, semimolded, and woven._ ... 1) 4,995,315 1) 5, 380, 551
Clutch facing and lining._ ... ... number__| 1,182,728 927,597 | 1,160,166 910, 820
Construction materials. short tons__ 16,395 | 3,055,227 19,076 3, 749, 659
Pipe covering and cement_ do 3,040 806, 976 2,262 787, 666
Textiles, yarn, and packing do. 1,210 | 2,605, 656 1, 206 2, 785, 596
Manufactures, n. e. ¢ ® 430, 146 ® 607,017

Total products 12,820,917 |- oo 14,171, 309

10wing to changes in classification, values have been summarized, quantities not shown.
2 Quantity not recorded.

TECHNOLOGY

“The use of asbestos in plastics is increasing. It was estimated that
use in such products in 1956 had reached 14,000 tons per year of fibers
ranging from group 4 to floats.®

A report on possible substitutes for amosite asbestos was made by
the National Academy of Sciences in 1956 in connection with studies

- Badollet, M. S., and Ximenez, M. R., The Role of Asbestos in Plastics: Canadian Min. and Met. Bull.,
vol. 49, No. 531, July 1056, pp. 485-490.
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by the asbestos subcommittee of the Interdepartmental Materials
Advisory Board.®

New methods of milling asbestos were being developed in South
" Africa. One process in use at Shabani, Southern Rhodesia, was said
to have so improved the quality of the fiber and reduced the cost of
opeﬁatié)ln that some abandoned mines could be reopened and worked

rofitably.

P It Wag claimed that another new process developed by The Star
Asbestos Co. in Eastern Transvaal prepared fibers in exceptionally
uniform grades. Plans were underway to increase the capacity of
the mill from 300 to 600 tons of fibers per month.’

The physical and chemical properties of chrysotile have a definite
relation to its usability. Accordingly, research on the structure of
the mineral may afford some clue to the variations in properties en-
countered and their significance in utilization. The Department of
Mines and Technical Surveys, Ottawa, Canada, made pyrolysis
studies of chrysotile in an effort to obtain more complete information
on the structure and properties of the mineral (pyrolysis is defined as
chemical decomposition by the action of heat). It was found that
the thermal decomposition of chrysotile occurs in 3 stages; in the
second, at a temperature range of 400° to 500° C., a greater part of
the water of crystallization is expelled. Details of the research were
published.®

Several patents appearing in 1956 related to the separation of as-
bestos fiber from barren material. They include new types of screens,
equipment for separation of fiber from rock with minimum breakage
of fiber, and methods of recovering asbestos fiber from waste.®

The filtering properties, as well as the fire resistance of asbestos,
are utli(l,ized in developing new types of smoke filters for cigarettes and
pipes. ~

New types of thermal, sound, and electric insulating asbestos
products were patented.™

¢ National Research Council, Report on Substitutes for Amosite Asbestos by the Panel on Substitutes
for Amosite Asbestos of the Materials Advisory Board: Rept. MAB-112C, Oct. 1, 1956, 11 pp.

7 South African Mining and Engineering Journal, vol. 67, No. 3328, Nov. 23, 1056, p. 865; No. 3332, Dec.
L %?Kdgbé%if'n. M., Pyrolysis of Chrysotile Asbestos Fibers: Canadian Min. and Met. Bull, vol. 49,
No. 533, September 1956, pp. 623-628.

9 Weston, D., Method and Apparatus for Screening Materials: U, S. Patent 2,775,347, Dec. 25, 1956.

Denovan, J. J., and Denovan, R, A, (assigned to Hall Machinery of Canada, Ltd., Sherbrooke, Que.,

Canada), Separatory Apparatus for Concentrating Asbestos Fibers: U, S. Patent 2,739,708, Mar. 27, 1956.
Kennedy, J. E., Method of Reclaiming Fibrous Material from Waste Dumps: U. S. Patent 2,743,012, Apr.

24, 1956.

Rescheneder, Karl (assigned to Eternit-Werke Ludwig Hatschek), Separating Tale From Asbestos: U. S
Patent 2,748,935, June 5, 1956.
Dl° Fllgrllx:)mé, F., Chlorophyl Impregnated Filter Means for Tobacco Products: U. S. Patent 2,774,354,

ec. 18, 1956.

Schur, M. 0., and Levy, R. M. (assigned to Ecusta Paper Corp., a corporation of Delaware), Cigarette
Paper Wrapper: U. 8. Patent 2,733,720, Feb. 7, 1956.

Knudson, H. W. (assigned to H. V. Specialties Co., Inc., East Walpole, Mass., and P. Lorillard Co.,
New York, N. Y.), Filter for Tobacco Smoke: U. S. Patent 2,761,798, Sept. 4, 1956.

11 Hooks, R. M. (assigned to Southwestern Petrcleum Co., Inc., Fort Worth, Tex.), Fire-Resistant Pro-
tective Coating: U. S. Patent 2,734,827, Feb. 14, 1956.

Seipt, W. R. (assigned to Keasbey & Mattison Co., Ambler, Pa.), Method for the Manufacture of Calcium
Silicate Type Insulation: U. S. Patent 2,766,131, Oct. 9, 1956.

Doorman, L. M., Method to Insulate Compartments and Maintain a Uniform Temperature in Auto-
mobiles and Other Transports: U. S. Patent 2,768,672, Oct. 30, 1956.

‘Waggner, J. H. (assigned to Owens-Corning Fiberglas Corp., a corporation of Delaware), Fibrous Strue-
tures and Methods of Manufacturing Same: U. S. Patent 2,772,603, Dec. 4, 1956.

Cryor, R. E., Unit Heat Insulation for Pipes: U. S. Patent 2,758,043, Aug. 7, 1956,
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Several patents related to asbestos sheet and gasket materials, in-
cluding certain mortar products.!?

Either asbestos or mineral wool is used in new types of clutch facings
and brake linings.’

Chrysotile asbestosis an essential component of anew type of drilling
fluid especially suited for use under high-temperature well conditions.™

Asbestos is used in making a new type of fibrous liners for molds.'s

WORLD REVIEW

World production of asbestos in 1956 was estimated to be nearly
the same as in 1955. Production in Canada and the United States
decreased nearly 5 percent but was offset by increases in othersections

of the world.
NORTH AMERICA .

Canada.—In May 1956 a contract was let by Lake Asbestos of
Quebec, Ltd., a subsidiary of American Smelting & Refining Co.,
for constructing a mill having a capacity of 5,000 tons of rock per
day at a cost of $7.7 million. Completion of the mill is expected
early in 1958, and an output of 100,000 tons of asbestos per year
is forecast. The deposit underlies Black Lake, from which silt was
being removed at a rate of about 1 million cubic yards per month.'®
- The Canadian Johns-Manville Co. operation at Asbestos, Quebec,
already the largest asbestos mill in the world, was being enlarged to
provide additional floorspace of 75,000 square feet.

National Asbestos Mines, Ltd., a subsidiary of National Gypsum
Co., made plans to mine and mill asbestos on a 500-acre tract acquired
in part from Bell Asbestos Mines. The tract adjoins the Bell property.
Production is expected in 1958.17

TABLE 9.—World production of asbestos by countries,! 1947-51 (average) and
1952-56, in short tons 2

[Compiled by Helen L. Hunt and Berenice B. Mitchell]

Country ! 1947-51 1952 1953 1954 1955 1956
(average)
North America:
Canada (sales) 3. o cuoemencann 760, 408 929, 339 911, 226 924,116 | 1,063,802 | 1,014,229
United States (sold or used by
Producers) e emeeeemmcaccaaan 39,719 53, 864 54, 456 47,621 44,580 | 41,312
Total 800, 127 983, 203 965, 682 971,737 | 1,108,382 | 1,055, 541

See footnotes at end of table.

18 Barnet, 1. (assigned to Johns-Manville Corp., New York, N. Y.), Making a Dyed-Flameproof Fabric:
U. 8. Patent 2,755,534, July 24, 1956.

Feigley, D. A., Jr. (assigned to Armstrong Cork Co., Lancaster, Pa.), Beater Saturation of Asbestos
Fibers: U. 8. Patent 2,759,813, Aug. 21, 1956.
ol:ol;oiggé E. J. (assigned to Johns-Manville Corp., New-York, N. Y.), Gaskets: U. S. Patent 2,766,055,

ct. 9, 3
%B?'?fyig?s‘ P., Jr., and Felder, J. L., Cement-Mortar Composition of Matter: U. S. Patent 2,763,561,
Sent. 18. 3

13 Almen, J. O., and Carnegle, W. L. (assigned to General Motors Corp., Detroit, Mich.), Clutch With
Porous Compressible Friction Linings: U. 8. Patent 2,733,797, Feb. 7, 19566. Composite Wet Clutch, U. 8.
Patent 2,733,798, Feb. 7, 1056
24“135?6, D. A. (assigned to Sun Oil Co., Philadelphia, Pa.), Drilling Fluid: U. S. Patent 2,732,343, Jan.

s

1s Brennan, J. B., Method of Making Mold With Fibrous Liner: U. S. Patent 2,757,426, Aug. 7, 1956.

1 Skillings’ Mining Review, Contract Let for Asbestos Mill Construction by Lake Asbestos of Quebec,
Ltd.: Vol. 45, No. 8, May 26, 1956, g 4,

17 Northern Miner, New Asbestos e for Thetford Area: Vol. 42, No. 1, Mar. 29, 1956, p. 21.
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TABLE 9.—World production of asbestos by countries,! 1947-51 (average) and -
S "~ 1952-56, in short tons 2—Continued

Country 1 1947-51 1952 1953 1954 1955 1956
(average)
South America: -
Argentina_.____________________, 287 Q] (O] O 198 50
Bolivia (exports) ... cooeoo. 209 513 810 b 7 [S—— 62
Brazil 1,700 1,439 1,357 2, 816 3,124 53,300
Chile. 277 “ . O] [OK 0] ®
Vv la. ... 237 434 185 743 1,757 5,820

2,710 52,800 52,800 4,000 5 5,300 59, 500

® 0] 992 1,213 1,323 ®

11,123 11, 464 12,047 7,853 18, 674 8,282

5 11, 41? 14, 44% , 91 9,370

18, 687 26,387 22,484 25, 955 33,266 36, 459
9 185 105 30

L2 N P 176 ||

205, 000 240, 000 240, 000 240, 000 240, 000 248, 000

1,025 2,762 4,131 3, 598 , 305 4,165

5 1, 564 ,
i {175 PR 110 39
e 5,744 3,370 4,495 6,916 6,932 9,914
Korea, Republicof ...__.________ * (O N P 66
Taiwan (Formosa)..._.._...__.. 290 26 163 405 118
Turkey. 50 259 176
Total 16____________ ... 33, 000 38, 000 37,000
Africa:
Bechuanaland - 528 548 729 1,426 1, 356
E 940 66 220 | e
French Moroceo....__......__. 602 635 600 597 631 379
enya. 532 390 166 224 152 170
Madagasear........o.___._____ 4 : 2% [N - 3 PN U FUSRU I F T,
Mozambique. I (I R, 196 301 202
Rhodesia and Nyasaland, Fed-
eration of: Southern Rho-
esia. 70,328 84,834 87,739 79, 962 105, 261 118,973
Swaziland. .. __.__________ 32,397 34,7689 30,104 30, 142 32,613 29, 875
Uganda O R E 7 2 2
Union of South Africa... ... ___ ‘68, 315 133, 839 94, 817 109, 151 119, 699 136, 520
Total 173,118 255, 064 214, 202 221, 008 260, 085 287, 477
Oceania:
Australia. .. ______.__.________ 1,909 4, 546 5, 667 5,279 5,993 9, 857
New Zealand. __....___.._______ 192 764 | 172 368
Total. . 2,101 5,310 5, 567 5,279 6,165 10, 225
‘World total (estimate)!_.._.._ 1,245,000 | 1, 560,000 | 1, 505,000 | 1,535,000 | 1,730,000 | 1,705,000

1 In addition to countries listed, asbestos is produced in China, Czechoslovakia, and North Korea, Esti-
mates by author of chapter are included in total,

2 This table incorporates a number of revisions of data published in previous Asbestos chapters. Data
do not add to totals shown owing to rounding where estimated figures are included in detail.

3 Exclusive of sand, gravel and stone (waste rock only), production of which is reported as follows: 1947-51
(average), 34,167 tons; 1952, 39,664 tons; 1953, 21,118 tons; 1954, 26,429 tons; 1955, 28,582 tons; 1956, 45,428 tons.

4 Data not available; estimate by author of chapter included in total.

s Estimate.

: Includes asbestos flour.

Exports.
8 Year ended March 20 of year following that stated.

The holdings of Dominion Asbestos Mines in Ham Township,
Quebec, were surrendered to National Gypsum Co. which held a
mortgage against the assets.!®

‘; Northern Miner, Dominion Asbestos Drops Interest in Asbestos Fleld: Vol. 42, No. 23, Aug. 30, 1966,
p.2.
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Eastern Asbestos Co. continued exploratory work on its property
in Portland West Township, north of Buckingham, Quebec, and fgund
a new fiber zone in the north crosscut. Plans were made early in
1956 to construct a mill having a capacity of about 300 tons of rock
per day on the property. -

Metro Asbestos Processors, Ltd., built a mill having a capacity of
300 tons of rock per day on its property in Deloro Township, 5 miles
southwest of South Porcupine, Ontario. A large deposit of good-
quality asbestos was reported.

Advocate Mines reported a major asbestos discovery near Baie
- Verte between White Bay and Notre Dame Bay on the north coast
of Newfoundland. Brief notes concerning this discovery appeared
in various publications and reports. It was reported that the fibers
are of good quality, and that virtually all of them fall in the Group 4
and shorter grades. :

‘TABLE 10.—Sales of asbestos in Canada 1955-56, by grade:

[Dominion Bureau of Statistics] i
1955 , 1056
Grades . Value ) Value
: Short tons Short tons
Total Average Total Average
per ton per ton
Crudes No. 1, 2, and other.._.____ 724 | $610,830 $844 7 $692, 677 $966
Milled Group: .
3. 43,081 | 16, 205, 846 376 33,929 | 14,071, 703 415
4 234,998 | 37,400,073 159 246, 295 | 42,124, 569 171 -
5. 117,017 | 13,207, 315 113 112,759 | 13,200, 835 117
[ 172,339 | 12,797,081 74 168,942 | 12, 685, 874 (]
7. 469, 149 | 18, 885,498 40 428,149 | 16, 676,046 39
8 26, 494 534, 455 20 23,438 407, 659 17
Total, all grades. . ....._.___ 1,063,802 | 99, 641,098 94 | 1,014,229 | 99,859, 363 98
W: TOCK . el 28, 582 34, 553 1 45,428 | - 52,607 | - 1
Rockmined. . ... ...__________ 17,696, 357 |__: -| 21,921,774
Rock milled. ... ... __.________ 12, 427, 002 13, 739, 276

Mining was begun a month earlier than expected at the Cassiar
mine on McDame Mountain, British Columbia, in 1956 ; and the
mill, which had a rated capacity of 500 tons of rock, was found capable
of milling 750 or more tons per day. Consequently, output in 1956
reached more than 20,000 tons of fiber compared with about 15,000
tons in 1955. :

EUROPE

Finland.—For many years Finland has been the leading world
producer of anthophyllite asbestos. In addition, discovery of a high-
quality %hrysotile asbestos deposit was reported in Finnish Lapland
in 1955.!

Greece.—According to a consular report from Athens dated May 1,
1956, the Kennecott 00fper Corp. was negotiating with the Greek
Government concerning large-scale exploration of an asbestos deposit
about 30 miles south of Kozani in northern Greece. The company

1% Bureau of Mines, Mineral Trade Notes: Vol. 42, No. 3, March 1956, p. 18.
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was said to be ready to invest $6 million to develop the property if
satisfactory arrangements could be made. Work conducted by the
Greek Institute for Geology and Subsurface Research revealed
existence of a large asbestos deposit. Extensive exploratory core
drilling was done, and erection of a pilot mill was planned.

- AFRICA

Bechuanaland.—Production of chrysotile at the Moshanang mine
about 40 miles northwest' of Labatsi was increased. The value of
output in 1955 was about £150,000 compared with £113,000 in 1954.
-~ Southern Rhodesia.—The asbestos occurrence at the Ethel mine,
Southern Rhodesia, was described in some detail. “Mining and milling
methods, statistics of production, and cost data were included.”

TABLE 11.—Asbestos produced in Southern Rhodesia, 1952-56

Year Short tons Value Year Short tons Value

105,261 | £7,051, 831

'84,834 | £6,651,975
87,739 118,973 | 8,524,671

6, 542, 731
79, 962 5,922,724

_ Union of South Africa.—The crocidolite deposits of the Union and
methods of mining them were described.” :

The availability of crocidolite, extent of reserves, inherent proper-
ties of the mineral that adapt it for specialized uses, and its possible
replacement by substitutes were discussed in some detail.”

TABLE 12.—Asbestos produced in the Union of South Africa, 1952-56, by
: varieties and sources, in short tons

Variety and source 1952 1953 1954 1955 1956
Amosite (Transvaal) - - ccomomeocmoeeeee 63, 280 38, 258 45,922 50, 137 50,097
Chrysotile (Transvaal) .c oo coeooooaoeooaen 24,970 18, 840 19,373 20, 535 24, 336
Blue gTransvaal) 20, 294 16, 824 15, 610 13,964 14, 399
Blue (Cape) 24, 441 20, 883 28,136 34,878 47,688
Anthophyllite (Transvaal) - - ccocooceocaeen 854 12 110 185 |acmoeee
Total 133, 839 94, 817 109, 151 119, 699 136, 520

20 Airey, N. M., Operations at the Ethel Asbestos Mine, Southern Rhodesia: Bull. Inst. Min. and Met.,
vol. 66, pt. 2, November 1956, pp. 26-37.
1926 Sincl%g'_,g. E., The Kliphius Crocidolite Deposits: Bull. Inst. Min. and Met., vol. 66, pt. 3, December
, PD. 3
3 Sglclalr, 'W. E., The Distribution of Crocidolite Asbestos: South African Min. and Eng. Jour., vol. 67
pt. 1, No. 3300, May 11, 1956, DD. 675, 677, 679.
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TABLE 13.—Asbestos produced in and exported from the Union of South

Africa, 1952-56
Production (short tons) Exports
Year
Transvaal Cape Total Short tons Value
Province
1952.. 109, 398 24,441 133,839 106, 576 | £6, 899, 086
1953._.. 73,934 20, 883 94,817 71,791 4,158, 476
1954.__ 81,015 28,136 109, 151 94, 322 5,453,116
1955_. .= - 84, 821 34,878 119, 699 114, 056 6, 697, 352
1956 88, 832 47,688 136, 520 122, 867 7, 336, 037
OCEANIA

Australia.—The crocidolite deposits at Wittenoom Gorge in the
Hamersley Ranges, Western Australia, were described; the asbestos
occurs in 2 nearly horizontal zones about 20 feet apart. A discussion
of the mining and milling methods followed by Australian Blue As-
bestos, Litd., was included in the article.” :

A new mine, which had been under development for 2 years, came
into production late in 1954. As the proportion of fiber to rock was
relatively high in this area, production costs were more favorable than
in other areas. An increase in foreign demand for blue asbestos was
encouraged by a downward trend in prices.

According to a press statement issued by the Minister of National
Development April 29, 1956, the Commonwealth of Australia joined
with the State of Western Australia in subsidizing blue asbestos pro-
duction at Wittenoom, Western Australia:. The subsidy amounted
to £10 (about $22.10) per ton up to a limit of 6,000 tons for the
period October 1, 1955, to September 30, 1956. The subsidy was
in the interest of developing mineral resources and also involved
strategic considerations. ,

Tasmania.—A recent report * described numerous asbestos depos-
its in Tasmania but stated that only the Beaconsfield and Zeehan
regions promise commercial production. They appear to be capable
of supporting enough small enterprises for the needs of the State.

18 Broadhurst, O. H., Blue Asbestos Industry in Western Australia: Chem. Eng. and Min. Rev., vol. 49,
No. 2, Nov. 15, 1956, pp. 37-40.
11!24 Taylor, B. L., Asbestos in Tasmania: Geol. Survey, Miner, Res. No. 9, Dept. of Mines, Tasmania, 1955,
pD.

466818—58——15






Barite
By Albert E. Schreck? and James M. Foley 2

.

ECORD HIGHS in barite production and consumption were
R established in 1956. The oil- and gas-well-drilling industry used

95 percent of the ground-barite consumed. Imports of more than -
580,000 short tons of barite in 1956 exceeded greatly the previous
record high of 359,636 tons imported in 1955. Sales of barium chemi-
cals and lithopone declined.

TABLE 1.—Salient statistics of the barite and barium-chemical industries in the
United States, 1947-51 (average) and 1952-56

1947-51 1952 1953 1954 1955 1956
(average) |
Barite: -
Primary: .
Produced _short -tons.. 786,474 | 1,012,811 920, 025 926,036 [ 11,114,117 | 1,351,913
Sold or used by producers:
Short tons.. ... 781, 465 941, 825 11,108,103

944, 212 883,283 1,299, 888
$6, 533, 782 | $8,797,944 | $9, 435, 749 | $8, 508,177 (1$10, 809, 119 |$13, 497, 972

48, 748 107, 918 334,788 317,093 359, 636 583, 229
$373, 150 $923, 336 | $2, 514, 828 282, 274,834 | 2 $2, 181, 119 |2$3, 563, 544

837,338 | 1,033,843 | 1,149,451 | 1,215,678 1,459,671 | 2,030, 907

602, 358 839, 428 920,084 | 1,037, 590 1,232,176 | 1,503, 010
$11, 245, 318 [$16, 608, 546 -|$20, 372, 002 |$24, 219, 785 | $30, 613, 095 |$41, 623, 390

72,274 83, 156 97, 508 86, 745 105, 913 102, 892

Value.. . e aaaeae $7,850,330 [$12,101, 474 |$13, 347, 359 [$11,599, 394 | $14, 473, 458 [$13, 510, 212

Lithopone sold or used by .
ucers:

Short tons. .- ceocaeanaaoan 118,376 61, 832 52,439 44,011 42, 845 38, 434

Value. -1$14,019,170 | $8,475,200 | $6,923,487 | $5,929,789 | $6,002,832 | $5,630, 991

1 Revised figure.

2 Owing to changes in tabulating procedures by the Bureau of the Census, data known not to be com-
parable with previous years.

8 Includes some witherite.

DOMESTIC PRODUCTION

The output in 1956 of over 1.3 million tons of domestic, primary
barite was the largest tonnage recorded in the history of the industry.
Arkansas again led the producing States; Missour: was second and
Nevada third. Production in each of these States was greater than
in 1955,

Barite production declined in California and New Mexico and
increased 1n Georgia, Idaho, Montana, South Carolina, and Tennes-
see. No barite production was reported from Arizona or Washington
during the year. ' ' .

1 Commodity
1 Statistical t. 219
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TABLE 2.—Domestic barite sold or used by producers in the United States,
1947-51 (average) and 1952-56, by States

1947-51 (average) 1952 1953
State
Short tons Value Short tons Value Short tons Value

Arkansas._ oo o -oeooomooeoo 370, 424 [183, 010, 302 ~428, 522 |1$3, 963, 828 380,763 | ! $3, 945, 583
78,388 814,928 97,540 | 1,162,249 81,846 1,066, 368

Missouri 250,242 | 2,187,751 304,080 | 2,919,795 330, 763 3,338,395
Nevada. 54,771 333, 208 68, 062 391, 242 99, 525 614, 686
Other States 2. -ccemaaaot 27,640 | _ 187,593 43, 621 360, 830 51,315 470,717
Total e cemeccceeceens 781,465 | 6,533,782 941,825 | 8,797,944 944, 212 9, 435,749

1954 1955 1956 -

State

Short tons Value Short tons Value Short tons Value

. 870,621 |1$3,488,483 462, 986 |1$3, 755, 094 486,254 |1 $4, 255,982

South Caroling. ...eeeeeeene-- 75,492 |- 1,062,016 130,396 | 1,829,141 174,139 2,946, 839

1

Missouri 312,791 | 3,047,436 363,602 | 4,003,842 381, 642 4,461,955

Nevada. 83,833 517,492 | 1113,694 | 1708,804 178,440 1,066, 930

Other States 2. ... 40, 546 392, 750 337,335 | 3512,238 79,413 766, 266
L R 883,283 | 8,508,177 | 31,108,103 210,809,119 | 1,299,888 | 13,497,972

1 Partly estimated. . .
2 Includes Arizona (1947-55), California- (1948-56), Idaho (1949-56), Montana (1951-56), New Mexico
(1?43—5%3nd ‘Washington (1953-55). :
ev] e.

It was reported that American Colloid Co., Chicago, Ill., was pre-
paring to mine barite in the Muddy Fork area, near Nashville, Ark.
A plant was being built, and a dam was under construction to impound
a 200-acre lake to provide water for the operation.?

Westvaco Mineral Products Division of Food Machinery & Chem-
ical Corp. increased barium oxide production about 30 percent at its
Modesto, Calif., plant.t '

The technology of barite production, processing, and use has become
increasingly complex over the years; consequently, research and tech-
nical control have received more emphasis. Magnet Cove Barium
Corp. announced plans for an expansion program to double its pres-
ent office and laboratory space at Houston, Tex. The cost was esti-
mated to be $650,000, and completion was set for April 1, 1958.°

This firm’s new 175- to 200-ton-per-day grinding plant south of
Battle Mountain, Nev., began operating at the beginning of the year.
The fine-ground mill product was packed in 100-pound bags for ship-
ment to consumers primarily in the Western and Northwestern States
and Canada.®

Sherwin-Williams commenced production of barium carbonate from
its new chemical plant at Coffeyville, Kans.?

Kelly and Clark Mining & Exploration Co. conducted underground
development and exploration of a group of barite claims near Basalt,
Nev.® A large deposit of high-grade ore was reportedly encountered,

‘ Ohe ical Emghw' op o4 slgpmsl,n yei gﬁ%ﬁf? iR, 138
em! vol. 0. 8, Auj . 138,

§ Houston Chronicle l%'ec. 12, 1956, »P

¢ California Mining Journal vol. 25, No. 7, March 1956, p. 29.
1 Chemical Engineering, vol. 63, No. 1, January 1956, p, 124,
$ Mining Record, vol. 67, No. 24, June 14, 1956, p. 8.
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TABLE 3.—Ground (and crushed) barite produced and sold by producers in the
: United States, 1947-51 (average) and 1952-56 .

Sales
Year Plants | Production
(short tons)
Short tons Value

1947-51 (average) 24 603, 626 602, 358 | $11, 245,313
1952 24 839, 457 839, 428 3 46
1953 29 924, 392 920,084 | 20,372,002
1954 29 | 1,038,649 | 1,037,590 | 24,219,785
1955... 29 | 1,314,810 | 1,232,176 | 30,613,005
1956 . 30| 1,625,879 | 1,503,010 | 41,623,390

and various samples were analyzed. Results indicated a barium sul-
fate content of 0.92 to 96.4 percent and a specific gravity of 4.3 to 4.5.

Barium Metal.—Small quantities of barium metal were produced by
Kemet Co., Cleveland, Ohio, and King Laboratories, Inc., Syracuse,

N.Y.
CONSUMPTION AND USES

More than 2 million tons of crude barite was consumed in 1956.
About 90 percent was used in manufacturin ground barite, and the
remainder in manufacturing barium chemica?ls and lithopone.

Of the 1.5 million tons of ground barite sold, 95 percent was used
by oil- and gas-well drillers as a weighting agent in drilling muds.
]h?arite was preferred for this use because it is inert, soft, and relatively

eavy. : :

The use of crushed or ground barite in the paint and rubber indus-
tries as & filler or extender declined; but increased quantities were
consumed as a flux by the glass industry. - :

Approximately 8 percent of the crude barite consumed was used in
manufacturing various barium chemicals such as barium carbonate,
chloride, hydroxide, oxide, and precipitated barium sulfate. Although
the output of certain individual barium chemicals increased, the over-
all production and sales showed a decline compared with 1955.

The quantity of barite used in manufacturing lithopone was less
than in 1955. The continued decline in the use of lithopone as a
Zlv_hit% pigment in paint was due primarily to competition from titanium

ioxide.

Barium metal was used as a getter to remove traces of gases from
vacuum tubes which improves the vacuum and increases the efficiency
of the tube. o

TABLE 4—Crude barite (domestic and imported) used in manufacturing ground
barite and barium chemicals in the United States, 1947-51 (average) and
1952-56, in short tons B

In manufacture of— In manufacture of—
Year Total Year , Total
Ground | Litho- | Barium Ground | Litho- | Barium
barite! | pone | chemi- barite? | pone | chemi-
cals? cals 2
1947-51
(average).| 611,674 [119,963 | 105, 701 | 837,338 || 1954 ... 1,044,004 | 35,866 | 135,718 1,215, 678
1052 oo , 246 | 61,000 | 123,597 |1,033,843 || 1055 ... 1,256,361 | 45,808 | 157,412 |1,459, 671
1953. e cen-- 933,673 | 52,308 | 163,470 |1, 149, 451 || 1966 ------ 1,839,770 | 31,065 | 160,072 |2, 030, %07
1 Includes some crushed barite.

1 Includes some witherite.
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TABI.Eﬁ.——Ground '(and crushed) barite sold by producers; 1947-51 (average)
and 1952-56, by consuming industries ; ‘

1047-51 1952 - 1953 1954 1955 1956
- (average)’ .
Industry Per- Per- Per- | Per- Per- Per-

Short | cent | Short | cent | Short | cent | Short | cent| Short cent | Short | cent

tons | of | tons | of | tons | of tons of tons of tons of
total total total | - total total total
Wéﬂ drilling__|521, 073 871758, 240 90(824. 050 90{ 968, 429 94]1, 142, 309 93(1, 421, 033 95
Glass. 25, 881 4( 24,604 3| 24, 853 3| 23,208 2| 28,737 2| 32,661 2
i 25, 400 4] 25, 000 3| 24,000 2| 22,000 2t 25,633 2 Xi 1
16, 600 3| 18,000 2| 21, 000 2| 20,000 2l 25,104] 2| 22,101 2
10,785 2| 12, 000, 2| 25, 000| 3 (0] (O] (O] [O 25N ISR

2,619| .(3) 1,584 (O | 1,181 (3 3,953 (® 10,393 1 6613 2

Total...[602,358| 100|839, 428|  100(920, 084 lOOll, 037, 690| 100{1,232,176]  100{1, 503, 010{ 100

! Included with “Undistributed.”
2 Less than 1 percent. .

TABLE 6.%mthopone sold or used by producers in the United States, 1947-51
(average) and 1952-56

1947-51 | 1952 1953 . 1954 1955 1956
(average)
Plants.____________.__________ 5 5 5 4 -4
Shorttons.._..__...._____.___ 118, 376 61, 832 52, 439 44, 011 42, 845 38, 434
Value. Isl4, 019,170 | $8, 475,200 | $6, 923, 487 | $5,929, 789 | $6,002, 832 $5, 630, 991

TABLE 7.—Distribution of lithopone shipments, 194751 (average) and 1952-56,
by consuming industries

1947-51 | - 1952 1953 1954 1955 1956
(average)
Industry . :
Per- Per- Per- Per- Per- Per-

Short | cent | Short | cent | Short | cent | Short | cent | Short cent | Short | cent
tons of | tons | of | tons | of | tons | of | tons | of | toms of
total total total total total total

Paints, varnishes,

and lacquers...._ 190, 041 76 |45, 267 73 (37,452 72 32,177 73 (30,522 71 28,238 74
Floor coverings.___| 7,554 6 | 3,009 512575 512351 912378 611,600 4
- Coated fabrics and .
il 7,244 6 | 5,698 9 | 5,806 11 | 3,995 5 | 4,242 10 @ ®
4,002 4 | 3,089 512,096 411,81 41,970 4 E’) @
3, 582 31,523 311,723 3 (1,701 412163 5 3) @)
5,953 5| 3,246 5| 2787 51,946 511,570 4| 8,596 22

118,376 | 100 |61,832 [ 100 (52,439 | 100 |44,011 | 100 42,845 | 100 |38, 434 100

1 Includes a quantity, not separable, used for printing ink,
2 Included with “Other.”

The following prices on barite were quoted in E&MJ Metal and
Mineral Markets during 1956: Barytes, f. o. b. cars: Georgia: Crude,
jig and lump, $15 per net ton, and increased to $18 per net ton in
March; beneficiated, $21 per net ton, in bulk, $23.50 to $25 in bags.
This price remained stable throughout the year. Missouri: Per ton,
water-ground and floated, bleached, $45, carlots, f. o. b. works, no
change. Crude ore, minimum 94 percent BaSO,, less than 1 percent
iron, $16, no change. Crude—oil-well drilling, minimum 4.3 specific
gravity, bulk, short ton, $11.50.
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TABLE 8.—Barium chemicals produced and used or sold by producers in the
: Umted States, 1947-51 (average) and 1952-56, in short tons

Used by | Sold by producers 3
Pro- ptodueers 1
Chemical Plants | duced in other
barium Short Value
chemicals2| tons
lack ash: ¢

194781 (average)._ 14 | 141,444 140, 598 381 $25,048
1952._ 12 120, 562 42,475
1953 e 11 81, 647
1964 e 11 73,902
1955_- 9 165, 502

10 524, 359

Carbonate (synthetlc) .
1947-51 (average)-- - 4 2, 335, 698
1952._ 4 3,175,080
1953._ 4 4,223,525
1954__ 4 3, 985, 674
1955 R 4 5,021, 001
1956. - : 5 4,439, 647
Chloride (100 percent BaCls): ]

1947-51 (average)-- - 4 1,124,

952 _ . - 4 1,407, 986
1958 s 4 1,703,
1954__ : - 3 1,407,811
1955 . 3 1, 672, 662
1956. 3 1,705, 643

Hydroxide:
1947-51 (average). - 4 1,403, 370
1952. 5 2, 211, 998
1953. - b 2, 258, 279
1964. _ 5 2, 200, 510
1955._ _ 4 3,174,167
1966 5 3, 051, 368
Oxide:
1947-51 (average).__ 3 323,
1952._ 3 907, 762
1953_ 3 1,678,
1954.__ 3 1, 853, 449
1955 3 2,128 911
1956. - 3 1, 969, 817
Sulfate (synthetic)
1947-51 (average).. 7 1, 459, 036
1952 7 1,492,324
1953. - 7 1, 653, 507
1954 _ 6 1, 356, 346
1956._ 5 1, 347, 248
1956. - - 6 1, 263, 575
Other barium chemicals:
1947-51 (average).. .. © 1,179,353
1952 __ g; 2, 863, 849
1953._ _ 1,747, 636
1954___ [Q] 721,702
1955.__ [Q) 963, 967
1956 _ © 5655,
Total: 7
1947-51 (average)-. 19 72,274 7, 33
- b L I RPN (RS, 83,156 | 12,101,474
1953._ - 18 97,508 | 13,347,359
1954._ - 17 86,745 | 11,599,
1955._ - 16 105,913 | 14,473,458
1956 _ 17 102,892 | 13,510,212

1 Of any barium chemical.

3 Includes purchased material.

3 Exclusive of purchased material and exclusive of sales by one producer to another.

4 Black-ash data include lithopone plants.

8 Includes barium acetate, nltmte, peroxide, sulfide and other unspecified compounds. Specific chemi-
cals may not be revealed by s&)ec c years

¢ Plants included in above

7 A plant producing more thau 1 product is counted but once in amvlng at grand total.

Canadian barite ore, crude, in bulk, f. o. b. shipping point, was .
quoted at $11 per long ton; ground in bags, $16.50 per short ton.
]i) ce remained unchanged.
ecember, price quotations on foreign ore appeared in E&MJ
Metal and Mineral Markets. Crude, oil-well drilling, minimum 4.25
spesfnﬁc gravity, bulk, short-ton unit, c. i. f. gulf ports, was quoted
at $16 to $18.
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Prices for barium metal were not quoted in trade journals.
Barium-chemical prices reflected little cha,nlg)re throughout the year.
Prices for selected compounds are given in table 9.

TABLE 9.—Quotations on barium chemicals in 1956

{011, Paint and Drug Reporter]
Jan. 2 Dee. 31
Barium carbonate, precipitated, bags, carlots, works_ _.........____ short ton..| $100.00 | Unchanged.
Smaller lots,%orkﬂ e ! . do_..-| 110,00 Do.
Barium chlorate, kegs, works. pound.__| .32-.36 Do.
Barium chloride, anhydrous, bags, carlots, works_.__.______________ short ton.. . 00 0.
Bari ’é?rrgm’t;vm ht, equaled o e Be:
um ma;  eq _ poun: . 0.
‘Barium dioxide (ﬁeroxi&g)?lg.mins, freight equaled --do .20 Do,
Barium hydrate crystals, bags, carlots, ton lots, freight equaled_..__ short ton.. 200.00 | 2$208.00.
Less carlots, less ton lots, f'reight equaled do. 210.00 | 2218.00.
Barium nitrate, barrels, carlots, ton lots, delivered. pound .16 | Unchanged.
Less carlots, less ton lots, freight equaled do... .17 Do.
Barium oxide, ground, drums, carlots, ton lots, freight equaled.. ... shortton._ 2765. 00 Do.
Bl Legs carégg, less ton lots, freight equaled - do-._. 285.00 | ®). .
anc fixe : ) : :
. Byproéuct, bags, carlots, works do. 190.00 (';
Dire tmroeess,hts'v{)ggs Tots, works do 100:00 | Uichanged
ct pi carlots, wor’ do. 3 nchanged,
Less carlots, WOrkS. ¢ do. 120.00 0.
New York warehouse do. 155.00 - Deo.
Lithopone:1 -
Ordinary, bags, carlofs, delivered pound .0734] 4.08.E.
Titanated (e choastiy. bags, cariots, delivered o] B A e,
ang g ags, carlots, deliver 0---- . i
Less carlots, delivex:éd f ! - do a1 D%!.lg

1 Lithopone %ﬂees Pacific coast, 0.01 per pound higher.
2 Increase published July 9, 1956.

“3Not quoted.

4 Increase published Aug. 13, 1956.

E=East.

FOREIGN TRADE *

With increased demand for barite in the United States, foreign
barite sources were relied upon more heavily to supplement domestic
production. , / .

Total imports of crude barite were more than 200,000 tons greater
in 1956 than in 1955. Canadian, Mexican, and Brazilian imports
increased greatly; and imports were received for the first time from
Peru, El Salvador, Sweden, and Greece.

Imports of the principal barium chemicals increased substantially
in 1956, but exports of lithopone continued to decline.

TECHNOLOGY

A paper was published on the use of barite in ceramics; its thermal
behavior and its effects when used as a major ingredient in whitewear
were discussed.’® Feldspar-clay-barite, talc-clay-barite, and wolla-
stonite-clay-barite body compositions were studied and compared
with conventional semivitreous bodies. Results indicated that
barite bodies mature at low temperatures but exhibit maturing
ranges 3 to 11 times greater than the conventional-type semivitreous
bodies. Relatively uniform properties were maintained in the barite

9 Figures on imports and exports compiled by Mae B. Price and Elsie D. Page, Division of Foreign Activi-
ties, Bureau of Mines, from records of the Bureau of the Census.

10 Russell, Ralston, Jr., Valencia, Camilo, and Emrich, H, W., Barite in Ceramic Whitewares: Jour.
Am, Ceram. Soc., vol. 39, No. 2, Feb. 1, 1956, pp. 73-82.
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TABLE 10.—Barite imported for consumption in the United States, 1953-56, by

countries
[Bureau of the Census]
1953 1954 1955 1956
Short Value Short Value Short Value Short | Value
tons tons tons tons
Crude barite:
North America:
Canada.

204, 362 |$1, 652,076 {165, 612°($1,177, 616 187, 355 |$1, 364, 285 |240, (igg $1, 707, ggg

344,211 | 43,750 130,384 (108, 240 329,335 |204, 354 779,044
1,996,287 |209,362 | 1,308,000 |295, 595 | 1,693, 620 [445,062 | 2,487,036

42,031 6,184 35,461 | 4,960 22,500 | 16,069 84,877
................................................. 30, 305 225,780

42,031| 6,184 35,461 | 4,960 22,500 | 46,374 310,657 .

22,365 151, 757
26, 559 265, 794

54 337
42,815 347, 963

91,793 | 765,851

476,510 101, 547

Grand total 2,514,828 (317,003 | 2, 274, 834 359, 636 |12, 181,119 |583,220 [13, 563, 544
Ground barite: ‘ ‘ ‘
40 1,368 63 2,346 45 1,614 ) 2017
23 B || 18 509 74 2212
63 1,802 63 2,346 63 2,123 | 123 4,289
196 6,205 | 189 6,35 | 232 7,839 | 25 8,630
259 8,007 | 252| 8697 | 295 9,062 | 368 | 12,919

1 Owing to changes in tabulating procedures by the Bureau of the Census, data known not to be com-
parable to years before 1954.

compositions even when fired over a wide range of temperatures.
The author of the paper believed more attention should be devoted
to the use of barite in ceramic applications.

The microstructure of barium titanate ceramics was studied.
The study samples were prepared by being rubbed with graded
metallographic abrasive paper and polished with a cloth wheel,
using diamond paste as the abrasive and kerosine as the polishing
lubricant. The samples were etched with aqueous 5-percent hydro-
chloric acid containing a little hydrofluoric acid. From examination
of the polished surfaces, information on voids and microporosity
was obtained; and from the etched faces, information on grain struc-
ture, twinning, and domain.

Domain twinning were discussed.? It is believed that a study of
these properties may reveal useful information on variations in the
electromechanical properties of the barium titanates.

National Lead Co. put into service in July 1956 a new type of

vessel to be used for delivering drilling muds to_offshore rigs. It has
a capacity of over 1,500 tons. Although the barge must be towed
to the vicinity of the rig by a tug, it can be maneuvered alone into
1t Kulesar, Frank, A Microstructure Study of Barium Titanate Ceramics: Jour. Am. Oeram. Soc., vol.
3, No. 1, Jan. 1, 1956, pp. 1317

Orooks, William Hor Jr., Domain Twinning in Barium Titanate Ceramics: Jour. Am. Oeram. Soc.,
vol. 39, No. 1, Jan. 1, 1956, pp. 17-18. . .
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TABLﬁ 11.—Barium chéim'cals imported for consumption in the United States,
1947-51 (average) and 1952-56 .

[Bureau of the Censqs]

Blanc fixe Barium chlor- Barium hy-
Lithopone (precipitated ide - droxide -
. barium sulfate)
Year .
Value | Short | Value | Short | Value | Short Value
J ' tons tons tons

1947-51 (average)....._______._____ 401 ($66, 487 13 | $1, 569 173 | $19,802 .56 | $11,069

1952 ¢ . - - 111 2,308 321 6,481 84 ; 193 | 46,979

1953. 30 | 5658 | 1,005 | 57,346 50 4, 567 22 3,018

1954 : 651 7,029 | 788 | 64,026 811 58, 238 51 7,283

1955, 30 | 4,356 901 | 91,341 | 994 | 175069 16 2,431
: l%ﬁ . 143 |119,931 | 1,026 [104, 662 1,378 | 1107,913 22 3,130

Bartum nitrate Barium carbonate Other barium com-
: precipitated pounds
Year : :
Shorttons| Value |Shorttons| Value |Shorttons| Value

1947-51 (average)...._..... ieee 162 | $23,636 216 | $20,240 19 $7,102

1952 N 456 80, 654 499 30, 427 82 36,

1953 . : 236 36,433 4,219 297,187 513 103, 100

1954 - 164 | 24,516 325 26, 402 1,344 265,472

1955 77 14, 906 1,638 105,240 841 1170, 345

1956 y 591 191,177 1,801 130, 852 138 29,735

1 Owing to changes in tabulating procedures by the Bureau of the Census, data known not to be com-
parable to years before 1954, i

TABLE 12.—Lithoponé exported from the United States, 1947—.51 (average) and
v - 1952-56

[Bureau of the Census]
Value Value
Year Short Year Short
- tons tons
Total Average Total Average

1947-51 (average).._| 15,791 | $2, 308, 138 $146.17 11 1954 ______________ 3,013 $454, 461 $150. 83
1962 9,985 | 1,632,106 163.46 || 1955 1,892 300, 960 159. 07
953 - 3,927 584, 279 . 1,387 239, 892 172.96

TABLE 13.—Witherite, crude, unground, imported for consumption in the United
States, 1947-51 (average) and 1952-56

[Bureau of the Census]
Year Short Value ! Year Short Value !
tons tons
1947-51 (average) ... 1,885 $57, 398 4,415 [ $153,139
1952_ 5,174 184, 003 2,363 77,867
1953, e 4,928 178, 846 2,934 110, 039

1 Valued at port of shipment,

proper position. Mud in bulk form is pumped pneumatically through
lgoses to the rig storage bins. Bagged material is hoisted to the rig
Y cranes.
Wright Air Development Center awarded a contract to Horizons,
Inc., to study barium titanate and related electrical ceramics for use
in highly specialized aircraft.!®

1 Chemical Engineering News, vol. 34, No. 7, Feb. 13, 1956, p. 692.
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"A process for recovering barium hydroxide from barium sulfate was
patented.”* Finely ground barite and a mixture of 1 to 5 mols of
finely ground iron sulfide to each mol of barium sulfate are formed into -
aggregates. The mixture is reacted in a steam current at a tempera- -
ture greater than 750° C. but below the temperature of fusion. The
sulfur is driven off, and the aggregate is rendered porous. Hydrogen -
is passed through at a temperature of at least 550° C., but below fusion
temperature, to drive off the oxygen. The. soluble barium hydroxide
is leached from the residue with hot water. : ,

WORLD REVIEW

World production of barite increased substantially in 1956.
Increases in output were noted in Brazil, Canada, Greece, Mexico,
and Peru. The Philippine Republic reported barite production for
the first time during 1956. v : ,

NORTH AMERICA

. Canada.—Canadian barite production, which increased 20 percent
in 1956 compared with 1955, set.a new production high. The Magnet
Cove Barium Corp. mine at Walton, Nova Scotia, supplied 95 percent
of the Canadian output; the remainder was produced by Mountain
Minerals, Ltd., from its quarry near Brisco, British Columbia.’® Over
90 percent of the Canadian output was exported; the United States
was the largest consumer.!® : _ C
A barite-fluorite occurrence in Inverness County, Nova Scotia, was
being explored by diamond drilling, and a new occurrence in Hants
County also was being tested.” ,
Mexico.—The Mexican Bureau of Mines reported an increase in
applications for concessions to mine barite chiefly in the States of
Oaxaca and Puebla. La Platima Mining Co. filed two applications
for mining rights in the Tecomaxtlan region of Puebla State.!® ’

SOUTH AMERICA

Venezuela.—Magnet Cove-Barium Corp. organized a new sub-
sidiary, Magcobar de Venezuela, C. A., to mine, process, and distribute
barite for drilling-mud additives.® A processing plant was under
construction at Puerto la Cruz, and a second plant in the Maracaibo
area was considered. - )

National Lead Co. acquired an interest in Baritina de Venezuela,
S. A., a drilling-mud distributor in that country since 1949. It was
reported that the firm also planned to construct two processing plants
for manufacturing drilling-mud additives.?® : '

EUROPE

Greece.—The principal barite deposits of Greece are on the Islands
of Melos and Mykonos. On Melos the sole barite producer in 1956

14 de Jahn, Frederick W. (assignor of 65 t to Alan N. Mann), Process of Decomposing Barium
Sulfate and Obtaining Products of Value Therefrom: U. S. Patent 2,735,751, Feb. 21, 1956.

1 Northern Miner, vol. 42, No. 43, Jan. 19, 1957, p. 11.

1¢ Northern Miner, vol. 43, No. 38, Dec. 13, 1956, p. 28.

11 Precambrian, vol. 29, No. 1, Fet’;ruary 1956, p. 45.

1 Mining World, vol. 18, No. 8, July 1951?], p. 83.

1 Chemical eering News, vol. 34, No. 39, Sept. 24, 1956, g 4646.

» National Co., Public Relations Dept., News Release: June 26, 1956,
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TABLE 14.—World production of barite, by countries,! 1947-51 (average) and
. 1952-56, in short tons 2 )

[Compiled by Helen L. Hunt and Berenice B. Mitchell]

Country ! 1947-51 1952 1953 1954 1955 1956
(average) ]
North America:
- Canad: 89, 370 136, 002 47,227 221,472 253, 736 307, 808
Cuba (exports) - - cceececcecacaaon T2 |ocmeeeeo 4,904 -
Mexico (exports).-.cooo———oooo_oo 32,443 12,421 63, 042 56, 871 117, 654 235, 792
United States 786,474 | 1,012, 811 920, 025 926,036 | 1,114,117 | 1,351,913
Total 878,859 | 1,161,234 | 1,235,198 | 1,204,379 | 1,485, 507 | 1,895, 513
South America:
Argentina 21,035 17, 637 16,464 | 416,500 22, 046 23,149
Brazil 133 817,605 815,863 56,272 5 5,071 510,426
Chile. ... 1,878 2,464 1, 556 42,200 42,200 42,200
Colombia. 667 4,480 8, 543 9, 921 6, 614 8,818
Peru 8,983 10, 035 17,129 12,348 9,410 56,130
Total 40, 696 42,221 59, 555 4 47,000 445,000 | 101,000
Europe:
Austria. 7,454 5, 688 2,116 4, 802 4,365 |- 3,413
France, 46, 096 47,025 43, 869 52, 361 60, 627 52,911
Germany:
14, 800 22, 000 27, 600 27, 600 27, 600 27, 600
6 211, 892 314, 513 334,422 414, 542 449, 052 453, 836
23, 040 23, 897 29, 655 24, 251 21,451 38, 581
8, 596 2,008 |.o____ 3, 031 6,173 4 5,500
69, 836 62, 588 79,104 81,931 103, 819 101, 185
637 685 347 357 4330

17,491 19,727 11,740 9, ?g? 7,420
V.S. 8. RA____CTTTTTTTTTTTT ,000 | 110,000 | 110,000 | 110,000 | 110,000 | 110, 000
United Kingdom 78, 563 77,175 81,967 92, 906 86, 207
Yugoslavia ... 38,381 89, 457 114,640 | 109,129 | 471,000
Total 14_ . .o eaes 730, 000 820, 000 930,000 | 1,000,000 960, 000
Asia: . .
India. - 20, 385 11, 234 10, 528 21,048 | 8, 537 47,700
Japan ; 9, 942 15, 687 19, 350 20, 815 20, 374 20, 578
Korea, Republic of. 874 1,210 336 933 744
Philippines.. - - 5,045
Total 14 _ e 39, 000 39,000 42,000 53, 000 46, 000 56, 000
Africa: '
Algeria_ . ...l 22,301 12, 533 18,821 21,341 33,720 32,843
Egypt. ... 53 11 33 35 67 460
French Moroceo. - -...cveeeooo.o 31,868 3,429 55 10, 246 27,170 32, 622
Rhodesia and Nyasaland, Feder-
ation of: Southern Rhodesia. .. 200 299 268 -
Swaziland. .. ____ 247 444 455 362 449 516
Tunisia. 301 28 —— - _—
Union of South Africa.......____ 2,187 1,804 2,092 2,342 1,892 2,713
Total 27,157 18,638 21,724 34,326 63, 208 68, 754
Oceania: Australia. .....oooo_ooo___ 5,994 5,537 6,358 7,696 7,016 6,629
‘World total (estimate)!......_. 1,634,000 | 2,000,000 | 2,200,000 | 2,300,000 | 2,600,000 | 3,000,000

1 In addition to countries listed, barite is produced in China, Czechoslovakia, and North Korea, but data
on production are not available. Estimates by author of chapter included in total.

2 This table incorporates a number of revisions of data published in previous Barite chapters. Data do
not add to totals shown owing to rounding where estimated figures are included in the detail.

3 Average for 1949-51.

¢ Estimate.

§ Exports.

¢ Beginning in 1950, marketable production is shown.

7 Includes witherite.,
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was the Silver & Barite Mining Co. The barite in this deposit occurs
in flat-lying beds, and mining was by open-pit methods.*

An agreement calling for an investment of $530,000 in equipment,
supplies, and working capital was made between Dresser Industries,
Dallas, Tex., and the Mykonos Mining Co., Ltd., for the development
of barite deposits on Mykonos. ’ , '

Yugoslavia.—Plans to mechanize the barite mine at Lokve were
reported by the Yugoslavian Government. The investment was
contingent upon completion of a survey to determine the extent of
the deposit. Production from this mine began in 1953 and has
expanded gradually. Output was exported to the United States and
West Germany.?

21 Bureau of Mines, Mineral Trade Notes: Vol. 43, No. 6, December 1956, p. 34.
22 Mining World, vol. 18, No. 3, March 1956, p. 74.






- Bauxite
By Richard C. Wilmot,! Arden C. Sullivan,? and Mary E. Trought®

ORLD PRODUCTION of bauxite in 1956 totaled 17.4 million

long tons and continued the unbroken upward trend begun

in 1951. Domestic production -was 1.7 million tons (dried
equivalent) and showed a sEght. decline from the 1.8 million tons
mined in 1955. Imports resumed the upward trend that had been
interrupted in 1955 after rising’ continuously since 1950. About 76
percent of the total new supply in 1956 in the United States was
foreign ore. Jamaican shipments to the United States were 45 percent
of the total imports on a dry basis. . Exports of 15,000 tons showed
little change from the previous year. ’
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Ficure 1.—United States supply and world production of bauxite, 198556, in
million long tons.
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In the United States the production of aluminum metal consumed
85 percent of the bauxite used; the production of 1 short ton of alu-
minum metal consumed 3.93 long d.léy tons of bauxite. The 6 alumina
plants in the United States produced 3.5 million short tons of alumina
and aluminum oxide products in 1956. This production was close to
rated capacity and indicated that, as the aluminum industry expanded,
new alumina facilities would be needed. During the year construc-
tion was begun for increasing alumina-plant capacity by 1.7 million
tons to a total of 5.2 million tons by mid-1958. .

The tariff suspension on bauxite and calcined bauxite was extended
for 2 years until July 16, 1958, and the tariff on alumina used for
producing metal was suspended for 2 years beginning July 17, 1956.

Aluminum is discussed in the Aluminum chapter of this volume.

TABLE 1.—Salient statistics of the bauxite industry in the United States, 1947-51
: ; (average) and 1952-56, in long tons

) 1947-51 1952 1953 1954 1955 1956
(average) :

Crude-ore . production (dry

equivalent) ... ____._.______ 1,398,240 | 1,667,047 | 1,579,739 | 1,994,896 | 1,788,341 | 1,743,344
Imports éas shipped).-o.o..____. 2,466,916 | 3,497,939 | 4,390,576 | 5,258,530 |15,225188 | 6,075 051
Exports (as shipped):-.....__.. 63, 748 41,330 27, 907 16, 174 14,117 14, 921
Consumption (dry equivalent)..| 3,047,657 | 4,228,404 | 5,628,276 | 6,427,785 | 16,988,734 | 7,751,057
‘World production_.._.__._.__.__ 8,224,000 | 12, 600, 000 {113, 600,000 |!15, 600,000 |!16,400,000 | 17,400,

1 Revised figure.

DOMESTIC PRODUCTION

Production of crude bauxite in the United States during 1956 was
1.7 million long tons dried equivalent, a 3-percent decrease from the
previous year. Some loss in production was caused by a strike in
Arkansas during August. Aluminum Company of America mines
were shut down for 9 days, and Reynolds Metals Co. mines for the
entire month. The total output of ore was 24 percent of the new
supply, calculated by adding production to imports. Shipments from
mines and processing plants to consumers decreased 5 percent from
those of 1955. The dried bauxite equivalent of the processed bauxite
produced decreased 4 percent to 145,000 tons.

The combined bauxite production of Alabama and Georgia increased
12 percent to 75,000 long dried tons.

The D. M. Wilson Bauxite Co. operated 3 mines in Alabama—2 in
Barbour County and 1 in Henry County. Its production was shipped
crude. R. E. Wilson Mining Co. dried the ore from its mine at its
plant in Barbour County.

The American Cyanamid Co., with mines in Floyd, Macon, and
Sumter Counties, was the only producer in Georgia. The crude ore
was dried at its plant at Halls Station, Bartow County, for use in
producing chemicals.

Production from the Arkansas mines—96 percent of United States
production—decreased 3 percent from the previous year. Eighty-
nine percent was mined in Saline County and the remainder in Pulaski
County. Open-pit operations supplied 88 percent of the production.

The Reynolds Metals Co., through its subsidiary, the Reynolds
Mining Corp., was the largest producer in Arkansas during 1956, mining
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ore in both Pulaski and Saline Counties. The Aluminum Company
of America, operating in Saline County, was the second largest pro-
ducer. The ore of each company was shipped to its own plant for
production of alumina. The American Cyanamid Co. operated. the
Berry Mayhan and the Lewis mines in Pulaski County. Crude ore
was received for drying at the company mill in Pulaski County before
being consumed in producing chemicals.

The Dulin Bauxite Co. operated the Confederate Home pit and the
Dixon pit in Pulaski County and the Anderson pit and the 400 B. C.
mine in Saline County. Operations were discontinued at the Anderson
pit in the middle of the year. A portion of the ore was dried and the
remainder shipped crude. The Norton Co. produced from its mine in
Saline County. Part of the production was calcined in its own plant
in Saline County, and the remainder stockpiled. Consolidated
Chemical Industries, Inc., shipped crude ore fr