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OUR MINERAL SUPPLIES.

INTRODUCTION.

By H. D. McCaskey and E. F. BurcHARD.

In September, 1914, soon after the beginning of the war in
- Europe, the Director of the United States Geological Survey sum-
- marized the mineral reserves of the United States and made certain
suggestions as to making America industrially independent.! At
that time, two and one-half years before the United States became in-
volved in the war, it was clearly recognized that this country would
soon have to face unusual conditions resulting from the depletion or
exhaustion of her stocks of imported minerals. Many of these minerals
had been imported from choice rather than from necessity, or at least
they had been imported when their cost was less than the cost of
domestic materials, or because their quality was presumably more
desirable, or because their ports of importation were more conven-
ient to the consumers, or for other commercial reasons, and conse-
quently for such minerals it required only the development of an
American industry to render our potential supplies available.

In keeping up the supply of minerals that are.admittedly lacking
or are found in inadequate quantities in the United States a more
difficult problem had to be solved. As the war in Europe progressed
and ocean commerce became more and more unsettled the difficulty
of obtaining supplies of certain minerals increased, and the Geological
Survey was called upon by the public and by other Government
bureaus for an ever-increasing amount of information and advice
concerning these minerals, and also concerning the commercial situ-
ation with regard to other more plentiful minerals and their
derivatives. )

In order to meet this demand with published information a series
of papers was prepared by the members of the Survey staff who were
most familiar with the minerals required. These papers, collectively
entitled “Our mineral supplies,” were issued separately in the order

1 Smith, G. O., Our mineral reserves: U. 8. Geol. Survey Bull. 599, 48 pp., 1914,
) 5
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of their completion. The first one, on chromite, appeared on April
13, 1917, one week after the United States entered the war. All
but two of the chapters were available in 1917. The chapter on
quicksilver was delayed owing to other demands on the author to
whom it was first assigned, although the essential data were given
to the war boards informally and served their purpose. In order to
complete the series for publication the preparation of this chapter
was assigned to Mr. Ransome in September, 1918. The bibliography,
compiled under the direction of the Survey editor, affords a con-
venient check list of the Survey publications on the minerals con-
sidered in this volume. :

In so far as practicable each chapter contains a discussion of the
source of supply of the mineral considered, its uses, both in peace and
in war, and the normal demand, and for some of the minerals the
probable demand under war conditions is indicated. The table of
contents (p. 3) shows the chapters prepared for this bulletin, their
authors, and the dates of publication.

The importance of national independence. in mineral supphes
both in peace and in war needs no demonstration here. In times
of peace industrial independence for the United States requires
domestic control of such resources as.coal, iron ore, and petroleum.
Other commodities may in part be imported advantageously because
of cheaper sources of foreign supply or superiority of foreign grades,
and still others may be almost wholly imported because of lack of
known or developed domestic sources of supply. In war times,
however, with foreign supplies cut off through hostilities between
nations and also by hindrances to commerce, the importance of
independence, potential at least, in minerals of all classes becomes
most impressive. A The lesson that has been pointed out by recent
events is that the discovery and development for war purposes of
mineral supplies in which the United States is deficient should be
undertaken by the Federal Government.

As shown in the several chapters the domestic supplies of minerals
may be divided into three classes—(1) mineral supplies that are
adequate to all probable peace and war needs of the United States;
(2) mineral supplies that are sufficient for a large part of these needs;
(3) mineral supplies that are inadequate in quantity or quality, or
both, the lack of which must be offset by imports, use of substi-
tutes, or curtailment of use. Among the materials to be grouped in
the first class are arsenic, barytes, bauxite, bismuth, bromine,
calcium chloride, cement, clay, coal, copper, corundum and emery,
diatomaceous -earth, feldspar, fluorspar, garnet, gravel, grindstones,
gypsum, iron ore, lead, lime, lithium minerals, magnesite, manga-
niferous ores (low grade), molybdenum, petroleum, phosphate rock,
pulpstones, salt, silica, talc and soapstone, sulphur, tripoli, volcanic
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ash, and zinc; in the second class are antimony, mercury (quick-
silver), mica, pyrite, strontium, tungsten, and vanadium; and in
the third class are asbestos, chromite, graphite, manganese ore (high
grade), monazite, nickel, nitrates, platinum, potash, and tin.

As all the chapters except that on quicksilver were prepared in
the spring of 1917, their authors had only the statistics of 1916 avail-
able for comparison. Developments during 1917 and 1918 furnish a
better indication of the needs of the United States under war con-
ditions than those of earlier years, and inasmuch as the delay in
completing the series of chapters permits this introduction to be
brought up to a later date a comparison is possible between the
quantity of supplies available in a normal pre-war year, such as
1913, and a war year, such as 1917.

The following tables of commodities, by classes 1, 2, and 3 as
defined above, show for most of the important commodities in 1913
and 1917 the domestie production, the imports, and the exports,
from which may be deduced the approximate quantity available for
domestic consumption. The figures for a few commodities are con-
fidential and may not be published.
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Crass 1.—Domestic-mineral supplies-adequate to all probable peace and war needs of the
United States.

Quantity
Production. Imports. Exports. available for
consumption,
. 1913 2,513 1,519 4,032 .
Arsenice (short tons)eeee........... }gg 4§i éé'é 31,' gg None. 87 3§g
5, 1,1
Barytes (short tons)........ 1917 2061 838 » ™6 |fNone reported. 20b, 894
X : 1913 210,241 21,456 | Notseparately|........... ..
Bauxite (long tons)................ reported.
) 1917 568,690 7,601 521,791 554,590
Bismuth (pounds)............. . igiz ::;'zg 1&% }None reported.§ = 2_7]2’0:;
: 572, 4
Bromine (pounds)..... 1917 895,499 |{Notspecifically| Notspecifically 805,499 .
Calcium chloride (short tons)....... 113 BaL]| shown. | shown. 30508
Cement, hydraulic (barrels of 376 1913 92,949, 102 85,470 2,964, 358 90, 070, 214
pounds net). 1913 Qg’ éﬁ’ 989 338, 1% N o 5361?115
ot available.
Clay (short tons)................... lgg 563’ 5}53, 343 . gGgiggg a2, 783 17
1 1 1 98, O
o, et BN AR ab e
. 1, it - €817, 911, 424
Copper, new (refined) (pounds) -..\1957 | 1873 546, i 555,000,000 |£1, 126,875, 368
Emery and corundum (short tons). }g{; 170 135 %g Vaclol;?]seténly e
: 1913 120, 955 Notspeclﬁcally Notspecifically|f..
Feldspar (short tons)............... 1017 141: 924 shown. sho%vn. ¥
q
Fluorspar (short tons).............. iéiz é}g; g%% ot %g’ gg }II:IIonc 1epotte;l
1913. ot reporte ot reporte:
Garnet, abrasive (short tons)....... }g}; " 864’ ggi }Vsizparatelyl vsf"a"‘l‘)&lyl
. 1 alues only alues only
Gravel (short tons)e.e............... 017 35 573 819 recorded. recorded.
Grindstones and pulpstones (short 1913 Valués only, , 726 }Valnes only
tons). 917 754,432 33,012 recorded.
Gypsum, crude (short tons)........ igiz gi gg%i %)g \ %; %g% Not recorded.
191 61 7 594,77 1,042, 151
TIron ore (long tons).... }gig 75;21,13?”3% ’QZ}:S% 1 131'\? 313
. one.
Lead, refined (short tqns) .......... }3‘; . gggz ggg 21 8% 56, 2g9
. 1 i )1 29,475
Lo (ROMLIORD). .o igg 5 786j g‘% Not repm"?gd Not rep(lsgttzg4
Lithium minerals (short tons)...... 1917 2,062 |f separately. separately.
3 1913 9,632 13,240 | Not recorded,
Magnesite, crude (short tons)..... negligible. .
%g}'g 3;3, 48(3)§ Includ 30, 277 | Not recorded. 347,115
. ncluded un-
Manganiferous orek (long tons)..... 181; 861\(])i 044 der iron ore. None. 860'944
191 one. 0 156 000
Molybdenum (pounds)............. lgg o8 322’%3)8 Non(i;egggag% }Nonerec%rt;;g. " 350 200
5 14,63 1,625 059
Petroleum (barrels of 42 gallons).... }3{; 333; ggi %é 30: 162i 583 14, ()98 123 361, 3% 060
; 1, 366, 50 1, 700
Phosphate rock (long tons)......... lglg gi 351:%2 Negilsill;lef; { 166 358 2 685 528
191 15, : 6 70 289 4 900 378
Salt (short tons)e..............oc... 1917 6,978,177 64,922 113,993 ) 6’ 29, 106
Silica (short tons).................. %§§ §2§: gg% None reg;t(t;)g. None reg;r;;cll. 675, ;’27
1 424 464
Sulphur (long tons)................ 1917 1,134,412 1,015 152,833 982,504
Talc and soapstone: B 5 ' 0 9 o
191 149,271 13 163, 041
Tale (short tons)............... }3}; lggz gg Not 1 ;1?] §o:e repor:e]d. 217: 292
ot separately| Notseparately|f.............
. St;apstt:lne;l(srort tons)...],.t;}.l... }g}g gzazgg reported. reported. y
ripoli and diatomaceous earth m B
(hort tons). | T e
5: n g 49, 066
Zine (shorb O1S)..oooooooooeo e 1917 584, 507 n72,731 153, 796 503, 532

a White arseni¢, AssOg.

§Quantity represents grindstones only, as pulp-

b Includes bauxite concentrates.

¢ Only two producers and Survey not at liberty to
publish figures.

d Exclusive of bunker coal.

¢ Exclusive of manufactured copper, as pipes and
tubes, plates and sheets, and wire.

FExports of pigs, mgots, bars, rods, pipes, and
tubes, plates and sheets, and wire.

0 Emery only. No corun um produced.
A Grains, ore, and rock.

i Represents grindstones only.

stones were not reported by weight.
k Containing 5 to 35 per cent of manganese. .
I Exports of refined products are not included nor
are shipments of crude petroleum to Alaska,
Hawaii, Porto Rico, and the Phxhppmelslands
m Includes rottenstone, but excludes, in 1917, con-
siderable production of dxatomaceous earth for
%ecnal uses upon which the Survey is not at
rty to report.
7 Zinc content of ore plus blocks or pigs.
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Crass 2.—Domestic mineral supplies sufficient for a large part of peace and war needs of

the United States.

Quantit;
Production. Imports. Exports. available ¥or
consumption.
Antimony (shorttons)............. 1913 | Notrecorded. 08,250 None. [...ccuunen...
lglg o ??g @ tat”' 91% Noixeg. 18,172
s 191 uantity no 49 [
Mica (Shortoms)...oovevvenvenn e Sm; 344306; reported. { b6 [l
. 191 1,33 ¢85 1,191,930
Pyrites(longtons)................. 1017 462: 662 €967, 3 4g} Nonereported. 1 430: 002
20,21 2 2 4
Quicksilver (flasks of 75 pounds) .. }93 3gj 1 53 5 287 1(1) %73 gé: ggg
Strontium ore (short tons)......... {ig}? Norecord. No gei:o:go }None reported. { """" 57935
b b £
1913 1,537 2,114 | . i eeeieeanaan .o
Tungsten ¢ (short tons)............ {1917 6: 114 4’, 878, 2,420 3,602
Vanadium (shorttons)............. {19‘3 332 }None reported.| Nonereported. { 2%2

@ Antimony content of ore p]us metallic antimony, and antnmony sulphlde

b For six months, January to June. Not separately classified alter June.

¢ Pyrites contammg more than 25 per cent of sulphur.

d Imports of English celestite.

¢ These figuresrepresent ore carrying 60 per cent tungsten trioxide.

Crass 3.—Domestic mineral supplies chiefly inadequate in quantity or quality, or both
- Jor peace and war needs of Umted States.

Quantit;

Production. Imports. Exports. available for
consumption,
o s 1913 1,100 97,145 | Notseparately [............ .

Asbestos (short tons)............... recorded.
lgl'g . l,ggg l:ég, %gg N 708 12\2, 082

. 191 one. 5, 43
Chromite (long tons)............... ! 191; 43, ;%g ggzg% I‘i"&?g' 115; 788
. 191 4 30,962
Graphite a (short tons)............. lgl 37; 13; 393 31? 3&7) 2: 573 353: 507
191 4,0481 345,000 [................ 49,138
Manganese ore ¢ (long tons)........ 1917 129,405 620,072 |.. 11l 759,377
Monazite sand (pounds)........... %3{2 ( C;I::fl' 5,%%;%;6 }Noner:ll):rzz(;. ..?fffm
. 191 3 p 9,377
Niekel (short tons)................. 1017 402 . 371 763 7 101 296 27; 169
Nitrates, sodium and potassmm 1913 None. 691,230 §.. .. 691, 230
(shorttoms)............. 917 None. 1,732,096 |.. e 1, 732 996
91,034 k118,661 paratel
Platinum (troy ounces) 97,384 & 30,207 recorde cecoseenianns
1013 k1,092, 588 values only. 1,092,588
ifehart famey 090909090 JAVI0 Jececseennaiaaiil A LUIS,U00 (it eencnnncnane n

Potash salts ¢ (short tons)‘ .......... 1917 7136, 961 i 25: o - m5€5 L 151: 753
; 1913 50 52,329 |[PoiEDIACED 52,379
Tin, metallic (short tons)........... 1917 110 72; 166 { gg&l;ﬁot re- 72:2”

e Unmanufactured graphite.

b Containing 35 per cent or more of manganese.
¢ Only one producer and Survey not at liberty to publish figures.
d Nickel content of nickel salts and metallic nickel produced as a by- product in the electrolytic refining

of co per.

ickel, nickel ore and matte, nickel oxide, alloys of nickel with copper, etc., imported for consumption.

I Nickel'and nickel oxide,

¢ Refined new metals of the platinum group of domestic origin.
& Ore, unmanufactured, ingots, bars, sheets, wire,

i Gross weight.

§ Available potash (K30), 32,573 short tons.
k Potash (K30) content, 270, 720 short tons.

1 Potash (K320) content 8, 100 short tons.

m Domestchpotash salts, otash (K30) content, 200 short tons.

n Potash ( 0) content: 1913,

270,720 short tons, 1917, 40,473 short tons.
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The reaction of the war upon the demand for the several eom-
modities is of interest. In abrasives, chemical materials, fertilizers,
fuels, metals, and refractories, with few exceptions, domestic pro-
duction was greater in 1917 than in 1913, whereas the output of
structural materials was generally less. The classes of materials
whose domestic production increased: were all directly or indirectly

. contributory to the conduct of the war; the civil consumption of cer-
tain materials was less than normal because of governmental restric-
tions in use and because of high prices, but the military uses more
than made up the deficiency. Inspection of the table shows also that -
of a few commodities the quantity available for consumption in 1917
was less than in 1913 on account of curtailment of imports, notwith-
standing considerable increases in domestic production.

In any consideration of mineral supplies the actual consumption is
all-important. The last column of each table shows the quantities
available for consumption as calculated by adding production and
imports and subtracting exports. These quantities may be very
different, especially in war times, from the quantities actually con-
sumed, because stocks accumulated in a former year may be heavily
drawn upon. More complete data on stocks and on actual consump-
tion of materials, even in peace times, are needed. As estimates
of military needs alone and of shipping available have varied greatly
and have been revised from time to time during the war, it is evident
that consumption must vary, and a consideration of all factors shows
that circumstances may at any time lead to the transfer of mineral
commodities from one classification to another. For example, data
originally made available to the war boards by consumers, com-
bined with other data at hand, indicated at one time a serious short-
age in supplies of chromite. Production was encouraged, imports
were permitted to a certain extent, and conservation in consumption
of the chromite available was attained, but these measures combined
led to an actual oversupply and corresponding distress to the pro-
ducers who were operating under war-time costs and who failed, at
least in part, to receive the expected corresponding war-time prices.

Similarly, quality is often a factor as important as quantity in
reckoning our independence of foreign supplies. For example, it
was found necessary to import certain quantities of graphite, mica,
asbestos, and several other minerals because for some uses the quality
of the domestic material, no matter what the quantity, was not
adapted to particular needs, whether of war or of peace.

On the whole, the severe test of war has shown that the United
States possesses a larger degree of independence in mineral supplies
than any other nation, especially in times when cost of production
has been relegated to the rear. In peace times cost is of course a
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determining factor, and a number of mineral industries that have
thrived under war conditions are already declining under the pinch
of foreign competition and decreased demand.

It is to be regretted that data on consumption and on cost of pro-
duction have never been available in any Government organization
in such completeness as the data on production compiled in the
Geological Survey and the data on imports and exports compiled in.
the Bureau of Foreign and Domestic Commerce. It is to be hoped
that means may be found to remedy these deficiencies and to improve
rélated data already provided for, in order that more exact knowl-
edge may be available for better preparedness in the future.

The cost of the war has been great, in blood and in treasure. The
- tuition fees that must be paid for the lessons that have been taught
by national unpreparedness are so heavy that they must be borne
in part by future generations. It will be unfortunate indeed if these
lessons are not fully learned and applied in practice.






CHROMITE,

By J. S. Drrier,

The importance of chromite as a war supply in the manufacture of
armor plate, armor-piercing projectiles, stellite for high-speed tools,
and automobile and other special steels can scarcely be overestimated.
Fortunately for users of chromite the foreign deposits, which at
the beginning of the European war were the chief source of the
world’s supply, are not wholly within the war arena, so that pro-
duction of chromite has not only continued but has expanded with-
out interruption to meet the demands superimposed by the war.
The chief sources of supply for the United States during the last
few years have been Rhodesia, New Caledonia, Turkey, and Greece.

Embargoes were placed on the shipment of chrome ore from some
of the principal sources, and it was feared by some that the supply
for the United States would be cut off, but after the producers re-
ceived a guaranty that the ore would not be reshipped to enemy
belligerents the imports, as shown in the following table, greatly
increased, especially those from Rhodesia, New Caledonia, and
Canada, though those from Greece have declined slightly and those
from Turkey have entirely ceased.

Chromdc iron imported into the Unitcd States, 1913-1916, in long tons.®

1913 1914 1915 1916

British South AfHea. «.onvenom oo 1 OOORRNt IDSR
POTtUZUESe ATTICR ..« o onvneonom s J777207000°| T723,200 | 11,230 [ 38,850
Turkey in ASif...cueee ittt 13,830 11,880 |oeeennnnnifonennn

a Statistics furnished by the Department of Commerce, Bureau of Foreign and Domestic Commerce.
% E. J. Lavino & Co., importers, credit New Caledonia with all that listed above under French Oceania
and Australia, amounting to 33,936 long tons. : . R
¢ E. J. Lavino & Co., importers, credit Rhodesia with all that listed above under British South Africa
. and Portuguese Africa, amounting to 61,850 long tons.
13
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Chronic iron produced and sold in the United States, 1913-1916, in long tons.

1913 1914 1915 1916

Ut SEALES .+ e uenneneemeeeeemecneenenenneanaenaneeneenannns 255 5L | 3,281 | ad40,000

a The preliminary estimate was 35,000 long tons, but later information indicates that the total amount
sold wasnot less than 40,000 long tons. A considerable amount of ore mined but not yet sold isnot included
in this estimate, )

The greatly increased trade, especially in steel, and the conse-
quently larger demand for chromite have stimulated the search for it
in the United States, as shown by the tenfold increase in production.
On the Atlantic coast and in Wyoming there has been only a small
production, but in the Pacific Coast States, especially California;
the advance in the output has been remarkable. Maryland and Wyo-
ming, with one producer in each State, made with Oregon an aggre-
gate output of more than 3,000 long tons in 1916; in California the
production was not less than 40,000 tons.

It is evident that for some time to come California will furnish the
chief domestic supply. With a lively demand and good prices bodies
of ore farther from lines of transportation will be worked. The
production from some deposits in 1917 is expected to exceed that of
1916, but that the total output of the State will be increased is not
certain. It is possible, however, that some counties—Del Norte, for
instance—which produced no chromite in 1916, will produce much
in 1917 on account of better transportation facilities, both by land
and sea. V ' ‘

There were two main belts of production in California—one in the
Klamath Mountains and Coast Range from Siskiyou County to San
Luis Obispo County and the other in the Sierra Nevada from Plumas
County to Tulare County. The larger output has come from the
Klamath Mountains, because the ore bodies there are larger and rail-
road transportation is more convenient, features which will continue
to make it for years an important producing region.

The production in Oregon is increasing in both the Klamath and
Blue mountains. The ores west of Riddle are the richest yet mined
in the State; in some places they run as high as 55 per cent chromic
oxide, and much of the ore contains about 50 per cent. Most of
the Oregon ore, however, like that of California, averages about
40 per cent of chromic oxide, and ore of that grade is commonly
the basis of sale. The ore generally contains 38 to 45 per cent
chromic oxide, 6 to 8 per cent silica, and 17 to 25 per cent alumina.

The largest ore body and producing mine thus far developed in
Oregon is owned and operated by Collard & Moore near Holland,
about 20 miles southeast of Kerby, in Josephine County. Much
of the ore may be improved by concentration, and a plant of 90-ton
capacity for that purpose is nearly completed. It is claimed that
the ore can be concentrated to a content of 55 per cent chromic
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oxide. If this can be done successfully, it will mean much for the
chrome industry of the Pacific coast and will enlarge its possibilities
to meet war demands. The difficulty with much of the chrome ore
of the Pacific coast has been its low grade and its great distance
from the principal markets. The low-grade ore, running 38 to 45
per cent chromic oxide, may be used to advantage chiefly for metal-
lurgic purposes, such as grow out of war demands—for furnace
lining and in the manufacture of chrome brick and chrome steel,
for example—and by far the greater part of the California output
is being so used. TFor chemical purposes, however, ore of higher
grades is desirable, if not essential. The concentration of the ore
would give it a wider market and increase its value and the demand
for it. Without concentration the Pacific coast deposits can not
furnish a dependable supply of high-grade chrome ore, but with
successful concentration industries based on high-grade ore may
be attracted to the coast. The Sawyer Tanning Co., whose plant
was recently established on tidewater at Napa, Cal., has had great
difficulty in obtaining sufficient high-grade ore for its own use.

T. W. Gruetter has recently established at Kerby, Oreg., a custom
plant for concentrating black sand to win its gold and platinum.
The black sand of the Klamath Mountains usually contains a con-
siderable amount of chromite, and it is believed that by adding
magnetic separators to Gruetter’s plant to remove the other minerals
from the tailings sufficient chromite may be obtained from the black
sand in chromiferous serpentine areas to make the operation finan-
cially successful. The process will evidently yield a high grade of
chrome ore, which may be suitable for special uses.

The relation of these experiments in concentration to the whole
problem of obtaining high-grade chrome ore on the Pacific coast will
be better understood when attention is called to the fact that by the
dicintegration and washing away of the weathered serpentine (an
intrusive igneous rock in which practically all the chromite deposits
occur) the heavy grains of chromite are left behind, and, conse-
quently, the soil or surface wash in the watercourses of serpentine
areas becomes enriched by the accumulation of residual chromite.
Chromite boulders and sand are therefore, as a rule, more abundant
in the surface soil than in the solid serpentine beneath. Many pros-
pectors who find boulders of chromite on the surface feel confident
that there is a large body of chromite beneath, but a few shallow
prospect holes usually prove that the occurrence consists simply of
surface soil enriched by residual chromite, and disappointment
results.

The prices of chromite in California on the basis of 40 per cent
chromic oxide ranged in 1916 from $14 a ton f. o. b. early in the
season to $20 toward the end of the year. To this must be added
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for the eastern buyer a freight rate for carload lots ranging from
$10 a ton to Chicago to $14.86 a ton to the eastern seaboard, thus
making the California 40 per cent ore cost on the eastern seaboard
from $28.86 to $34.96 a ton.

Chromite is now being produced in eastern Oregon and also in
Inyo County, Cal., at points east of the Pacific mountain belt and
nearer the consumer than those in the mountains near the coast.
The output from these two localities may vltimately prove to be
large, and the shortening of the haul would materially reduce the
cost of transportation.

The long haul across the continent is one of the chief difficulties

supplymg the western chromite to the consumer, and this diffi-
culty would be augmented in time of war by the other demands of
transcontinental traffic. If, however, a greater production could be
developed on the eastern slope of the Rocky Mountains, as near Glen-
rock, Wyo., where railroads are more numerous and transportation
available on lines that are not transcontinental, the war supply of
chromite would be more conveniently enlarged. There is good reason
to believe that the serpentine of the Laramie and Big Horn moun-
tains may contain considerable bodies of chromite. .

In the Atlantic States, where most of the chromite produced in
this country is used, the only production is in the vicinity of Balti~
more, where the chrome industry of the United States was started
by the Tysons many years ago. At first bodies of chromite were
quarried from the serpentine areas about Baltimore and northeast-
ward into Pennsylvania, but as the supply of known ore bodies
became exhausted the chromiferous residual deposits of the soil and
the stream gravel of the small valleys within the serpentine areas
were washed for chrome sand. A small output of chrome sand is
now obtained at Soldiers Delight, near Baltimore. The washing is
done during low water in summer by means of a sort of sluice box
locally called a “buddle.” The sand is commonly passed through
the buddle five times to reach the desired concentration, when it
may contain as much as 55 per cent chromic oxide. Formerly the
product was all exported for use in manufacturing special colors,
but lately some of it has been used in the United States in making
chrome steel, and the demand for it is increasing. This enterprise
suggests the possibility of considerable expansion in the utilization
of chromite sand in Maryland and Pennsylvania.

The only other Atlantic Coast State in which there are known
deposits of chromite that may be workable is North Carolina. The
deposits occur in five counties in the western part of the State and
are described by Pratt and Lewis? No large deposits of chromite

1 Pratt, J. H., and Lewis, J. V., Corundum and the peridotites of western North
Carolina : North Carolina Geol. Survey, vol. 1, 1905.
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have yet been found in North Carolina, but the prospects already
opened show that extensive deposits may exist in that region. Rail-
roads traverse Yancey County, where chromite deposits should be
diligently sought.

There is considerable chromite in Cuba, but scarcely anything is
known of its occurrence in Mexico or Central and South America.
~ Ferrochrome, the alloy used in making chrome steel, is now manu-
factured in the United States by electro-metallurgic methods, almost
wholly in the East, at the plants of the Electro Metallurgical Co. at
Niagara Falls and elsewhexe It is reported, however, that the Noble
Electric Steel Co. has three furnaces at Heroult, Cal , operating to
their full capacity in producing manganese, chrome, and silica steels.

Prospecting for chromite may disclose other supplies, and the most
profitable deposits will be those in serpentine areas that are adjacent
to cheap rail or water transportation cr connected with it by good
roads. Cheap concentration may in places improve the grade of the
ore available for profitable mining.

With the known supplies of chromite and others whose discovery
within the limit of practicable transportation throughout the United
States is confidently expected, there is good reason to believe that
the domestic output of chromite could be so increased as to go far
toward supplying the demand if in the event of war our imports,
except those from Canada, were cut off.

Vogt and others have made extensive researches concerning ‘the
genesis of chromite. The distinction between primary and secondary
ores and their relation to geotectonic features that determine the
distribution of chromite in the field are geologic problems of great
importance.

The metallurgy of chromite has apparently been so developed in
the hydro-electric process as to utilize to advantage relatively low-
grade ores such as are most abundant in the United States, and the
further development of that process on the Pacific coast, where water
power abounds, would greatly diminish the handicap of long trans-
portation.

127972° —19——2






SULPHUR.

By Puruie S. Syt

Practically every industry requires the use of sulphur in some
form, and the United States, to be industrially independent, must
therefore have an adequate supply. That this country has enough
sulphur to support its present industries, even under the require-
ments imposed by the drain of a vast foreign demand, seems to have
been demonstrated by the record of the last three years.

The two main sources of the element sulphur are the native mineral
and the sulphides. Each year at least 300,000 long tons of native
sulphur and $1,250,000 long tons of sulphides are used, mostly for the
manufacture of sulphuric acid. In 1916 about 25 companies were
producing sulphur and about 100 companies were mining sulphides
mainly for their sulphur content.

NATIVE SULPHUR.

More than 98 per cent of the native sulphur produced in the United
States at this time comes from deposits in Louisiana and Texas, but
deposits that have been or might be productive are known in Wyo-
ming, Nevada, Utah, California, Colorado, Oregon, and Alaska.

Louisiana and Texas apparently produce enough sulphur to sup-
ply even an extraordinary demand, for the combined output of these
two States, although the production has not been vigorously pushed,
has so greatly exceeded the amount sold that large stocks of sulphur
have been accumulated. Even under the conditions that now pre-
vail this country exports much more sulphur than it imports. The
excess in 1916 amounted, in round figures, to 107,000 long tons,
valued at $2,100,000; in 1915 to 11,000 tons, valued at $250,000;
in 1914 to 72,000 tons, valued at $1,300,000; and in 1913 to 66,000
tons, valued at $1,100,000. The great falling off of exports in 1915
may have been due in part to the increased use of sulphur in indus-
tries in this country. In part, however, probably in large part, the
decrease was due to the difficulties and dangers of transportation
to foreign ports. At first sight this explanation does not seem to

19
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be borne out by statistics regarding imports of either sulphur or
pyrite, for the quantities imported in 1913, 1914, and 1915 show no
appreciable change. This comparison, however, is not pertinent, for
whereas practically all the sulphur and pyrite imported by the
United States comes from and passes through regions that are com-
paratively peaceful, most of the sulphur exported by the United
States goes to or through regions now in the midst of war. That
" the falling off of exports in 1915 was due to a cause other than
dearth of raw material in the United States is clearly shown by the

. vecord for 1916.

Large reserves of sulphur have already been accumulated, so that
-considerable increase in demand could be supplied for some time by
.. drawing against these reserves even if only a normal production was
maintained. Without these reserves and easily worked deposits this
country would have extreme difficulty in supplying enough sulphur
to meet its most urgent normal needs. As a preparedness measure,
“therefore, the other deposits that are now idle should be theroughly
developed, search should be made for new deposits in areas where
the geologic conditions are similar to those in the vicinity of the
known deposits, and the deposits of sulphide ores should be inten-
sively developed
SULPHIDES.

The United States in 1918 produced about 850,000 long tons of
pyrite and imported about 850,000 tons. If these figures represent
the normal condition of the industry, it is evident that ordinarily the
United States uses each year about 850,000 tons more pyrite than it
produces. The imported pyritic ore has an average sulphur content
of approximately 45 per cent, so that 380,000 tons of native sulphur
would be required to make up this deficiency if the importation of
pyrite were cut off. In 1916 we exported 107,000 tons of sulphur
‘more than we imported. If the exportation of sulphur were pro-
hibited, as it doubtless would be if imports of sulphides were cut off,
this excess amount would therefore be available and at the 1916 rate
would make up nearly one-third of the deficiency that would be
created by the shutting out of imported pyrite. The deficiency could
be reduced still more by drawing on the reserves of sulphur already
mentioned, but doubtless it would be far better not to use the high-
grade native sulphur for many of the purposes for which pyrite
may be used, but rather to save more of the sulphur from the sulphide
ores and to hunt for and develop additional deposits of sulphides.

Scores if not hundreds of deposits of sulphides situatéd in many
States in the Union are mined. Most of these deposits owe their
main value at the present time to their content of gold, copper,
zinc, or metale other than sulphur. At most of the smelters that
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treat these ores the sulphur is neglected and allowed to escape,
thus not only causing a direct loss but in some localities ruining
the adjacent country by the fumes, which are highly injurious to
vegetation. Processes for the recovery of the sulphur from these
gases have been so perfected that even under normal conditions they
will ordinarily pay well for their installation, and when a national
‘demand for sulphur arises their adoption will become imperative.
By this means a large volume of sulphur now worse than wasted
- would be made available.
With a greater demand for the metals doubtless most of these
. deposits would be much more actively mined for their copper, lead,
or zinc content, so that the treatment of the ores would furnish an
increasing amount of fumes available for sulphur recovery. Under
these circumstances a considerable volume of sulphur would be pro-
duced and could make up a large share of the deficiency caused by
cutting off the importation of sulphides.
If these two measures, however, still did not provide enough sul-
- phur, recourse should be had to the opening and development of
many of the now inactive sulphide deposits that are widely dis-
tributed throughout the country. Little doubt is felt that if cost
should cease to be the controlling factor, or if prices should suffi-
ciently advance, an adequate supply of sulphur from these sulphides
could be obtained. Moreover, if the metallurgic problems connected
with the recovery of sulphur from low-grade ores of mixed sul-
phides were successfully solved, many deposits of sulphides now un-
suitable for commercial purposes could be developed, and therefore
inventive genius should be directed at once toward this end.

SULPHURIC ACID.

According to preliminary estimates the United States in 1916
produced about 4,500,000 tons of sulphuric acid of a strength of 50°
Baumé and nearly 1,000,000 tons of acid of strength higher than 66°
Baumé. This amount exceeds the amount of similar acids produced
in 1913 by more than 950,000 tons of 50° Baumé acid and by more
than 900,000 tons of acid of strengths higher than 66° Baumé.

Almost no sulphuric acid is imported into the United States, and
but a relatively small amount is exported, even under the conditions
now prevailing. The reports of the Bureau of Foreign and Domestic
Commerce show that in 1916 a little over 600 tons of acid was im-
ported and about 33,000 tons was exported.

Sulphuric acid for the production of munitions of war, for refin-

_ ing petroleum derivatives, and for the manufacture of superphos-
phates and artificial manures for use in agriculture is required in
" increasing quantities. Means for augmenting the supply of part of
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the raw material for these purposes have already been discussed, but
other resources must be available before a greatly increased amount
of acid can be produced. It is important to realize that ordinary
concentration plants for making acid eof the strongest grades from
weaker acid can be built in a relatively short time, but it will take
much longer to build plants designed for the production of the acid
itself.

" About 200 plants, widely distributed throughout the United States,
are now engaged in the manufacture of sulphuric acid. Most of
these plants are in the neighborhood of the larger cities, and many
of those in the East are on navigable waterways, as well as on
railroads. -



MANGANESE.

By D. F. HEwerT.

INTRODUCTION. .

Manganese is an essential element in the steel industry. Prior to
1870 the iron used was largely in the form of cast and wrought iron
and crucible steel, to which no manganese is added. The develop-
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FieurE 1.—Diagram showing the production of Bessemer and open-hearth stee and the combined pro-
duction and imports of spiegeleisen and ferromanganese, 1901-1915,

ment of the Bessemer and open-hearth processes of making steel
about 1870 created a demand for manganese alloys, and during
recent years about 14 pounds of manganese in the form of ferro-
manganese or spiegeleisen is added to every ton of steel produced by
these processes. Ferromanganese contains from 77 to 80 per cent of
manganese and is largely used in making open-hearth steel. Spiegel-
eisen contains 12 to 33 per cent of manganese and is largely used in
making Bessemer steel. Manganese also forms a large part of certain
alloys that are almost essential to modern industry and are used
especially in the manufacture of grinding and crushing machinery.
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In addition, certamn grades of manganese ore are needed for the
manufacture of dry batteries.

As most of the manganese in Bessemer steel is added in the form-of
the low-grade manganese alloy spiegeleisen, and as the higher-grade
ferromanganese is used in making open-hearth steel, it should be
expected that the sum of the production and imports of these alloys
should show a close relation to the production of Bessemer and open-
hearth steels, respectively. This relation is shown in figure 1, which
shows also the general decline in the production of Bessemer steel in
the United States during recent years and the great advance in the
production of open-hearth steel. The extent to which this displace-
ment of one variety of steel by the other is due to factors of cost, on
the one hand, and qualities of product, on the other, is probably a
matter concerning which only steel metallurgists are competent
judges. The same may be said concerning the possibility of using
spiegeleisen instead of ferromanganese in the open-hearth process.
There can be no doubt, however, that if imports of ferromanganese,
as well as of the high-grade ores needed to make it, were shut off,
considerable readjustment in either practice or plants would be
necessary to maintain the present rate of production. :

At present most ferromanganese is made by smelting in the com-
mon type of iron blast furnace a mixture of high-grade manganese ore
with enough iron ore to make a product containing about 80 per cent
of manganese and 15 per cent of iron. Recently a small tonnage of
ferromanganese has been made in the electric furnace, but informa-
tion at present available indicates that the electric process can com-
pete with the blast-furnace process only where there are exceptionally
favorable local conditions, such as the proximity of sources of ore to
sources of cheap electric power. . In both processes the losses of man-
ganese in slag and flue dust and by volatilization are large. For
both processes ore containing at least 40 per cent of manganese, less
than 8 per cent of silica, and less than 0.2 per cent of phosphorus is
desired. :

Spiegeleisen is made in the blast furnace, and at present more than
half of the amount produced is obtained by smelting manganiferous-
zinc residuum, which contains about 40 per cent of iron and 14 per
cent of manganese. Spiegeleisen may be made from mixtures of
high-grade manganese ore and iron ore, from manganiferous iron ore,
and from manganiferous silver ore.

‘ GENERAL' CONDITIONS.
MANGANESE AND MANGA\IIFEROUS ORES.

For convenience in presenting statistics the Umted States Geolog-
ical Survey recognizes four classes of materials that contain man-
ganese. (1) Manganese ore, most of which contains more than 40



MANGANESE, 25

per cent of manganese, is used in making ferromanganese and dry
batteries. (2) Manganiferous iron ore, most of which contains from
12 to 25 per cent of manganese, is largely used in making spiegeleisen, .
but some is mixed with high-grade imported manganese ore to make,
low-grade ferromanganese and some is used to make high-manganese
pig iron. (3) Manganiferous silver ore, whose composition closely
resembles that of manganiferous iron ore, is largely used as a flux by
lead smelters, but from time to time large quantities are smelted to
spiegeleisen. (4)" Manganiferous zinc residuum is similar in compo-
sition to manganiferous iron ore and is smelted to spiegeleisen.

The following table shows the number of operators of manganese
mines that reported to the Survey for 1912 to 1915 and the number
that shipped ore during those years:

Operators of manganese mines in the United States, 1919-1915.

1912 1913 1914 1915

Reported. |Shipped.| Reported. [Shipped.| Reported. |Shipped.| Reported.|Shipped

1 0 1 0

1 0 1 ]
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i 8 2 8 0
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Washmgton. .
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Oreshipped, longtons|........... 1,664 |........... 4,048 |........... 2,635 |.ceeian... 9, 709°

The largest domestic production of manganese ore for a single year
was but 34,524 tons in 1887, and since that year, except for several
brief periods, the domestic productlon has declined rather steadily.

The average annual production from 1880 to 1915 was 10,645 tons.
Although one mine is reported to have produced about 250,000
tons most of the product has come from many small mines worked
intermittently. Information concerning many of the deposits indicates
that they were formed by the accumulation near the surface of man-
ganese originally disseminated in minute quantities through the adja-
cent rocks. In order to obtain a marketable product from most of
these mines, the raw 6re must be washed and concentrated. On account
of the nature of the deposits and conditions in the industry, little ore
is developed in advance of mining, so that the extent of the individual .
deposits is not accurately known.
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- In contrast with the domestic production, the imports of manganese
ore, largely from India, Brazil, and Russia, have rather steadily risen
in proportion to the production of steel. The extensive deposits of
these countries are rich enough to permit the shipment of large quan-
tities of ore without concentration. The subjoined table shows the
relation of the production and imports of manganese ores and alloys
to the production of steel in the United States. The table also shows
that whereas Russia, India, and Brazil commonly contribute to the
imports into the United States, each country in turn has supplied the
largest quantity for short periods. ’

Manganese alloys and ore produced in the United States and imported from important
Joreign sources, 1890-1916, in long tons. :

Steel. Ferromanganese. Spiegeleisen. . Manganese ore.
. Year, Imports from—
;| Produc- . | Produc- Produc-| Total
Production. tion. Imports. tion. Imports. tion. |imports.

Russia. | India. | Brazil.

34,154

212,765 | 14,486 | 145,140 | 35,600
3 242,348 | 33,120 | 140,965 | 53,750
23,676,106 | 174,602 | 80,263 /104,013 | 20,970 | 72,457 | 176,82 | 19,103 | 103,580 | 41,600
31,251,303 |7125,378 | 99,137 [7102)561 | 1,015 | 71,664 | 300,661 | 83,334 | 128,645 | 81,580

31,300,874 |1119,495 | 128, 070 |/106, 980 77| 74,048 | 345,000 | 124,337 | 141,587 | 70,200
23,513,030 |7100,731 | 82,997 | £ 76,625 | 2,870 | 72,635 | 283,204 | 52,681 | 103,583 | 113, 924
32,151,036 |f144,260 | 55,263 | /114, 556 200 | 79,700 | 313,985 }........ 36,450 | 268, 7

(9)  [n221,532 | 00,928 k194,002 |......... 33,000 | 576,321 |......... 51,960 | 471, 837

19; I?gg;:e, Frank, The manganese ore industry of the Caucasus: Am. Inst, Min, Eng. Trans., vol. 28, p.
b First shipment mads from India.
¢ First shipments made from Braail,
@ Figures for ferromanganese and spiegeleisen combined prior to 1901.
¢ Figures for fiscal years only available prior to 1901.
f Marketed production,
¢ Figures not yet available,
& American Iron and Steel Institute.
¢ Estimated,

Deposits of manganiferous iron ores have been worked in several
States.. With the exception of those in the Lake Superior region, the
ores from most of which contain less than 5 per cent of manganese
and are therefore smelted to pig iron, most deposits of manganiferous

“iron ore in the United States have a geographic distribution similar
to those of manganese ore. Many deposits yield material of both
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classes. The following table shows the fumber of operators of man-
ganiferous iron and silver mines that reported to the Survey for 1912
to 1915 and the number that shipped ore during those years. The
operators of those deposits in Marquette County, Mich., and Iron
County, Wis., whose product is smelted to pig iron are not included
in the table:

Operators of manganiferous iron and silver mines in the United States, 1912-1915,

1912 1913 1914 1915

Reported. [Shipped.| Reported. {Shipped.| Reported. |Shipped.| Reported. [Shipped.

Arizonaa ... oiaii e e e e 1 1
Arkansas.. 2 1 3 2 2 2 3 2
Colorado e 20 20 24 24 23 23 52 52
Georgia. . .vveenririfoaennnnnsvnaai i s 1 1
Minnesota. . . 0 0 2 1 3 2 10 3
Nevadace.... [ i gl (A 1 1
Vermont..... cee 1 0 1 0 1 0 1 0
Virginia.............. 2 2 3 0 4 4 6 6
- 25 23 33 [ 27 33 31 75 66
Oreshipped, long tons|........... 51,817 {..ooe...... | 85,603 [....cne.... 98,265 |........... 185, 238

e Manganiferous silver ore.

Manganiferous silver ore is derived largely from the Leadville dis-
trict, Colo., where the weathered parts of lead-silver deposits contain
sufficient manganese, iron, and silver to warrant shipment to lead
smelters for use in fluxing. From time to time the Colorado I'uel &
Iron Co. manufactures spiegeleisen from these ores. The manganif-
erous silver ore may be regarded as a by-product of the mining of the
lead-silver ore of the district, for if the mines were not operated for
that purpose it would not pay to extract the manganiferous ore.

Manganiferous zinc residuum is a by-product of the smelting of
manganiferous zinc ore from mines near Franklin Furnace, N. J.
After the zinc is extracted the residue is smelted to spiegeleisen. As
zinc is the most valuable product, the output of the mines varies with
the demand for zine and zine oxide.

As the approximate composition of each of these varieties of ore has
been submitted by the shippers, it is possible to calculate approxi-
mately the amounts of metallic manganese which they contained.
The sum of these amounts, which are shown in the table below, less
the losses in reduction, which range from 15 to 50 per cent, gives a
figure that represents approximately the amount of metallic manga-
nese which would have been available if all the current domestio
supply of ore had been converted to manganese alloys. Most of the
Colorado and- Nevada manganiferous silver ore was not smelted to
manganese alloys, however, but was used as flux in smelting lead ore.

A part of the manganese ore and manganiferous iron ore was used
directly to make dry batteries and other articles.
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 On the last line of the table are given the percentages of the total
manganese needed by the domestic steel industry as alloys that could
have been supplied by domestic deposits if all the ore had been re-
duced. According to this calculation, domestic deposits could have
supplied during 1915 at most only one-fifth of the demand for man-
ganese in alloys.

Manganese recoverable from ore produced in the United States, 1912-1915, in long tons.

1912 1913 1914 1915
Source. " " M A
an- an- an- an-
Ore. ganese. Ore. ganese, Oro. ganese. | Ore. ganese
Manganese ore. .. 1,064 799 4,048 1,943 2,035 1,205 §, 709 4,660
Manganiferous
iron oresec...... 2,899 580 35,850 6,646 58,384 10,732 48,193 9,040
Manganiferous .
silver ores...... 48,618 7,203 | 49,753 5,970 | 39,881 6,780 | 137,045 17,504
Manganiferous-
~ zincresiduum. .| 104,670 13,701 | 102,239 13,996 | 100,198 14,438 | 159,318 23,053
22,373 |....... el 28,555 |aeininann 33,215 |..viannnnn 54,257
Manganese  Te- :
coverable as al- :
Joys..covveiinaniiiann 15,023 |.......... 19,096 |.......... 22,312 f...oieenas 36,792
Percentage of to-
tal manganese
_meeded........ |l (% PP 8.8 aiiieais 13.8 |.oivvnenen 21.0

o Exclusive of Marquette County, Mich., and Iron County, Minn.
FERROMANGANESE AND SPIEGELEISEN.

" The ferromanganese needed for the American steel industry has
been supplied in part by imports of the alloy itself and in part by
domestic manufacture from imported ore. It is evident that the
domestic manganese ore is the source of little ferromanganese. The
available data for spiegeleisen, however, show that prior to 1914 about
half of the domestic product was made from domestic ore, During
recent years the imports of spiegeleisen have been negligible. The
available supply of these manganese alloys for 1912 to 1915 and the
approximate content in manganese is shown in the table on page 7.
From these results, it has been calculated that for the four-year period
an average of 14 pounds of manganese has been consumed for each
ton of steel produced. .

The number of makers of ferromanganese increased from 2 in 1912
to 5 at the end of 1914, and of spiegeleisen from 3 to 6.

Makers of manganese alloys, 1912-1915.

1912 1913 1914 1915
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Available supply of manganese alloys in the United States, 1912-1915, in long tons.

1012 1913 1914 1915
Manga- Manga- Manga- Manga-
Quantity.! nese [Quantity.] mnese |Quantity.] nese |Quantity.| nese.
content. content. content. content.
Imports:
Ferroman- .
ganese.....| 99,137 79,310 | 128,070 | 102,456 §2,997 | a 66,398 55,263 a 42,210
Spiegeleisen. . 1,015 a183 77 al4 2,870 a 417 200 a36
Domestic  pro-
duction? .
Ferroman-
ganese.. ... 125,378 | 598,430 | 119,495 | 94,342 1 100,731 | 579,408 | 144,260 | 110,134
Spiegeleisen..| 102,561 | 19,618 | 106,980 | b 20,790 76,625 | ¥15,288 | 114,556 b 22,808
.......... 197,541 (...o..... | 217,602 [..........] 16L,511 f._........ 175,189

a Percentage of manganese estimated.

b Percentages of manganese submitted by makers.

PRICES.

The market price of ferromanganese in the United States appears
to depend upon several factors. As about half of our supply of

this alloy is imported from
England, where it is made from
imported ore, and as most of
the remainder is made in the
United States from imported
ore, the price of ferromanga-
nese depends in part on eco-
nomic conditions in the coun-
tries which are the sources of
ore and in England and on the
demands of the steel industry
in the United States.

Figure 2 shows the range in

price per unit of 49 per cent
manganese ore and of standard
ferromanganese (75 to 80 per
cent manganese) for prompt de-
livery from 1910 to 1917. Such
a diagram can not show accu-
rately the prices at which these
materials aresold, because there
is no established market for
them, as there is for several
other metals. The diagram
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FIGURE 2.~Diagram showing prices of ferromanganese
and manganese ore, 1910-1917,

shows that the price offered for 49 per cent ore from 1910 to 1914
ranged from 26 to 23 cents a unit, and for ferromanganese from $40

to $70 a ton.
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CONDITIONS SINCE 1914.
MANGANESE AND MANGANIFEROUS ORES.

The first effect of the war in Europe was to reduce imports of ore
from Russia and India. This reduction continued through 1915,
but although Russian ore is no longer obtainable, imports from
India were much larger in 1916 than in 1915. :

In the United States the shortage of manganese ore did not greatly

stimulate mining until 1915. For that year the number of shippers
and the marketed production were three times those of 1914. At
present there is a likelihood that the number of shippers and the
marketed production for 1916 will be about three times those
of 1915. Most of the increase in production for both these years
was derived from deposits previously known. Recently discovered
deposits in Arizona, California, Colorado, Nevada, Utah, Virginia,
and Washington have been sources of production since 1914, but
several of these deposits would probably have been exploited even
had the war not developed a shortage. Little is known con-
cerning most of the new-deposits, except that several have shipped
considerable ore. Many other discoveries are reported, but as the
superficial exposures of manganese deposits are likely to be deceptive
to casual observers, it would not be advisable to assume without
further investigation that these new deposits will become sources of
production. No manganese ore has been received from Russia since
1914, and imports from India are considerably below the nermal.
On the other hand, imports from Brazil and Cuba have greatly
increased and more than make up for the loss of supplies from Russia
and India.
. The number of shlppers of manganiferous iron ores was also
greater in 1915 than in 1914, but the marketed productlon de-
creased. It is a coincidence that war should have come in Europe
and a shortage of manganese ores have developed- at a time when
attempts were being made to exploit the manganiferous iron ores of
the Cuyunarange, Minn. If the mangamferous zinc residuum of New
Jersey is omitted, the shipments of these ores in 1914 contained more
metallic manganese than all other shipments in the United States.
As a result of the operations of a number of mines, large amounts of ore
carrying from 10 to 20 per cent of manganese have been proved as
reserves. This activity is obviously due to the high prices offered for
manganese alloys and may ceaseif prices drop, but there is good reason
for believing that sufficient ore from which spiegeleisen and low-grade
ferromanganese can be made is available in case of need.

The shipments of manganiferous residuum during 1915 increased
greatly over the average of previous recent years. The production
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of this material is dependent upon the output of zinc ore, and the
reserves may not be readily available.

One direct result of the shortage of manganese ore has been the
stimulus to miners of manganiferous silver ores to select portions of
the ore rich enough in manganese to be more valuable for this metal
than for their small gold and silver content. Thus, one mine in the
Tombstone district, Ariz., is treating a fairly large quantity of the-
raw ore in mills and producing & concentrate rich enough in man-
ganese to be used in making dry batteries and ferromanganese,
while the tailing is shipped to smelters as a flux. In the Philipsburg
district, Mont., high-grade manganese ore is being mined and shipped
from the oxidized zones of gold and silver bearing veins that have
never before been sources of manganese ore. In addition to the
Leadville district, Colo., the Pioche district, Nev., has recently been
the source of large shipments of manganiferous silver ore, which is
largely used as a flux by lead smelters. There is little doubt that if
the price of spiegeleisen were double that now offered a large part
of the product of both districts would be used to make this alloy.

FERROMANGANESE AND SPIEGELEISEN.

As the war has made heavy demands on the steel industry of
England, it is natural that her exports of products like ferroman-
ganese should be curtailed. In fact, from November, 1914, to March,
1915, there was an embargo on' the shipment of ferromanganese
from England. The resulting shortage in the United States has
been met by an increase in domestic production. So far as informa-
tion is available, it appears that the increase has been accomplished
by the entrance of new makers into the field, rather than by increase
in the output of those already in it. The number of makers of
ferromanganese in 1915 was eight, and there were several additional
in 1916. The production of spiegeleisen has increased slightly, and
several new makers entered the field in 1916.

PRICES.

The prevailing price of manganese ore has steadily risen since
1914, but the increases have lagged behind those in ferromanganese.
For 15 years prior to 1914 the price per unit of 49 per cent ore in the
United States ranged from 23 to 30 cents, but during 1916 it rose
first to 45 cents and later to 65 cents. The price of 65 cents was
maintained through the early months of 1917.

Soon after the war broke out the price of ferromanganese rose sud-
denly from $40 to $120 a ton for a brief period, then ranged from $70
to $115 for more than a year. During 1916 prices ranged from $115
to $175 a ton, except for a short time in April, when $400 a ton was
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recorded. This great rise was probably caused by Germany’s declara~
tion of a blockade of England. In February, 1917, the price reached
$250 a ton.

The price offered for standard 18 to 22 per cent spiegeleisen has also
increased from about $25 a ton in 1914 to $50 in 1916 and $65 in 1917,

SUMMARY.

- The preceding review of the trend of production, imports, and
prices of manganese ore and alloys during the last three years of ex-
traordinary demands when several regular sources have been largely
eliminated, leads to several conclusions. First, it is reassuring to
know that even if Russian and Indian ores aro largely eliminated,
Brazil can supply the enormous quantity of high-grade ore that. has
been required. On the other hand, the meager response of domestic
manganese mines to prices that are three times normal, though not
wholly unsuspected, is a source of apprehension. Some new deposits
have been found, but there is no assurance that they are larger than
those previously known. There can be little doubt that if conditions
demanded the maintenance of the 1916 output of steel and if imports
of manganese ore and ferromanganese were shut off, the deposits of
manganese ore now developed in the United States could not meet
the demands, and much readjustment in the steel industry would be
necessary.

In any industry shoxtage of material may develop either thloucrh
actual deficiency of supplies or because it ceases to be profitable to
produce the grades of raw material hitherto considered acceptable.
In the case of manganese it appears that the United States faces the
second situation. The supply of high-grade manganese ore is deficient,
but there is reason for expecting that if the lower-grade. manganiferous
iron ore and materials of similar composition can be more widely
utilized, an adequate supply of raw material can be obtained for
several years at least. It is not clear what increase in price of man-
ganese alloys would be necessary to bring forth the required supply,
but it seems certain that the needs could be met by the combined
output of manganiferous iron ore, manganiferous silver ore, and
manganiferous zinc residuum.

There can be little doubt that, under necessity, the manganese and
manganiferous iron deposits of Virginia, Georgia, Tennessee, and
Arkansas can be made with little additional equipment to yield
twice or three times the present output for several years. Undoubt-
edly, however, the deposits of the Cuyuna range, Minn., offer a greater
supply in a smaller area, and as a number of mines are reported to be
exploring that range in advance of production only small additions to
equipment should be necessary to make large tonnages available.
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The recent increase in prices of alloys has diverted for the manu-
facture of spiegeleisen large quantities of manganiferous silver ores
that previously had been used only as flux. Mmes at Leadville, Colo.,
and Pioche, Nev., have shipped a large aggregate quantity and will
probably continue to ship, but in such districts explorations are rarely
carried on greatly in advance of production. The ratios of iron, man-
ganese, and siliccous matter in the manganiferous siderite from which
the oxidized ores of Leadville appear to have been formed closely
resemble those in other materials that are now smelted to spiegeleisen.
Systematic investigation in Pioche, Leadville, and elsewhere may
show that these districts contain large quantities of manganiferous
siderite which may be smelted to spiegeleisen. Although manganifer-
ous silver ore is being shipped by other districts, such as Tombstone,
Ariz., Silver City, N. Mex., and Philipsburg, Mont., there is no pros-
pect that they are capable of shipping as much as Leadville and
Pioche. The most recent information from Eureka, Nev., and
Tintic, Utah, does not encourage the hope for production from those
districts.,

The largest resources of manganiferous materials in the United
States are those from which only spiegeleisen may be made by proc-
esses now in use. It would be well to inquire whether there is a pros-
pect of making from such materials, by milling methods or prelimi-
nary smelting, a product rich enough in manganese to be smelted to
ferromanganese. Most of the manganese ore now produced in the
United States is subjected to washing and other processes of concen-
tration, and some of the manganiferous silver ores of Tombstone,
Ariz., yield by concentration a high-grade manganese ore. According
to press reports, experiments are being made with ores from the
Cuyuna range, Minn., with the hope of extracting a part of the iron
minerals and thereby raising the manganese content of the remainder.

The suggestion has been made recently that it is possible to smelt
manganiferous iron ores in such a way that most of the iron is reduced
to metal and the manganese thereby concentrated in a slag from
which ferromanganese mlght be smelted. It is possible that some
ores might be treated in this manner, but as the silica of the ore
would also be concentrated in the slag and the losses of manga-
nese would reach a maximum when it is reduced from material with
high silica content, it is doubtful whether such a process could be
used profitably to make ferromanganese from most of the ores now
available.

The possibility of using this or similar processes to make ferro-
manganese from materials not available by present methods must be
weighed against the alternative of extending the uses of spiegcleisen
to the manufacture of all kinds of steel, rather than to that of steel

127972°—19—3
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made by the Bessemer process alone. These questions require in-
vestigation by competent metallurgists, but it may serve a purpose
to call attention to them. The problem of adequate manganese
supply resolves itself into two parts—production, on the one hand,
and utilization, on the other. Most manufacturers of steel are
aware of the conditions that affect the current supplies of manganese
ores and alloys, but it is possible that they have not adequately
considered the prospect of utilizing other manganiferous ores. Of
course, the need for using these ores will not arise until imports of
high-grade ores have been stopped, but it is evident that experiments
should be made now and that the steel makers are best equipped to
undertake them.

In order to insure the maximum production of ores of all grades,
the cooperation of competent economic geologists, mining engineers,
and owners of manganese deposits is suggested. As the manganese
deposits of the United States have not yet been able to supply large
quantities of ore in competition with several foreign sources, the
operation of most domestic manganese mines has ceased to be
profitable, and much of the annual output is derived from brief
campaigns of operation by optimistic investors who know little about
the business and its risks. The mining of manganese ores therefore
does not appear to attract the able engineers and workmen who
make a success of mining iron ore and coal in the same or near-by
regions. It is not impossible that the production of high-grade
manganese ore might be made profitable and be increased three or
even six times if the owners of the mines had the benefit of competent
technical advice and supervision. It would be worth while to con-
sider the advisability of procuring for the owners of properties more
or less developed the cooperation of members of the Geological
Survey, the Bureau of Mines, and the American Institute of Mining
Engineers. Geologic reconnaissance of a number of new deposits by
theGeological Survey and prospecting by individuals may also extend
the known occurrences.
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PLATINUM.

By James M. HiLL.

USES.

Platinum has become a metal of war importance. Many are apt
to think of this rare metal as preeminently adapted to settings for
precious stones, and at present 50 per cent or more of the platinum
used in this country is consumed in the jewelry trade. But the metal
is of vital need to many industries upon which success or failure in
war may depend. :

Dishes and utensils of platinum are absolutely necessary in all
chemical laboratories, and upon their laboratories all great industries
are dependent for guidance. Several alloys of cheaper metals and
china, glass, nickel, or gold can be used to replace some of the platinum
for this purpose, but not all the platinum utensils can be replaced
by substitutes.

Alloys have been developed for some parts of the ignition systems
of internal-combustion engines, but no substitute for platinum has
been found for certain delicate parts of the ignition systems, and to
insure the proper operation of the automobiles, motor boats, and
airplanes called into national service a large quantity of platinum
must be available for this use.

Platinum or allied rare metals have wide application in many
instruments of precision used in the physical testing of all kinds of
materials.

Probably the use of platinum most closely connected with war is
in the contact process of making concentrated sulphuric acid, an
essential commodity to a great number of industries aside from the
manufacture of munitions. An inquiry made by the United States
Geological Survey showed that in 1915 a total of 43,888 ounces of
platinum was in use in the contact chambers of domestic sulphurio-
acid works, and it is probable that this amount was considerably
increased during 1916 and will of necessity be further increased.

35
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SUPPLY.

The world’s supply of platinum is limited. Russia has furnished
about 95 per cent of all the platinum produced, and Colombia has
stood second.

As will be seen from the following table, the world’s production
of crude platinum has been diminishing since 1912.

Estimated world’s production of crude platinum, 1909-1916, in lroy ounces.

Country. 1909 T 1910 1911 1912 1913 1914 1915 1916
Borneo and Sumatra.. 500 200 |.oeeeniiifenenanas 200 (@) (©) (a)
Canada.....c...coo.. 30 30 30 30 50 30 100 60
Colombia............. 6,000 | 10,000 | 12,000 | 12,000| 15,000 17,500 | 18,000 | 25,000
New South Wales and

Tasmania........... 440 332 470 778 1,500 1,248 303 (a)
RUSSI e peurnrnannnnnns 264,000 | 275,000 | 300,000 | 300,000 [ 250,000 | 241,200 | 124,000 [ 57,860
United States......... 672 390 628 721 483 570 742 750

271,642 | 285,952 | 313,128 | 313,529 ‘ 267,233 | 260,548 | 143,145 | 3,670

a No hasis for estimate. -

It will be noted that the normal annual addition of crude platinum
to the world’s supply has varied between 260,000 and 313,000 ounces.
This supply is augmented by the platinum produced by refiners of
copper matte and gold bullion. TUnited States refiners of gold and
copper produce annually about 1,500 ounces of refined platinum as
by ploducts, chiefly from copper ore, of both foreign and domestic
origin.

That the suppl y of new platmum has not been sufficient to meet the
requirements is indicated by the very extensive tr ade in scrap or used
metal. Figures are not available for such trade in foreign countries,
but in the United States the yearly sales of secondary platinum nor-
mally amount to about 40,000 ounces; in 1916 they increased to 49,400
ounces.

Owing to scarcity of supplies and labor due to the war and to the
derangement of the platinum market in Russia, her production during
1916 was much below normal. It seems probable that production
after the war will not be materially increased over the normal rate,
and it may even not come up to normal for some time. Dupare, an
authority on Russian platinum deposits, has recently made the asser-
‘tion that at the rate of production before the war began the known
platinum deposits of Russia would become exhausted in 12 years.

Although the platinum deposits of Colombia have been yielding for
many years, they have not been developed by engineering methods
until recently. Prior to 1914 most of Colombia’s platinum output
was won by native miners with bateas (wooden pans), but at present
a strong company controlled by Americans is developing its holdings
with dledaeb, and the output for the future seems assured. Most of
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the platinum heretofore produced has come from the San Juan River
drainage basin, but it is known that platinum occurs in the upper
part of the Atrato River basin, and it would seem that systematic
‘prospecting of the whole western slope of the Andes in Colombia
should be undertaken with a view of increasing the world’s supply.

The platinum production of the Australian provinces and of Borneo
has been small. The deposits, to judge from reports, are nearly if not
quite exhausted and do not hold much promise of great additions to
the supply.

In North America platinum is produced from placers in British
Columbia and from the copper ores of Sudbury, Ontario. - There is a
possibility that new placer deposits may be discovered among the
western mountains, and reports have reached the Survey of platinif-
erous gravels as far north as The Pas, in Manitoba.

In the United States most of the small annual output of crude plati-
num has been won from the well-known placer deposits in California
and southwestern Oregon, but a little has come from a gold-platinum-
palladium lode in Nevada and a copper mine in Wyoming. The
dredges in the foothills of the Mother Lode country have been the
largest producers, but so far none of the stream placers in the serpen-
tine belt that feed the dredge ground have been found to carry plati-
num in sufficient quantity to be economically important. In the
auriferous gravels of Trinity, Salmon, and Klamath rivers, in north-
western California, and Illinois and Rogue rivers, in Oregon, plati-
num is more or less abundant. Much of this country has been pros-
pected thoroughly for gold, but there is a possibility of finding streams
in which the platinum has been overlooked. The beach placers on the
Oregon and California coasts have also yielded platinum, and it may
be possible to further develop this source of supply. Discoveries of -
platinum in the placer gravels of certain streams in Alaska have been
reported from time to time, and in 1916 some platinum was shipped
from the Territory.

POSITION OF THE UNITED STATES.

The United States at present is not supplying 10 per cent of
its platinum requirements, and while there is some assurance that
by systematic geologic investigation, already planned, new placer
deposits that will yield platinum may be found and that by a study
of the methods of saving platinum a greater yield from all deposits
may be had, yet the issue must be squarely faced that in all prob-
ability the domestic supply can not be made adequate to meet the
requirements of normal times.

An abnormal situation now exists, and it should be considered what
steps are to be taken to assure an adequate stock of platinum for the
essential uses of the Government. FEarly in the war England and
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France commandeered all stocks of platinum for Government use,
and all dealings in this metal in those countries have been closely con-
trolled by the respective Governments. In the United States it has
so far proved almost impossible to collect accurate statistics of sup-
plies or production of this metal. It may prove necessary for the
Government to commandeer supplies, but it should be possible to
count on the patriotism of domestic platinum dealers and refiners to
inform the Government fully of all available reserves of this metal.
Fifty per cent or more of the platinum used in the United States has
been made into jewelry, the larger part of which is now in private
possession. It may be hoped that the whims of fashion will yield
to national needs and that purchasers of jewelry will demand gold
and silver or a white alloy and so release platinum for its highest
use.

Steps should be taken immediately to ascertain the quantity of
platinum in the United States that could be considered as an available
supply, and to adopt some measures for obtaining an adequate reserve
of the metal to meet the Nation’s needs for war purposes. The needs
of munition makers are at present probably supplied from reserves
accumulated during the last two years, but the future demands of a
the country are inadequately provided for.



GYPSUM.

By R. W. StoNE.

CONDITION OF THE INDUSTRY.

The three years 1913-1915 saw no marked fluctuation in the
gypsum industry. For some time the annual output has been near
2,500,000 tons of raw material. In 1913 the production was about
2,600,000 tons, and in each of the two following years there was a
slight decrease, amounting in all to about 150,000 tons, a decline of
less than 0.06 per cent. This decrease was due largely to a falling
off in the demand for gypsum wall plaster occasioned by a reduc-
tion in the number of buildings constructed. Statistics of building
operations in the leading cities of the United States show that 2,500
fewer permits were issued in 1915 than in 1914. This decline was
probably due to the increase in cost of supplies and of labor reflected
in the same statistics, which show that although the number of oper-
ations was less, the cost Increased $22,000,000, or 3.55 per cent.
Figures are not yet available (April,1917) for the gypsum industry
in 1916, but it is believed that the year was one of increased produc-
tion. Prices of all supplies have increased, but bigger business re-
quires and can pay for more buildirg, and this condition has been
favorable to the gypsum industry.

This particular industry could not suffer from restraint of ccean
traffic, because the imports, which come wholly from New Brunswick
and Nova Scotia,are normally only about one-fifteenth as much as the
domestic production, and gypsum is so abundant and widespread in
the United States that the nation is easily industrially independent
in this respect.

Gypsum is produced in 18 States and Alaska. Most of the de-
posits are west of Mississippi River, but considerable quantities
occur in New York, Virginia, Ohio, and Michigan. New York, in
fact, is the largest producer, yielding 500,000 tons annually, or one-
fifth of the country’s total. Iowa ranks second and Michigan third.
The most extensive deposits are in Wyoming, Utah, Texas, and
New Mexico, where thick beds of high-grade gypsum crop out for
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hundreds of miles. In Wyoming alone gypsum beds from 6 to 20
feet thick are exposed for a thousand miles and constitute a reserve
that the world’s demands would not exhaust in many decades.

In 1915 there were 77 active mines or quarries which supplied 69
gypsum plants. A number of plants are standing idle. In case of
greatly increased demand for gypsum products the idle plants could
quickly be put into commission, and the active plants that are work-
ing only one or two shifts could be put on a 24-hour schedule, thus
making a large increase in the output. The production of gypsum
boards probably could not be so quickly increased as that of other
products, because they are made on machines which are not on the
market.

As the deposits of high-grade gypsum in the United States are
widespread, practically inexhaustible, and in many places close to
present lines of transportation, and as the milling part of the in-
dustry can easily be made to increase its output, the outlook for this
popular structural material is fair even in times of worldwide unrest.

USES OF GYPSUM.

The principal uses of gypsum are as structural material and as
an ingredient in Portland cement. Gypsum wall plaster is in com-
mon use, and gypsum boards, blocks, and tile are fast- making a
market because of their light weight, convenience, and fire-resistant
qualities. Because of the rapidity with which the plaster sets, per-
mitting carpenters to follow the plasterers within a few hours, and
because of the size and shape of the gypsum block, tile, and board
units, which favor quick construction, these materials are especially
adapted to the hurried emergency building operations occasioned by
great industrial activity.

At such times as the present, when many manufacturing firms,
particularly those engaged in making munitions, are called upon to
expand their plants in the shortest possible time, and when high
fire-resistant qualities are demanded in the new buildings, gypsum
products are used extensively, according to information of the
United States Geological Survey. For quickly constructed one-story
buildings which shall be warm in winter, cool in summer, and non-
inflammable a light steel frame with inner walls, roof deck, and
partitions of gypsum block and slabs should be satisfactory. Gyp-
sum should not be used for exterior construction in a moist climate
but has been so used successfully in some of the arid portions of the
United States. In steel-frame buildings several stories high the use
of gypsum blocks for partitions and for fillers in concrete floors not
only gives fire-resistant quality to the building and hastens con-
struction but decreases appreciably the strength required in the
frame. IFurthermore, because gypsum dries rapidly, a building
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plastered with it can be occupied very soon after plastering is com-
pleted. In a number of buildings recently constructed at our navy
yards gypsum slabs have been used for the roof decks because of
their light weight and noncondensing quality.

Other uses of gypsum in time of war may be mentioned briefly.
Gypsum is a constituent of the Portland cement used in the founda-
tions and frames of buildings, in the construction of bridges, in
fortifications, in the emplacement of heavy artillery, and for numer-
ous other purposes in the maintenance and operation of the Army
and Navy. It is suggested that for light-artillery emplacements a
hard-setting gypsum plaster might be used. Gypsum is used ad-
vantageously as a fertilizer on some soils and with some crops and
doubtless will be used in greater gquantity under the present stress
for a large yield from our farms. Calcined gypsum in the form of
plaster of Paris is used for making casts around broken limbs and so
has an important function in the surgical wards of hospitals, es-
pecially during war. Bandages for orthopedic surgery, used very
extensively in hospitals, are made of gauze filled with plaster of
Paris.






SALT, BROMINE, AND CALCIUM CHLORIDE.

By R. W. Sro~k.

SALT.

The United States furnishes practically all the salt consumed by
its people. In 1916 more than 99 per cent of all the salt used in this
country was made here, and the value of the salt exported was more
than twice as great as that of the salt imported. The total quantity
of salt produced has increased steadily for many years. The imports
have taken a sharp slump in the last four years, and the exports have
increased about 50 per cent in the five years preceding 1916. The
imports and exports, however, form a very -minor part of the in-
dustry. The marketed domestic production of salt in the United
States has increased from: 20,000,000 to nearly 40,000,000 barrels in
15 years and is now increasing at a much more rapid rate. The war
in Europe has stimulated industriés in this country that require salt
for chemical or metallurgic purposes, with the result that the natural
growth in demand due to increased population is augmented to a
marked degree by industrial needs.

The production in 1916 is estimated at 43,000,000 barrels of 280
pounds, or nearly half a barrel for each individual in the country,
compared with 38,000,000 barrels in 1915. For many years the mines
and manufacturing plants have not been producing anything like
their capacity, and the 5,000,000-barrel increase in 1916 is only an
indication of what can be done if a demand arises for enlarged out-
put. Most of the plants can largely increase their present yield.
The rock-salt mines are capable of extension and already are so de-
veloped that only additional labor and machinery would be needed
to double their output. Most of the solar evaporators could increase
their acreage and consequently their production.

Prices of salt are increasing and may continue to increase so long
as the present unsettled conditions continue. Some grades of salt
have doubled in value since 1915; others have increased 50 per cent.
This increase is chargeable not only to increased demands of labor
and cost of supplies but also to the larger margin of profit to which
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- producers feel entitled under present circumstances. Heavy charges
against the cost of production are wages and fuel. Labor is demand-
ing and receiving higher pay, and coal at some salt works has been
hard to get and expensive. One producer reports coal increased in
cost from 80 cents to $5.50 a ton.

The production of salt must continue, as for many years past, to in-
crease. The use of saltin food for men and animals naturally demands
enlarged -output to keep pace with increased population; its use
as a source of chlorine and hydrochloric acid and in many chemical
and metallurgic industries that are rapidly developing also demands
larger output, though some of these industries may be much less
active after present hostilities cease. Attention to sanitation is
spreading in great waves, even to remote districts, and carries with
it a demand for glazes and enamel on pottery and hardware, and for
refrigeration and preserving foodstuffs, all of which take large
quantities of common salt.

Fourteen States reported production in 1915, Salt of all grades is
made from the lump salt used in salting cattle to the finest table
and dairy salt. Rock salt is mined in New York, Michigan, Kansas,
Louisiana, and Utah. Salt is produced from natural and artificial
brines obtained from wells in several States and from the waters of
Great Salt Lake and of the Pacific Ocean. It is also obtained from
deposits in playas in Nevada, Texas, and New Mexico. New York,
Ohio, and Michigan are the main source of salt for the Hastern
States, Kansas and Oklahoma for the Central States, Louisiana and
}Tems for the South, and Utah and California for the West. In

each of these general localities the supply is apparently inexhaustible.

In New York, for example, an area of 2,000 square miles in the

‘central counties from Oneida Lake to Lake Erie is underlain with

a rock-salt deposit whose thickness ranges between 8 feet.and 318

feet. This deposit alone would supply the whole United States for

thousands of years. The present production, both by mining and
from artificial brines, is negligible in comparison with the latent
possibilities. _

In Kansas a deep well struck rock salt at 690 feet below the surface

'and penetrated 600 feet of rock salt in beds from 5 to 60 feet thick.

| A large area in this State is underlain by salt, which is mined by

many slnfts and obtained by pumping brine. Drilling for oil in

;Texas and Louisiana has revealed the presence of tremendously
thick deposits of rock salt at a depth of a few hundred feet. Thick-
nesses of 2,000 feet are common, and one drill hole passed through

‘more than 3,000 feet of rock salt. Most of the salt made in Utah

.is produced by evaporating the water of Great Salt Lake, and in

California by evaporating sea water. . These sources are inexhausti-
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ble, and the limit of production by solar evaporation will therefore
never be reached.
’ BROMINE.

Bromine is made in connection with the manufacture of salt in
Michigan at Mount Pleasant, Isabella County; at Midland, Midland
County; near Saginaw and at St. Charles, Saginaw County; and
at Bay City, Bay County; in Ohio at Pomeroy, Meigs County; in
West Virginia at Mason and Hartford, Mason County; and in the
Kanawha Valley at Malden, Kanawha County. In Michigan the
bromine has been marketed in the form of fine chemicals, but the
great increase in demand brought on by the war has caused a great
deal of the bromine to be marketed as such. Along Ohio River, where
there is cheap transportation by rail and water and cheap coal and
gas and where salt and bromine occur naturally, bromine has been
produced for export for many years to be made into fine chemicals.
Here is an opportunity which the American chemist should not
neglect.

The element bromine does not occur in native form but is derived
in large quantities from natural brines. It is used as an oxidizer in
many chemical reactions instead of chlorine and for dissolving gold
and separating it from platinum and silver; also in disinfectants and
bromine salts and in making aniline colors. Recently it has been
extensively used in making the asphyxiating gases employed in the
European war.

In 1915 there was a significant increase over the production of the
previous year, the total output in the United States being 855,857
pounds, valued at $856,307, or about $1 a pound. The comparatively
low price indicated by the total figures is due to the fact that con-
siderable bromine was sold at prices specified in contracts made
before the demand increased and to the further fact that the figures
indicate prices at point of production and hence do not include
the cost of freight. The price of bromine during the first half of
1916 ranged from $4.75 to $6.50 a pound in New York, as a result,
at least in part, of the unprecedented demand from abroad. In
March, 1917, it had fallen to $1.30 a pound.

As the quantity of bromine marketed in 1915 was an increase of
nearly 50 per cent over the production of each of the two preceding
years, and as the number of wells is few where there might be many,
it is assumed that this quick response to a sudden demand is only a
suggestion of what may be done in case of continued and increased
demand. The statistics of production for 1916 are not yet available
(April, 1917); it is believed that there was a very considerable
decrease in the quantity of bromine made from natural brine but an
increase in the total value of the product.
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CALCIUM CHLORIDE.

Calcium chloride is made from natural brines at Mount Pleasant
and Saginaw, Mich.; Pomeroy, Ohio; and Mason, Hartford, and
Malden, W. Va. As the same brines yield salt and bromine, practi-
cally every constituent in them is turned to profit. Calcium chloride
1s used as the circulating fluid in refrigerating plants, in cement
concrete, and in automobile gas-engine water jackets to prevent
freezing, and, on account of its power of absorbing moisture, for
laying dust on roads, drying gases, vegetables, and fruits, and dehy- .
drating organic liquids. Calcium chloride in solution is especially
valuable in automatic sprinkler systems and in fire buckets.

The quantity of calcium chloride produced from natural brines
and sold in the United States has recently been about 20,000 short
tons a year, valued at $6 to $6.50 a ton. This does not include the
output obtained in the manufacture of soda, as calcium chloride so
obtained is not an original constituent of brine. Large quantities
made in the manufacture of soda have been wasted, and it is hoped
that new uses may be found for this by-product.

Since the first half of 1916 there has been a demand for this
material which has raised the price. In March, 1917, 70 to 75 per
cent fused calcium chloride was quoted in the New York market at
$26 to $30 a ton, and granulated calcium chloride has recently been
quoted as high as $40 a ton. Fused lump calcium chloride that used
to retail for 15 cents a pound was quoted in April, 1917, at 90 cents.
It is believed that the supply can easily be kept ahead of the demand.



SAND AND GRAVEL.

By R. W. Sroxe.

ROAD MATERIAL.

Military preparedness includes in time of peace the construction
of permanent trunk highways and in time of war the hasty improve-
ment of roads that lead from military bases to the line of action.
Improvement of roads under war conditions would in most places
mean surfacing with a mixture of sand and clay or of sand, clay,
and gravel. This material is abundant; in fact, there are few areas
in the United States where a good supply can not be had within a
reasonable distance. The United States Geological Survey is in
touch with thousands of producers of sand and gravel, and many of
its detailed geologic maps show the distribution of the deposits.

GLASS SAND.

The glass-making industry is in no way dependent on foreign
supplies for its sand, salt cake, soda ash, and limestone. Our re-
sources in these materials are ample. Most of the output of glass
sand comes from a belt of States extending from New Jersey to Mis-
sourl. Illinois, Pennsylvania, and West Virginia are the largest
producers, and Illinois leads, producing well over 500,000 tons,
largely by disintegration of the friable St. Peter sandstone. Cali-
fornia is the only State west of Oklahoma that produced glass sand
in 1915. _ :

Glass sand has formerly been brought to this country in ballast
from European ports, but the present conflict cut off this small im-
portation. The war, by unsettling general business conditions, for
a number of months put a damper on the glass industry in this
counitry. Later, however, business has increased, building operations
are active, demanding large quantities of window glass, and further-
more glassware is now being exported in quantity to Europe and to
the countries which the European glass industry formerly supplied.
Consequently the glass industry is booming, and as a corollary the
production of glass sand has increased, The output in 1916 approxi-
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mated 2,000,000 tons and was thus larger than it has ever been. Qn
account of the higher wages and the increased cost of machinery and
of all supplies, particularly coal, the price of glass sand, which has
been decreasing in the last few years, showed an upward tendency
in 1916.

The glass-sand deposits in this country are very extensive and are
found in many States. Many deposits of high-grade material are
undeveloped. Quartz sand suitable for making cheap glass occurs
in great quantity in the white dunes on the coast of California and
along the shores of the Gulf of Mexico and in the white quartzite
and sandstone in many parts of the country. Most of the glass fac-
tories in this country are located with relation to large supplies of
the cheap fuel—natural gas—so that West Virginia, Pennsylvama,
and the Ohio Valley contain most of them. :

"MOLDING SAND.

- The new requirements of armament and munitions. have caused

foundries and machine shops to increase their output, and this activity
1s in turn reflected in the molding-sand industry. The total produc-
tion in 1915 was 3,500,000 tons, more than two-thirds of which came
from New Jersey, New York, Pennsylvania, and Ohio. This was
750,000 tons more than the output of 1914. The statistics for 1916
are not yet available (April, 1917), but it is confidently expected that
they will show 4,500,000 tons produced in that year. This country
has unknown quantities of molding sand of different kinds, such as
that required for light and heavy iron and steel castings. The devel-
oped deposits are very largely in the Iastern States, because that is
where most of the foundries are situated. As freight rates prac-
tically prohibit long-distance shipping of this heavy and cheap
commodity, little search has been made for deposits in the Western
States, where the demand for molding sand is small.

Up to 1914 molding sand was annually imported from France for
use in casting bronze. The French sand is used for facing the molds,
and as most of the casting done in it is art work, the curtailment
would not seem to be serious in a time of national stress. In response
to requests from importers of the French sand and from bronze mold-
ers the United States Geological Survey has sought for a domestic
substitute and is now able to announce that sands which on prelimi-
nary tests prove to be satisfactory substitutes for the French molding
sand have been found near Albany, N. Y., and Zanesville, Ohio.
Bronze and brass castings made at Government arsenals and navy
yards for many years have been poured in sand from the Albany dis-
trict; commercial foundries and manufacturers use sand from Albany,
N. Y., Windsor Locks, Conn., and several localities in Ohio for fac-
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ing molds for brass and bronze castings that do not require the ex-
tremely fine finish of art work. The supply at these places is abund-
ant, and the country seems able to meet any requirement in quality
and quantity of molding sand.

ABRASIVE SAND.

Sand suitable for grinding and polishing, ranging from small
gravel for use in sand-blast work on heavy castings to the fine mate-
rial used for giving a polish, is abundant, and the country produces
about 1,000,000 tons annually. Pennsylvania is the leading producer
and in some years furnishes one-half of the output. The present ac-
tivity in the production of armament will call for an increased pro-
duction of this material, for it is the practice in large foundries to
clean castings by sand-blast.

GENERAL CONDITIONS.

The sand industry in all its branches grows normally with increase
of population. Severe business depression decreases the production
of building sand more than that of sand for some other uses, such as
engine sand, which is used wherever trains and trolley cars run.
Business acceleration increases the output and use of all kinds of
sand. The value of all the sand and gravel produced in 1915 of
which the United States Geological Survey has a record was over
$23,000,000. The statistics for 1916 are not yet available (April, 1917).

AID BY GEOLOGICAL SURVEY.

An important part that the United States Geological Survey plays
in the sand and gravel industry, aside from collecting and pub-
lishing statistical data, consists in answering questions regarding the
usefulness of samples submitted for examination and directing in-
quirers to a source of supply of sands for special use. For example,
within a few days after this country declared its participation in the
war the Geological Survey directed an important laboratory to
sources of glass sand for optical purposes, for which it was specified
that the sand must contain less than 0.05 per cent of iron and over
99 per cent of silica; an importer of bronze molding sand was in-
formed of localities in this country that can furnish a satisfactory
substitute; and a maker of egg-boiling timers who can no longer pro-
cure the customary foreign sand was furnished with samples made by
the Survey from domestic sand which fill the specifications calling
for round grains passing 150 mesh.

127972°—19—4
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ASBESTOS.

By J. S. Direr.

PRODUCTION AND PRICES.

The United States is one of the largest manufacturers of objects
made from asbestos, but it is not a large producer of crude ashestos.
'The supply of asbestos of all grades in Quebec, Canada, is so large
and so_conveniently obtained and the quality of the Canadian as-
bestos is so excellent as to delay the development of asbestos deposits
in the United States. The demand for high-grade asbestos has
always been active, but recently, under the stimulus of war conditions
‘abroad, it has become still greater, and the available supply, although
larger than before, is frequently not equal to the demand. In 1916
the total output of asbestos in the United States was 1,479 short tons.
The imports during the same time, almost wholly from Canada,
amounted to 116,162 short tons, making a total supply available for
manufacture in the United States of 117,641 tons.

Asbestos imported into the United States in 1916.

[Figures furnished by Bureau of Foreign and Domestic Commerce, Department of Commerce.]

1915 1916
Unmanufactured. Unmanufactured.
Country. Mémufg o M%nufg o
Quanti ure Quanti ure
shortty Value. (value). shortty Value, | (value).
ns). ns).
Austria-Hungary. . ..cc.ooovoe]inirianmane]ieenacnncen 810,802 Joeiieiiii i eiaeciiiaaie]oreiannennan
British South Africa. . . . 2] 810,625 |eeeeennn...
............ $1,841
.......... 109
DI I s,z T 0m2 T ees, 008 T 119,123
10, 762
100
208
2,538
""""" 203
93,566 | 1,981,483 137,317 116,162 | 3,503,470 135,064
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Five States now produce asbestos—Arizona, California, Ydaho,
Georgia, and Virginia. Arizona and Georgia are the largest pro-
ducers—Arizona of high-grade fiber, and Georgia of fiber below the
spinning grade. o '

The prices for asbestos produced in the United States during 1916
are said to have ranged, according to grade, from $15 to $1,000 a ton.
In 1915 normal prices ranged from $10 to $400 a ton.

ARIZONA.

The asbestos of Arizona is chrysotile and occurs in serpentine asso-
ciated with limestone altered by intrusions of diabase. As the strata
are nearly horizontal, they are for the most part best exposed on
the sides of canyons throughout the State. The cross-fiber veins of
chrysotile are commonly parallel to the bedding of the limestone -
but are very irregular in their distribution, a fact which results from
the irregularity of the contact between the limestone and the intrud-
ing diabase. The asbestos has to be won by tunneling into the canyon
wall. As the amount of asbestos at any one place is small, thus
limiting the production, the cost of production is increased, but in
obtaining the best grade a considerable amount of valuable short
fiber is accumulated on the dump and is available for future milling.

The asbestos of the Arizona mines is of two grades; one is very fine,
soft, silky fiber of first-class textile quality, and the other is not suit-
able for textile manufacture. Although the second grade may have
great length, it is harsh and when put through textile processes cre-
ates a good deal of “splint,” which makes a rough-looking yarn
altogether unsuited for higher textile uses. Both grades may occur
in the same mine. The lower grade appears to be the more abundant,
and the available quantity of first-class textile fiber is thus. limited.
The small percentage of iron contained in the best grade of Arizona
fiber compared with Canadian fiber renders that of Arizona espe-
cially useful for its electric insulating qualities. As the whole mass
of available good fiber is small, it should be mined with particular
care to avoid waste. The limit of the asbestos field of Arizona is not
yet known. The output will probably never be large compared with
that of Canada, but under proper management the deposits may
yield say 1,000 tons of valuable fiber annually for years to come.

CALIFORNIA.

The Klamath Mountains, Coast Range, and Sierra Nevada, in
California, are rich in serpentine, and in places this rock contains
considerable asbestos. The only producing point in 1916 was on
Mears Creek, near Sims, in Shasta County, from which 8 carloads
were shipped to an asbestos factory in Oakland. There is no fiber
of spinning grade at this locality, and as the demand for the fiber
mined is small the mining operations have not been extensive. The
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mine is within a few miles of the Southern Pacific Co.’s main line,
and good water power for milling the fiber is available in Mears
Creek. The serpentine is cut by a variety of dikes in the vicinity of
the asbestos deposits. Cross-fiber veins of asbestos half an inch or
less in thickness are common, and a prominent vein of slip fiber oc-
curs on the same slope. There is considerable asbestos near the
‘head of Mears Creek, and if there were a large demand. for the lower
grades of fiber a mill on this stream could do much toward meeting it.

Other prospects of asbestos in California that have attracted atten-
tion occur in Napa County near Canyon station on the stage road
from Napa to Monticello, in Placer County, near Towle and Iowa
Hill, and in Calaveras County near Valley Spring.

IDAHO.

In the vicinity of Kamial, Lewis County, Idaho, there are rocks
made up wholly of asbestos arranged in fibrous bundles. The fibers
are short and brittle and are consequently far below spinning grade
and suited only for use as a filler in the manufacture of heat-resist-
ing or fireproofing covers, cements, or paints. There is only one
producer at present. The demand is slight, but the supply of asbes-
tos is large and the material is easily quarried, as it constitutes the
whole mass of the rock. It occurs within a dozen miles of a rail-
road, 186 miles southeast of Spokane, Wash.

GEORGIA.

The asbestos mine near Sall Mountain, Ga., with a mill at Gaines-
ville, has for years been the largest producer of asbestos in the United
States. The asbestos, like that of Kamiah, Idaho, is of the mass-
fiber type of anthophyllite, which forms fibrous bundles and consti-
tutes the whole mass of the rock. Only the surface portion of the
rock mass, which has been softened by weathering, is milled for
fiber. The solid, unweathered portion of the rock is too hard for suc-
cessful milling, and unless some way can be found to treat this por-
tion successfully this limitation will greatly reduce the reserve for
future needs. Georgia is far south of the glacier-swept region, and
the mantle of residual softened rock is unusually deep, so that there
still seems to be a fairly good supply for the near futurs.

VIRGINIA.

Rocks similar to those that furnish the asbestos in Georgia are
common in the mountain region of North Carolina and Virginia,
and in the latter State there is a very small production of asbestos
used in manufacturing a dental product. -

VERMONT.

The country rocks of the asbestos deposits in Quebec, Canada,
extend southwestward into Vermont, where they contain considerable
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bodies of chrysotile that was mined more or less successfully a few
years ago. The Vermont area contains very little spinning fiber
but a considerable quantity of good milling fiber, and it is now at-
tracting much attention. No production has yet been made. Al-
though in the production of chrysotile asbestos Vermont can not com-
pete successfully with Canada, the material in Vermont should be
regarded as a valuable reserve if the Canadian deposits were not

avallable. :
WYOMING.

The asbestos deposits of Wyoming are largely .chrysotile, but they
contain only a trace here and there of fair spinning fiber. They
have attracted much attention for years, especially from a speculator’s
point of view, but have not yielded a production. The possibilities
of the region are not yet fully known. They should be tested and
developed by an experienced manufacturer of asbestos who needs
raw material. There is no doubt that a large amount of good-grade
mill fibey occurs in that part of the country, including the Laramie,
Wind River, and Big Horn mountains, which is so situated with
reference to transcontinental as well as Great Lakes and Gulf traffic
as to be readily accessible.

CONCLUSION.

With a view to increasing the available supply of asbestos, espe-
cially the spinning grades, which are so much in demand, all areas
of peridotite and pyroxenite rocks more or less altered to serpentine
should be prospected for cross-fiber veins of asbestos in which the
fibers are three-fourths of an inch or more in length. The content
of such fiber necessary to yield a profit may be less than 1 per cent
of the whole rock quarried, and in obtaining it a much larger per-
centage of mill fiber will most probably be taken out.

Although the Arizona chrysotile fiber is excellent for certain pur-
poses and finds a ready sale to those who need it for electric insula-
tion, its mode of occurrence necessitates expensive operation and
small production, and it should be mined with especial reference to
avoiding waste and obtaining all within reach.

The origin of asbestos, especially that of Arizona, is not well
understood, and much field investigation is needed to discover the
causes determining its distribution and the best methods of mining
$0 as to utilize as far as possible all the available grades of fiber.

The United States, being the largest manufacturer of asbestos and
having only a meager domestic supply, has to depend very largely
upon imported asbestos, but fortunately the chief source, which is
Canada, is close at hand. Under increased demand the output of
the United States is likely to be greatly augmented, although it
can hardly be expected ever to supply all the asbestos needed for
increasing manufacture.



TALC AND SOAPSTONE.

s

By J. S. Dirrer.

TALC.

The commercial deposits of talc are those of the relatively pure
mineral. The massive rock composed chiefly of talc is considered
under “ Soapstone.”

The United States is by far the largest producer and consumer of
talc in the world. The softness, absorptive capacity, difficult fusi-
bility and solubility, and electric resistance of talc make it one of the
most generally useful of all minerals in the arts and industries. Its
principal military use is in the ground form as an aid to the preven-
tion of sore feet in marching under service conditions. For this pur-
pose it should be pure.

Tale sold in the producing States in 1915 and 1916.

1915 1916
State. - Quantit i
y Quantity
szshort Value. short Value.

ons). ons).
T NOW Y OTKe neenneenneeenneanaeneaneaneeaeeaneaaanns 88,214 |  8864,843 93,238 $961,510
2.Vermont....ooieiiiiiiiina. 61,997 406,652 73,215 501,175
3. Pennsylvania and New Jersey. . 7,989 56, 466 8,222 59, 331
4, Virginia.....o....ooieiiil 3,036 18,579 8,708 73,622
5. Georgia and Massachusetts........ 2,934 25,971 6,921 111,686
6. North Carolina................. 1,454 21,501 1,787 41,824
7. California and Maryland..............ccoeenaoaiiaas 712 7,185 1,130 13,694
166,336 | 1,401,197 193,309 | 1,762,842

Ground or manufactured talc imported into the United States, 1915 and 1916.
[Figures furnished by the United States Department of Commerce.}

1913 1916
Country. Quantit :
ity Quantity
short Value. s;short Value.

ons). 0ns).
Austria-Hungary. . 138 83,019 |..civnieina]ernainnnn .
British South Africa PN P 10 $124
Canada............ 4,797 57,961 5,964 75,029
0837 5 T (s P 1 38
FrAICO. et te e et ae e aa e eeee e aeaerannaans 3,734 19,253 3,570 20,791
Germany............ e beecheeteeanteeraeieenaaan . 8 1,888 [aoeeeneei v
Ita]y ................................... 7,268 104, 403 7,105 121, 254
(10101 P B PRI PR 11 400
LT T P 22 544
' 15,045 | 186,524 l 16,683 ! 218,180
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The total domestic production is nearly twelve times the total
imports, over one-third of which came from Canada. The talc of
New York is an especially good paper filler and is largely used for
that purpose, although much goes into paints. The output of Ver-
mont is used for the same purpose and also for foundry facing,
rubber goods, and coating walls. A small amount is used for crayons.
Talc for pencils, crayons, burners, and insulators comes almost
wholly from North Carolina and Georgia and is cut in Chattanooga.
The demand for talc of the highest grade is greater than the supply.
Much of the material for toilet powders is imported. With the ex-
ception of compact material for pencils, burners, and insulators and
the best grade for toilet powders the United States has a large re-
serve in nearly all the producing States. It is believed that by more
searching field investigations the domestic output even of pencil and
gas-burner tale as well as the best toilet-powder grades may be
greatly increased. The “ foot-ease” grade of ground talc, now so
extensively used in the Army, may be fully supplied in this country.
Although the war has greatly stimulated production it has not
greatly increased the price except in emergencies.

Some good specimens of more or less schistose white talc have been
sent from Brazil to the United States Department of Commerce.
The best grade appears to be suitable for making toilet powder and
1s said to come from a locality near Rezende, 75 miles by rail north-
west of Rio de Janeiro.

SOAPSTONE.

Soapstone is a massive rock so rich in talc as to have a soapy feel.
It is more extensively quarried and used in the United States than
in any other country. Its principal use, which is due to its resistance
to heat, acids, and electric conductivity, is in the manufacture of
laundry tubs, laboratory table tops, tanks, sinks, fume hoods, switch-
boards, and general-insulation. It also has many smaller uses grow-
ing out of its slow radiation of heat. In 1916 there was a small pro-
duction of soapstone in California, but almost the entire output of
the United States came from Virginia, where there were four pro-
ducing quarries. The total yield, including that of California, was
19,652 short tons.

The rock from which the soapstone in Virginia is obtained forms
a large belt of intrusive rocks extending northeastward through
Nelson, Albemarle, and Orange counties. This large intrusive mass
will afford an abundant supply for many years to come. It is near
several railroads and James River and within easy reach of Chesa-
peake Bay and therefore has the advantage of adequate facilities
for transportation. >

The United States has large reserves of soapstone and can, if nec-
essary, greatly increase its output.



PHOSPHATE ROCK.

By R. W. Stoxe.

Prior to 1914 the United States was producing annually close to
3,000,000 tons of phosphate rock, of which over 99 per cent came
from Florida, Tennessee, and South Carolina. Florida produced
more than 75 per cent of the total output, including the great bulk
of the material exported, which was over 40 per cent of the total.
With the beginning of the war the facilities for shipping phosphate
rock to Europe were greatly decreased. Many Florida plants weré
shut down, and they have not resumed operations.

The proportion of exports to total production dropped from about
42 per cent in 1912 and 1913 to 35 per cent in 1914 and less than
14 per cent in 1915. In 1915 the total production was only 60 per
cent of that in 1913. In 1916 the industry was in some areas practi-
cally demoralized, but there was nevertheless a gain over 1915. The
total output in 1916 was 1,980,000 tons, valued at $5,897,000.

Pcercentage of phosphate rock produccd, by States, 1912-1916.

0
0.
7.
.3
0

State. 1912 1013 1314 1015 I 1916 °
Florida . .. oo © 810 820, 780 74.0 76.
Tennessee. . ........... 14.2 14.5 18.0 21.0 21,
South Carolina 4.4 3.5 3.9 4.5 2.
Other States. - - ..ot .4 .2 .1 .5
100.0 | 100.0 | 1€0.0 | 100.0 | 100.

As shown by the table, Tennessee, in spite of decreased produc-
tion, has produced a larger proportion of the country’s output
since the war began than in time of peace.. It would seem as if
the Tennessee industry, which has not been bound up so much in
the export trade and which is equipped in part with modern ma-
chinery for mining by modern methods, should develop while the
European trade is restricted and while the industry in Florida and
South Carolina is more or less dormant.

The deposits of phosphate rock in the United States are confined
very definitely to the southeastern part of the country and to the
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Rocky Mountain region from the latitude of Salt Lake City, Utah,
to that of Helena, Mont. Although by far the largest deposits are
in the Western States, the production from that region is less than
1 per cent of the whole, owing to the lack of a large market in the
region at present and to high freight rates on the crude rock. The
western rock-phosphate deposits are so extensive that, even if the
entire world depended on thém for its supply of phosphate, they
would not be exhausted in many generations.

The Florida phosphate deposits comprise three classes of phos-
phate—hard rock, land pebble, and river pebble. The hard rock is
the highest grade, the land pebble is produced in the largest quan-
tity, and the river pebble is not mined at present. The area of hard-
rock deposits forms a narrow strip along the western part of the
Florida Peninsula from Suwannee County to Pasco County, a dis-
tance of approximately 100 miles. The land-pebble phosphate area
lies just east of Tampa and is about 80 miles long from north to
south and 10 miles wide. The sales of Florida phosphate have de-
creased greatly since 1913. In that year 2,500,000 tons was sold for
$9,500,000; in 1915 the production was 1,350,000 tons, valued at
$3,700,000. In 1916 the industry began to recover, and the output
was over 1,500,000 tons, valued at $4,170,000.

The South Carolina output consists of land-rock phosphate mined
in the vicinity of Charleston. River-pebble phosphate occurs in the
same area but is not mined. Some of the South Carolina output
has been exported annually. The sales have decreased from 169,000
tons in 1911 to 53,000 tons in 1916, and the value from $673,000 to
$211,000. B
. The Tennessee deposits of rock phosphate are in the west-central
part and extreme northeast corner of the State. The latter have not
been mined. Three types are recognized and known by their colors
_ as brown, blue, and white rock. The white rock has not been mined
recently. The brown rock comes from Maury, Giles, Hickman,
Lewis, and Sumner counties and is sold under a guaranty of 70 to 80
per cent tricalcium phosphate. The blue rock is mined in Lewis
and Maury counties and varies considerably in its phosphatic con-
tent. The sales of Tennessee phosphate dropped from 483,000 tons,
valued at $1,823,000, in 1914 to 390,000 tons, valued at $1,328,000,
in 1915. In 1916 there was a partial recovery, the output being
nearly 412,000 tons, valued at $1,510,000.

The phosphate deposits of Kentucky lie between Frankfort and
Lexington, and considerable quantities of rock have been mined near.
Wallace, but the State has been an insignificant producer of phos-
phate rock in recent years.

Phosphate deposits occur more or less interruptedly for a distance
of 80 miles in the north-central part of Arkansas, and a small quan-
tity is produced at Anderson, Independence County.
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Tour of the Western States possess vast deposits of high-grade
rock phosphate, but the western production amounts to only 3,000
to 5,000 tons a year. In 1916 it was only 1,700 tons. Idaho, Utah,
and Wyoming are the producers. Montana is not yet a producer,
although at Elliston, Garrison, Philipsburg, and Melrose there are
very extensive deposits easy of access and close to rail transporta-
tion. The small local demand for fertilizer and lack of cheap trans-
portation will for some years retard the development of these west-
ern deposits. :

In the southeastern part of Idaho an extensive supply of high«
grade phosphate occurs along both sides of Blackfoot River, in Forf
Hall Indian Reservation, near Montpelier, and north of Bear Lake,
A small quantity is mined in Bear Lake County.

The Utah deposits are east of Great Salt Lake, in the Wasatch
and Uinta ranges, and east of Bear Lake. These deposits are ex«
tensive, but the material is leaner than the general run of Idaho
phosphate, averaging nearer 60 per cent than 80 per cent tricalcium
phosphate.

Western Wyoming also is rich in rock phosphate. The deposits
are mostly in the Owl Creek, Wind River, Gros Ventre, and Salt
River ranges. Some of them are thick beds carrying 80 per cent
tricalcium phosphate and extending for many miles, and they consti«
tute a reserve supply that is almost inexhaustible.

An estimate of the quantity of rock phosphate available in the
United States was made in 1915 by the United States Geological Sur-
vey and need not be revised to account for that mined in the mean-
time. It is repeated here.

Lstimated quantity of phosphate rock available in the United Statest?

Bastern States: Long tons.
Tlorida _— - 227,000, 000
Tennessee _____ —_—— _—— 88,000, 000
South Carolina [, 9, 000, 000
Kentucky ___._____ S 1, 000, 000
Arkansas - 20, 000, 000

345, 000, 000

Western States (Montana, Idaho, Utah, and YWyo-
ming) _..__ 5, 367, 000, 000

5, 712, 000, 000

Although the total reserves as shown by this estimate are very
large, the supply of high-grade rock is much less and should not be
considered inexhaustible. Lands remaining in Government owner-

1 Phalen, W. C., Phosphate rock in 1915: U. S. Geol. Survey Mineral Resources, 1915,
pt. 2, p. 238, 1916.
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ship that are known or believed to contain valuable phosphate de-
posits have been temporarily withdrawn from entry. The outstand-
ing withdrawals are about 2,500,000 acres in the Western States and
120,000 acres in Florida. The work of surveying the western phos-
phate lands is still going on. :

Any statement as to probable developments in the phosphate indus-
try when peace is declared is largely conjecture. So long as the war
continues phosphate rock can not be sent to the large consumer,
Germany, and high ocean freight rates greatly restrict and practi-
cally stop shipments to other European countries. Furthermore, the
demand for sulphuric acid for use in making munitions has raised
the prices of acid so high that manufacturers of acid phosphate have
been obliged to curtail production. This has reduced the quantity
of rock phosphate used by manufacturers of fertilizers and increased
the quantity of rock ground for direct application to the soil.
It seems reasonable to believe that at the end of the war European
nations will want increased quantities of phosphate, for their stores
of foodstuffs will be low and intensive cultivation of the soil will
be necessary. The demand will again fall largely on-the Florida
and South Carolina deposits, which are close to the seacoast, and
the phosphate industry in those States may then look for marked
improvement.



GRINDING AND POLISHING MATERIALS.

By F. J. Karz.

Investigations by the United States Geological Survey show that
domestic resources can adequately supply domestic demands for all
materials used for grinding and polishing except diamond dust and
bort. The American industries requiring millstones, grindstones,
pulpstones, oil stones, whetstones, scythestones, corundum, garnet,
silica, feldspar, diatomaceous earth, and tripoli have long been inde-
pendent of foreign supplies, and the developed domestic sources of
supply are capable of greatly increased production. The imports
of these materials have been small in comparison with domestic pro-
duction and have very probably been fostered only by a natural
preference and conservatism in favor of articles that had long been
used before the American supplies came into the market. This con-
servatism will be forcibly broken down in the event of further dif-
ficulty of intercourse with Europe, and the domestic or Canadian
materials will be satisfactory in quality and ample in quantity to
qlpply all our needs.

On the other hand, American emery seems to be inferior to and
unable to supplant the emery from Naxos, Greece, imports of which
have been very largely shut out. Artificial carbide and aluminum
oxide abrasives can be substituted, but some manufacturers, particu-
larly lens grinders, seem to be reluctant to make a change, probably
because it would involve changes in technique. Necessity must over-
come such reluctance.

Corundum for a number of years has been supplanted by the arti-
ficial abrasives. Very recently, however, there has been a small re-
vival in corundum mining. In the southern Appalachian and Pied-
mont provinces and elsewhere there are deposits of natural corun-
dum which are well known and abundant,* and these may be worked
whenever conditions warrant. It seems that about 3 to 5 per cent of
the bauxite produced in the United States has been used in the manu-
facture of abrasive materials. A heavy increase in the demand for
metallic aluminum may divert to aluminum extraction the bauxite

18ee Pratt, J. H., Corundum and its occurrence and distribution in the United
States: U. S. Geol. Survey Bull. 269, 190G.
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ores that have been used in the manufacture of artificial abrasives.
However, bauxite ores of lower grade than those in use are available
for excess demands, and it does not seem probable that the manufac-
ture of artificial aluminum oxide abrasives would be inhibited by an
unusual demand for metallic aluminum. If it is, dependence will
have to be placed on natural corundum for a very large proportion
of the abrasive materials used in the metal trades, and such de-
pendence will undoubtedly involve increased costs and difficulties of
readjustment.

No domestic source of satisfactory lump pumice has been exploited
commercially. Deposits of such material are known in Utah and
southern California and in the Crater Lake region of Oregon. Prob-
ably there are many others in the Western States, but no information
is at hand concerning the quantity and quality of such material,
and doubtless much of it is far from transportation routes. For-
tunately little of the imported pumice is used in the lump form. The
ground or powdered material is chiefly in demand, and this can be
satisfactorily and wholly supplied by the pumice dust or so-called
volcanic ash that is extraordinarily abundant in the central part of
the United States. This pumice dust has been adequately meeting the
situation created by interference with shipping from Mediterranean
ports. ) ‘

The country remains dependent on foreign sources for diamond
dust and bort, imports of which in the last three years have been
about 25 per cent less than the average during the previous thrse
years.

Up to 1914 the United States had been dependent on Europe,
chiefly Denmark and France, for its supply of flint pebbles, which
were used in grinding mills and were also crushed and ground for use
in the body of ceramic wares. * Ilint” blocks cut to specified dimen-
sions for use in lining tube mills had also been supplied to American
trade from foreign sources only. Late in 1914 and in 1915 the prices
of these imported materials advanced in anticipation of difficulty in
obtaining adequate supplies. This condition stimulated search for
American flints or flint substitutes and led to suggestions by the
United States Geological Survey as to possible sources of domestic
supply. Since 1914 domestic substitutes for flint pebbles have been
introduced, and there is at present every promise of complete inde-
pendence of European supplies. The pottery industry does not need
ground flint, inasmuch as pure silica from other sources is equally
satisfactory and has long been used by American potters. American
sources of silica, such as clean sands, sandstones, quartzites, and vein
and pegmatite quartz, are practically unlimited and widely distrib-
uted, so that they are readily available in all markets. The pottery

1Qur mineral reserves: U, S, Geol, Survey Bull. 599, pp. 38—40, 1914,



GRINDING AND POLISHING MATERIALS. 63

industry, however, is in need of siliceous pebbles for grinding quartz
and feldspar in tube mills. Substitutes that contain even small quan-
+tities of iron can not be used. This need may be supplied from the
gravel deposits that are particularly abundant in the Gulf States and
Arkansas. Gravel composed of flint or chert pebbles has been noted
in many places, and some of the gravel deposits in Arkansas contain
abundant novaculite pebbles, which will be satisfactory substitutes
for the imported flint pebbles. No effort has been made, however,
to develop these deposits, partly because the imports of Danish or
French pebbles have not yet been short enough or the foreign pebbles
have not yet increased enough in price to force the development of
domestic supplies. °
Metallurgic plants and cement mills have used a far larger quan-
tity of flint pebbles than the pottery industry. The pure silica pebble
is not required for them, the only essentials being toughness and
"hardness. For these purposes there are large quantities of suitable
granite and porphyry pebbles in many localities along the New Eng-
land coast which have not yet been drawn upon. During 1916 ap-
proximately 6,000 tons of pebbles were shipped from the coast of
San Diego County, Cal., to metallurgic plants and cement mills,
where they have proved to be entirely satisfactory and have cost far
less than imported flint pebbles. Some grinding plants are using
lumps of hard ore or other rock to supplant either in part or wholly
the pebbles formerly used. . Some of the Nevada gold mills are be-
ing supplied with artificially rounded blocks of chalcedonized rhyo-
lite. Finally the use of steel and steel alloy balls, instead of pebbles,
is on the increase. It is thus evident that American cement and
metallurgic industries could do entirely without a supply of foreign
flint pebbles.
Dimension blocks cut from quartzites in Florida, Tennessee, and
Towa have appeared on the market during the last two years and
seem to be satisfactorily supplanting foreign flint lining.






GRAPHITE.

By Hexry G. FERGUSON,

INTRODUCTION.

Natural graphite may be either crystalline or amorphous. Crys-
talline or flake graphite is commonly understood to mean graphite
in crystals of sufficient size to be visible to the naked eye; much of
the so-called amorphous graphite shows a crystalline structure under
the microscope. Crystalline graphite occurs either in veins, as in the
Ceylon deposits, or as flakes disseminated through the coumtry rock,
as in many of the deposits in the United States.

Most deposits of amorphous graphite are the result of the alteration
of coal beds by the intrusion of igneous rocks, Amorphous graphite
s also made artificially by means of the electric furnace.

The peculiar physical properties of graphite—infusibility, chemical
inertness, high conductivity, extreme softness, and low specific grav-
ity—fit it for a large number of uses, such as the manufacture of cruci-
bles and other refractory products, lubricants, “lead’” pencils, paint,
oundry f acings, as a preparation to loosen boiler scale, as a polish for
gunpowder, and in various types of electrical work. Of these uses
the manufacture of crucibles takes by far the greatest share of the
total output,

CRYSTALLINE GRAPHITE.

GENERAL CONDITIONS.

For most purposes amorphous graphite, either natural or artificial,
may be used with as good effect as the crystalline variety, but for the
manufacture of crucibles it is essential that the flakes be of sufficient
size to add to the binding power of the clay with which the graphite
is mixed. Graphite for crucibles should carry a considerable propor-
tion of flakes 1 millimeter or more in didmeter. The great increase in
the manufacture of brass and crucible steel since the outbreak of the

NoTtE.—Much of the material in this article is derived from the Geological Survey reports on graphite
by Edson 8. Bastin, particularly the report for 1913 (Mineral Resources, 1913, pt. 2, pp. 181-251, 1914) and
¢ Geology of the graphite deposits of the United States” (Bull. 679, in preparation).
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war has resulted in a tremendous increase in the demand for crystal-
line graphite. This demand has been met for the most part by
largely increased imports, particularly from Ceylon, and only in
minor part by expansion of the domestic graphite industry. The
following table shows the imports and domestic output of crystalline
graphite for the last six years:

Crystalline graphite tmported and produced in the United States, 1911-1916.

Quantity (short tons). ’

1911 1912 1913 1914 1915 1916
Imports:a
Ceylon.......occvemnnnnnn. 13,119 16,791 16,996 8,755 14,491 24,984
Other countries........... 2,384 | 2,819 2,382 -2,328 4,504 7,122
. 15,503 19,610 19,378 11,083 18,995 32,106
Domestic production. ......... d 2,395 1,772 2,532 | 2,610 3,537 5,468
Total available suppldf..E 17,898 21,382 | 21,910 13,603 22,532 37,627
Per cent represented by do- ]
mestic production. .......... : 13.4 | 8.3 11.6 19.1 15.7 | 14.68
Value.
< i !
Imports:e [ ) i
Ceylon..........oceeenein 81,132,678 | 81,379,587 | 81,674,764 |  $962,593 | 81,746,153 | 36,013,366
Other countries. .......... 83,124 127,34 160,766 | 144,599 303,639 920, 369
K . ' 1,215,002 ! 1,506,934 | 1,735,530 | 1,006,292 | 2,049,792 6,933,731
Domestic production.......... 256,.050° 187,689 | 254,328 285,368 417,273 | 914,748
1,471,852 | 1,604,623 | 1,980,858 | 1,201,660 | 2,467,065 | 7,848,479
Per cent represented by do- | ) :
mestic production............ 17.5 | 1.t i 12.8 22.1 ¢ 16.9 11.7

a From records of the Department of Commerce.

During 1914 and 1915 the imports from Ceylon were less than
normal, owing chiefly to the high freight rates and scarcity of ships.
The sharp increase in the value of the Ceylon graphite imported in
1916 is due largely to the fact that because of the conditions men-
ioned only the higher-grade material was imported.

Domestic flake graphite of a grade suitable for crucible use has
increased greatly in price during the last two years. The prices paid

at the mines for the highest-grade product, in cents a pound, have

been as follows: 1911 and 1912, 6 to 7; 1913, 6.to 8; 1914, 6} to 8;
1915, 7 to 10; 1916, 10 to 16.

Average prices of crystalline graphite of all grades, including dust

as well as flake, have been as follows:

Prices of crystalline graphite, 1911-1916, in cents a pound.

Ceylon. | Domestic. : . Ceylon. | Domestic,
4.3 5.3 4.5 55 |
4.1 5.3 6.4 | 5.9 |
4.9 5.0 12.0: 8.4
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DOMESTIC SUPPLIES.

In the United States crystalline graphite is mined in Alabama,
California, Montana, New York, Pennsylvania, and Texas, and
deposits are known in Alaska, Maine, Massachusetts, New Hampshire,
New Jersey, North Carolina, Vermont, Virginia, and Washington.

Alabama.—The Alabama mines contribute about half the total
domestic output. The graphite is found in lenses of graphitic schist,
which occur in a broad belt stretching southwestward across Clay,
Coosa, and Chilton countics. Where mined the schist contains an
average of about 3 or 4 per cent of graphitic carbon. The deposits
are weathered to depths of 50 to 65 feet, and mining is confined to the
weathered material. Weathering has lessened the coherence between
the graphite and other minerals, and consequently the material is
more easily mined and milled than unweathered material. The
unweathered graphite schist, the ‘“blue rock’ of the miners, may
eventually be worked, but its treatment will probably involve added
expense and some modifications of the present methods of milling.
Should conditions arise that would compel the United States to
depend on its own supplies of graphite, this ‘‘blue rock’ may become
a veluable resource. ‘

During 1916 seven companies mined graphite in Alabama, three
of which were new producers; several more companies have begun
operations since January 1, 1917, and others are planning to start in
the near future. Mining and milling methods have been much
improved in recent years, and costs have been so far reduced that it
will be possible for the more efficiently managed companies to con-
tinue in operation even under peace conditions. Recent articles by
Prouty ! give interesting descriptions of the Alabama deposits.

New York.—Nearly all the New York deposits of graphite that
have been worked are in the eastern and southeastern Adirondack
region, in IEssex, Warren, and Saratoga counties and the northern
part of Washington County. West of the Adirondacks some pros-
pecting and development work has been done in St. Lawrence County.
The graphite occurs as disseminated flakes in metamorphic rocks,
cerystalline limestone, schist, and gneiss, and the graphite content of
the material mined averages rather higher than in the Alabama
deposits. The deep zone of soft weathered rock which favors cheap
mining of the Alabama deposits is, however, lacking in this northern
region. Near Ticonderoga graphite also occurs in small veins.

Pennsylvania.—Chester County has for many years been the center
of the graphite industry of Pennsylvania and within the last 10 years

t Prouty, W. F., Flake graphite in Alabama;itslocation, its history, and its value to the State: Birming-
ham Age-Herald, Jan. 28, 1917; Extent and development of flake graphiter esources of Alabama: Manu-
facturers’ Record, Apr. 19, 1917, pp. 66-67.
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’

has been the sole productive district in the State. The rocks mined
for graphite are graphitic quartz-mica schists and minor amounts of
graphitic limestone. The graphite deposits of Pennsylvania have
been -described in a special report by Miller.t This report may be
procured by addressing Richard R. Hice, State geologist, Beaver, Pa.,
and to it the reader is referred for fuller details.

Texas.—The graphite deposits of Texas are similar to those of
Alabama and occur in the vicinity of Burnet and Llano, in the cen-
tral part of the State. The year 1916 marks the beginning of the
Texas production.

California.—Deposits of graphitic schist have been mined in south-
ern California, in Los Angeles and San Diego counties. These de-
posits resemble the characteristic deposits of New York, Pennsyl-
vania, and Alabama in that the graphite occurs as flakes dissemi-
nated through a schist. The flakes in the California schists, however,
are much smaller than those in the eastern deposits, most of them
not exceeding 0.25 millimeter in diameter, and therefore the material
is not adapted for use in the manufacture of crucibles. On the other
hand, the percentage of graphite in the California deposits appears
to be nearly twice that of most of the eastern deposits of similar type.?

Montana.—A deposit of crystalline graphite is being mined near
‘Dillon, Mont., and is of particular interest because the graphite occurs
in veins, like that of the Ceylon deposits. One mine has reached the
producing stage and has made shipments to the eastern markets.

Nonproductive areas.—Extensive deposits of graphite-bearing schists
occur in Alaska on both the northern and southern slopes of the
Kigluaik Mountains, in the southern part of Seward Peninsula. Two
companies are developing these deposits but have not yet produced
commercial quantities.

Some development work has been done recently on graphite prop-
erties on the eastern slope of the Cascade Range in Chelan County,
Wash.

Graphite occurs in many places in the crystalline rocks of the
Atlantic States but except in New York, Pennsylvania, and Alabama
has not been mined successfully. It is present at several localities
in Maine,® and in 1905 an unsuccessful attempt was made to mine it
near Madrid, in Franklin County. Graphite also occursin the crys-
talline rocks at many. places in Vermont and New Hampshire but
has never been successfully mined. In Massachusetts a graphite
deposit near Sturbridge, not far from the Connecticut boundary, was
worked as early as 1658, and the mine is therefore one of the oldest

1 Miller, B. L., Graphite deposits of Pennsylvania: Pennsylvania Top. and (eol. Survey Comm. Rept.
6,1912. : : .
2U. 8. Geol. Survey Mineral Resources 1915, pt. 2, p. 87, 1916.
3 Smith, G. O., Graphite in Maine: U. 8. Geol. Survey Bull. 285, pp. 480-483, 1306, -
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‘in the United States. Little work has been done here in recent years,
-however. .

Graphite is found in disseminated flakes in the crystalline rocks of
the highlands of northern New Jersey at a number of localities.
Several attempts to mine and concentrate the material have been
made in the past but have not proved successful, and the State is not
now a graphite producer.

Although graphite is not now produced in Virginia it occurs at a
number of localities in the Piedmont region, east of the Blue Ridge.
Some development work was done in 1915 in the northern part of
‘Albemarle County.

Graphite has been found at many places within the area of erys-
“talline rocks in the central and western parts of North Carolina.
The principal graphite deposits of this State have been briefly de-
seribed by Pratt,! and copies of his report may be obtained from the

State geologist, Chapel Hill, N. C.

PROSPECTS OF INCREASING THE DOMESTIC OUTPUT.

From the short descriptions given above it will be seen that the
United States possesses a considerable reserve of crystalline graphite,
for the most part suitable for crucible manufacture. At the ordinary
price of graphite, however, it is possible to mine only the most fav-
orably situated deposits. Cheap labor and large and easily mined
deposits make mining costs in Ceylon much lower than in America
and offset the freight charges.

The graphitic schists from which American flake graphite is derived
require crushing and concentration. The developing of milling meth-
ods especially adapted to the treatment of graphite has not yet
reached any degree of standardization, and the quantity saved is
rarely over 60 per cent of the graphite content of the ore. Recenc
‘important developments have been the adaptation of electrostatit
separation to graphite concentration and the use of oil flotation.
Each improvement in graphite treatment results in a larger propor-
tion of clean concentrates of the best grades. Continued improve-
ment in methods of treatment will probably result in a better situa-
tion for American flake graphite after the war. Many manufacturers
who before the war used imported graphite exclusively have perforce
turned to the American product and, finding the graphite of the
better grades suitable for their purposes, have used it mixed with
Ceylon graphite, and they will continue to use it unless Ceylon graph-
ite of good grade can be put on the market at greatly reduced prices.
It can not be expected, however, that the present prices of flake
graphite will continue after the war, for there will be no longer the

1 Pratt, J. H., The mining industry in North Carolina during 1901: North Carolina Cicol. Survey Econ.
Paper 6, pp. 69-72, 1902,
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tremendous demand for graphite as an adjunct to munition manu-
facture, and graphite from Ceylon and other foreign countries will
again enter the market under normal conditions. Those contem-
plating the development of graphite deposits should estimate the
probable costs very carefully and be sure that the deposit is one that
shows good promise of being profitably mined at normal prices.

AMORPHOUS GRAPHITE.

Amorphous graphite is suitable for all purposes for which graphite
is used except the manufacture of crucibles. As it does not enter to
any large degree into the manufacture of munitions, the war has not
greatly affected either price or production. Moreover, artificial graph-
ite and crystalline graphite in particles too small for crucible manu-
facture are adapted to practically all uses to which natural amorphous
graphite can be put, and the reserves of amorphous graphite are
therefore less important. The uses of amorphous graphite vary
greatly with the purity of the substance mined. For paint and foun-
dry facings a high degree of purity is not essential, but for lubricants,
pencils, and electric purposes high-grade material is necessary. The
better grades of amorphous graphite are imported from Mexico and
Chosen, and the imports, like those of crystalline graphite, greatly
exceed the domestic output. The sharp decrease in importation in
1915 shown in the following table was due chiefly to the disturbed
conditions in Mexico, but also to decreased imports from Chosen
owing to high freight rates and scarcity of ships.

Amorphous graphite imported and produced in the United States, 1911-1916.

Quantity (short tons).

1911 1912 1913 1914 1915 1918

IMPOrtS. e 5,199 6,031 9,501 { 10,917 4,080 10,837
Domestic production. ..........c..oool 1,223 2,003 2,243 1,725 1,181 2,622
Total available supply.....ccceeen-- 6,422 8,004 | 11,744 | 12,642 5,261 13,458

Per cent represented by domestic produc-
L3 ¢ N 19.0 25.6 19.1 13.6 21.9 19.5

Value.

IMports. cooeenin i $279,927 | $202,403 | $270,217 | $290,969 | S111,286 | $345,732
Domestic production.....eeeeeenceceennas 32,415 | 32,804 | 39,428 | 38,750 | 12,358 0,723
otal.. ... 312,342 | 235,297 | 309,645 | 329,719 { 123,644 | 306,455

Per cent represented by domestic produc-
5 10 + 10.4 14.0 12.7 118 10.0 5.7

ARTIFICIAL GRAPHITE.

Graphite in large quantities is manufactured at Niagara Falls, N, Y.,
by the International Acheson Graphite Co., which utilizes electric
power generated at the Falls, The bulk graphite produced by this
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company in 1915 was reported as 2,542 short tons, and in 1916 as
4,199 tons. This represents only the graphite that would come into
competition with natural graphite and does not include graphitized
products that do not compete with natural graphite. The material,
most of which is made either from anthracite or from petroleum coke,
comes from the furnace in an earthy, incoherent condition and is
utilized mainly in lubricants and paints and for foundry facings,
boiler-scale preventives, and battery fillers.

Besides the graphite products that enter into competition with
natural graphite, there are a large number of graphite products for
which artificial graphite is especially adapted. Chief among these are
graphite electrodes, the demand for which has greatly increased
during the last two years on account of the remarkable growth in
certain electrochemical industries. The extent of this growth is
indicated by the statement ! that during 1915 the number of electric
steel furnaces in operation in this country increased 78 per cent.

POSSIBLE INCREASE OF SUPPLY.

The domestic production of amorphous graphite is of minor impor-
tance both in amount and grade compared to the imports, and an ex-
pansion of the artificial graphite industry could supply any demand for
this material. An increase in the production of crystalline graphite,
however, is very important. This may be accomplished by bringing
new areas into active production and by increasing the efficiency of
milling operations. Increased efficiency would in turn make it
profitable to mine deposits now considered unworkable. At present
in Alabama, where the deposits are cheaply mined, material contain-
ing 3 per cent of graphite by weight is the poorest that can be success-
fully mined. The-problem of concentrating the lightest material
in an ore, rather than the heaviest, is one that demands further
intensive study. Many of the graphite deposits of the present non-
productive areas might be mined if processes of treatment could be
improved, and further study of these deposits would determine which
district shows the best promise of future development. Prospecting
is proceeding vigorously but is largely confined to areas in the neigh-
borhood of the present productive mines.

1Iron Age, Jan. 6, 1916, p. 95.






COAL.

By C. E. Lesuzr.

PRESENT CONDITIONS,

It is perhaps difficult for many to understand why, in view of the
facts that nearly 600,000,000 tons, of ccal was mined and used last
year and an unlimited supply is yet unmined, there should have
been any trouble in getting fuel in the winter of 1916-17, or to
believe that there may be trouble again next winter, A public fully
informed on this matter and ready to cooperate in preventive meas-
ures will be the best means of averting serious conditions later.

Those who have been keeping in touch with conditions in the
bituminous-coal industry foresaw and forecast the recent great
increase in prices months ahead, but no one was so bold a year ago
as to predict that in the near future prices would reach and stay at
¢0 high a level. These high prices, in conjunction with a serious
shortage of coal at consuming centers, turned the thoughts of users
throughout the United States to the subject of fuel and furnished a
motive for many investigations, Federal, State, and municipal.

What has happened to the coal industry since the European war
began is intimately and intricately tied up with the extraordinary
things that have happened to all machinery of domestic production,
including labor and transportation, and all these things are in one
way or another related to the great war. The consumer in the United
States has not had to confront the cutting off of imports of coal, for
this country, above all, is self-contained in its coal supply and imports
but trivial amounts. The warring nations in Europe have not called
for coal as they have for foodstuffs and metal products, and coal
exports to neutral countries—for instance, to South America—al-
though increasing somewhat, have fallen far below expectations in
1914. Exports of bituminous coal were but 1,100,000 net tons greater
in 1916 than in 1913, an increase of 5 per cent, and the total exports
represented only 4 per cent of the production in 1916.

WHERE THE COAL GOES.

Any attempt to review the conditions that have resulted in so large
an increase in output and at the same time such high prices must take
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account first of the larger uses for which bituminous coal is mined.
The United States Geological Survey has shown that the railroads
in 1915 used 122,000,000 tons of bituminous coal and 6,000,000 tons
of anthracite, or 24 per cent of the combined total production; the
coke ovens required nearly 62,000,000 tons of bituminous coal; and
manufacturing and power plants burned approximately 180,000,000
tons of bituminous ¢oal and anthracite, or about 28 per cent of the
output. The stimulation of any of these industries at any time in-
creases the demand for coal; intense activity in transportation, iron
business, and general manufacturing, such as began in 1915 and con-
tinues to-day, inevitably results in great activity in the coal marlket.
A direct measure of this activity is afforded by the figures indicating
production. The output of bituminous coal in the United States in
1914 was 422,000,000 tons. In 1915 it was 442,000,000 tons, an in-
crease of 20,000,000 tons, and the output in 1916 is estimated at
509,000,000 tons, or 67,000,000 tons more than in 1915. This increase
has been largely taken by the railroads, the coke ovens, and the man-
ufacturing plants. The production of anthracite, about 88,000,000
net tons in 1916, has not varied greatly in recent years.

The quantity of coal for locomotive fuel required to move this
additional output to market was in itself, of course, no inconsid-
erable item, and the extraordinary movement of other heavy freight
to both seaboards in 1915 and 1916 called for a larger amount of
engine fuel than was ever before needed. The quantity used by loco-
motives in 1916 exceeded that used in 1915 by 13,200,000 tons of bitu-
minous coal and 400,000 tons of anthracite, an increase of 10 per cent.

The activity of the iron and steel business in 1915 and 1916, due
largely to the over-sea demand for our products, stimulated coke
production, and in 1916 the output of coke broke all records.

To produce a ton of pig iron from the ore requires an almost equal
weight of coke, or about 1} tons of coal, and to convert the pig iron
to steel and then to fabricate the steel into the form in which the
greater part of it is exported requires still more fuel. The quantity
of bituminous coal mined in 1916 for export directly as coal and coke
and indirectly as iron and steel products was around 40,000,000 net
tons. From this it is seen that the increase in output of bituminous
coal has been in large measure due to the stimulus of foreign war
markets for the products of the United States.

NO STORAGE AT THE SOFT COAL MINES.

The producers of Pennsylvania anthracite are able to equalize
production somewhat throughout periods of unequal demand by
storing a part of their coal; except at the head of the Great Lakes
the producers of bituminous coal have no storage factiities. Bitumi-
nous coal must therefore be marketed as soon as it'is mined, and it
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is mined only as there is demand for it and as facilities are available
for transporting it to market. The need or demand, then, sets a
practical limit on production. For instance, in the summer the con-
sumers of bituminous coal have minimum requirements and times are
dull about the mines. In winter their requirements for fuel reach a
maximum, the railroads, industrial plants, and public utilities all
contributing to increase the load on the producers.

SCARCITY OF MEN AND CARS CAUSES SHORTAGE OF COAL.

That the shortage of coal in the winter of 1916-17 was not due to
lack of coal in the ground nor to scarcity of mines, but to shortage of
labor and insufficient transportation facilities has previously been
pointed out by the Geological Survey.

The capacity of the equipped and developed bituminous coal mines
in the United States is sufficient to furnish more coal than has ever
been demanded and the opening and improvement of new mines is
more than keeping pace with the needs of the country. To mine the
coal requires an industrial army (784,000 men in 1915) and a short-
age of labor involves an immediate reduction in the output of coal.
The greater part of the coal (and beehive coke) produced must be
transported considerable distances to reach the consumers. Any
failure of the railroads to supply sufficient cars to the mines for load-
ing or to move the loads promptly to their destination checks the
production and consumption of coal.

The shortage of labor and the lack of adequate railroad service
are recognized as prime causes of the coal shortage, and the reasons
for these difficulties are now pretty well understood. Decreased
immigration, exodus of foreign-born labor, and rapid expansion of
the manufacturing industries that supply all manner of products
for home consumption as well as to the warring nations, which
called for greater numbers of all classes of skilled’ and unskilled
laborers and offered them high wages, were factors that if not
actually reducing the number of men employed in mining coal and
in railroading certamly prevented such increases in the number
of workers as the greater demands of these industries required.
The lack of men has perhaps affected the productlon of anthracite
more than the shortage of cars, but the opposite is true of bituminous
coal.

The railroads failed to dehver the service asked of them in the fall
and winter of 1916. Their failure in this period and to a less extent
earlier in the year, as well as in the fall of 1915, has been a matter
of grave concern to the country. The circumstances and conditions
that in combination almost paralyzed rail transportation were many,
varied, and complex; the events are still too recent to warrant con-
clusions as to the responsibility. Had the supply of cars been un-
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limited, there would have been a shortage of locomotives; had the
railroads been able to furnish and move all the cars for which there
‘was an apparent demand, yards, switches, and even main-line tracks
would have become congested. In other words, the railroads were not
prepared to handle the unprecedented quantity of freight the indus-
tries were offering. '

There is more to the transportation problem than moving freight
from origin to destination with dispatch. Shipper and receiver of
goods both play important parts. When shippers were sending
trainloads of goods to the seaboard with no prospect of ships to re-
ceive them, when manufacturers were receiving carloads of coal for
which they had no storage room, and when dealers, jobbers, and
speculators were using cars for warehouses, they were contributing
to the general confusion and helping to accentuate the shortage of

cars. .
: SHORTAGE NEXT WINTER FEARED.

Nothing is more certain than that the country will, next winter,
witness a shortage of coal perhaps more serious than in the winter
just passed unless unusual etforts are made between now and next
fall to prevent it. This is the opinion of the Geological Survey,
shared by other competent observers. The entrance of the United
States into the war has keyed all industries to a still higher pitch and
has put this country on her mettle to outdo the remarkable record of
the last 18 months in the production of the implements and acces-
- sories of war and in the export of goods and foodstuffs to Europe.
The need of coal and coke to run the manufacturing plants and iron
furnaces will be no less in the next 12 months than in the last, and
probably will be even greater. The greatly increased activities of
our naval forces means larger coal consumption, and the demands on
the railroads for the transportation of troops and supplies will also
increase the use of coal for railroad fuel.

The mines that must meet this extra demand for coal will have
fewer men, for some will join the military and naval forces or go to
other industries for higher wages. The railroads that move the
coal from mine to consumer will have fewer men and but few addi-
tional cars and locomotives. The shortage of coal last winter was
serious, even though the operators, spurred on by high prices, were
putting forth every effort to meet the demand. The combined efforts
of the Interstate Commerce Commission and the railroad managers
did not suffice to relieve the car shortage, and at times they found
it necessary to clear the tracks and give coal the right of way to
keep such cities as Chicago from a fuel famine.

With the price of coal at a higher level than ever before, the
coal-mine operator may be counted on to do his utmost to meet the
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~demand, but he can do only as much as the men at his command
can do for him. On the days when no railroad cars are pushed under
bis tipple his mine must be idle, for he has no way to store -coal,
- once mined. With the experience of the last six or seven months
behind them, the officials of the railroads. are fully alive to the situ-
ation and will be better able, next winter, to handle the problem
‘of getting the empties to the mines and the loads to market, but
with no great increase in equipment and motive power, possibly
-with fewer men, and certainly with more freight to handle, there is
little hope that they can effect sufficient improvement in distribution
.to prevent congestion during the coming winter.

APPEAL TO THE CONSUMERS OF COAL.

The consumers of coal are those who suffer most when there is a

shortage of fuel and prices mount to high levels. The producing
and transporting ends of the business are ready and willing to do
their utmost to help and yet are unable to accomplish all that is
necessary; it is the duty of the consumer to lend his aid. The
demand for coal is seasonal—greatest in the. winter and least in the
summer. It has repeatedly been shown that if some way were
devised to equalize this demand, the difficulties in furnishing coal
would be reduced to a minimum. Had the comparatively few million
tons of coal the unsatisfied demand for which caused panic prices
last winter been ordered during the preceding summer the mines
could have produced it and the railroads moved it without difficulty,
and much of the trouble would have been averted. The remedy is
simple and well known to all familiar with the industry—coal must
be stored in the summer in excess of summer requirements and at
the point of consumption.
. The largest individual consumers of coal are the railroads and the
industrial plants. Many of these consumers have learned the neces-
sity of storing coal and realize that in the end the cost is more than
repaid. Some of the railroads have had at different times several
hundred thousand tons of bituminous coal in stock piles along their
‘routes, and the Pennsylvania System is reported to have had at
times a reserve of a million tons or more. The railroads used up
nearly all their stored coal last winter, but they are already begin-
ning again to accumulate a stock. By the time snow flies, millions
of tons of soft coal will be in their storage piles.

Many of the manufacturing plants and other industrial works
have storage facilities, but in general these plants, particularly the
smaller ones, have no storage space or means of taking care of any
but current fuel requirements. They have not in the past prepared
to store coal, because they were under no necessity for doing so, but
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it is evident that they should prepare now. Should one-half of the
larger users of steam and gas Goal—that is, the industrial and public-
utility companies—uniformly throughout the country have on hand
by November 1 a three months’ supply of coal, a big load will be taken
off the railroads next winter and the coal situation will be less strenu-
ous. It is physically impossible for many concerns to store any such
quantity of coal on their premises, but every consumer should do his
utmost.

Small consumers, mainly households, hotels, and schools, use an-
nually about 100,000,000 tons of bituminous coal and anthracite, a
large part of which is distributed by the city and town retail dealers.
Every extra ton these dealers store this summer will help relieve the
tension next winter; every ton the householder puts in his cellar
before October will help the country. The proof of this statement is
found in the experience of the Pennsylvania anthracite operators,
who since 1902 have offered reductions in price on the domestic sizes
during the summer and have thus encouraged and educated the
'householder and others to store all or part of their winter’s supply of
fuel. The result has been that the shipments of anthracite from the
mines in the summer are nearly as great as in the winter.

No one should hesitate to store coal now in the belief that the
price will fall next winter. It is the present disposition of the sellers
of soft coal to contract or otherwise obligate themselves to deliver
no more than half of their expected output in the next 12 months,
whereas in the year just closed their contracts covered more than
three-fourths of their expected output. The operators have taken
this stand partly because of the uncertainty as to the quantity they
will be able to deliver, but doubtless largely because they expect the
market prices of coal to be high and they wish to have sufficient ton-
nage free so that they can share in these high prices. Because of
the falling off in demand, the wholesale price of bituminous coal
usually drops in the summer, but if the consumers buy larger quanti-
ties than ordinarily for storage, prices will not drop as much as
usual during the summer, and with the winter demand lessened to
the extent to which surplus coal was stored in the summer the price
next winter will not rise to so high a level. In other words, produc-
tion and prices will be somewhat equalized.

The larger anthracite operators have recently offered the usual
April reduction of 50 cents a ton on the prepared sizes, and a reduc-
tion of 10 cents less each month until the fall and winter price is
reached in September. :

A1l users of coal should take full advantage of the summer prices.
It will pay them to store coal now, whether they use bituminous or
anthracite. :
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Uniform working time at the mines and uniform prices for coal
throughout the year represent the millenium toward which the coal-
mine operator, the shipper, and the responsible retail dealer have
been looking. It is confidently expected that those engaged in the
coal trade will give every aid and assistance to their customers and
to the country in general in endeavoring to avert next winter a repe-
tition of the coal shortage just experienced. The producer of coal
will evidently profit more if he ships steadily throughout the sum-
mer than if the price later reaches unheard-of figures and he can
not get his product to market.

The appeal to the consumer that he buy and store coal against the
needs of next winter, and thereby personally save trouble and ex-
pense, may appear a strange call to patriotic duty, but when every
consumer of coal realizes that every car of coal unloaded this sum-
mer for use next winter will release a car for other important and,
perhaps, imperative needs at a time when the need is greatest, there
will be no question of the wisdom of the call.






POTASH.

By Hoyr S. GaLE.

The greater part of the potash consumed in this country is used
as fertilizer. Of the elements essential to plant growth potassium is
one of the three or four that ordinarily become deficient or exhausted
in cultivated soils. Its use under proper conditions has a stimu- -
lating effect on plant growth, and for certain crops a special applica-
~tion of it has come to be regarded as almost essential, as is illus-
trated by the present demand, even at abnormally high prices, for
potash for agricultural use. Much of the present small output in
this country is being used in fertilizers, and the need of potash for
particular crops is indicated by the fact that the scarcity and demand
in the United States have not prevented considerable shipments of
our own product to Cuba for agricultural use, presumably for tobacco.

The need of potash in certain industries is acute. It is essential
in the manufacture of the best liquid soap and some higher-grade
cake soaps and of some finer grades of glass. It is absolutely neces-
sary in the manufacture of certain explosives, although the great
bulk of modern explosives are made without potash. Potash now
-enters largely into the manufacture of matches. The several potash
salts find many particular uses in industries so varied as tanning,
dyeing, metallurgy, electroplating, and photography. They are
also used in medicine and for miscellaneous chemical purposes. On
the whole, the chemical requirements, though minor as regards actual
quantities consumed, are the most urgent of the demands for potash
and in case of an abnormal restriction of the supply are the first to
-be provided for.

The output of potash salts and potash products in the United
States during 1916 has been reported to the amount of 35,739 short
tons, having a mean potash content of about 27 per cent K,O and a
total potash content of 9,720 short tons of K,0. This is almost
exactly 10 times the production reported for 1915, although it is still
perhaps less than 5 per cent of the normal potash consumption. In

1913 the only potash known to have been produced Wlthm this
country was made from wood ashes. :

+ 127972°—19——6 ’ . 81



82 OUR MINERAL SUPPLIES.

Practically all the possibilities predicted in the many recent pub-
lications of the United States Geological Survey discussing potash
sources found some fulfillment in the production of 1916. The
almost entire stoppage of supplies from abroad and the meager stocks
on hand with which to meet the requirements have at times carried
the price of potash from a normal figure of 50 to 75 cents to $5 or $6
a unit (1 per cent of potash per ton of material).

The forms in which potash has been produced and marketed are so
diverse that it is difficult to make a summation of actual tonnage that
will have any real significance. Therefore the tonnage reports of
all forms have been reduced to terms of available or water-soluble
potash (K,0) contained in the product, which is the standard com-
mercial unit by which the potash value of these materials is usually

expressed.
Summary of potash production in 1916.

* Available | Value at
Source. potash point of
(K,0) | shipment,
(short tons).

Natural Salts 0T DIines. . ... e it ieiicaeaanaaaeeenanns 3,094 | 21,937,600
Alunite and silicate rocks, including recoveries through furnace dust............ 1,850 715,000
) R .. 1,556 781,100
‘Wood ashes (potashes, pearlash). . ... ... o iiiiiiiiiiiiiaaat .. 412 270,000
Distillery waste (IN0185568) .. vvueernniiini i 1,845 500, 900
Miscellaneous OrganiC SOUICES e unun e m e et eae e eaeaereaaeenaaennreennassnenennnns 63 38,130
9,720 I 4,242,730

The foregoing list does not include many fertilizer materials pre-
viously on the market, such as cottonseed meal and tobacco stems,
some of which are largely or chiefly valued for their potash content
and whose price has accordingly risen in the present market. These
materials, being by-products of other industries; are not produced.
primarily because of their content of potash. The total given there-
fore represents the marketed production of potash salts and products
manufactured especially or chiefly for their potash value.

The largest output of potash has come from the alkali lakes in
western Nebraska, which have afforded the most readily available
supply of moderately high grade potash salts, obtained by direct
drying of the raw material with perhaps as few technical complica-
tions as could be involved in any chemical operation. The great
deposit at Searles Lake, Cal., is only just being brought to the pro-
ducing stage, the enterprise having suffered many reverses, technical
and otherwise. The production of potash from alunite has been
fairly regular, without much expansion. Some progress has been
made in extracting potash from silicate rocks, at leastl one plant
having successfully produced glassmaker’s potassium carbonate from
greensand. Some feldspar has been mined, ground, and so treated
that a small percentage of its potash was rendered soluble and thus
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available for use in fertilizers, but no -account of this material is in-
cluded in the figures for 1916, as little of it was marketed within that
year. So far as has been ascertained none of the leucite, mica schist,
sericite schist, or similar rocks high in potash have yet yielded any
commercial quantity of water-soluble salts. '

The production of potash from organic materials has been at-
tempted in various forms. Much publicity has been given to the
efforts to obtain potash.and potash fertilizers from kelp, and a great
deal of development work has been done in that connection. The
manufacture of high-gradé potash fertilizer salts from molasses dis-
tillery waste has also been developed and bids fair to be a permanent
industry; in 1916 the output so obtained exceeded the production
from kelp. The manufacture of potash from wood ashes by the old-
time methods continues with a small but significant contribution to
the total tonnage.

It must be recognized that much if not most of the present produe-
tion of potash is maintained on the basis of war prices, and there is no
doubt that a large part of it can not be continued after these prices
drop. Some of the developments have promise of permanence, but
unfortunately these are as yet on a small scale. The only exception,
perhaps, is the Searles Lake project, which now bids fair to yield
enough potash to take the edge off the market by supplying the abso-
lute necessities for home consumption in the chemical industries, but
this project is as yet hardly under way. So far as can now be pre-
dicted there is no domestic source adequate to supply more than a
small percentage of the domestic consumption. This statement does
not by any means preclude all hope of future success.

The activity of private initiative in the search for sources of pot-
ash is increasing. Some very wide fields in the possibility of recov-
ering potash as a by-product—for example, from cement-mill and
blast-furnace flue dusts—are now being opened. Although the
prospects seem bright for some of these attempts, it can not be said
that knowledge has proceeded far enough to insure success on tho
extensive scale needed to make the country independent of foreign
supplies. Perhaps, too, the real hope for a solution of the problem
lies in the possibility of discovering, in association with some of the
very extensive and little-known domestic deposits of rock salt, a
supply of potash that may compete with the foreign sources on equal
terms. Valuable potash deposits exist in the Permian in central
Germany, the Oligocene (Tertiary) in Alsace, the lower Miocene
(Tertiary) in Galicia, the supposed Eocene or Oligocene (Tertiary)
in northeastern Spain, and beds of undetermined geologic age in
India—everywhere in conjunction with deposits of common salt,
dolomite, and gypsum—and it would be strange if occurrences of
this sort were confined entirely to the salt deposits of Europe and
Asia. : :
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Governmental agencies have served and are still serving a useful
purpose in aiding development. They have led the search for pos-
sible sources of raw materials of all kinds. By publicity they have
stimulated a healthy interest which has undoubtedly led to good
results.

As is well known, practically all the potash normally used in this
country has formerly come from Germany. In addition to the pot-
ash materials used as ingredients of fertilizers, such as kainite and
manure salts, almost the entire supply of the basic salts potassium
chloride (muriate) and potassium sulphate was received direct from
German ports until 1914, a small amount finding its way through
Belgium and the Netherlands. In 1914 this importation was greatly
reduced, and at the end of January, 1915, it was practically ended
by the promulgation of an embargo on the export of potash from
Germany. The large imports from -Germany during 1915 were
doubtless composed of shipments made during January, before the
embargo went into effect, and of cargoes gathered up on the way or
taken from storage in other parts of the world. Odd lots of potash
came late in 1915 from many sources in Europe, North and South
America, and even from Asia and Africa. The same condition pre-
vailed in 1916, except that the imports from Germany were entirely
shut off, and odd lots seem to have been derived .from still more
remote sources. ‘

The present situation of this country concerning potash, with a
view to possible emergency requirements, though not ominous,
requires most careful consideration. It may be assumed that the
stocks of high-grade salts of German origin remaining in the United
States and, indeed, throughout the world except in the central allied
countries are now practically exhausted. The actual domestic produc-
tion of high-grade salts, moreover, is still very small and is limited
to a very few sources, and the difficulties in the way of refining the
large bulk of low-grade potash materials would probably be great.



BAUXITE AND ALUMINUM.

By James M. Hirw.

USES,

Bauxite, the ore of the widely useful metal aluminum, has also
an important use in the manufacture of artificial abrasives, which are
of wide application in all metal industries, at present particularly
in the finishing of guns, cartridge cases, and motor parts. Bauxite
is also the basis of an extensive chemical industry, being the crude
material from which alum, aluminum sulphate, and several other
chemicals used particularly in water purification, dyeing, and tanning
are made. Owing to the greatly enhanced price of aluminum
sulphate, several municipal and industrial waterworks have recently
installed small plants to make it for use in purifying their water
supplies. A use for bauxite that is expanding at a rapid rate is in the
" manufacture of bauxite brick, more properly called, according to
the United States Geological Survey, high-alumina refractories.
For furnace linings, these refractories are reported to be replacing
" the more expensive magnesite and other refractory materials.

The uses of aluminum are myriad, but 23 some are more essential
than others, it is likely that the minor articles formerly made from
aluminum will for the present be made in smaller quantity, because
the available supply of aluminum will probably be diverted to more
urgent uses.

PRODUCTION.

In statistics for years prior to 1916 published by the United
States Geological Survey the output of aluminum abrasives has been
included with that of other artificial abrasives and can not now be
separated, but the domestic production in 1916 amounted to 30,708
short tons, having a value of $2,139,230. The following table shows
the steady growth of the industries that consume the greater part
of the crude bauxite produced in the United States. No figures are
available concerning the quantity of high-alumina refractories

manufactured.
85
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Baugzite products in the United States, 1905-1916.

Aluminum salts produced.

Unmanu- Tmports. a
factured Alum. Aluminum sulphate.
Year. aluminum
?oustlrge)d
pounds). |Quantity Quantity] Quantity,
(short Value. short Value. (short | Value,
tons). ons). tons).

11,347,000 | 10,114 | $289,716 | 93,017 | 81,660,515 | 1,282 | $26,242
14,010,000 | 15,613 | 430,125 | 89,246 | 1,613,050 | 1,183 { 23,193
17,211,000 | 10,404 | 361,000 | 106,821 | 2,008,046 | 1,562 | 35,191
1,152,000 | 7,700 | 236,710 | 97,255 | 1,835,213 | 1,407 | 24,929
34/210/000 | 0,237 | 205,682 | 115,366 | 2,214,122 | 1,459 | 29,061
9,090 | 300,763 | 126,792 | 2,447,552 | 2,127 | 53,671

46,125,000 | 10,468 | 329,686 | 134,077 | 2,743,336 | 2,283 [ 56,833
65,607,000 | 9,246 | 293,095 | 150,427 | 2.909,495 | 3,342 | 84,606
72,379,000 | 9,605 | 312,822 | 157,749 | 2,977,708 | 2,702 | 66,540
79,120,000 | 18,238 | 565,980 | 164,954 | 2,942,572 | 2,891 | 73,028
99,806,000 | 24,915 | 609,256 | 160,153 | 3,224,495 | 1,408 | 34,320
123,708,000 | 27,257 | 1,177,881 | 153,860 | 4,410,741 | 1,247 | 68,660

e Includes alumina, aluminum hydrate, or refined bauxite, alum, alum cake, aluminum sulphate;
aluminous cake, and alum in crystals or ground. ]

The growth of the American aluminum industry has been steady
heretofore, but it is probable that the production in 1917 will show a
pronounced increase, owing to the operation of the new plant at Badin,
N. C., which is practically completed and which made a small output
in 1916. This project, started by French capital,! was taken over
by American interests in 1915 and pushed to completion.

CONSUMPTION.

The consumption of bauxite in the United States has increased
steadily because of increase both in the consumption of aluminum
and in the output of other products made from bauxite. It is
particularly gratifying to know that although the consumption of
bauxite in the United States in 1916 amounted to 425,130 long tons,
an increase of 41 per cent over the consumption in 1915 and of 74
per cent over the consumption in 1914, practically all domestic
requirements were met by the American producers. This bears out
the forecast made by the Geological Survey in 19142 that the domestic
deposits would be more actively developed to supply the demand
formerly met by French bauxite.

1 Smith, G. 0., Our mineral reserves: U, S. Geol. Survey Bull. 599, p. 26, 1914.
2 Idem, p. 27.
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Bauxite consumed in the United States, 1905~1916,

1 4

Domestic

prodagtion. Imports. Consumption.
. | Arkansas| Total
Year. Geac;lr A8 and | value. Quan- Quan-
| Alabama | Te&}nz)es- (%gi:yg Value. ('l;gg'g Value.
{ong Qong tons). tons).
1905« eoeneeaeann e eaeennns 15,173 | 32,956 | $240,202 | 11,726 | $46,517 | 50,855 | $286,809
25,065 17,809 | 63,221 | 93,141 | 431,532

25,006 | 93,208 | 122,842 | 573538
21,679 | 87,823 | 73,846 [ 351,791
18,688 :

15,669 | 65743 | 164,601 | 782001
43,222

el
26,214 | 95,431 | 186,079 .
21,456 | 85,746 | 231,697 | 1,083,444
24,844 | 96,500 | 244,162 | 1,165,694
3,420 | 17,107 | 300,461 | 1,531,941
30 87 | 425,130 | 2206, 487

BAUXITE DEPOSITS OF THE UNITED STATES.

Deposits of bauxite in Pulaski and Saline counties, Ark., have
yielded the larger part of the domestic output. The deposits in
the bauxite field of northern Georgia and Alabama have contributed
a considerable quantity, and in recent years the fields in central
Georgia and Tennessee have made additions to the output. '

Bauxite was first mined from the Georgia-Alabama field in 1889,
and the Arkansas deposits were discovered in 1891 but apparently
were not extensively developed till 1899. Small deposits of bauxite
are known in southwestern New Mexico and Texas but have not
been put on a producing basis. The central Georgia field has been
under development since 1907; the fields near Chattanooga, Tenn.,
since 1906; and the deposits in Carter County, Tenn., since 1912.

The Georgia-Alabama field, centered about Rome and Cave Springs,
Ga., and Rock Run and Piedmont, Ala., has been studied geologically,
and the location of bauxite bodies in this field can be predicted with a
fair degree of certainty. The Arkansas deposits are also well under-
stood, and the reserves in this field have been estimated with con-
siderable exactness. The central Georgia field has been recently
studied in detail by the State Geological Survey, and the results of
this investigation will soon be published. It is felt that further
detailed examination, based on a thorough understanding of the
geology of-these deposits, which are in all places associated with
kaolin deposits of Cretaceous or younger age, will result in greatly
increasing the known reserves. The examination should not only
include the well-known areas in Wilkinson, Meriwether, and Sumter
counties but should be extended along the -belt of Cretaceous and
Tertiary sediments northeastward into North and South Carolina
and westward into Alabama,.
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OTHER SOURCES OF ALUMINA.

The extent to which alumina will be recovered in the treatment of
alunite for potash can not now be predicted. So far as known to
the United States Geological Survey, none of the many proposed
methods for treating ordinary clays and kaolins to produce alumi-
num salts have been proved successful on a commercial scale, but
this problem may yet be solved.



ALASKA’S MINERAL SUPPLIES.

By Avrrrep H. Brooxks.

INTRODUCTION.

The principal industrial uses of minerals that are now in special
demand or that may be in special demand during the war are de-
scribed in the other papers of this series, which also treat of the
reserves of these minerals within the United States proper. It is -
the purpose of this article to describe the available mineral reserves
of Alaska. The Territory is now producing copper, gold, and silver
in large quantities and making a smaller output of antimony, tung-
sten, tin, lead, petroleum, coal, etc. The output of some of these
minerals could be increased without great delay. There is a possi-
bility also that platinum, chromite, molybdenite, and other unde-
veloped mineral deposits known in Alaska may be able to furnish a
supply during the present emergency.

For the purpose of the present paper Alaska’s mineral reserves
may be roughly divided into three groups. One group includes
those so inaccessible at the present time as not to form a part of the
available supply. This group includes a considerable part of the
mineral wealth of the Territory but needs no discussion here. A
second group includes the mineral reserves which, though now
inaccessible and undeveloped, could be made available by one or
two years of preparatory work. This group includes much of the
coal and oil and a part of the copper, gold, and other metalliferous
deposits. In general, most of the mineral depoists that are far from
tidewater fall in this category, though exception must be made of
some tributary to the existing railroads. Undeveloped deposits,
even though they are located close to the seaboard, also belong to
this group in so far as they rcquire extensive mine equipment before
productive operations can be begun. The third group, constituting
the most available but much the smallest part of Alaska’s mineral
wealth, includes developed deposits lying on or near established
transportation routes. In this group fall not only the deposits on
tidewater and railroads but also those in inland districts that are

accessible for a part of the year by river transportation.
89
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TRANSPORTATION.

As the availability of Alaska’s mineral wealth depends on trans-
- portation, a brief consideration of this subject is necessary. The
entire Pacific seaboard of the Territory, with the exception of the
upper part of Cook Inlet, is accessible to shipping throughout the
year. Mineral deposits that lie on the Pacific seaboard can be made
available to transportation without great delay. These include the
copper deposits of Ketchikan and Prince William Sound and the
gold and silver deposits of Juneau and other coastal districts. How-
ever, none of Alaska’s mineral wealth is available to industry unless
shipping is provided and the paths of commerce are kept open.

The lower Copper River basin is accessible by a railroad which
skirts the southern margin of the Kotsina-Chitina copper belt.
Unfortunately this railroad has no branches and there are but few
wagon roads tributary to it. Therefore the utilization of the copper
deposits that do not lie close to the line is dependent on construc-
tion, some of which would require much time.

The Government railroad extending inland from Seward is at
present in two unconnected sections. One leads from Seward to
Turnagain Arm, and the other northward from Anchorage to the
Matanuska coal field. The port of Anchorage is closed by ice for
several months annually. The work of connecting these two sec-
tions is under way but can probably not be completed in much less
than a year. Therefore the Anchorage section is now available for
transportation only during a part of the year.

The conditions in the rest of Alaska are still less favorable to
rapid development. Seward Peninsula is accessible to ocean boats
from about June to October, and the inland mining districts depend
for transportation on the navigaticn of Yukon and Kuskokwim
rivers and their tributaries. These waterways are open to steamers
from about June to October. The Fairbanks district is, however,
also accessible by wagon roads leading from the Pacific seaboard at
Valdez and from the Copper River Railroad at Chitina. In case of
emergency some of its minerals could be sledded out during the
period of closed navigation. In the winter of 1915-16 considerable
tungsten ore (scheelite) was brought out by sleds.

The transportation conditions involve heavy freight charges, and
therefore certain minerals—for example, antimony—can be produced
and shipped out only during a period of great demand and attendant
high prices. The high cost of transportation also makes for high
operating cost, which is likewise a controlling factor in production.
On the other hand, mining along the Pacific seaboard does not
necessarily involve higher operating costs than in the States—in
fact, the costs are less than in many mining districts of the Cor-
dilleran region.
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In 1916 mining operations in Alaska were much hampered by the
lack of shipping. This was especially true of the copper-mining
industry. Had there been ships to transport the ore and smelters
and refiners to reduce it, the copper output from Ketchikan and
Prince William Sound would have been very much larger than it was.

GOLD AND SILVER.

A large increase in Alaska’s gold production under present condi-
tions is hardly to be expected. The present high prices affect gold
mining more adversely than any other industry, for they involve a.
relative decrease in the value of the product. The constantly in-.
creased cost of equipment, supplies, and labor maintained during the
war make gold-mining ventures less attractive to capital than under.
ordinary conditions. The most promising field for an immediate in-
creased production of gold is in the placer districts. Yet most of
these lie far from the coast or in regions difficult of access. Moreover,
the great reserves of auriferous gravels on which the future of the
industry-depends have a low gold tenor, and their profitable exploita-
tion depends on the installation of machinery—a matter that involves
much time and capital. Hence, even public-spirited operators who
might be willing, for the sake of increasing the gold output, to operate
at the lesser profit which war-time conditions involve could hardly
bring an enterprise to a productive basis in less than two years. It
is not intended by this statement to imply that the production of
placer gold will fall off while the present economic conditions prevail,
but only to point out that a greatly increased output can hardly be
expected. There are, however, a number of large placer-mining
plants that have been under construction for a year or more, and some
of them may yield gold this year to help swell the total. Mozreover,
in many Alaska districts there are rich deposits that are being mined
by simple methods and will continue, as in the past, to be the source
of a large part of Alaska’s placer-gold output. In 1916 the value of
the placer gold produced in Alaska was $11,140,000; in 1915,
$10,480,000. It is not possible to forecast what the output of 1917
will be, but there is no reason to believe that it will materially decline.

The conditions described above as affecting gold-placer mining are
still more potent in gold-lode mining. The mining of siliceous aurif-
erous ores had been on the increase for a number of years until 1916.
The value of the gold output from this source was $5,912,736 in 1916
and $6,069,023 in 1915. Of the total output in 1916 over $4,500,000
came from the large low-grade mines of the Juneau district. These
great enterprises, which depend for their economic success on the
handling of a large tonnage at a small margin of profit, will be
more directly affected by the present adverse economic conditions
than the smaller mines working on ores of high value. The recent
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serious accident to the great Treadwell group of mines, details of
which are lacking at this writing, may reduce the gold output of the
Juneau district. It is probable that there will be an increased gold
output from the small mines of the Willow Creek and Prince William
Sound districts, but this will for the present not be sufficient to
offset the decrease in the Juneau output. Therefore the present out-
ook indicates that the production of lode gold in Alaska will be less -
in 1917 than it was in 1916.

- Alaska’s silver output, which in 1916 amounted to 1,379,261 ounces,
valued at $907,554, has practically all been won incidentally to the
mining of gold and ‘copper. Though the Territory contains some
argentiferous galena deposits, referred to below, these are almost
undeveloped. Of the silver produced in 1916 over 1,200,000 ounces
came from the copper lodes. With the expected increase of copper
mining during 1917 the output of silver will also increase.

COPPER.

" The increase in the output of copper due to high prices for that
metal is the most striking feature of Alaska’s recent mining history.
In 1914 the copper output from Alaska mines was 21,450,000 pounds;
in 1915, 86,500,000 pounds; and in 1916, 119,600,000 pounds. In 1916
eighteen copper mines were operated in Alaska, but much the larger
part of the output came from three large mines—two in the Copper
River region and one on Prince William Sound. It is unfortunate
that the maintenance of a large copper output from the Territory is
so greatly dependent on the continued operation of two large and
very rich mines in a single district, for if, by any accident to mining
or to transportation, operations and shipments from this district
should be interrupted, there would be a tremendous curtailment of
the annual copper yield. The maintenance of Alaska’s copper out-
put is of importance under present conditions, and every encourage-
ment should be given to the development of other deposits, especially
those of the Pacific seaboard. A large number of mines, especially
on tidewater, would give far greater assurance of a steady production
of copper than the present conditions. The small copper producers
of Prince William Sound and the Ketchikan district met with most
discouraging conditions in 1917. In spite of the high price of copper
they were unable to obtain either sufficient transportation for their
ore or any assurance that the smelters would handle it if it could be
shipped.

The two large mines in the Chitina belt are probably now being
worked to the limit of their capacity. The full development of the
only other productive mine in this district is hampered by lack of
transportation; up to the present time its shipments have been made
only in the winter. There are in this general region other properties
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which, if connected with the Copper River Railroad by aerial trams
and spurs, would ship ore. Most of these have not yet been devel-
oped sufficiently to reveal any very large tonnage of ore. Any census
of Alaska copper reserves that might be made available during the
next two years, however, must take these into account. The best
hope of an immediate increase of the copper output is in the develop-
ment of the lodes along the Pacific seaboard. In 1916 there were
nine productive copper mines in the Ketchikan district and six on
Prince William Sound. In these two districts there are at least a
dozen other copper properties which have been sufficiently developed
to justify the hope that they could be brought to a productive basis
within the present year. These properties, together with the fifteen
that made an output in 1916, if developed to their full capacity,
would probably increase their output of 1916 by 10,000,000 to
12,000,000 pounds in 1917. Such an increase can be brought about
only, first, if copper remains at a high price, and, second, if shipping
for transporting the ore and smelters for reducing it are available.
To sum up the copper-mining situation, there is good reason to
believe that if the high price is maintained the Alaska copper output
in 1917 will be larger than that in 1916. The best hope for an imme-
diate and considerable increase is by providing better shipping and
smelting facilities for the mines of the Pacific seaboard. Should
the war make larger demands for Alaska copper, it is probable that
within two years a still greater increase in the copper output could
be brought about by providing means of transportation from such
deposits of the Kotsina-Chitina district as are now unproductive.

TIN.

Placer tin has been mined in the York district of Seward Peninsula
since 1902. The total tin output of Alaska up to the end of 1916 was
767 tons of metallic tin. This total includes a small output of lode
tin from the York district and also some placer tin from the Hot
Springs district, in the Tanana Valley. In the Hot Springs district
the tin has been won incidentally to the placer mining of gold, and
the first shipment of stream tin from this district was made in 1911.
Alaska produced 139 tons of metallic tin in 1916 and 102 tons in 1915.
The present urgent demand and consequent high price of tin will
undoubtedly lead to a greater output in 1917. Most of the tin now
produced in the York district is the product of two dredges. There
are a number of tin-bearing placers in this field, but even at present
prices they can probably not be profitably exploited except by the
use of dredges. As it would take a year to install a dredge, there is
no hope of making a notable increase this year in the production of
placer tin from the York district. There are a number of tin lode
prospects in the York district, from two of which some production
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has been made. In 1917 a mill was installed at one of these mines,
and its output should help to swell the tin production during 1917.

The York tin mines are worked only during the summer, and the
shipping season is limited from about June to October. The uncer-
tainty of the present means of ocean” transportation for this field is
shown by the fact that a large percentage of the tin produced there
in 1916 failed to reach the market and can not now reach it untll
midsummer of 1917.

Stream tin is rather widely distributed in the Hot Springs district,
but as yet few of the placer miners make any effort to save it. If
they could be induced to save and ship their stream tin it might
materially increase the total output from the Territory. Placer
mining in the Hot Springs district can be carried on for about three
months in summer. Transportation is afforded by river, and the

open season of navigation is from June to October.
- It is probably safe to state that the Alaska tin production of 1916
could be doubled in 1917—that is, it could be brought up to nearly
300 tons of metallic tin. In view of the great need of tin in the
United States it is hoped that the Alaska miners will make every
effort to increase their output.

TUNGSTEN. *

Though scheelite has long been known to occur in the placers of
the Fairbanks, Iditarod, and Nome districts, it has only recently
been found in lodes. In 1915 a scheelite-bearing lode was opened
near Fairbanks, and some shipments of ore were made by parcel post
brought to the coast by the winter mail. Other scheelite-bearing
deposits were developed in Fairbanks and also in the Nome district
during 1916. Meanwhile some of the operators of dredges in the
Nome and Iditarod districts began to save scheelite from the con-
centrates. ‘

Wolframite and scheelite occur in some of the tin ores of the York
district, Seward Peninsula, but these deposits have been_only slightly
developed. Wolframite has also been found in association with some.
of the gold placers of the Yukon-Tanana region. In 1916 a little
wolframite won from the placers was shipped from the Birch Creek
district.

In all, about 47 tons of tungsten-bearing mineral concentrates,
chiefly scheelite, carrying from 60 to 65 per cent of WO,, were shipped
from Alaska in 1916, about 30 tons of which came from Seward
Peninsula. All of this output came from districts that are open to
transportation during only a part of the year. The scheelite lode de-
posits that have been opened could probably double their production
in 1917 if high prices are maintained and if there is assurance of a
wmarket for the product. To the lode production could be added the
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scheelite obtained from placer mining, notably from dredging, if
operators will save the concentrates. It is probable, therefore, that
the summer mining operations of 1917 could be counted on for 130
tons of scheelite concentrates.

-

ANTIMONY.

Stibnite, as has long been known, is very widely distributed in
Alaska, but it is only the stimulation of war prices and demand of
the last two years that has caused any of this ore to be mined. In
1915 the output of stibnite ore was 833 tons; in 1916 it was 1,458
tons. Most of this ore came from the Fairbanks district, where half
a dozen mines have been developed on a small scale. Some ore has
also been shipped from two mines in the Nome district. Transporta-
tion from both these districts is limited to the open season.

The most accessible of Alaska’s antimony lodes is one located in
the Ketchikan district, where a little development work has been
done. Some stibnite-bearing lodes are known on Prince William
Sound, on Kenai Peninsula, and in the Nizina district, but so far as
has been ascertained none of these have been sufficiently developed
to determine whether the ore occurs in commercial quantities. If the
demand for antimony ore continues, these deposits are worthy of care-
ful prospecting, for they are accessible to transportation throughout
the year. _ )

In an emergency demand for antimony and with the attendant
high prices the stibnite mines of Fairbanks and Nome should be able
to increase their annual output at once to, say, 4,000 tons. This ore,
however, could be shipped only during the summer.. The output
might be very greatly increased if some of the stibnite deposits on or
near the Pacific seaboard were found to be large enough for profitable
exploitation.

LEAD.

The total lead output of Alaska mines is 2,080 tons, of which 820
tons was produced in 1916, 437 tons in 1915, and 28 tons in 1914,
Most of the lead has been recovered from gold ores: The large
increase in output in the last two years is due to the development of
the large lode mines of the Juneau mainland belt, which carry con-
siderable galena. Some lead was also recovered from galena ores
shipped from several localities in Alaska. Galena-bearing lodes
occur in the Ketchikan and Wrangell districts of southeastern
Alaska, and these afford a possible field for comparatively rapid
development. A test shipment of galena was made in 1916 from the
Fairbanks district. The ore also occurs in the Fish River basin of
Seward Peninsula and has been reported in the Broad Pass region,
in the Mentasta Pass region, in the Koyukuk district, and at numerous
other localities. Few if any of these occurrences are near enough to
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transportation to justify the hope that they could be made to con-
tribute to the lead supply, even if the ore bodies are large enough to
justify development. Galena ores rich in silver would, of course,
bear heavy transportation charges. At best, however, they would
not be expected to contribute enough lead to increase Alaska’s total
output materially. Therefore the continuation or increase of Alaska’s
present lead output is dependent on the operations of the low-grade
auriferous lode mines of the Juneau district. It is not unlikely that
similar deposits may be discovered in other parts of southeastern
Alaska, but it will require many years of development work to bring
them to a productive basis.
PLATINUM.

Small quantities of platinum have been found in a number of
placer districts in Alaska, and traces of this metal occur in the copper
ore of the Goodro mine, in the Ketchikan district. In 1916 the
‘Alaska placer miners began to pay attention to the finding of platinum,
and as a result about 10 or 12 ounces was recovered, chiefly from the
placers of the newly developed Koyuk district, in the southeastern
part of Seward Peninsula, also from Bear Creek, in the Fairhaven
district of Seward Peninsula, and from Slate Creek, in the Chis-
tochina district of the upper Copper River basin. It is not known
that there are in any of thege districts placers which could be profitably
worked for their platinum content alone. The present high price of
the metal will stimulate the prospectors to give special heed to the
platinum concentrates, and undoubtedly there will be a larger pro-
duction in 1917 than there was in 1916.

Platinum has also been found on Boob Creek, in the Tolstoi region
of the Innoko district. Prof. Herschel C. Parker reports considerable
platinum in the gravels of Kahiltna River. His information is based
on drilling of gold placer ground with a view to installing dredges.
Small quantities of platinum are also reported in the beach placers
of Lituya Bay and of Red River, Kodiak Island. Less definite
~ information has been received of the presence of platinum in some of
the creeks of Kenai Peninsula.

Those of the deposits above reported that occur in shallow placers,
perhaps all except the one on Kahiltna River, can he developed
rapidly by use of the ordinary manual methods of mining. The
Kahiltna River deposit will require the installation of a dredge,
which Prof. Parker reports he is proposing to put in but which can
not be ready for operation until the summer of 1918.

The outlook for some platinum production from Alaska during the
next two years is hopeful, though as yet there is not a single mine
in the Territory that has produced more than a few ounces. More
definite information about the occurrences mentioned will be avail-
able in the fall of 1917, after certain field investigations are completed.
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CHROMITE.

It has long been known that some chromite deposits occur on the
southwest end of Kenai Peninsula. Two localities of this mineral are
known, one near Port Chatham dnd the other about 7 miles inland
from Seldovia. It is not known whether these deposits are of com-
mercial size, but they are to be examined this summer. Their asso-
ciation with ultrabasic rocks suggests that they might also carry
platinum. Some small veins carrying chromite have been found in
the Tolovana district of the Yukon-Tanana region. The above
meager facts indicate that there is no certainty that Alaska deposits
could be depended upon Yor chromite in the immediate future.

NICKEL AND COBALT.

A copper lode recently discovered near Pinta Cove, on the west
side of Chichagof Island, in the Sitka district of southeastern Alaska,
is rcp01t°d to carry mcl\el and a little cobalt. A specimen of ore
which carries considerable nickel has been received from George R.
Goshaw, who reports that it was taken from a lode not far from
Spirit Mountain, in the lower basin of Copper River, but the exact
locality has not been learned. Some years ago a copper-bearing lode
which was reported to carry.nickel was found near Canyon Creek, in
this same general region. This locality is about 12 miles from Spirit
Mountain and may be the one from which the specimen sent by
Mr. Goshaw was obtained. Little is known about the geology of
these localities where nickel has been reported or the extent of the
deposits. They are to be investigated this summer. Both are acces-
sible throughout the year, one being on tidewater and the other
probably not over 10 miles from the railroad.

QUICKSILVER.

Qulckallver-befmno' lodes occur in the lower Kuskolwim region
and in the adjacent parts of the Yukon basin. The most accessxble
of these deposits and the only ones that have been prospected are on
or close to Kuskokwim River. The best known of these prospects is
the Parks property, on the west bank of the Kuskokwim about 330
miles from its mouth. Here some cinnabar ore has been retorted,
and the quicksilver thus produced was sold to the placer miners of
Seward Peninsula. There has been some prospecting of other quick-
silver deposits in this general region, but so far as known no properties
have been sufficiently developed to give assurance of a definite out-
put. The deposits could be made productive with little equipment,
but there is no information on which to base an estimate of- their
possible quicksilver yield.

127972°—19—7
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The lower Kuskokwim Valley is readily accessible during the sum-
mer. Small ocean vessels can ascend the Kuskokwim as fm as Bethel,
and river steamers fully 500 miles farther.

MOLYBDENITE AND BISMUTH.

Molybdenite-bearing lodes are reported to have been found near
Skagway and on Lemesurier Island, in southeastern Alaska; on
Canyon Creek, a tributary to the upper Chitina River, which flows
into Copper Rlver and in the Willow Creek district. Itisnotknown
whether any of these lodes are Targe enough to permit commercial
development. The molybdenite deposlts of southeaatem Alaska and
of the Willow Creek district are readily accessible throughout the
year. No molybdenite has been produced in Alaska.-

A small bismuth-bearing vein has been found on Charley Creek, in
the Nome district, but is undeveloped. Bismuth has been found in
gold prospects at two localities in the Tanana Valley—on Eva Creek,
a tributary to Totatlanika Creek, and on Melba Creek, in the Fair-
banks district—but nothing is known of the extent of these deposits.
There has been no production of bismuth in Alaska.

TRON.

Iron ores are rather widely distributed in Alaska. Magnetite
occurs in association with some of the copper deposits of the Ketch-
ikan and Tliamna districts and also in a deposit near Haines, in south-
eastern Alaska. In the Lake Clark district thereis a vein of specular
hematite carrying some copper. Considerable bodies of iron ore have
been found in the Nome district. Most of these deposits are unde-
veloped. If there were a demand for iron on the Pacific coast, some
of theiron ores could be made available in a comparatively short time.

COAL.
By G. C. Mar1is.

- The coal of Alaska, which occurs in many parts of the Territory
and which ineludes many grades ranging from lignite to anthracite,
should be grouped in & consideration of possible development into the .
fields that are or can be made immediately accessible and the fields
that are remote or inaccessible. A further grouping should be made
on the basis of the adaptability of the coal for special uses.

The eoal fields that are now or can soon be made accessible include
those of the Pacific seaboard and the Nenana field, which will be
accessible both to the coast and to the placer camps of the Tanana
Valley when the Government railroad is eompleted. The other coal
fields of the interior and northern part of Alaska can be developed in
the near future only for minor local use. The accessible coal fields
of the Pacific seaboard include the Matanuska field, with high-grade
steam and coking coal and low-grade bituminous coal, which is now
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accessible by the Matanuska branch of the Government railroad;
the Bering River field, with high-grade steam, smithing, and possibly
coking coal, as well as anthracite (mostly crushed), which can be
made accessible by the completion of a short railroad, now under
construction;! the Cook Inlet field, with lignite, which is situated on
tidewater and is therefore now accessible; and several small fields in
southwestern Alaska, with coal of various grades ranging from lignite
to bituminous, possibly including some coking coal, some of which
are on tidewater and now accessible and the rest of which could be
made accessible by the construction of short railroads. Of these coast
fields only Matanuska and Bering River contain large amounts of
coal of the quality for which there is likely to be an immediate demand.
The Nenana field, in the interior, although containing coal of lower
grade (lignite), will probably soon be developed:-on a small scale
because of urgent local demand.

The possible immediate markets for Alaska coal are indicated

below:

Eastern Matanuska (Chickaloon) field:
‘Coke for Alaska smelters.
Coke for Puget Sound (if relative costs permit competition).
Bunker coal (Alaska steamers).
Navy coal (if relative costs permit competition with coal from Bering River and
Chesapeake Bay).
Smithing coal (local and export).
Western Matanuska (Moose and Eska Creek) field:
Locomotive fuel 2 (Chickaloon to Seward).
Local power (Willow Creek mines).
Domestic fuel in Anchorage, Seward, Valdez ?), and Cordova (7).
Locomotive fuel on Copper River Railroad (if Bering River branch is not built),
Nenana field:
Locomotive fuel (Matanuska Junction 2 to Fairbanks).
Power and thawing (mines in Tanana Valley).
Domestic fuel (Tanana Valley).
River-boat fuel,
Bering River field:
- Locomotive fuel (Controller Bay Railroad).
Locomotive fuel on Copper River Railroad (if Bering River branch is built).
Coke for Alaska smelters (if competition with Matanuska coke permits).
Bunker coal (Alaska steamers).
Navy coal (if competition  with coal from Chesapeake Bay permits).
Smithing coal (local and export).
Domestic fuel in Cordova and Valdez (if Bering River branch is built).

1 The railroad that is now under construction from Controller Bay will, according to present information,
reach only the patented coal claim in the eastern part of the Bering River field and will not furnish access
to the high-grade steam and coking (?) coal in the central and western parts of the field. There would be
no difficulty, however, in extending the railroad into those areas.

¢ The lower-grade ¢oal from the western part of the field should be used for locomotive and power-plant
fuel because the high-grade (Chickaloon) coal is too valuable for this purpose.

8 Nenana coal should bhe used on the greater part of the railroad (rather than the better and nearer Mata«
nuska coal) because the heavy freight traffic will be northbound, leaving southbound empties available
for hauling eoal.
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None of the uses indicated above calls for a large quantity of coal,
and there will probably be no physical difficulty in developing the
mines, within a few months after the time when transportation is
is available, to a sufficient extent to supply the present demands.
In fact, it is probable that the most serious difficulty will be that of
finding a sufficient market to justify the opening of the mines on
a scale large enough to permit the coal being mined and shipped at
a profit.

It is public policy rather than any reasonable hope of even mod-
erate private profit that calls for the development of the Alaska, coal
fields on a large scale. The reasons for the present urgent need of
developing the coal fields are as follows:

1. To provide fuel for the Alaska railways.

2. To furnish the Alaska railways with the freight without Whlch
they can not be operated save at a loss.

3. To furnish cheap fuel for the Alaska mines and towns in order
that the production of other necessities may be encouraged.

4. To furnish bunker coal for Alaska steamers, so that they may
not be compelled to use cargo space in carrying fuel for the return
voyage (on the assumption that other demands for California oil
will be so great that the Alaska steamers can advantageously use
local coal rather than California oil). .

. To provide coke for local smelters so that cargo space may be
saved by shipping metal rather than ore and that the development
of new metalliferous mines may be encouraged.

6. To provide a quickly accessible reserve of high-grade fuel for
the Navy or for other urgent need.

In conclusion, although there are no difficulties (given transporta-
_tion and a market) that‘, will prevent the quick development of the
few small mines that can supply the demands that can be foreseen
at present, the opening of the coal fields on a large scale is quite a
different problem. The development of a large coal mine requires
considerable time, even under favorable circumstances. In Alaska
it is not merely a simple matter of expanding.the workings to a point
where there is room for. enough miners to produce the required ton-
nage. This must be done, but first there must be a slow process
of prospecting, drilling, and experimental mining in order to deter-
mine where the coal for a large mine is to be found and what the
method of working the mine is to be. These problems have not yet
been solved in the Alaska coal fields, and consequently there is no
_assurance that a large tonnage of high-grade coal could be quickly
obtained for tha Navy or for other emergency use. This condition,
in the writer’s opinion, requires not only that the small mines whlch
can supply the present demand should be opened at once, but that
every possible encouragement should be given for the development

of the Alaska coal industry.
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- PETROLEUM.

Petroleum has been found in four districts along the Pacific sea- |
board. These are the Yakataga field, which is comparatively inac-
cessible on account of the lack of a harbor; the Katalla field, which
1s the only one that is producing oil and which can be made tributary
to Controller Bay without great expense for construction and with-
out great loss of time or can be reached by an easily constructed 60-
mile branch from the Copper River Railroad; the Iniskin Bay field,
on Cook Inlet; and the Cold Bay field, on the Alaska Peninsula. The
‘last two are tributary to harbors that are free of ice throughout the
year.

Drilling has not been sufficient in the partly developed field at
Katalla to determine the presence of any considerable pools. The
rather wide distribution of seepages and the results of the drilling of
some 25 holes indicate that oil might be obtained in this field in a
much larger quantity than that now yielded by the five or six wells
that are being pumped. The petroleum from this field, like that
from other Alaska fields, is a high-grade refining oil with a paraffin
base. As oil of this grade is now in great demand for the manufac-
ture of gasoline, and as the supply under war conditions may not
meet the needs, every encouragement should be given to those who
are willing to spend the money necessary for the drilling. Unless a
large pool is struck early in the operations, which is not believed
probable, it will take at least a year to drill a sufficient number of
holes to assure any considerable production. This statement is based
on the records of the existing wells. The producing wells are shallow
and the oil has to be pumped. To m