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INTRODUCTION

One by one new metals come forward to share the burden of modern indy
TLonz before the Christian era potters and glass workers employed fine and ¢
blue pigments that conizined cobalt, Gobalt biue glass has been found in th
tombs of the Egyobians and in the ruins of Troy, and many of the colors used
the ancient Greelrs and Romans contained cobalt. The ancients, however, were
apparently unaware that the colors fhey used were ceused by cobalt, and it
not until late in the 17th contury that the existence of the element was Tet
Writers in the Middle Ases referred to "cobalos" as an evil spirit that haunte
mines and esused trovble to the miners. subsequently ths German work "Kobeld,
meaning goblin, ceme to be applied to any baffling mineral and particularly to
minerals tha’ resembled ores but failed to yield metal when smelied. Eveh to-
there is something of an air of mystery sbout cobalt, -and a medieval cloak of
secrecy still surrounds meny of the metallurglcal processes employed -in ibs. |
Pproduction. . ’

tZaffrel was mentioned sbout the middle of the sizteenth century by
Biringuceio, and in 1735 the metal was firet prepared by G. Brands. The prepar
tion of cobalt compounds, however, must hawe been cerried on in at least a smald
wey ever since the opening of the silver-cobalt deposits of Schneeberg in 14707
By 1790 there were 25 works ‘engaged in the indusiry, rost of them located in
Sexony, -but the total output of these works probably did not exceed 500 tons of
cobalt amaually, mostly in thé form-of smalt.  The smalt which contained =ppr
mately 6 per cent cobalt was sold in Venice in 15620 ‘at sbout 16 cents a pound.
few refinerics in Holland supplied the Irigh linen trade, contributed a large =
smownt to the Dubch linen industries, end also yrovided smeller quantities fo :
the manmufactuer of litmus in Holland. A complete description of the early hish
of the cobalt 'industry in Saxony, is given by Mickle in +thé Report of the Bur
of Mines of Ontario, vol. 19, 1913, pi. 2, Pp. 234-251.

_ Smelt is used now only in a few enamel works, It .is a blue compound
owes its color to. the presence of cobalt silicate, but as formerly prepared 1
tained veriovs impurities, The oxides of cobalt are now preferred in the ceram
industry because of their purity, uniformity,.and lower cost. ;

. Onply within the last two decedes has cobalt found extensive applicatio:
outeide of the glase and pottery industries. .

~ DESCRIPTION -

Cobalt is e silvery white metal strongly regserbling nickel in its
sppearance and Troperties, The atomic welght (£8.94) is a trifle higher than .
that of nickel {58.69), but in the periodic system it 45 actually placed befor
nickel becavse cnemically and physically it is intermediate in its properties
tween iron end nickel. According to Melloer, the specific grovity is 8.5; the
atomic veltme, 6.54; and the melting point, 1,467° 6.2 Drury?, however, gives,
specific gravity as ranging from 8.79 ¢gn an unannealed sempie to 8.92 on a swag

% Mellor, J. W., Modern Inorganic Chemistry: Tondon, 1918, p. 501
4  Drury, Charles W., Cobalt, Its Occurrence, Metallurgy, Uses and Alloys:
Rept. Ontario Bur. Mines, 1918, vol. 27, k. 3, Seck. 1, P. 70.
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emple and the melting po:!.nt as ‘Dfalng 1 4’?80 C. The tens:.le streng’ch is cuoted by
e-latter. authority as being 34,400 pounds per square inch. Cobalt is magnetie,
ore g0 than any other metal except iron. When reduced from the oxide it is in
the form of a gray powder. '

: The metal is soluble in dilute aclds, It forms tro series of compounds. o
baltous compounds (bivalent) are yellow or green in the anhydrous state but.

rm pink crystals and are pink in agueous solutions, turning blue, ‘mvever, in
presence of strong hydrochloric ‘acid. No simple cobaltic salts have been .
epared, but cobalt is trivalent 1n -potassium cobaltinitrite and other. complex
mpounds, including a vara.ety of cabelti-ammonia derivatives... There are thres . _
deg: cobalious oxide {Co0), zreenisgh gray: cobaltous-cobaltic oxide (00304),
acik; and cobaltic oxide (CopQz), brownish. These may be prepared by heating .

ie cobaltic hydroxide at a red heat, bub when any of the three oxides is

solved in acid, only cobalious compounds are formed, Precipitabed cobhaltous
oxide, however, zradually turns browa in.contact with the air, forming

obaltic hydroxide, - In the sbsence of ammonium salts armonia precipitates a Dlue:
ic salt, but this is soluble in excess of armonium chloride. The dirty yellow'
onizcal solution slowly becemes reddish on exposure to air,. forming stable
obalti-ammonia salts: Co(OH)y + 2WH,CL + 2NHy = CO(Z\"H ) Cl, + 2H0. Somplex
Gtions and. a.nzons contammg cobalt are very nNUmerous an& very gtafile. - :

JSES

Cobalt is used both in the form of the metal and in the form of the oxide
hd other compounds. In the United States,. metallurgical uses acount for fully
per cent of the total, and Probably not more than gbout ocne-third of the con-.
p’cion is now absorbed in the ceram:.c and chemical industries,

. The largest =-:n.z«:g‘la vae of cobalt is in 1'118 cobali~chrore series of a.lldyé

iown as stellite.® These nonferrous  alloys~-often modified by the addition of;

nzsten, molybdenuwn, and other meials--are widely employed to replace tool steel |
for other purposes in which hardness and s rength (even at a red heat) comb?-_i’le |

ith corosion resistance are desired. Substantisl amounts of cobalt metal are

Sed. in magnet stesls, t00l steels (including high-speed steel), and cerfain rust-

egisting steels. Some magnet steels gontain as much as 60 per cent cobalt.

«Sﬁ]all guantities have been used in electroplating., A new meftal, called "XKonel"

centaining cobalt, nickel, and ferrotifanium, ig claimed %0 be a satisfactory

stitute. for platlmn in meny of its uges. If was or:.glnally developed. for use

filaments for radio tubes, but since it is ha,rder than colcs. steel &ven rhen iy

red hot, it seems well-adapted for a variety of uses. It may Tind extengive

Ployment in the moving parts of internal- com'bust:!.on englnes angd in other hot

loces. JAnother interesting use of cobalt, thouga one vrbmh does not afford an

Utlet for any stbstantial tonnaze, is as & bindsr for ungsten carbide, the super.

d tool material which has ga:. ned wide mcomltmn gince it wae first introduced
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in the lattér part of 1928, This remarkadle material, surpassed only by the
diamond in hardness, will cut a screw thread in a glass rod, machlnes pPorcelain;
and retaineg 2 keeon edge even when forming mics board or ivory. 4 1little cobal
is used in certe electr"ca" reszsuence alloy wires and even in bearlng metal

Next to stell:.te, pro'ba"bly the ma."'n consm’otlon of cobalt is in the
ceramic industry where the oxide is used not only in colored ware but quite
generally in -the glaze of white vdare, much as bluing is employed in launderlng
white clothing. "As” 2 body. siain;. 111cew1se, 7egbalt ie Used.to convert the yell
or slightly orange tint caused by traces of dron, in-the proportlon of sbous 1
pound of cobalt oxide Yo Y -tonof elay, .In the aggregate a very. subsbential -
amount of cobalt oxide is used in the manufacture of cobali scetate, olsate,
borate, linoleate, tungstate; and-oleoresinate used -as driers in palnt a:ad var,
In linseed o0il rainis, the acetste is widely used, ‘bhe proportlon us“ually I‘a.ng
between 0 2 a:nd C. 4 Per cent, . . . S

MOCDE Q.t:‘ OGCURBENGE

Cobalt “is not foun& natlve -and is nowhere mmed except in congunctm
other metals. In Cobalt,. Ontarioc, the leading me ual ig silver, and in additid
cobalt, niclkel- a,nd ‘argeniec are-vresent in the . ores. In the Belgian Congo, cob
is only a 'minor constituent of ‘the copper ores; Bismuth ig the most important
constituent of the cobalt ores of Schneeberg, Germany. The New Caledonian -
deposits have been worlked mainly for cobalt, but even there the cdbalt is
associgted Wlth manganese. :

S The commonest c¢chalt minerals are linnaeite (00354, generally contaml
'also some mickel and irof), smaitite (Codsp); cobaltite (CoAsS), and erythrite
(Cos(AsOA)g.BHgo) ‘Erythrite has.a beattiful and quite characteristic peach-.
blossom color, but the first three mirerals mentioned are silvery-looking and nof,
easily distinguishable from several otber minerals having a metallic lustre. -
Manga.nese ores containing cobalt have a characteristic blue lustre on the fresh,
dry fracture., “Such ores ordinarily contain 5 per ceni-or less of cobalt, but-
the writer has Tound qamples containing 15 per cent of co'ba.lt and. BO pexr cent
ma.nganese in the souuhern Unﬁ'ted States. s . o

IDEI\T'I‘IRICA.LI \T

Tven a small quantity of cobalt mparts ‘an intensse blue color to a horax
or salt of phosphorus bead, both:'in en oxidizing end in a reducing flame. I£
copper or nickel interfereg, the bezd may be heated on charcoal. in a reducing .
flame with a grapule of tin, thereby reducing the nickel or copper to the meballic
state and ensbling the characteristic blue color of the cobalt to be seen. -Iron
in quantlty sufficient to interfere may be removed in“the wet way, but it is
generally possfble to d.etect the. pregence of even a fraction of 1 per cent of -
_co'balt in ¢ither iron or mangamese ores, provided only minute quantities. of “the.
;ma.terlal are taken up in the bead and provided the color of the iron or manganes
is reduced to g minimum by prolonged heatlng in thse reduc:.ng flanme.
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Arsenical orss, guch as those :E‘rom Gobait VOnta-rlo, é.re ﬁsuéllj}' smelted in

ed o5 a b‘f-product The res:.d.ue “usually con’calnlng about 10 pex cent arsenic
rom 2C to 30 per cent or more cobalt, is reserved for-treatment 'by wet
Fﬁ%mmal processes. .

The separstion of nickel from cobalt is the only phase of the treatment
t-presents unusual features. Caleium hypochlorite (bleaching powder) solution
gded to the clear chloride solution (freed from arsenmic, ironm, and copper) pre-
%ltates the cobalt in the form of black cobaltic hydroxide, Co(OI{)s Nickel

s 10t preclpitate unless an excess of the hypochlorite is used; it is recovered
:ﬂm the filirate by adding milk of lime. The filtered cobalt oxids when dried
nd gently calcined, carries 76 to 77 percent of the element. A newer process
eparating niclzel and cobalt is described briefly by Dyson®. It inyolves the
c;tu.ons ‘of complex ammonia compounds. "An ammoniacal solution containing cobalt
ide is oxidized by hydrogen percxide:(or merely by blowing air through it).
es to form what is Xmowm as roseoccbals chloride, the formuila Of which is =
NH3)5.H30] 013.' This aguo=pentamino-chloride when boiled is converted-into.
0 opentsmlno-chlor"&e or ch}.oropurpmeocobalt ha,v:.ng the formmla - -
HHS)S' Gl] 013- : ’ .

| Manbanese ig- a.nother 1nterfer1ng elemert There- is practlcall,f no.

az_lese in the cobalt ores found at. Cobalt, Ontario, bub practically all the

tores from Rew” Caledonia, previcusly in large use, carried a high. percentage .

this metdl., “In the menipulation of the Wew Calédonia ores, the cobalt and - ‘
1 wers prec:.plta’céd together by means of sodlum sulphlqe 1eav1ng practlcally :

of the manganese in solu’siOn. .

Various other mesfig have been dev:.sed for gettlng t:r*e cooalt mto solu— :
&y, end despite the secrecy that has surrounded most cobalt enterprises, . the
@ggr of processes describied in the Iiteradtureis-legzion. . Detaﬂ.s of a varieily

$1;tch mathods will be found in the excellent review by Drw'y published by the
5 1o- Bureau of Mines, .

Metallic cobalt accordmg to thls report ma;)r 'be o'bta:.ned. by- -

(1) Reduct:l.on of the oxide in a carbon cruc:.'ble or by added
carbon {or starch).

(2) Reduction of the oxide or oxalate in a stream of hydrogen
or hydrocarbons,. the reduction being complete d.‘b aOO to 6009°¢.

son, G. Malcolm, The Bxtractions and Utilizations of Goba,l‘[‘.:' Chen. Age,
vol. 19, Wov, 3, 1928, pp. 3334, Mon. Met. Sec.

v, Charles W., C}obalt, its Occurrence, Metallurgy, Uses and Alloys..
?ept Cntario Bur. Mines, 1918, wvol. 27, vt. 3, Tp. 31-69.
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I. C. 6331 '
(3} Beduction of the oxide by carbon moncxide.
(4) Ré’dﬁétion of the oxide by armnoni'm‘_chlpride.
(B) Reduction of gobalt chloride in a current of hydrogen.

(6) Reduction of the oxlde by alumimm (Goldschmidt or thermit .
" procese). o S . :

(7) Precipitation from cobalt solutions by metallic magnesium
or zine,

(8) Distillation of co'balt ama__gams

(9) Electrolytlc met"zods.

'WORLD PRODUCTION

Early in the nineteenth century the lmﬂtec‘x so,pply of cobalt (111 1"
of smalt or zaffre) came from Norway, Sweden, and Saxony._ Later, New Caledoni
becare the chief Producer. Zarly in the twentieth century rractically all'.
world's cobalt began to come from-the newly-discovered silver-cobali-arsen
of Ontario, and for scme time the potential gapply as a by-product of sﬂve
ductior far exceeded the demand. An sctive sea.*‘ch for new uses, .however, .
resulted in increased sales. By 1926 the Bel#ian Congo, which produces cob
a by-product of copper, had become & cloge rival of Ontario and even forced
temporary curtailment in Canadian production. AL present more than helf .of
world production comes from the ores: ofCobalt;- Ontario. The metal and ite.
-are produced chiefly in Canada, Great Britaih, and Belgium.from ores mined inj
Ontaric, Belgian Congo, and Queensland. Germany‘s contribution is rather
though the mineg in Saxony are still productlve and cobalt residuesg and: or
Purchased a,"broad for treatment in German works, The United States, thoush 'by
the leading consumer, is an unimportant f actor in productionm.

The cobalt production data published by the sé’veral roducing count
are given in such indefinite fiswres that the estmates are far from exact.
cording to Drury7 the world!s ammual ocutput of cobalt ox:.de previgiis to 19
emounted to approximately 250 tons. In 1916 it increased to 400 tons.bub. &
after thé outbreak of the World War the production of cobalt metal increase
practically nothing in 1913 to 165 tons in 1916 and 158 toms in 1917. , The™
ing figures (Table 1) have appeared in the annual chapters of Mineral Resovz‘ces

7 Loc, cit., v, 3l.
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I. C. 6331

DCOMESTIC PRODUCTION AND DRPOSITS

Statistics are availgbie showing 2 production of cobalt oxide in the"
United States year safter year from 1889 %o 1904, inclusive. Most of this wag:
recovered in refining the copper-nickel ores of Sudbury. From 1905 to 1913 gy
the operation of the cobalt Plant (a few hundred yards south of its main nicldhl:
copper smelter), of the Canadian Copper Co. (Intermational Nickel) at Copper
Cliff, Ontario, a total of Perhaps 2,500,000 povmds of cobali was separated
purified in this country.g Frevious to 1900, the Mine la Motte Co. shioped cobal
ore to Swansea and in 1903 Produced 120,000 pounds of oxlde in a Missouri gorl
dnother cobalt refinery erected in 1906 by the North Americas TLead Co. at
Fredericktown, Mo., operated intermittently until 1910, In 1909 it produced
83,384 pounds of cobalt oxide, 328,403 pounds of nickel, 8,314 tons of nicke;
cobalt concentrates, 60C tons'of'cop_'oer concentrates, and 1,253 tons of 163‘1,
concentrates. This plant was purchased at a forced sale in 1915 by the Mise :
Cobalt Co., which produced & certain amoimt of oxide in 1918 and in 1920 recow

102,410 pounds of cobalt oxide and cobalt hydrate, velued at $262,801. It ¢
closed down, ' - _

Ox_'egpn has been credited with spasmodic shipments of arsenical ore con
ing cobalt, €old, and silver; a few tons were sent to Frence in 1905. NeVada.;,
8lso, has produced one or two carloads of cobalt ore. In 1917 the Haymes Stel
Co., a large consumer of cobalt, began mining at Blackbird, Lemhi County, Id
where a large rumber of veins were said o contain cobalt., Prospecting and K
centrating experiments were carried on for two . or three ysars, but since 193}
nothing further seems to have been done in this district.

Cobalt occurrences have been reported in ab least 12 States, and vari
attempts have been made %o Open them up, but beyond spasmodic outputs from M3
Tdsho, Oregon, and Kevada, there has been Practically no commereial product
It iz only Fair %o say, however, that there has been little incentive to develop

R LB
cobalt properties, and for this reason 2 brief review of reported occurrences hay
be of interest, ' : -

Algbama, - Manganese ores containing eobalt have been found near Rocl«::ifﬁuh
Cheroxee County. ‘At one locality a total of sbout one carload of 4 per cent
was taken out, some of which was shipped for mekine ferromanganese, ' The cob
content, of course, was losi. : C

_ Alaske, - During the summer of 1922 a.little erythrite was found in's’
Harrow voggy quartz vein on Hot Sprinzs Deme near Hotb fprings, on the lower
Tanana River, :

Arizona.- Specimens of erythrite ‘containing kernels of cobaltite ozf- ;
smaltite have come from the Fort Avache Reservation, 50 miles north of Rice. '3
large deposit (4% 'miles long and from half a mile to a mile wide) of nigkel and

8 From-1906 to 1913, inclusive, the Canadian Copper Co.'s cobalt plant produ

2,318,916 1bs. of metallic cobalt contained in crude oxides shipped to t
United States. . :
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balt has been reported 36 miles norih of Pucson, and a small vein of cobalt was
eported to have been found in 1927 on the 200 level of a mine -in Final County, .
cross -the canyon from the 01d Silver King property  According to S. F. Wright
Ingineering and Mining Journal, Dec. ‘1, 1828), "Arizona can boast of the best and
erhaps the only real cobalt field in the United States. The veins are from 1’

h to 3 inches thick, and the ore assays from 29.45 to 49.15 per cent cobalt.
g yet the owners have done nothing but prospech.t : - -

- Celiformia.- The Mar-John Mining Co. in recent yesrs has prospected a
posit of cobaltifercus arsenopyrite on a elaim known as the "Hauselt Fatent,
miles southeast of Sheepranch, Calaveras County. Ia addition to cobali the ore
s sald to contain a sundry rere earths and other metals. PR
Golorado.~ As early as 1882 smaltite was reported near Gothic, Gumnison
unty. A more recent find of cobali-nickel ore was reported in 1929 by. the

ark Mining Co.), operated in the Fabt Fork dietrict; the vein is said t0,be about
eet wide, ) : ' ’ .

. Conmnecticut.- About the middle of the nineteenﬁh'cehtury_ there was a sma.ll;
roduction of arseniéel cobalt~nickel ores from Great Hill, known locally as
balt Mountain, between Middletown and Middle Hzddan. *The railroad: station still

®3 by the name of Cobalt, Lit%le trace of the mining operations now remains. _
e ore is chloanthite, but evidently the quantity was too sm2ll to pay for woriz-

Idaho.~ For several years, begimning sbout 1917, ihe Haynes Stellite Co.-
ocomo, Ind., mined and experimented uvpon. cobalt ore in the narrow valley of
kbird Creek, Lemhi County, Idsho. Work on these propertiecs was eventually
ontinued, but the following description by Hess is of interest:10 '

"Haynes. Stellite 0o.'s property, composed of two groups of claims,
80 claims in all, 21 of which were formerly owned by J. M. Belisl, the
main group (Haynes Camp) being on the north side of the main creek; about
4 miles above its mouth and ebout 2 miles below the old mining camp of
lackbird, and the other group 2 mileg southeast, on the West Fork of
‘Blackbird Creek: The deposits are in a banded, thin-bedded, very iine
‘grained gray and black quartzite, with some interbedded dark-green schigt.
Joth rocks are very resistant o weathering, so that the valleys cut
through them are narrow, with steep walls butiressed by great accumula~
Jblons of sharp-edged talus lying ab angles as great as 41°.  Narrow zones
0. the quartzite have been shattered, and in these zongs- solutions have
eposited quartz, tourmaline, and minerals containing cobalt combined
ith arsenic and sulphur, probably mostly cobaltite; the arsenosulphides
(CoksS), 25 indicated by the pinkish eolor; there is also some smalbtite,
.the arsenide (CoAsg). It is probable that arsemopyrite (the iron arseno-
svlphide, FehsS) is also present, and, as shown by the green efflorescence

enver Min. and Financial Rec., vol. 59, May 25, 1929, p. L. '
&8ss, F. L., Cobalt, Molybdemum, Niclkel, etc.: Mineral Resources of the
United States, 1917, »t. 1, U. 8. Geol. Sarvey, 1521, pp. 89%9-901.
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- or "bloox" (annsbergite) in some Pleces on the outcrovs, nickel is Presen
in emall quantity........The tourmaline in the veins on thege claims is 3
crystale so minmte that they are indistinguishsble to the unaided eye;

- consequently, tourmaline was not rec'ognized in the field. It forms so
large & part of the gangue that the vein is hlack and can not ordinarily“ _
be told from the country rock. Mest of the particles of cobalt minmerals
are 'so minube that they can not.be seen in the rough rock, and whether

ore or barren rock is at hand can be ascertained, at least by the inex-
Perienced, only by crushing and Penning. The country rock is hard and
dense, but the vein matter is harder and denser, and this in itself give

. some guidance %o the miner in places vhere the inf iltration of vein ’

" matter has been insufficient to make its characteristics vigible. Such
masses weather more glowly and stand out from the guartzite and schigt.
Microscopic measurements of the minerals from these claims showed many s
graing to be less than C.0L millimeter (0.0004 inch) in Alameter: probably
most of-the grains in specimens collected by the writer are about (.03
millimeter (0.0013 inch) in diemeter, and. the larger grains reach 0.25
millimeter (0.01 inch)., In Places, however,. the grains are of the size
of popeorn or even larger, but these are exceptional. It is claimed tha
the ore as mined gave, in an experimental mill ruvn before the property -

" chenged hands, more than 1 Ter cent of cobali. . . .

"At ‘Blackbird a large number of veins ‘carry cobalt' minerals, -
_Here the veins are in schists and gneisses as well as in quartzites.
They contaln less tourmaline, larger particles of ‘cohalt :miner'al's, more
nickel, and so much copper that considersble money has been spent in
Drospecting for that metal., . . . Quartz veins reach a thicknsss of 10
feet, with subsidiary veins through a further thicimess of 5 to 10 feet,
‘Here and there, tourmaline is found in visible crystals. o mill test
has been made of the numerous properties for cobalt, but it seemed:
Probable that some of the Properiies, to be selected by sampling, would
‘be well worth testing if there is sufficient demand for cobalt.- There.
-ig-mich more nickel, as well as very much more copper in the ores
immedistely arovnd Blackbird, and 'in most of the deposits’ the particles
of ‘cobalt minerals are very much coarser than at Haynes Camp. AL
Blackbird the Gray Eagle, owned by Wiley J. Ros¢, and other claims are
located on a vertical crushed zome sbout 5 to 12 feet thick in schist -
on the northeast eide of and parallel to Meadow Creelz, one of the forks
of Blackbird Oreek. Where cut by o prospsct tunnel on the Groy Zagle,
this crushed zone strikes N. 40° W. and is in schist impregnated with -
quartz, which males a very tough mass 10 %o 12 feet thick that esrries
cobalt minerals. ' Ten feet southwest, pyrrhotite is found in bunches not
over 6 inches thick, but on the St. Joe claim, adjoining the Gray Eegle:
claim on the northwest (owned by John E. Dubeis, Dubois, Pa.), pyrrhotib
& feet thick is said to have been cut at a depth of 100 feet and again at
250 Teet, and is also said to kave carried $18 a ton in gold and some -
cobalt and nickel. The dumps on thess ¢laims whers wet by Meadow Creek
are nearly covered with the beawiiful psach~bloom pinl eryihrite (cobslt
arsenate)}. " E ' - '
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a

Cobalu has glso been TeDOTtud in 00uens1 and Latah Countles, Idaho.

. Marylend.- A sample of gahnlte found at Mlneral Hill nmine, Carloll County,
n 1923, showed the Presence of 1,48 per cent co“alt ozide.

hlusourl - Hear Fredeﬁlcktcwn, in scuxkeastern Llssoari, oceur the chief
ommercial deposits, In the Flat River disbrict, to- the northwest of the
rederickiown area, cobalt and nickel swiphides are sometimes recovered as a
idd1ing product. . The following Cescription of the. Fredericictown deposits is
oted from the chapter on rare metzls in YMineral Resources of the United
tates, 1917:"

The cobalt- bearﬂnﬂ denos*ts of sout eastern Missouri: The
suiphides of cobalt and nickel oceur assoclated with the sulphldes of
lead, iron, and copper in certain parts of the disseminated lead region
of southeastern Missouri. The.chief deposits of commercial value occur
near Fredericktown, in the southern part of the region. In the Fiat
River district, to the norihwestward of the Fredericktown area, cobalt
and niclkel sulnhldes are occasionally recovered as a middlings product
on the tables of the lead mills and shipped to smeliers for refining. 3
The ore bodies in the vicinity of Frederickbown occur in the lower pars .
of the Bonneterre.dolomite and in the unaerlylnu LaMot® gandstone. . The. -
ore consiste of a mixture of lead, copper, ‘cobalt, nickel, and iron
sulphides. The gulphides other than that of 1ead occur in greatest
quantity in the lower part of Lhe worklngs, next to and in the sandsione,
especially near the granite ang. porphyry. = The guantity of cobalt and
nickel sulphides varies considerszbly in the dlfzevent working. . . AL
Mine LaMotte, cobalt and nickel have been produced in small guantities
for many years, sven prior %o 1857. . . . the chiel source of the nickel
and cobalt was the dressed galena, which usvally carried from 0.2 t0 C.3
per cent of these metals., XNext in imporbance was a middlings product of
the concenuretlng plant, which usually carried 20 to 23 per cent lead, .
0.5 to 1 per cent of copper, and 2.5 to 3.5 per cent of cobalt and nickel.
;A larger percentage of copper was accompanied by a correspoaalngly 1arger .
- percentage of cobalt and nickel. Besides thése products of the niill, &
small quantluy of true. co%alt~n103e1 ors was produced.. In recent years,
developments in the deeper workings have disclosed the presence of exten~
sive deposits of coppver-cobalt-nickel ore. The chief souvrce 'of cdbalt
and nicitel in Missouri has been the mine of the North American Lead Go.,
ad joining Fredericiktown. From 1900 to 1506 this property was cperated -
as a lead mine. In exploiting the property large. quanultles of coprer,
nickel, snd cobalt sulphides were found associated with the lead stilphide.

. Owing to the complexity of the ore, ssrious gifficulties were emn-
countered in both milling and smeliing operatioms. In 1907, the company .-
suceeeded in producing 2,731 pounds of cobalt oxide. | In 1803, 83,394
Pounds of coball oxide, 328,403 pounds of nickel, 8, z14 tons of nicksl
and cobalt concentrates, 600 tons of copper, and 1, 358 tons of lead con-
centrates were produced. . .M '
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Nevada.~ Occasional shipments of cobalt have come from Nevada. In 193
carload of heterogenite was shipped from Good Springs, Clar: County. "Rich miy
of erythrite are reported in the northeast vart of Churciill County and this ame
mineral has been ined at the Lovelock mine, Cottonwood Canyon, Fahute Range
Euiboldt County.ll ‘ '

orth Cerolina.- The United States Gealogical Suivey, in a report £or:
1897-98, reported ores with a small percentage (0.03 per cent) of cobalt inm ¢}
Dannemora mine, Roclwingham County. o . ‘ '

Oreg on.- A, I, Keildgglg describes the cobalt 'depds'its‘r‘;lp Jabl:son Coi
as follows: . ' . AT T

"About twenty years age cobalt was discovered in Jackson Cotnty,
Ore., by Dr. W. P, Chisholm, of Gold Hill, Ore., the pioneer of the i'q’uic);’
silver industry in that district, while he was developing his gold-copper
mine in the *Meaddows", twelve miles north of Gold Eill. This property, -
Imown as the Chisholm group, is still owned and unéer development by the
doctor. It is situated not far from Chisholm's guicksilver properties,
also in the 'Msalows!. Ezrly in the develomment of the goldé-~copper _
Troperty, large orebodies wers opened tp, which, besides producing gold
and copper, also carrisd from 4 to 4% per cent of cobalt. This worl ez
tended over a period of geveral years and i% is estimated that at least

. 80,000 tons of this ore will Produce -not -less than 45 per cent cobalt.

* . . .Development of the quicksilver properties shows that the
cimabar ore, besides ‘producing gold, silver,. nickel, -zinc, and arsenic
as by-products, also gives evidence of cobalt values. Other localities

- 1n this region are believed to contain cobslt inm commercial gquantities,
but the Chisholm mine is the only property in the district that has been
reliabily and systematically tested for cobalt. ‘

"The Chisholm mine ig in-a heavily,"timbere_d district, at an ele—h'
vation of 1,760 feet. .Ahout $45,000 has been spent in its development.
In part, the ore iz = Primary constituent of the norite country rock,
and the vein deposits were Probably derived. from the same source. . . . B

"The Gold Hill distiiét is a mountainous region cut by one narTow
easi-west valley and its tridutaries from the morth and south. The eleva-
tion varies from less than 1,000 to 4,000 feet.: The district ig occupied
chiefly by old Paleozoic sediments Aintervedded with-stills or flows of
endegite and greemstons, Everywhere the 'sedimentary rocks strile northe;c_‘ly
Usually about N 15 deg. E and dib eastward at angles ranging from 65 deg.
nearly 90 deg. Diller has shown that Jurassic beds west. of the district

11 Schrader, F. C., Stome, R. W., Sanford, Samuel, Useful Minerals in the-Uhitfﬂ
States: U. §. Geol. Survey Bull. 624, 1917, p. 193, o T
12 Eellogg, A. E., Cobalt in Jaclson County, Oregon: EBng. and Min. Jour.,
vol. 1123, Oct. 22, 1921, p. 650. ‘ ‘ e
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