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ANTIMONY .

I. INTRODUCTION.

" The present thesis wass written at the University of
British Columbis, in the Depsrtment of Geology, under the
direction of Dean R, W. Brock. The writer is indebted to
Dr. W. L. Uglow, Professor of Mineralogy, The University of
British Columbiz, for helpful suggestion 2nd oriticisms in
regard to the subject matter in this report.

The first part of the thesis is a brief outline of

the sources, properties and uses of antimony and the methods
of extrscoting antimony from its ores. This is not complete
in every detail, but is intended to give the reader a genersl
aonception of antimony in the commercisl warld. A brief sum-
mary of the economies of santimony is included. While this
deals onl with the outstanding points, it may be of aome use

in comparing antimony with_ofher me tals on tthe commercial

market.

The latter part treats with the 'Geology of Anti-
mony', The information contained in this thesis, is of
neceasity derived from the reports of others. In summarizing
and arranging thie su¥wject matter the writer has attempted to

bring out the important facts contained in the reports and

 has give only sufficient detail to illustrate the various

points. The reader is referred to the bibliography if he

should require further details of any of the reports conteined

herein,
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II, SUMMARY AND CONCLUSIONS,
| Prior to the war Great Britain was the chief
smelter of antimony ores, but sinoce then the Chinese and Japané

ege have obtained control of the American market., China is the

- largest antimony producer, oapable of supplying the world demand,

while America and Great Britain are the chief consumers,

Stibnite is the principal ore of antimony slthough
its oxidation produsts, cervantite, kermesite, valentinite,
gtibiconlite and native antimony may slso be of importanoce, These
oxides may alsoc he derived from.bther antimony minerals as Jjame-
sonite, | .

#orksable antimony oies oocur in lexioco, Qalifornia,
Neveada, Canadas, Alaska, Japan, China, Borneo, Australia, Few
Zesland, South Africa, Asla Minor, Alglers, Italy, Sardinia,»
Corsiea, Frapnce, Spain and Portugal,

Stibnite and other antimony minerals may oceur in

‘agsooiastion with gold, silver, lead, eto,, and in such cases the

vassooiatod metal may be of more importance and the deposit worked
for such rather than for the antimony, | |

Antimony minersls are deposited from rising thermal
slksline solutions, inginating in an igneous magma. They have a
wide range of temperature distribution, being found in contaot
metamorphlic depogits and in those now forming at the surface from
hot spring waters, The deposits of economic lmportance for their
antimony content are belleved to have been formed prineipally at
intermediate temperatures,

Antimony minerals are genetlioally associated with
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igneous roocks of the granite, monzonite or diorite groups and
are, perhaps, somewhat more abundant with the more acidic types,
ITI, HISTORICAL SKETCH,

Stibnite has been known asince very early times, ea-
pecially in the Eastern countries, where women have used it for
many oenturies to darken their<gyebrows and eyelashes and to add
lustre to the eyss, Referenss is made to it in the 0ld Testament,
and the Arabs cslled it "XKohl“, The Greek Dioscorides refars to
it as "/ 7cprc s Pliny as "Stibium"; Geber as “"Antimonium" and
the German writes it as "Speimsaglanz®, The deiivation of the
word antimony is not known,

| Antimony. a8 an element, wss first isolated in 1460
A,D,, by Basil Valentine, 1In 1556 A.D., Agricola(l)desoribes
several methods of assaying for antimony, and for the rescovery
of the metal from its ores,

Following its isolation in 1460 A.D., antimony was
extensively nsed as a medicinal agent, but as such it beocame 8o
badly abused that in 1566 the Parisian Government prohibited
1ts use in medicines, Agricola mentions its uwse in alloys sch
ags type metal, Since Agrloolats time the demand for antimony
has inoreased in proportion as new properties and nses of the
metal have been discovered,

From 1897~~ 1911 the average world production of
antimony metal per year, from its ores, was slightly in exocess
of 10,000 metric tons with an average priee of 7.5¢ per pound,

- W o B o o W -

(1) De Re Metallioea,
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From 1911 - 1914 the production inoreased from 15,000 to 22,000

mqtric tons per year with the price remaining at 7,5¢/ per pound,

During the war the production incressed tremendously, reaching
& maximum of 82,000 metrioc tons in 1916, PFrom then until 1920
the output gradusally deoreased to 20,000 metric tons per year,
Since then the antimony ores have supplised, on an average,
about 17,000 metrie tons yearly,

The price of antimony sinece 1914 to the present has
been very eratic, It reached its maximum of 32¢ per pound in
1915 and then declined to 8¢ per pound in 1919, Sinoe then
the monthly price has been very unstsble, flnotuating-a great

deal between 57/ to 194 per pound;
The above data do not include the smount of antimony

whioh 13 recovered from hard lesd and sorsp, which amounts to

5,600 metric tons annually in the U.S.4,

IV, SOURCES OF ARTIMONY,
Beaides besing extraoted from its ores, antimony is

derived, to a considerable extent, from antimonlal lead, s
biproduet from smelting silver-lead ores containing some an- a g
tlmohy. It 1s slso regovered from sorap dross and other waste
materials, and to a 8light extent from some copper ores,
V, CHARACTERISTIC PROPERTIES OF ANTIMONY, ' | |
1, Antimony is & silver white, crystalline, brittle L
metal with a white lustre. Its specifia gravity is 6,7 5,86,
hardness 3 - 3,5 and it melts at 432° 0 and boils detween 1090°

and 1600°C.

- w e om W W owm

(1) piotionary ipplied Chem, Thorpe, Vol,l, p,280.
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2, It expands on solidifying from a mélt.
3, Antimony combines readily with metals such as tin,
eopper, zino and lead, and imparts to its alloys,
(a) hardness
(b) makes them more resistant to acid and alka;
line solutigﬁs. This is important in chem- éi
ical works, pump msnufadture and water pipes,
(é) The property of expanding on solidification o
from s melt, This is iuportant in oastings |
and type manufacture,. |

4, Quite stable in air at ordinary tempersatures, but

when heated in air or oxygen to a red heat, it burns to the | i
trioxide Sb,0, with the production of dense white fumes, '
5. Burns in ghlorine, especlally 1f powdered,

6. Decomposes steam at red heat.

7. Dissolves in &ll warm, concentrated strong acids
as nitrio, sulphuric and hydrochloric; dilute hydrochloric and
sulphurie acids do not affeot antimony but nitric acid Teacts
with it under sall conditions forming the various oxides; hy-
droohiorio and sulphurie scids form the chloride and sulphate
respactively, It is soluble in alkaline solutions, |

5 per degree P,

B, Coef, of expansion .64 x 10
9. Tensile strength of oast antimony sbout 1,000
1bs, per 8q. in,
10, Comparatively s poor conductor of heat and eleotri-
oity.

11, Diamagnetic,
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B aass,

7 12; Marked thgtmo»elactric propérties and-used in man.
ufacture of'thermopilea., _ |

| 13, Poisonoué. Aets very similar to aisenio in this
raspect, |

l@.fhmludﬁ in the same family as pho&phérus, nitrogen,

arsenie and bismth, B 4
VI, USES OF ANTIMONY, |
(l)ét antimony are meny, but

#The peéea time uages
‘only s few resquire lgrgn quantities of the metal, .., Its

fie1d of uses, however, excluaive of abnormal war demand, is
widening and the consmmption is ineresaing,” o A

| The unslloyed metallic metal hes a few industrial
uses, such as in the manufactﬁré of pigments, and inkprédueing
a metallie finish on’patﬁary, LThe chief use of antimbny. how-
ever, is in alloy with other metals, -

o ' "The antimony’oxidds(z)aée used chiefly for making
white enaﬁel and glﬁss. the oxides ahd s&lphidqg as coloring\
agents and pigments, and the sulphides in vuleanizing rﬁbber.
The oxide 1s uéed 2lso in proportions up to 134 in the manufac-
ture of litha?s!..q'lt i1s used in making collodial products
employed in rhqdioim‘ and surgery, in tanpning, in tim prepara~
tion of oosﬁatios; for the proteétion of plants and for thc
impregnation of wood‘fabrlaa.“

(1) MineralARaaouioeé, U.s5,68,3,, part 1, p.284, 1923,
(2) Mineral Resources, U.5.6.5., part 1, p.284, 1923,
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1 1.
1, Alloys of antimony,

| Antimony alloys with most of the heavy and the %f
§@ ! alkaline metals, It generally inoreases the hardness, brittle-
ness and fusidbility of the metals with whioh it alloys and im-
parts to them the valusble property of expanding on eolidifi.
oation, The alloys of gold, silver and lesd have a greater

density than their mean oonatituents, while those of iron, tin

A G e ke T ian s e e U™ b S

and sine are of less density tha? ghcir mean constituents,
‘ 1)

}

§

|

-
$ Alloys with lead,
(s) Type metal, This ie essentially an alloy

of lead gnd antimony with sometimes minor amounts of ;
tin, dismmtih or copper, |

| (v) Hard Lead composed of varying smounts of
lead and antimony 1s used in manafacture of lesd

pumps, pipes and valves where they must resist acid

and slkaline solutions, |
| (e) Antimonial Lead, Is used a great deal in
storage batteries,

Alloys with Tin,

, (a) Britannia metal, Essentially tin and
?f antimony with minor amount of copper, Inoreasing the
antimony inoreaaes the hardness, raises the melting

point and reduces the malesability of the alloy, It

is uaed in castinga, domestic utensils and as a base

- e - - ® e - .

(1) Dictionary of Applied Chem, Thorpe Vol (l,
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for elesctroplating; it is harder than pewter and is
replasing that alloy. |

(b) Bearing or Antifriotion Metsl, The bette

gredes contain antimony, tin and copper in varying
proportions, These alloys are soft, malleadble, and
are capable of standing relatively high temperatures
without fusihg.
Alloys with Copper,

Prequently added to copper and dbrass to in-
tsnsify their color, These aompounds are harder,
finer in texture and take a better polish than drass

or copper, and for this resson are often used in

.eopper mirrors and reflectors,

Alleys with Zine,

Porms orystalline compounds differing widely
in composition but retalining the same form, They
decompose water rapidly at boiling temperature and
give a possible source of pure‘hydrogtn.

alloys with Aluminiam,

These alloys expand on solidifying, are hard
and fairly malleable and are unaltered by air or
water at ordinary temperatures; they are also light,
2, Artificial Chemioal compounda.(l)

Antimony unites directly with the halogen group

- A W W W m s -

(1) Dietionary of Applled Chem, Thorpe Vol.l,
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with the evolution of haaﬁ'and light; with h&drogan gifing ShH,
(stibine) s colorless, poisonous gas with anh offensive smell;
and also with arsenic and phosphorus,
Antimony Trisulphide Sbh, S, , |
-Used to some extent in th; refining of gold
from silver and corper, It is slso used in the pre-
paration of safety matches, psrcussion-gaps, pyro#
techny and veterinary surgery,
Antimony Pentasulphide Sb, S,

Used in the vuleanizing of rubber, and as a
yellow color in art paintings, glass.and ceramio
tndugtries, |

Antimony Trichloride Sb 913.

Used as a aesustie in medicines; in the man-
ufaoture of Tartar Emetis, and in bronzing gun
barrels, '

- Antimoncous Oxide 3b, 0., .
| Used for pharmsgetical purﬁosgs; preparation
of Tartar emetio 2nd as & substitute for white lead,
Tartarrﬂmetio; 4 Potassgium Antémaniumhrartarate

Used in medicines and pomsdes and as & mMore

dant in dying, . |
3, Uses of Antimohy.in thqir Relgtive Importanoe.(l)
1, Babbit metal, '
2, Hard lead ineluding pipes, ete,

- e e m W W e ™

(1) Eng, & ¥in, Journ, Press Sept,27,24,
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ings, etao,

3.
‘.
5.
é,
1.
8.
9.
10,
11,
12,
13,
14,
15.
16,
17.
18,

1o,
50ft metal alloys and solder,
Type and Type metsl,
Vuloanizing rubber and rubber goods.'
Shrapnel and other bullets,
Special bearing and Antifrietion metals,
Battery Plates, '
Enamel on Metal ware,
Cable coverings,
Chemiesals, paints and pigments,
Brass including bronze,
Britannlia metal,
Oollapsible Tﬁbca,
Foll,
Used in Pyrotechnies zg s filler,
Used in mapnfacture of thermopiles,

Used as a poison and in this respect aots

very much like araenic,
The above is for the war years of 1917 and 1918,
a gensus of today were made there would be a deorease in the

demand for shrepnel and other bulleta, and an increase in its

(v

4, Substitutes,

1f

"use for hard lead, battery plates, rubber industry, cable oover-

"There ar¢ a number of other metals or materials

whioh will harden lead and therefore san be used se

- ek W w @ P - =

(1) Mineral Resources, Part 1, p,286, 1923,

gubstitutes
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for antimony in lead alloys, but antimony is cheaper than most
of the substitutes, and as the antimony deposita of the world
are abundant in proportion to the consumption of the ore, the
course of industry seems more likely to develop new uses for
antimony. "”

"Of the ten or more known substitutes for antimony,
the best found in recent years is a combination of o=lcium anmd
barium,,.,.. The process is electrolytio, and csalcium-barium-lead
alloys are now made on an extensive scale,” Other substitutes
for antimony are barium and bismuth; for the antimony exides,
tin oxide and other white exides may bhe used in paints and pig-
ments; pure lead sulphide and iron sulphide mey be used as
subatitutes for antimony sulphide in primers of shells and car-

tridges,
VII, METALLURGY QF ANTIMONY,

1, Mechanioal Concentration,

The ore of antimony, usually stibnite, may be
either reduced directly or first sub jected to mechaniosl con-
centration, The concentration ' of stibnite is very diffiocult
bcoansa stibnite ia extfemely friable and slimes very bhadly, It
is impossible to save these slimes by any known gravitational

proeess, The best recovery of antimony is obtained by employ-

ing a floAtation proocess,

- o @ o M M W W

(1)'Lake George Antimony Ores and their concentration, .S,
Parasons, O,M,Journ, Vol,45, October 3,24, p,984,
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2. Smelting.

A

SRR

i‘ | In the direct method, metallic antimony and

E its compounds are nearly always extracted from the ores by
dry methods @) Aecording to their suitability for the several
methods of treatment, the ores fall into two classes; sulphide
ores ocontaining more than 40% stibnite; and sulphide ores con- @
taining less than 40% stibnite and oxide ores of all grades,
This latter class 1nolu&§s 11qu§dation residues and fluc’dQA ;

poasits,

(a) Ores Containing more than 40% Stibnite,

If the ores contain more than 90% of the
sulphide, no prcliminaiy treatment is neocessary, but if their
content 1is lower than this they are first put through a pro-

8 cess of "liquation® in which the sulphide 1s melted and allowed

to run away from the gangus, The tempersture of ligquation

must be carefully regulated, as too high 8 temperature csuses

excessive loss by volatilization, and too low a temperature

i

N
L
;.S
{
o

results in a low recovery of the sulphide,

In the Inglish mathod the ore is ground

to the size of hazel nuts or amaller and than subjeoted to two
processes before refining, The first prooess is carried on in
orucivles in reverberatory furnaces, Each orucible holds 42§

ore, 164 iron sorsp, 4# salt snd lf slag from "doubling".

' This charge is kept in a state of fusion for two or three hours,

at the end of which time the antimony is removed from beneath

W e W W M w -

(1) Dictionary of Applied Chem, Thorpe Vel, 1,
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the slag and poured into moulds, This produot is known ss

"singles" and contains about 91% Sb, : Ef}

i ﬁ The second process is carried onr in similar crucibles L
| and furnaces as gbove, The charge to each crucible is 843

broken singles, 7-8f liquated sulphide and 44 salt, The whole

1s kept in a state of fusion for 1} hours; the completion of R

é? "~ the operation being determined by the nature of the slag, The fi

slag is removed by ladles and the product is run into moulds

A o e B

s

and later refined, This produot is known as "bowl metal", or

"gtar bowls™,

T R R CE VA W

The losses in the Englliah process, by volatilization

are small, ranging from'zi to 51.
(b) Ores Containing less than 401 Stibnite,

The ores of this type are roasted either to the

non volatile tetroxide or the volatile trioxide, or are sub-

Jected to one of the direct reduction processes, A process

that i3 becoming ¢uite popular and which has marked advantage
i is the "Volatilization Process", in which thare is continuous
roastin~ of the ore to the trioxide (Sb,0,),

The oxidation to the trioxide takes place at

“ﬁ -~ about 400° ¢ with the carefully regulated amount of air, Any

one of the modern fume condensing systems may be employed to

%l condense the fumes, according as it is thought to be best %f

! . -sulted to the purpose, - -

With suitable condensing apparatus this process

hes marked advantages, especisally with poor ores, It may be

noted that any arsenic is separated as the more volatile tri-
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oxide and any gold or silver is left in the residue and may be
extracted later, There is no loss of antimony and the fuel
consumption is low,

For the volatili,ation proocess the ideal ore is
from 154 to 25% Sb.(l) Ores above 407 antimony are liquatedas
wgll as volatilizedq The liguated sulphide forms an oxysulphide
with the trioxide, which is known as antimony glass, which
csuses fritting in the lower part of the furnace, If ores of
over 304 Sb are used, then 30% - 50% excess coke is reguired to
‘volatilize all the stibnite,

(e) Refining, & |

The unrefined antimony contains sulphur, iron,
arsenic and sometimes copper and lead; the sulphur and iron
being most plentiful, 2-10% and 0-5% respectively, The other
impurities seldom exceed 1,5% combined, |

Alllthese impurities, except lead, may be re-
moved by slagging with oxidizing, sulphurizing’and chlorinating
agents, Glsuber 3alt arnd charcoal remove copper and iron as
sulphides and arsenie as sodium arseniﬁe. Antimony oxysulphide
eiiminates the sulphur, Chlorides as salt and carnallite must
be used with caution as great loss by volatilization may ocour,

Pure antimony, on solidifying has a beautiful
fern leaf or "star" on the surface, The quality of the ingot
may be determined by the length and form of this ataf; as rela-

- M W e s . W o

(1) ¢,Y, Wang, Trans, Am, Inst, of Min, Met. Eng, Vol,60 p, 3.
(2) Diotionary of applied Chem, Thorpe Vol,l, p,.276,
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tively small proportions of impurities will prevent the metal
from starring, Thrdugh this peculiarity, the trade term "star
antimony" has arisen for good guality of antimony, |

3, Electrolitie Reooiery.

“Eleotrolitic recovery from a solution of the
sulphide in sodium sulphide =as an eleotrolite has been proﬁosed
by the Germans, dut the process has not appeared on a com-
mercial soale, , ‘

Mr, W, A, Burr(l) claims that by orushing an-
timony ore to 8 mesh, and then‘leaohing with a solution con-
taining 74 sodium hyd:oiidc and 2% sodium ohloride, an
econominsal recovery is obtained; The ant imony is'préqipitated
from this solution on stesl electrodes by using a current den-
ity of 8-9 amp, per sqg.ft, at 2% - 24 volte, The precipitate
agsayed 99,94% Sb, |

!

VIII, MARXETING OF ABTIKONY,

(2)
"Practically all of the refined metal known in the

trade as regulus, consumed in the United States is imported
from China through the Port of New York, The importer sells
}thc metal either direct to consuming interests or to dealers,
The usually minimum‘impart lot is 25 grosa tons,”

"The principal market is natureally in New York, and

. the out of town buyers purchase either through their New York

office® or sales agent, or employ the services of brokers, to

-, em e W m e W -

(1) Eng. & Min, Journ, Vol, 104, 1917, p.789,
(2) B.K.Masters, Eng, & Min, Journ, Sept.27,1924,
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whom(the seller then allows a brokefage of 4§ of 14 =-cavam,
The principal industries using antimony‘products 88 raw mater- fif
ialé are......in Northwestern U, S, Very little is used west
of the Mississippi....although there is a small consumption on

the Pacifio Coast,, with distributing centres at San Franciseo

and Seattle, ... The demand for ant imony is not a seasonal one,

although,, . the market is usually more sotive in winter aid early
gpring, and again in the fall, ,, 6 "

The world's average peace time consumption is esti-

gﬁ" . mated at 22,000 metric tons from ore produced, of whioch the
United States uses 10,000, Besides this, the United States
sonsumes 2,100 tonB of antimony contoined in the antimonial

" lead ores of domestic smelting, and 3,500 tons of antimony

recovered from slloys, scrap, dross and waste materials,

The specifications for the regulus are not critiecal,

NIRRT Lol o h

being, “that it shall ocontain a minimum of 994 Sb, as little

qll arsenic as possible, and be uniform in quality, When the
a ' metal is imported no samples are taken, It is sold éimpli ' %
a8 prime 5b 99% pure, and invarisbly contains the guaranteed %
| percentage,” If pure antimony is neceded for specifio purposes, %
,Wi , the buyer must analyzé¢ his ahipment aﬁd then remove the harme- - é

ful ingredients himsaelf,

»The average price of antimony metal in New York for

the last thirty years, ending 1914 was 7,50¢ per 1lb, for

: Cbokaon's brsnd, (English), Sinoe that year the Chinese metal ?H

has dominated the United Ptstes market, and the aversge price

e T
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for the ordinary metal, 99% pure, has been:-

centsvper 1bv,

1915
1916
1917
1918
1919

antimony from its ores, from 1897 - 1923, and the corres-

——— -
— -
-
- -

- -y an mm

The

ponding price

30,28
25,37
26,69
12,58

8.19

-aooompanying greph shows the production of

gcents pefilb,

1920 —-n-
1921 —ce-
1922 w=ee

1923 —mmw
1924 «---

of antimony psr 1lb,, New York,

8,48
4.96
5.47
7.90
12,70

99,000
o 80,000 |— -
79,000 I |-
]
I !
250,000 [
Esoooo r& e hiall L’I
) \
o 49 000 :
& )
W 3o
= 30,000 I, < \ 30 g
. [ - ’!:
20,000 0L + 120
’Jl '\ 1] [~ ~!5 x
= r \ 0 ©
oot AN N B
- sz .
- - 0 i~
1897 1900 {905 igio 1Ns 1920 1923 .. .-

© World prodectien of antiweny, 18971933, bascd

T on estimaded rccovcrable conteat of enlimony wvre, end .

avereec Rrce por té ifn Hew York.

war time demand on the metal antimony,
price stimulated production the world over, and as the supply

gradually met the demand there was s corresponding drop in

L HUner o/ Researces. (923 parl kg LIX

The above figures and graph show the effect of the

The greatly inflated
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price. The sudden drops in 1918; 1919 and 1921 were osaused
by the cessation of hostilities which resulted in a los: of
a buying market, A further slump in price was caused by seve- |
eral of the beliigerent gsountries dumping their exceas shrépnel

supplies on the market for their antimonial content, The grad-

* ual rise in prioce sinee 1921 indiacates a oorresponding depletion

of serap supply, and a groﬁing paaéa time demand for the metal,
During 1924 the price fluctusted a great deal, varying from 8,25¢
per 1lb, to 19,504 per 1b,

In conaldering the price of antimony two things should
be kept in mind, R

(a) China is the chief produneer of ahtimony.

(b) China bas a eilver standard curreney,

A8 the Chinese producer is paid in sl lver, then the
price of Antimony will'vary with the gold value of silver, Other

things being equal,’a rise in the value of gilver will be acoom-

panied by s corresponding rise in the ‘price of antimony and visa
verss,

The prinecipal foreign market for antimony ore 1is

@Great Britain which draws its supply prineipally from China,

Mexigco and Bolivie, The standard ore is &ibnite, the price of
which varies with the percentage of contained antimony, and |

the harmful impurities present, If the ore is of good quality,

‘percentagesas low as 507 Sb are saleable, The sulphide is

preferable, but oxides are also bought at & slight discount,
There is no fixed ratio hetween the price of antimony as ore

and that of market regulus, the final price usually being a

e

T
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'éi \ mutual agreement between the buyer snd seller. The usual parcel %;
1 | offer is at least r1fty tons, ;
%; v
il IX. GEOLOGY OF ANTIMONY, !
i ' '

!’ 1, Natural Compounds, | }
In nature, antimony i1s found both in the native . t
state and in combination with oxygen, sulphur, arsenic, lead,
copper, silver and other elements, There is a considerable

’!a _- variety and numbsr of these c¢ompounds, The following list

contains the more common and important natural sompounds of
antimony:
Native Antimony , ., ., . . . 8b

Stibiconite , ., . .. . .. 28b 0,, H,0
Cerveantite , , . . . . .. . Sb,0,

Senarmontite ., , , . . . . . Sb,0;

Valentinita e & © 3 & % % & sz 03
Bindheimite . , . . . . . . Pb,Sb,0,78q
Kemeﬂite ) . . 8 e & o ¢ 2 Sb S sb?o5

> e R

Stiblotantalate . , . . ., . (5b0), (72 ¥b) O

¢

Antimonates , ., , . . . . .
Stibnite i w & m 8N ¥ 8 » SHB,
Metastibnite , , . . . . . . 8b, S,

T‘trmdrit‘ " s e @ n‘ e & & ouysts}

marmit' e 4 % & 8 ¢ & o Asssb SJ
Stephanite , . ., . . . . . . 4E5D S,

Polybasite , . ., . . . . . . 48,5D 8, v
Dyserasite ., . . . . . . . . AE,SD
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Bournmonite , , ., . ... Fb CusSB S,
Jamesonite , .‘. ce ey Pb, 8D, 5,
- Pamatinlite . , + « & o« o Cu, 5b, 8,
Boulangerite . . . . . .
Wolfsbergite . . . . . ,
I Sh As,

Allemont 1'33 [ 'y . [} Y L)

2, Ores of Antimony, .
(a) Those used for Recovery of Antimony,

The most important ore of antimony is
stidnite (Sb,3,71,44 Sb ), Stidbnite orystallizes im the
orthorhombic aystem and is commonly found in radiating sronp@
of prismatio, soiocular or bladed crystals vertically striated,
Thess crystals aometines éxhibit a gtep like appearaneé on the
tace H(010) due to Phbaring-of the orystal, Massive and gran-

ular forms are also common, Stibnite has oleavage parallel to

b(010) lustre metallic - highly resplendent on fresh cleavage

or ocrystal fnooes, These soon take on a lead grey color, and
in tire tarnish to a blagkish»tone;‘sométimes to iredescence,
Stresk, lead grey; hardness 2; specifio gravity 4.52-4,62,
8lightly sectile, subconcoidal fracture, Fuses easily in
eandle flame, |

Metastibnite 4s an orange red, amorphoug form of

8b, 8, , which is formed in calcareous sinters derived from

thermal springe as at Yellowstone National Park,
The oxideas cervantite, senarmontite, valentenites,

kermesite and stibiconite, if ocourring in sufficient economioc
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quantities, are mined by themselves, They often occur in
agsociation with stibnite and in such cases are mined along
with the sulphide ore,

Native antimony occurs in seversal places, as in New
Brunswick; Kern County, Calif,; Sala, Sweden; Allemont and
Dauphine, Franece; 3Sarawak, Borneo, It is believed that in all
oasen, native antimony is an oxidation produot, It ocours
finely or coarsely granular, compact, or in lamillar plates;
asgoclinted with the oxides as velentinite, kermesite, etoc,, and
the original stibnite; sometimes found in assooiation with ailveg
ores, Distinotive erystals are rarely met with; these are

rhombohedral; perfeot basal oleavage; somet imes twinned on

‘rhombohedral plane ¢(110); Hardness 3-3,5; specifie gravity

6,65-6,72,

These oxidiged minerals may be derived from either
the oxidation of stibnitc. or from the alteration of such
minerals ae jamesonite or other sulphur antimony minersls,

Objeotionable impurities in ores, used for the
recovery of antimony are lead, copper, arsenio, zine and bpismuth,
These impurities are penalized as follows:=-

Lead up to 0,3% free; over 0,3 to 1,50 5¢ per
0,14, Some buyers stipulate that lesd should not exceed 0,3%.

4Lrsenio up to 0,14 free; over 0,14 to 0,54 $1.80
per 0,1% or part,

Coprer oarries the same penalties as arsenio;
some buyere s8tipulate that there shall be no copper in the ore,

Zine and bismuth are very objectionable impurities in the ore
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and should not be present in more than a trace, If present in
an smount up to 0,54 they are subjlect to heavy penalties,
(b) Those Mined for Valuable Associate Minerals,

Gold is often found in asscoiation with
stibnite, In suoh instances 1t may be more economipgzl to mine
and smelt the ore for the recovery of the associate minaeral ;:
rather than for the asntimony content, Examples of such are
found in ilaska, Yukon Territcry, Nova Seotia, Nevada, Mexico,
Few Zesland ond alsewhere, sStibnite is often in asmooiation
with ocinnabar and suoh deposits mey be worked sslely for the
meroury and not for the Sh,

Besidea the association of valuable minerals
with stibnite, suoh antimony compounds as pyrargyrite, stephanite,
polybasite, jamesonite, tetrahedritc. ato,, sre mined primarily
for their silver, lead or oopper content rather than for the
antimony value, Th;ae may occur in assooistion with minor
amounts of at ibnite and are also found in asassooiation with
argentiferous galens,

3, Assoolated Minersls,
Stibnite i3 found in assooiation with other
primary and secondary antimony minerala, The primary antimony

minersals are assoclatec with pyrite, gaulens, sphalerite,

chalcopyrite, bismuthenite, arsenopyrite, pyrrhotite., scheelite, i
molybdenite, tin, cobaltite, gold, silver,oinnabar, realgar, .
orpiment, ete, The common gangue mineral 1s ¢uartz which
usually predominates and may ocour massive, with atibnite

disgseminatec through it, or else it may ocgcur as idiomorphic
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orystals in a segregatec mas:s of stibnite, Calcite, barite,
gypsum, siderite, tourmaline, contact silicate minerals and
fluorite may aleo be present in minor amounts or may constitute

the main gangue mineral with quarts enfirely sbsent or in minor

amounta,

4, Oxidation of Antimohy Ores,

Stibnite decomposes and forms the oxidation
produots, valentinite, senarmonkite, cervantite, kermesite,
stibidonitc and native antimony, Thease may at times entirely
replace the original stibnite, as in Algeria, Mexico, and
ﬁornco. These same oxides may be obtained by the weathering
of other antimony sulphide minerals as Jamesonite, tetrahedrite,
bournonite, ete, If lead is present during tht process of
oxidation, the aqueous lead-antimony oxide "btindheimiten m31'
be forncd.

While the oxides of antimony are common, its
transportation by supergene underground waters is limited, It
is, however, slightly soluable in these underground solutions,
ag is shown by the removal of antimony compounds from the
gossan ocapping of deposits, which lower down contain antimony
minerals, Traces of antimony are found in mine waters wh ich

have perculated through antimony compounds, 'Lindgrc? glntionl
1l

secondary stibnite in the National Distriet, Nevada, He also

states that stibnite is being deposited from the hot spring

(1) v.s.6.s. 601, 1915,
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(1) ()
"W, H, ¥aloalm

waters (80;0) in Yellowstone National Park,
claims that stibnite is being deposited at the present time in

the W¥est Gore Mine, Hova Scotia, and also é‘“red sulphide" perhaps
kermesite (Sb,S,0) is said to be forming, both probably from

. 3 ,
alkaline waters," C, Dolter and others have shown experi-

mentally that stibnite ia soluble in pure water at 80°C and will

recrystallise again as stibnite from the same solutions, This
is important in the natural process, but it is not final, These
expsriments also showed that while stibnite reascts only very
slowly in neutral and acid solutions 1t ia one of the most
active minersls in slkaline solutions; its astivity being ex-
cseded only by that of orpiment when solutions of alkaline
carbonates or hyiroxidea were used, Sueh solutions wuld be
capable of transporting the dissolved antimony leng distances
from its ériginal sourse, It is probable that where antimony
compounds have been dissolved and transported, the procesa has
been oarried out through the agencies of alkaline solutions,
Antimony forms the sulphate Sb, (50,),, Stibnite
is very slowly attacked by sulphuric acid, even in the presence
of ferrio sulphate, with the formation of the sulphate Sb®, (S0,),
whigh, however, is unatable in water snd is unknown in ore
depositas, "This tandoney(‘) of the antimony sulphate to hydro-

;y:o and form insoluble pxides prevents its extensive migration

. » m wm oW e e = o-

513 Pr Am,Inst Min Eng, Vol,36, 1906,

2) Lindgren, "Mineral Deposits®", 1919, p. 900,

(3) olarke, U,3,4,3, ©95,p.633, W,H,Emmons,U,S,6.5,625-1917,
(4) W B, Emmons, U,8,6,8, 625, 1917, p, 409,
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in weaiky acid'cr neufral sulphate solutions, Hydroochlorie acid
readily dissolves the sulphide but an oxidizing agent, like
ferrio salt, will precipitate antimony oxide, There is no
soluble esrbonate, Thus the chemical relations, as well as
geologioanl ooourrences, indioate that the metsl is not highly
modbile in the acid solutions of euperficial weathering zomes,"
According to Shurmamn's series sntimony sulphide would be ex-
pected to replace various other sulphides but no examples of
this have 8o far been found,
| It was previously stated that stibnite was read-

ily soluble in solutions of alkaline earbonates or hydroxides,
"®#ith these salutiona(l) it forms double saltes like Na,s, 8k, S,
which readily preoipitata,silvcr’and copper from their solu-
tions, Thua prbbably are formed the aulphantimonates, pyrer-
gyrite aﬁd stephanite and other secondary minerals,"” "In the
following tableva” tha more important antimony sulphosalta of
silver are put in the first column and the arsenioc sulphosalts
in the second, Tetrahedrite and tennantjte are inecluded for
they are commonly argentiferous, |

Pyrargyrite  3Ag,S. Sb,S, Proustite  3Ag S. As, S,

Tetrahedrite 40u,S, Sb, s, Tennantite 4Cu,S. As,S,

Stephanite 3Agas. gb, S, - |
~ Polybasite  9Ag. 8. 8b,S, Pearceite 948, 8, A8, S,

(1) W.E,Emmons, U,5,6,5, 625, 1917 p,409,
(2) W, 2, Emmons, U,3,G,3, Bull, 625, 1917, p,262,

RS
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"The minersls of~the first column are, as a rule,
much more abundant and they are of more common socurrence than
the corresponding minerals 0f the seeond column, .,.,., If the
antimony sulbhoaalts. where seaondary, have been deposited main~
ly as wism results 6f reactions éf silver-beariné sulphate waters
on stibnite, it would cppear that arsenic minerals are less oom-
mbn than antimony miné:alb or else that they are less rapidly‘
replaced under the conditiona that exist in veins, But arsenic
is as abundant in ore deposits as antimony and is mch more read-
ily dissolved in acid solutibna. These relations and many others
suggest that the complex sntimony and arsenio sulphosalts of
silver are formed in an alkaline environment, In such an en-
vironment antimony ani arsenis sulphides are very readily dis-
golved, L, G, Ravici (1)‘has ghown that pyrargyrite is about
1/10 aa soluble in alkaline solutions as proustite and therefore
could be more rcadiiy precipitated from diluted solutions,®
These oomplex silver antimony sulphosalts are formed in and
below the zone where argentite forms, H, C. Cooke (2) has
shown that powﬁered ptibnite (~-80 mesh) when soaked in a ailver
sulphate solution, 1/56 K, for 36 daya contained 1,3% of silver,
The nature of the silve:r minerals was not stated,

"Dyscrasite (2) 18 really an alloy of silver and
antimony cof varying composition; it has formed important ore at

B an W o W = v ™

(1) L.G, Ravicez, Experiments in the enrishment of silver ores,
EO‘QG.OIQVOJ' .19' 1915' P.378‘38‘>.

(2) H.C,Cook,%acondary enrichment of silver ores, Journ,Geol,
Vo01.21 1913, p,1-29,

(3) Lindgren, "Minersl Deposits.," 1919, p,384,
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. Broken Hill and Chanarcillo end 1s also known from Cobalt,
Jl 5. Oocurrence and Distribution of Antimony in the
Yarious Countries, ’
Stibnite, the chief ore of antimony, is common-
ly distributed in mineral veins throughout the world, but only 1
in relatively few locslities is it of sufficient concentrationm

i

{

|

3

! to bs oonsidered a8 an ore of antimony, In many instances

} stibnite 12 essociated with gold, silver. copper and lead, and

in sueh gsses the ore iz treated for the recovery of these

. S

| metals and not for its antimony content, é
Besides ocgurring as the sulphide "atibniten ) ;3_

antimomy 1s present in many compounds, such as pyrargyrite,

Jamesonite, tetrahedrite, sterhanite, eto, These are also

gommonly found and are usually mined primarily for the véluable }ﬂ

asaceiated mineral and not for antimony,

i | (1)
‘ , "The percentages of the world's production

of antimony in 1913 by oountries was;
c‘hina LR B IR N BRI 2 ] 551 Algeria' s a0 ¢93200 11

e e
epugrir il
T

Prance ,.,...ce0.. 22% Asis Minor ,....... 1% g
Eexj‘co essenss s 10% Italy XXX PR EEEE S lx * . i‘%
sustrie Hungery ., 8% SOTBIB 4,0iuveveees 1% Qj

Australia (Vietoria) .....cee. 4.2% ; t i
S8inge 1914, 004 of the world's supply has come

from China, "During 1922 ,,, Chins supplied 904 of all the ore

- ap e W A s mm W

I o8 R ARl ook P18 4 £

(1) Hineral‘Resouréae. v.8,6,8, 1923, part 1, p,292,
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TABLE 1,

(spproximate recoverable metal content of ore produced,
exclusive of antimonial lead ores.,”

ASTAS

Indie,British ,, 8 .6.3. ( % .e.j. ( )1 cenee | aaiwils
. Indo~China sases a 00 0, ¢ e) o seoan | seds's
Japan [ NN EE RN N] 1606 95 1 & &0 ¢ a0 (a) ' 6691
Tuykey(Asia Minor) £400| £400 |£400 | £400| f400| £400 ,“f4on
AFR GA! l o .
Algeria & ,..,... | 4550| 2218 | 72 1000 03] . 579 |  S00}|
Higlriﬁa g6 casss isassu|senrsse (8 (E) (8) (g) (c)
RhOdCﬂi& ﬁﬂuthﬁrn 5 } '..l. ‘,2 s e s e e (A FWEK] 'I.u.
Union of o

Country 1917| 1918 |1919| 1920| 1921| 1922 1923
KORTH AMERICA: ' x . L
oanada 5 4 & % v 0 &8 87 a? a14 0 ¢ 8. »« & 98 @ a8 00 e ugee
Mexioo . ....... | 2647| 3279 | 471 | 62 45| 464 490
United States ., 310 3 T R R 4 8
.SOUTE AMERICA: - | - | S N
srgentina b .., 650| 360 27 50| (o) (e) (e)|
~ Bolivia a .,..,. [10288| 3010 | 105| 484 282 185 - 312 -
- Peru 8 seesa s s 435 155 '30 7 7 ee s ;};ﬁi
- BURQOPE: . AT , § : R T
AuStria CRCI I I BUN I )8 [ EX) 1 I EEXNEERY K] v 139 ’  62
 Czechoslovakis . | (a) | (e) 183 | 330|. 384 100 | . ()
Franes ,........ | 2354| 1329 | 998 1130| 1276) 656 | ' 43]
arcec. atesesnne’ [inensl aawe , 55 . 46 TEREW loc..O , .Q.t.
HBungary ........ | 406| (o) b6 | 93l....,) egs (o)
681y ouvononee. | 689) 404 | 10| 1B7| T38| TTi4é| 271
Spain lOIIQ.!.Q.. 148 22 .0;. adense e s ate AR K] . | 25 »
Yugoslavia ,.... 725| (c) |(8) | (e) | (o) | (o) ;.jﬁu'ljl

China. & ........ 28450 15597 | 7721 (1300114658 13858 ¢;14500

Sonth A!riea PR 232 38 10 s es o ’.‘.'. [ N .'....;.
QOEANIA: ' |

- Australie-’ SRR I ‘ : }
~ New 3Jouth Wales 150 1431 10| 81 50| vasua ceena
Victoria .......| 1045, 509 | 491 | 406 141 005 421 |
a-bxports '
b Railwsay shipments. A large part of the shipments reported are
- probably of Bolivisn origin and there Ifore may dupliocate in
~ pert the quantities shown for Bolivia,
‘¢ Data not available, =
4 Included under Austria and Hungary.
# Oaloulated from estimates’ 1n Mining Industry, vol.32,p.46,1923,
£ Estimated,
g lLess than 1 ton, The estimated recoverable metal content of ores

exported wes as follows: 1919,169 kilograms; 1920 178 kilograms;
1921,74 kilograsms; 1922, 190 kilograms.

o AT il
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mined in the world and in 1923 China's output... was about
80% of the world's production”.

"The world's present capascity for produecing antihony
far exceeds the normal demands. KNew deposits of antimony
are being found from time to time".

Table I shows the world's prodmnction for the years

1917-1922 as far as reasonably apppvoximate data are available.

(a) China:

Although the antimony deposits of China are the largest
in the world there is comparatively very little detailled
geological information avallable. The deposits ocour in
many places throughout central sud southern Chinal, but 90%
of the produetion comes from the yrovince of Hupan in a
zone extending from Yi-yong somtherwest through An-hua, Hsin-hua
anAwPae-eﬁing. Another zone, further south, extendes from Chu-
kiang in northern Ewantung through EKwangsi and Eweechow to
Wenshan and Ani in eastern Yunnan. o |

The deposits of Hunanz ooeur in a Pmleogoic series of
quartzites, shales and limestones (mentioned in their
stratigraphical sequence) overlain by Megozoic sirata. These
rocke have been folded, resuliing in the formgtion_of'anti-

clines, synclines, domes, sheasred zones end fanlts.

1. OChins Yeer Book, 1923, P. 124, U.S.G,.S. Atlag of
Commercial Geol. 1921, Part 1, P. 63. C. D, Hubbard,
Am. Joun. So., Series 5, Vol. 4.

2. Bull. Geol. Survey, China No 3, Oct. 1921, P. 1 - 26.
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The ore occurs principally in the guartzite along the
sheared and brecciated zones gnd in the &omes‘along the &xis
of the antielines. In these latter instances the overiying

impervious shale has played an important part in trapping

the solutions and thus forming important ore bodies.

| The Ore is ch‘.iefly stibnite. This is usually well
erystallized and is found in segregated magses of varying
size. The breceiﬁted zones are characterized by fine vein-~
lets, veins and irregular lenses of almost pure stibnite;

e small amount is also disseminsted through the quartzite.

Thers are fow other minersls present; Cinnabar is found
in asgogiation with the stibnite in some areas, snd oceasion~
-~ ally a small smount of pyrite is also present. The géngna
- i8 quartz ihieh is genernlly masaiva,bnt Aruséé; lined with

quartz erystals, are freqnently found.

At the surface the stibnite has been mxldizeﬂ- the
oxides present sre not definitely known but probably include
cervantile, senarmontite and stibiconite. ,These_ére fre-
quently found & s pseudonorphs afﬁer stibnite but seldom
have any well orystallized form of their own. |

The geologioal sge and genesis of these ores are not
definitely knowh, but tentatively 1t is suggested that they
are genetislly assooiated with the intrusion of Tertisry

granites.

i e

g e St
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At Shin Clo w1 in the province of Kwangtung stibnite
occurs near the contact of steeply dipping Yaleozoic shales
and limestones. The ore is disseminated through the lime-
stone, and probably represents s metasomatic replacement
deposit. The only gangue present is calcite; small amounts
of pyrite sre sc:lmetimes disseminated in the limestone along
side of the stibnite. Surface oxidation of the deposit has
resulted in the formation of varions antimony oxides.

Moet of the antimony ores are treated in China,
prodoing either orude antimony or regulus. Since very
1ittle antimony is used in China praetiocally the whole
output 18 exported, chiefly to Japan and America. In

1913 China supplied 53% of the world's production and st
present is contributing over 60% of the total world

output.

1. G. D. Hubbard. The Am. Mineralogist Vol.7
# 8, Aug. 1922
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{(b) Prance.
The antimony production of France, amounting to about

21% of the world's total in 1913, is absorbed chiefly by

home industries. Deposite of antimony ocour in the departments

of Maysne, Qantql, Allier, Baute Loire, Haute Vienne, Bambonnais

Sauvigny, Alsace, Brittany and the Island of Corsica.

The deposi ts generally occur in fissure veins ocutting
granites, granite gneisses and schists, slates and graywackes
and are genetiocally associated with granitic intrusives.

The vein filling is composed chiefly of gquartz, with some
caloite and barite and astibnite whioh is wither disseminated
throngh the gquartzs or is found in segregated bodies of

almost pure sulphide. These segregations vary 1in width

from fractions of an inoh to three feet or more and are
irregnlar lens shaped bodies separated by zones of barren
quarts or quartz thromgh which varying amounts of stibnite
are 4disseminated. Deposition probably ocoourred under inter~
mediate and low temperature sonditions. Native antimony
ocours at Allemont and Dauphene.

The largest prodncer is layennnl northwest ern France,
wheres the stibdnite is asmociated with auriferous gquarts
and pyrite. In the Celiral Platean the antimony deposits
of Freycenet coour in ftssure veins ocutting Archsean

gneisses and schists. There are several antimony bearing veins

1. U.S8.G.8. World Atlas of Commercial Geology 1921.
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-some of which contalin complex antimony, lead and argentifarous'

- (1)
ores, "The antimony ore ia very pure sulphide slightly altered

near the surface to white and yellow oxide, The veins are eitber
filled with country rock or .., compact bluish quartz spangled
with fine needles of Stibnite when the vein is poor and dis-

‘appearing almost entirely when the vein becomes righer,* The

asgsooiasted minerals sre small amounts of pyrite, pink and white
oaloite and traces of sphalerite. The stibnite is neither suri-
ferous nor argantiforaus. | |

In Mantignat(a)Allier. stibnitc‘vsinlets of
extrems irregularity are found in a granulite dyke outting
granite gneiss, | |

At lnreocur.(s)nanto Loire, the 3i§sadn lode
“may be followed for a length of 2500 m, «.. With a width of
30-60 om, of molfd stibnite acoompanied by a little quarts, In
plages the lode briaks up into several veins, The separation
from the gneiss is fairly sharp, though veins and nests are
cocasisnally found beyond the walls,” At Valadou stibnite occurs
in a fissure vein cutting old alates, The ore 13 found in irrege
ular shoots, separated from each other by barren sreas., Xo
alteration of the wall roock has ogourred, Erratic depoaits oocur
at Malbose, Ardeche, They are quartsz stibnite lodes with some
caleoite and barite,

W e MR W Ny W apy T

(1) Awst,, Trans.Fed,Inst,of Min,Eng, Vol,6,1893-94, p,579,
(2) Abst,, Trans Fed, Inst,of Min,Eng, Vol,k24,1902,p,692,
(3) Truscott Cre Deposits Vol,2,1914 p, 782,

e I




B

31,
' (1)

In the Island of Corsica “the antimony -
oocurs as stibnite in veins cutting through hornblende and
serioite schists ,,, The gangue is quartzose in character ..,

The vein is generally richest near the foot wall, which ia
always better marked ,., than the hanging wall," The asgooiatedf

minerals are pyrite, sphalerite, bournonite, some cinnsbar and

"ealeite,

‘(0) Mexico,

- Hexieo~praduecs‘lo¢ of the world'é ahtimony
sné ships its product chiefly to the United States or to England,
The deposita oeour in the gtates of Sonora, San Luia Pofosi md
Queretaro, There are two typos(z) of depoasit which serve as
an ore of antimony, |

1, Suarts stibnite veins, with galena
and zine blende as assocoiatedminerals, oocurring in hornblende
and pyroxene andeaftea.

-2, Veins oocurring in limestones anﬂ
slates, and containing oerventite, stibiconite and valentinite;
these oxides ohenging to sulphides in depth, Such velins are
very irrogular.

(3)

The deposits of El Altar, Sonora, are

oonsidered as oxidized metasomatie replacements in (arboni-

ferous limestones, The deposit at present consists of slmost

. afs MM W dm B M W W

2) Aquiters-Trans Am, Inst Min . Eng, Vol ,32,1902,p,.,507.
3) p.p,Cairnes, Journ G, M, Inst ,1910,p,308: E,T.Cox,Tr Am, Journ
30,1880,Vol,20,p,421: & ,Halse,Trans.Fed.Inst.Min.Eng, Vol,é,
1894. P. 290-294

§1§ Abst Trans .Fed ,Inst.Min.Eng,Vol,15,1897,p,540,
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pure stibiconite between irregular walles of limestone, The
impurities are cerargyrite znd quartz, the latter inoreasing  ?
with depth as the stibiconite decreases, -
Stibnite commonly occura with galena and
is frequently found in assoolation with e¢innabar in irregular
fractures and replacements in limestone, Instances of the
latter are found in San Luis Potosi where stibnite ocours in
asgogiation with livingstonite, kermesite, bérocnito and a

small amount of cinnabar in a matrix of gypsum, Stibnite is

not infrequently found in silyer veins and socompanies argen-
tiferous tetrahedrite, At Triunfo and San Antonlo, stibnite

18 in assoscistion with jamesonite, berthierits, galena, pyrite,

sphalerite and tetrahedrite, which have become oxidized near

the surfsasoce to antimony oxide and dbindheimite, The came asso-

eiation osccurs in SPnora. At zxmapansl) jamesonite occurs in

a typloal ocontsct metamorphic depoait in limesatone,
"The tin oecurrences in kexigo diitar(Z)

from the usual type in so far as they are not found in oonneotion

with éranite but with rhyolite ,,.,., The minersal assosolation is,

however, the same 88 with normal granite, The deposits occur

more particularly .., in Durango and .,., in Jaliseo ,,, along
joint planes and fault fissures in rhyolite and rhyolite tuff,
They carry kaolin, quartz, chalcedony, opal and felapar together
with specularite, fluorite, topas, durangite and more rarely

--Q-.~‘-~-

(1) Lindgren and Whitehead Ec,Geol,Vol,9, 1914, p.435,
(2) Truscott, Ore deposits, Vol, 1, 1914, p.447,
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wolframite and bismmth ore, ... It»ié worthy to remﬁrk that the
tin won from these deposits contains s striking amount of ant imony.®
. The antimony deposits of lexlsco oacur either
ags fissure veins or as replacements in limestones and are gene-

tioally assooiated with igneous rocks of andesitlic or more acid

. charsoter, Their mode of deposition ranges from contact meta-

morphic to loﬁ tempera&urd neayr surface conditions,
(d4) Auatria-Bungsry and Bohenmia, |
During 1913 sustria-Hungery prodneed 8% of the
world's antimony ores, The deposits occur in northern Hungary and

in the Reehnitx mountsins, In the former locality there are kb rge

reserves of auriferous stibnite ore of fairly low grade, but the
production ies steady, In the Rechnitz mountains "The veins ,,,

eut crystalline schists ,,, and are especially rieh when the coun-

try'rock is a ochloritie or graphitic schist, The vein filling

oonsiaste ot-qnartz.:caloitc and stibnite, with stibioconite and

pyrite ,.., The graphitio schists along side the lode, for a dis-

tance of 3 to 4 metres from the vein walls, are richly impregnated
with stibnite, together with pyrite and.oinngbar....." |
Other veins of stibnite witkh gangues of quartz

and'oarban&tes; with small amounts of jJamesonita, berthierite,

blende and suriferous pyrite, oecur hétwee? %ranyidka and Rosenau," j
' 1 g
... kersantite dykes, i

In Bohemia, "2t Pricov

_osourring in the granite, are sccompanied by veinsa of hormnstone,

rich in stibnite,,....,. The stibnite iz non auriferous .,. and

- e M ey W wy W = W

(1) Beck, "Nature of Ore Deposite"” - 1909, p, 336,




south of Prague, are assoclated with kersantite dykes which out

 seen with the naked eye, The gold oontent‘is too erratic to

South Wales, and also insignificant Showinga,in Queensland,

/Althongh theyvictorian field is the most important, the writer

'stibnite oocurred in veins associated with gold, Mr, G,3mith

4.
has been oxidized to stibiconite for a depth of 59 £t, ..,
Similar deposits ocour at.Pﬁnnau, vee .. These occur in mica schists
and amphibolite near the granite of that locality," Truscott
desoribes these occurrences in much the same manner and adds that
"other veins in the district form a'natwork(l).thq character of | 3;
the vein matexial being very similar to that of the country roeck," i

~ The bahonberg-ﬁeleehan deposits. 55 km

the granite of that aerea, They are anriferoﬁs quartz-stibnite

lodes, remnrkable for their gold content which esn frequently be

warrant mining on its acoount alone, .

(e) Australia,

| In 1913 Australias was prodnoing 4¢'o£‘thn
worldts antimony, The ahief-ocntre of produetion is the Coster-

fiold, Bendigo distriet, Vietoris, Other aress efvminoi pfoduc—

tive importance are at Broken Hill and Eillgrave districts New

ocould not obtain any detailed report on thia, Such reports as

were obtainable stated that in the Costerfield distriet, v1cto?13, 0

gives s detailed despription of the Broken Hill area,

5 .

Antimony ogours in the Console Mine, Broken
(1) Truscott "ore Deposits™ Vol,2,1914, p.379. - K
2) Ore Depoaits Consnle Nine, Broken Hill uust Trans.Am Inst Min, o

Engcvol 26-1896 P, 90 :
(3) Same as reference No, 2, o o T
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Hill distriot, Few South iiales, The country rock consists of
gneisses and mchists of pre Cambrian age, The depoaits oceur
in wellfdefined and pergsistent fissures cutting the gneisses
and schists at large angles to the planes of schistosity, At
the surfage the main fissure dips sbout 20° but lower it
flattens out and then steepens almost to vertical, The ore 18
eonfined to éroas of amphibolite soﬁist, and the pay shoots
oscur at the intersection of small cross veins with the main
fispure, . |

‘Tho primary minerals of the main vein are .
caloite and siderite as gangue and stromeyerite (Ag,Cn). 8
dysorasite (Ag.8b) and tétrahedrite. The oross voiné consist
of pyrite and zinc blende in a quartz gangne, A small vein of
cobaltite is usually found in sesociation with the main figsure,

Heavy oxidation has occurred resulting in

the oxidation of tﬂa minerals to & depth of 130 feet or more,
The gangue mineral oalcite has been lesched out and deposited
ad a sludge lower down, The siderite has been oxidized to
limonite and this forms the maln gangue mineral within the .
‘ oiidized zone, The metallic minersls have sltered to cervantite
and cerargyrite and have suffered little transportation,

' The foregoing antimony deposits have baen
desorided in the order in which their respeotive oountries
supply the world's demand for antimony, In the following dias-
course the antimony deposita of the various countries are
arr&ngad in & geographieal assooiation and sequense and not in

the order of their produotive importance, Some may produce up

TR A

SRR B




36,
to 14 or mor: of the world's total antimony output, while others
are non producers, This is not due entirely to such deposita
being of too poor a quality to be oonsidered as ores of antimony,
but to artificial modifications as the high cost of labor and
unfavorable physical conditions,
(£) Germany,

"At Bohmsdorf(l) ahd Wolfgolgen ,,, are
quarts veins carrying stibnite with minor smounts of zine blends,
Plumese stibnite, pyrophillite snd iron spar,” At Bruck, on the
Ahr, stibnite is found in fissure veins, and to some extent as
impregnations along the bedding planes of Paleozolo greywaoke
slates, The minerals present are quarts, siderite, dolbmite.
pyrite and stibnite, (2)

Antimony ores occur at Usntrop as bedded
deposits in folded aontorted and faulted limeatones along the
1imba of an anticline, The ore is #tibnite and "forms sheats
and rods extending outward nearly to the limiting surfaoce of
the strata, or ocours interspaced with the rock in amall parti=-
clea", At Nuttlar the stibnite ooocurs as nests in siliceous
shales and black claye associated with sandstones, The epig-
enetio nature of these two deposits is shown by the assoeiation
of faots,

"An interesting deposit is that at the Joat-

- a w @ WY = W o =

(1) Beck "Hature of Ore Deposita,” 1909, p, 336,

(2) » " LI n *» p, 520, alsc Truscott
"Ore Depoaits® Vol, 2,1916, p,1188,784, World Atlas of
Commeroial Geol, U,3.G.S, 1921,




3. .
(1)
Christian Mine ,,., in the Hartz, where a lode, something more:

than 1 metre wide ,,, consists of prismatic stibnite, together

with federerz and lead stibnite; while ziendererz, boulangerite

and wolfabergite are less common ,,,. The gangue oonsists of
strontianite, calcite, barite, selenite and fluorite," '
' (g) Russia,
(2) |
There is a deposit of antimony and lead-

antimony ores in the Ural region and also in the Amur province,

‘Siberia,

(n) Korway, _
4 deposit of antimony is knOWh‘ét Svenningdal,
Horway, - , o
(1) Portugsal,

Stibnite deposita occur in Portugal at Qporto,

Casa Branca, Alcoutim and San Pedro da Qova, some of v ioh are

- suriferons, There is a small antimony production st Oporto,

(3) spain, | |
Stibnite dépoaits are known in'many‘parté'of
Spein, but under normal conditions there is no produstion,
(k) Italy, |
The antimony deposaits of Iialy occur‘in
Southern Sardina, Piedmont, Tuscany and Sieily, Thavpre war
output ﬁas small‘and came entirely from Southern Sardinis,
During the war Tusocany and Sicily also produced,
In Sardinis at Su Suergius 3), antimony 6acura
(1)'Trua§ott Ore Deposits™, Vol,2,1916, p, 779.

f2) World Atles of Commercial Geol, U,5,.G.S8, 1921,
'3} Truscott "Ore Deposits", Vol,2,1916,p,783. :
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in graphitiec schists and calec-phyllites, of presumably Silurian
age, The stibnite oscurs in lenticulsr masses, assooiated with

(1)
pyrite and scheelite in a calcite gangue, In Piedmont stibnite

is assoclated with jamesonite, tetrahedrite and pyrite in qﬁartz

veine striking parallel to the schistosity of the enelosing rocks,

. Antimony is found in Tuscany at Pereta, Sén
Martino and Monte Anicata, "A noteworthy deposit of antimony occurs
at Pcrots.(Z) 8outh Tuseany ,,. It oonsists of.a mags of'cruehed
white guartz" cutting Tertiary sediments of Eocene and Miooene
age, "The stibnite ocours in the quartz as stringers and pockets
.., 8880ciated with sulphur ,,, The sulphur bearing quartz is’

occasionally seen coated with a crust of stibnite, whieh in tumm

s s e

is studded with small erystals and aggregates of sulphur,“ The

einnabar-sntimony deposits of San Kartino and ionte Amiata are

(3)

genetically connected with Quaternary volcanism,

| The antimony deposits of Italy vary from
deep seated contact metamorphic or high tewperature veins to near éﬁl
surface deposition associated with volcanism and sulfotarie aation,
An example of the first condition is shown by the associstion of

stibnite with scheelite in Sardinis, while the ooccurrence of

oinnabar and free sulphur in Tuseany is representative of the
latter mode of deposition, . : ' f{
(1) Serbia, ‘
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(1) World Atlas of Commercisl Geol, U,8,G,5, 1921,

2) Beok,"Nature of Ore Deposits" 1909, p.337.

3) Origin of Cinnabar-intimony deposits,Tuscany,ibst Fed,
Inst, of Min,Eng,,Vol,19,1899-p,484,




394

In Serbia antimnny deposits oscur in the
distriets of Kostainik, Zajsasa and Allchar, The geology of the
Kostainik district oonsists of laminated =sd Triassic limestones,
conformably overlain by soft clay slates aﬁd'ih’part by clastic
greywacke slates, These rocks wéré folded and then intruded by
biotite-trachytes as dykes, sheets and stqué,”and perhaps
eovered by efiunsive floﬁs of the sams rock, ' "The antimohy de-
posits are intiﬁately connected with these 1gneous-rscks.?(l)
| The deposits occur in three forms - (1) As
stringers of quartz;‘ealeite-and stibnite ib tbe altered trachyte;
(2) As fiesure vein deposits in the slates; (3) as replacement
deposita in limestone along the sléte limestone or trachyte
limestone contaect, -

The fein material consists chiefly of quartz

and stibnite with its oxidation products, Ko other metallie

minerals occur, In type 2 the fisgure is slightly over three
feet thick and consists of hangihg and foot wall stringers wi th ;
transverse veinlets between the two through the vein filling, ?'
The foot wall is always the richest, while the hangihg is almost |
barren, In type 3 the vein matter is fine granular quartsz m&th.v §
intergrown stibnite, The hanging wall.‘foimed either by slate |
or trachyte, is regular, whereas the foot wall, while generally
followihg the stratifidation.'is often 1fregular, showing uneqgual
replpcement of the limeatona.‘
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(1) Beok, Nature of Ore Deposits, ' 1909, p,578-581,
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"It is'probable that the-doqurrehoe at

Allohar(l) in Macedonia ,, is of metasomatic origin, The -

hanging wall of this deposit consists of ﬁica schist, the foot‘.
| wall of dolomites and limestone, The ore ogcurs in‘stringers *
or lensesAwithout gungue, together with arsenic ores, The
widthﬂof solid.org may af‘times be'as mach as 1,50 m,; While
the oceurrence has been proved for = length of 4 kilomgtéﬁa,
Near the deposit.the dolomite has been highlyralterqd‘nhder
formation of'suiphur and gelenite, A portion of the ore oon-

sists of realgar and orpiment,"

The antimony minersl present is not stated,

- The reslgar and orpiment may be of primary deposition, in which

caso the presence of free sulpbhur suggests close associatipn-
with voleanic sotivity, The realgar and orpiment might slso be
secondary as oxidation products of *argeniec ores” and in the
same way the sulphur could be produced'by the oxidation of &
aulﬁhidc minQral and the reduotion of caleium sulphata(a):
(m) Asia Minor and Turkey,

Antimony deposits occur pretty wall dis-
tributed throughout Asias lMinor ? in Brussa, Smyrns and Siwas,
, in Sﬁyrna the deposits are worked at‘the Rozsdan, Alden, Geramos

and Kordelio ¥ines, The most important producing district is

Murat. Dagh, The deposits are stibnite ocourring in fissure

W Gk AP aa W W W s e

1) Truscott,"Ore Deposits" Vol,2,1916,p,784,

2) Aguilera-Trans, im,Inst Min Eng,Vol,32,1902,p,508,

3) Eng., & Min,kJourn,Vol,B4,1907,p,688, Truscott ,"Ore Deposits"®
' Vol,2,p,783; World Atlaes of Commercisl Geol,U,S,G.8, 1921,
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veins with quartg gangue and pyrite, At KafahiSSgg, argentiferous‘_f
lead antimony ores occur, |
| (n) Algeria; '
The antimony deposits of Algeria(l)oeaur at

Djebal-Hamimat and Sidi-Rgheiss. They are found in steeply dipping
limestones and slaty marls, chiefly along the 1im@stana;marl con-
tact, and to some-extent disseminated in‘the shales. The'ore is
either solid crystalline or disseminated and ocours as irregular
masses in the limestone roughly parwllel to the bedding planes | ;fff

but not oonfined to any éefinita harizon

The ore at present consista in part of a oompact
_whita antimuny oxlde and 1n part of orystalline senarmontite 1n - ;?}
asgociation with oxidized zino ore w th some galana and oinnabar | :
Small amounts of the original stibnite still remain, Thgra‘are no

gangue minerals, but fragments of limestone, anorugted wifhfofe.'

are often found,
| " These deposits represent metasumatia replace- ' ;ﬁ
ments in limestones, The original ore was stibnite in assooiation

with sphsalerite, galens and cinnabar, The stibnite snd sphalerite

have been subsequently oxldized to the praasht antimony and zino

oxides, while the galena and oinnabar have remained, The tempera-

ture of original depoaition probably varied from intermediaste to
low temperatnrc.

L L R R

(1) Beck "Hature of Ore Deposits" 1909, p.521; Truscott,
"Ore Deposita® Vol,2,1916,p. 1189.
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(o) South africa.'k , E .,

In SDﬁth Africa antimony depdsits osour at
Gravelotte, Murchison Rangse, Transvaal, slong the Transvaél
Swaziland border, and in Southern Rhodesia, | ‘

At-Gravelotte(l) the country‘rock'consists '
of sohists intruded by granite, Along the Murchison range
diorite and basalt have intruded the schists, apparently parallel
to their planes of schistosity, Younger dyke rocks also ocour,
The associstion of the older dioritic dykes points to their
genetic relation to the ore,

The antimony bearing deposite are quarts
veins wiih an sbundance of gold bearing stibnite, which in
places is oxidized, The veins ooocupy irregnlar fissures varying
from 1 to 16 ft, in width;.

In 1917‘th§ Rhodesian kunitlons and Resources

(2) ‘
Committee reported that stibnite in Rhodesis occurred as two

types, o | | ‘ |
(1) "The sporadioc gold bearing type characterized by

1ts sporadic distribution in guartsz veins and schist bodiea,

This 18 of granﬁlar texture and forms stringers, patches and °

large pookets, or it may be disseminated through a schist body

in the form of minute orystals, In the last mentioned instance

the mineral is the double sulphide of lead and antimony "

w w e W W g W W

1) Stewart, Trans,Ped,Inst . Min,Eng,Vol,17, 1898,p,402-403,
2) Eng, & Min, Jonrn.‘Vol.lo4.1917.,p, 411, :
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(2) "The type which forms definite veins sometimes
free of quartz .. The(veins are of coarsa stibnite which
weathers to a pale yellow ochre,”

(p) New Zesaland,

Although antimony occurs in a number of
localities throughout New Zealaha this country has not been
in the rroduoing antimony market since 1910, Deposits 6£ stib=-
niic are found in Central snd Western Otaga; Endeavor Inlet;
North Westland; Reefton and Westport, Nelson; Collinmgwood;
Queen Charlotte Sound, Malborough; and Hauraki, Anekland,

At Carrieck Rangn,(l)W¢stern Otaga the
ecountry rook is flsky mioca schist passing into a phyllite, ‘Thd
deposit occurring in a shear zone, Varies from a trne guartz
vein through all stages to a vein breccia aehentad by quartz;‘

the fragments of which show various degrees of alteration, The

sheared zone variés in width from 2 to 4 feet and may be filled -ﬂ

- entirely with guartz, or the guartz may occur as smell veins

along both walls or one wall only, The wall rock and quartz are i
both slickensided showing that secondary movement has ocourred
after minerslization, The ore is gtibnite with associated gold | 3{

and silver values, Near the surface the stibnite hes been

oxidized to cervantite, The age of these deposits is younger

than late Paleoszoie and older than Plioccene, No igneous rock Lo~

outorops in the vieinity,
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(1) Parke, N,2.G.5, Bull #5, 1908, p,66,
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At Endeavor Inlet(l)the country rock is
submetamorphosed sandstone with interbedded slstes, The de-
posits ooour along the slickensided hanging wall of slate bands
and coincide tb the strike and dip of the strata, The ore is
stibnite in a quartz gangue, and is found in irregvlar lenses
end pockets varying in width from a few inches to one foot or
more, A vein pfstibnite exrosses an a&jaeent stresm and consi-
derable alluvial stibnite has been recovered a short distance
below the vein, ’

In North Weatlandsg) the antimony of the
district occurs as stibnite in a quartz veih traveraing argil»{
lites and greywackes, Considerable gold is assoclated with thc
gtibnite and the deposit may be of more importance for its gold
values than iis ant imony oontent, |

‘ At Queen Charlotte Snund.<3)Ma1borough.
auriferous stibnite ia found in a fine graihaﬁ grgqniah schis-
tose rock, The chief mineral is stibnite with minor amounts of
quartz disaeminéted through the ore, "With the antimony‘ore
are found loose blocks of olivine, with chronium ore, compact
hornblende rock and a white and green chert,"

In the Hauraki distriet;(4)Auak1ana. the
eountry rock in assoclation with the antimony deposits consists
of voleanlie breccilas and flow roocks of Tertiary age, The

- ws W WM W as W s ™

Parke, N,.7,6,5.,1888-89, p.60, also p.33,

Bull,l3, ﬁ Z G S.,1911.P.85. . ' -
G,J Binns.Trans Fed ,Inst Min Eng,Vol, 4,1892-93, P.59.
¢,fraser, N,2,G,3,, ‘Bull #10, 1910,

feh -

b RS



45,
deposits occur along fault planes and shear zones which have a
tendency to follow the contact of the brecociss nnd sndesitic
flows, At Una Hill the deposits are replacement vains entirely
within the andesite which has been cubjected to decided propy-
litic action along the walls of the veins,
| The stibnite ocours in a quertz gangue in

assooiation with pyrite, chaloopyrite, zine blende, pyrargyrite
and gold, The ores are mined for theif gold content, the stib-~
nite being accessory.

The veins oceur in Tertiary voloanic roocks
s0 that their age is younger than these extrusives, No definite
statement is made 83 to the origin of the minerals, but from the

context of the report it would seem that the mineralization was

genetically associated with the intrusion of andesitic dykes,
From the above description it i1s hard to

draw sny definite conclusions as to the temperature of deposition ;?l
of the antimony deposits of New Zeéland. In the Hauraki district, b
more detailed information is given and this points to mineral
 deposition from hot ascending solutions under near surface con- ?ﬂ
ditions, ILindgren states, under "Replacements =t Intermediats g
Temperatures;"(l) "In deposits which have besn formed by hot i
waters near the surface where the rocks are permesble, the inoi-
pient alteration of igneous rocks is often widespread with alter- N
ation of the femioc minerals to chlorite, caloite or epidote
(propylitization)”,

- em W@ @ a W ™ = -

(1) Lindgren. "Mineral Deposits™ 1919, p.478,
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Thie is one of the most common types of alteration following
explosive igneous setivity and effeots "malnly andesites and
basalts, ﬁore rarely rhyulites".(l) In describing the gold
quarts veinas in andesites of Transylvania, Hungary, Schumacher
considers that the propylitization was distinetly earlier than
the veins and 1ndepandent of them. 4

Lindgren describes these deposits of Hauraki
under "gold-quartz veins in andesites" and says, "Park states
that the veins do not continus into the underlying Jurassio shale
and they are thus limited to the thickness of the lava flows in
which they occur, ..} The principsal ore minersl is é01d alloyed
with 30%-40% silver, but some pyrite, chaloopyrite, zine blande,
galena, stibnite and pyrargyrite alse occur."

(a) Borneo,

bnring the war old mines were reopened and g&i
ore was shipped t& England, The deposits oecur on the north end
of the island in Sarawak, and consists of quartz veims containing
stibnite which has been oxidized to native antimony and various |
antimony ozides, |

| (r) Japan,

Very little antimony ore is mined in Japan,

The antimony exports of this country is due chiefly to the ex~

. b
ploitation of the Chinese deposits, Xither ore or crude antimony |
is imported from the Chinese mines and then refined and e xported

a8 regulus,
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ilg Lindgren “Mineral Deposita“ 1919, P. 47g
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The antimony deposiﬁs of Japan occur along the
southern bend of Japan, especially along the outer border, These
are quartz stibnite deposits which are found in Paleozoiec and
Mesozoie sediments near theilr contaet with guarty vporphyry in-
trusions or within the intrusion itself. Occasionally the de-
posits are féupd in crystalline schists, as on the island of
Shikoku, and also 1n Tertlary rocks,

‘ (s8) Peru, o
The antimony mines of Pern were dormant from
1907 until 1915 when they were reopened and high grade ore wag
shipred to Japen, The deposits occur in the department of Punosl)
Southern Pern where the atibnité is found in replacement deposits
in 1imestoneé. VAntimony ooccurs abundantly all over the Province
of cajatambo(Z) and is invariably assoclated withvsilver, The
stibnite i3 found 1nlfissure veins associated with pyrite, tetra-
hedrite, bourndniée. penabase and lesa commonly with pyrargyrite
and stephanite, The oopper antimony sulphide famatenite
(30w, S, Sh,S,) occurs at Cerro de Pasea,

(t) Bolivia,

Many small high gradé deposits of stibnite
escur in the southern part of the Potosi depsartment, The ores
are mined and shipped to England,

(u) United States,

Aithough United States 18 one of the largest

antimony consumers, there is no home production of_antimony ore,

- oy W W AR e e

1) v,8,6,8, dorld Atlas of Commercial Geol,, 1921, ,
2) ibst Fed,Inst . ¥in.Eng.,Vel,25,1902,p,776;2180 Vol,36,1908,p,766,




Short | Antimony eontent ‘ : ‘ .
| tons ‘ ‘ Pounds Value
o Pounds | Valus S B IR
- 1919 T I .
_canada T ET T 28 #10 2,308, 880 §167,764
Chile o ,..... 47 49,624 6,312 vev e s cisspns
China d ....., | 455 | 362,326 23,936 7.847, Bio|  4s9.6i3
England (R N RN se’sns coo-co sawss 90 048 8 805
_Hongkong & ,,, 4 4,510 493 68,320 3, 949
. India(British) cense Cew s ese . oeas 224,000 10, 916
'  ':aPan d s e e ceesae [ A RN EY. ) et 4as 2 953 99‘ 159 091
'ngiao LR RO 297' ’ 219f048 11 352 ' 757 07 ‘ 5?1
?anama,ou-dymu . 2 1’200 99 ' 'osnc{co. Seasens
,g.EQru;m;.;-..}. Ii : 30i726 703‘5 AJiglle AARY BN
879 127,462 | 49,527 14,250,158/ 870,767
o —
1920 | | ' ’
Bolivia ¢ ,... 388 | 335,061 $22,941{  .....ee
" Canads ... 132 | 19,45 2,179 225,212
Chils ¢ ,,..... 162 | 152,276 11,963 vesagae
China 4 ,...e0 420 450,29% | 14,185| 21,564,851
EHSIand PR csruas [ XX} . en sy 125’559
Frange ....... | 467 | 315,861| 10,605 ..).%.
' Hongkong 4 ... '} 10,200 | 4,556 706,156
"J&paﬂ'd‘ .-‘..".. I F Y X soanes I NN 23325.30}
' Panama I EX N R NN 65 80'225_ 3'856 FANE TN
- 1,709 1,363,441 | 70,285 24,947,121|
1921, ‘=« = = s = = L_ e
Bolivia o ,.., 45 46,600 2,450 . cinenns cesssae
0h11¢ ° Y EEE K . 49 54i401 3!3}4 ' (IS 3 I N N ] eséa b
China 4 ....ce  leseas veesre | we.se|20,530,079] 672,501
England ' EEXNEENR] L N [ J I NI ] L3 I W Y] . 302'457 14'58$
Gemany ..“C.. LICI N | «00900 ae .e 45
Hongkong 4 ,,. | 119 95,105 5.@98 ceseeen esasacse
Japan d S ansns (XX e a9 0@ a ate s 5200750 10002?
11,682 697,121

TABILE 2,

. Antimony imported into the United States in 1919 1923

(Genaral imports)

Country

Antimony ore

b

Antimony metal = b

- 213

196,107

21,153,331




TABIE 2,

Antimony imported into the United Stetes in 1919-1923-Contimued,

Antimony ore Antimony metal b
Country Short | Antimony eontent .
SRR tons . S Pounds Value
R Pounds Value
1922 o
Oaﬂada seusne LI Y L R R X ) csomen 960 364
China d ssensw ess e s$sasse ts e 16'976 726 ’ 5620181
England sSeahs e aNe LR B Bk N J IO.!.“ 45 474 5’535
Praﬂ@e a8 s sae (66 s e asd oo e ‘e 88 e . . 22 4
Germmy sease " |mes sa L 3 BB IR A LN I I ' 515 65
Hongkong d .., . . [....s peeese | eesaas 627,424 30,531
E.th'rls’nds [ SR AL 0. 0.8 4.5 865 .00 £ 8.0 . 8. 4.9 84 744 5’81}
L 17,743,865 | 600,293
1923 ' |
nnatralia e (f> 113 864 4,901 YR EY) Y E R
Belgium "QIUv LI S I I L3 3 N ....d‘. ‘58‘715 2.420
Bolivia ¢ PP (f)‘ 1? ’368 3,931 . eeesaas EXFEFE
cauaﬁ& X E RN LN X seon s .tco 55'740 5'848
Chile <) "EEEE) (t)‘ 1’159‘784 é v IS EN R S esa¢ad,
,Ohlna d IYEERN .-ico sasaen enssenns IB'lBSPQ?é 558'771
England g ... £ 1,340 l02| 1,410,198 | 99,927
France ,,.... - f 111, 026 1,020 seevaas sessese
Germany g ... - | (£ - 1,800 '906) 750,555 44,933
Hongk0ﬂ8 d‘bi" [ XS R R N meenge | (NN N NN 73’7 2 }9385
Italy seaones’ ' leasews ssvses YT R ,,60 ?
:&paﬂ d ﬂnoon"vdonl; [ EEEXN] cc.-ﬁau : 561000 29074
‘H'Xioﬂ sseans’ (f) . 519.915,. 8'211 . sensess sesseny
Straits : ' : o o
Settlements T v......#, PP 56,000 2,682
‘ (t)~ 2,094,095 44,721 15,626,928 | 718,069

o

Imports credited to Chile originateu mainly in Bolivia,
Nearly all the imports of antimony ore and metal from Hongkong

and Japan sre of Chinese origin, Some of the material credited
to other countries is possibly alao of Chinese origin, having
been transahipped in a forelign port,
¢ No ore was imported in 1922, ‘
f The Department of Commerce daes not give the figuras for 1mports
of antimony ore in 1923.
g Bnglsnd apd Germany are the only countries from whiech 1mporta of

o181 78587 5und

tal wer

8 of an

%ireeaive

mony -me

Tpatisd’

Germany were 752,355 ponnds. valued at $45 859,
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. 48‘ :
This country draews its main supply of antimony from Chine in the
form of regulus; and to some extent as erude antimony and oré
from Chins, Mexico and other countries, Table 2.(1) givas‘tha
imports of antimony to United étates from the various countries
during the post war years of 1919 -« 1923,

Besides this the United States consumes'BiOO
tons of Qntimony'oontained in the antimonial lead and silver ores
pf domestic smelting, and 3500 tons of gntimony recovered from
alloys, screp, dross and waste materials,

The principal districts in which asntimony
oacure are Nevada, California, Alaska, Arkanaas, Utsh, Idaho and

~ Weshington,

WG D

Arkansas,

The antimony deposits of 1rkansas are found

ohiefly in the Servier County,., Several reports haze)been written
{ » 2
on these deposits, und the available reports state  that the

antimony ogcurs =zs stibnite in gquartz veins, in assoclation with

 ginkenite, Jamesonite, galena, orpilment, bismuthenite, pyrite, and
minute amounts of chalecopyrite, Oxidation has taken place to a ?@5,
depth of 30 feet or more with the formation of cervantite and ;55'
bindheimite, | |
Iz his rsport:on the sntimony deposits of
Northern Servier Oountk, E.H.Shriver states that they ococur in

- e W W @ W W e W

1) Vineral Resources eaf U,3, 1923 Part 1 p,288.289,

2) ¢,P,Williams - Trans Am Inst Min Eng Yol .13 1875 r.,150,
C.E.Wait 1879-80 p.42,

(3) 8,5, Shriver Min, & So. Press Vol 114 1917 ».920,
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folded Carboniferous sandstones and argillaceous éhales metamor-

| phosed to alates, "The stibmite ore was formed by the replace-
ment of the shales and slates .,.,,, The fine grained sandstone
pProved impervious to the hot waters and acted as an impounding
daﬁ...,. The ore bearing rock i1s shale or slate, rarely, if ever
the sandstone, The banging well is decomposed slate in all cases,
and the foot wall is & fine grained sandatone upon which the
golutions flowed " |

Some of the veins show banded struocture, The

vein f£illing is quartz and stibnits both being deposited simule

1
¥

taneously, "The ore is ocemented to the foot wall and varies from
& thin streak to 30 inches in width while the full lode is from
2 faet to 5 feet in width,*

The ore is stibnite which has been oxidized,
near the surface, to cervantite, The stibnite is either coarse
orystalline or compact, Jamesonite was alsoc found im one plaoce,

Prom the desceription of the deposits and the

diagrams accompanying the above report it secme more likely that
the overlying shales aoted 23 a dam and the solutions perculated fi '
along the shale-sandstone contact, replacing the latter, ¥

In 1922 G.E.Mitqhell ! desoribes the depo-

aits of Servier County as vein fillings in fnult zones in steep- ff

- 1y dipping Paleozolo 2hales and sandstones, The mineralized - ;?\
zoned vary in width from a few inches to 4 fdet or more and
‘olosely follow the strike and dip of the dediments, The wall

- e W Gy S o gy W W

(1) Eng, & Min, Journ, Vol, 114 - 1922, | | o




50. -

rocks are slightly replaced, but the veins are banded and the
ore occurs2 in lenses and pookets, iWhile stibnite occasionally
occurs in segregsted mssses it is usually found to be dissemin~
ated through the gangueAwhich is chiefly quartz with some calcite
and occasional fragments of shale and sandstone,  Mitchell be-
lieves the ore to.be genetioally related to igneous dykes found
in the vioinity,‘ -' | .

| Other reports have been written of the

| () (2)
‘antimony deposits in Arkensas by F,L,Hess, J.C.Brannar,
4

, L8 A . o
P.D,Dunnington,  and B,Comstock, but these were not available,

California,
‘8an Benito county,

Antimony, in association with cinnabar, occurs
at Antimony Hill in the N,.E, corner of the San Benito‘eounty
California, g The rocks are sandstones at the eastern foot of
the mountain, end serpentine on the western slope near the summit,

The minerals ogeur in slates and are found both on the eastern and

western aiopas. The gangue is quartzose and oontains the stibnite

and cinnabar; the deposits on the east have more cinnabar and less
atibnite than those on the west,
Kern County,

Four miles south of Hot Springs, Epskine Creek

- oy TR e em W% ey Ve -

?,1,Hess,U,5,G,5, Bull, 340D 1907,

J.C.Branner Annual Rep,irk,Geol ,Survey Vol,1,1888,p,136,
F,D.Dunnington Am,Assn,for Adv, of So,.7#26, 1878,p.181,
B.Comstock Annual Rep,5t,Geo, Ark,1888,Vol,1,p.136 and 216,
E,B,Preston Calif,st Min Bur,1891-92,p.371.
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. 4n Kern Oonntys}) Ant imony occﬁrs in quartzite aséooiéﬁed‘wifﬁ
'a porphyritic rock, Native antimony ooéursvin nodules varying
" 4n weight from 1 ounce to 300 pounds and is coated with white
oxide and oclay, Associste veins carry stibnite. No associated
' minerals are mentioned with the native antimony or stibnite,
| : Montersy Oonnty. : ‘ o
~{ ' Stibnitc pecurs 1n Monterey county(z) at the
Loa Berros Gold Mincs The veins are quartz near the contaots
of slates and serpentine, |
w Calaveras County.
. Antimony ore was discovered on Esperanza
Oreek, Calaveras Gouﬁty,califbrhia.(B) |
| " south Dakota,
| The ores of the Maltland properties oceur
1mmcdiateiy above the Cambrian quartzitaé. Only ghﬂ'oxidiz.d
ores have been ﬁreatcd,'in a ocyanide process, and theae yield'"
“ pyrite and pyrrhotite in sbout equal amounts along with some
arsenic, oopper, traces of antimony and tellurium snd consider-
able quentitiss of blsmuth, | |
Ptah,
-Antimony ocours in Iron County, Utah.<4)

o B W e e W e

W L Watts,Calif, St Min Bur 1891-92 ?.2%17.
E, B Proaton, " on " ,261,

Hining and Soientific Presa Vol, 114 1917 P. 512
Kemp, Ore Deposits of U,5. & Oan. 1906.p 411,

? L, Hess, U,5,6,5, Bull }409 1907, p.253.

:W P Blake. Rep. on Ant imony Dep., of 5,Utzh 1881,

" Db,B Huntlay. "On Utah" U,3,10th Gensus Vol.13,p. 463,
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Disseminations pf'stibniteg followigg the ptratification, are ;ﬁ
found in séndétbnesfand conglomerates, . Very large individusl | |
pleces of stibnite have becn found, Eruptive rocks overly the
sandstone and Blake thinks that the ores have crystallized. from
descending snlutions origineting in the eruptive rocks,. Lindgren(l)
diaws an analogy between these deposits and those now fprming
at Sta;mboat Springs, Revada, which wiil be described later,

| Nevada,

Antimony osours in Nevada in the National

and Arabia distriots and at Steamboat Springs,

The National Mining Distriet 2 is locatsed
‘on the Santa Rosa Range, The éouthprn and larger part of thie
ranges is made up of highly folded olay slates, ocaloargous elateé :?éf
and limestones trending north, parallel to the range. The north ‘

or northeastern section is overlain by volcanie eruptives such as

basaltic flows, breccia, latites, trachytes and rhyolites,

| ' There are two prinoipal classes of mineral f?ii
deposites: 1, "Gold and silver bearing veins thst oeocur in or | ,
nesr the Tertiary voleanic rocks and that are of Tertiary or in

‘part of Qmaternary age."

2, “Gold and silver besring veins that occur in the
pedimentary rooks and in the post-Triassio granular rosks intru-
ding 1hta the sediments and that are probably of late Mesozoic
sge,” | , - |
The 0ld Mesosole mineralization is gener@lly in quartsz véins"

213 Lindgren, Tren,Am,Inst Min EBng, Vol,636, 1906, p,27,
2) Lindgren, U ,3,G6,5, Bull, 601, 1915,
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although rarely they are replacement deposits in limestonss and
lime shale, Thesb'Veins carry both gold and silver Buf'hoAanti- }
mony minerals, o S ' R R R : [i
' Pertisry Minerslization: |
| In the northern section of the Santa TRosa
Range the sediments are covered by vvlcanic extrusives oonsisting
of basalts, latites. trachytes and rhyolites. The basalts are the
most common; the rhyolite was extruded near the close of the vol-
oanie period and 1§ oonééqucntlY‘high‘in the seriés, but‘is aiso
oovered with basalts, This rhyolite flow is the important rock
in the district as the minerslization is due‘to‘#hé effeot of
ophomoral springs related to the rhyolita |
The veins of the Hational Distriet are dis-

tinotly later than any'othcr rooks and are of the nérrow fissure: ifé
types, They trend northerly and héve g gteep dip eithér to the .

east or west, The wall rock has bgen subjected to prophylitie

alteration, produsing some pyrite, csloite, = 1little sericite and Tﬁg(
adularia, and- ohlorite, This alteration is not extended over wi de
areas, ' |

The veins vary in width from 1 to § feet

They consiat of sheared rock and hve a well definad foot wall

Scams of qua:tz pocur along the foot, hanging or intermedisate wallg,

Thié quartz is symﬁétrically banded, fine gtaine& and vuggy;'

erystale of quartz 1line t%e vugs. "This fine grained ‘gymma tri-
0ally banded quartz ‘with open vugs togethar with the searoity of
pyrite, the consistency of stibnite and the presenes of cinnabar,

in one inatange, point'stpnnsiy tp near surfaoe déposition."
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- A The mineral deposition took place from
hot thermal ascending solutions, The charscteristie minaral 18
atibnite which cocurs. in varying amounts in all velns, The
st;bnite may be fibrous and confined to the margins of the gnartz
or it mzy be in the center of the vein.7 It also ogcurs as fibrous

well cryatallized aggregates in the quartz or &8s acicular oryau\‘v

tals encruating the guartz orystals in the vugs, 4sspoolated min-

erals are ehalcopyrite. pyrite, arsenopyrite, zine blende, galens,

silver ané gold; oinnabar was noted in one instance, These min-

erals ogour as fine grains along the margin of the veins, It was

noted that when the stibnite was relatively high the g 1ld and
" 8ilvey values wers low, Whareas; 1f the stibnite was scarce the

gold and silver values were somewhat higher,

The gangue is predominantly quartz etbher =

as & massive fine grained variety or crystallized in vugs, Ko
oaleite, barite or fluorite are found ae vein filling,
o ‘Segondary Minerals: | |
| Secondary snlphidas such as maresgite,
stibnite, realgar and orpiment poour below the present water
level, The predominant secondary sulphida is marcasite and ie-
found in varying gquantities everywhere, The secondary stibnite
ocours elther es flat bundlea of acicular orystals in the jointe
-and fieaﬁros‘or‘as,e‘ illary coatings on the quartz crystals in
the vugs, Lindgrln(l, states that due to the predominange of -
marcagite these secondary sulphides were most 11kely produged by

- w W am wm om w e

(1) U.8,6,8, Bull, 401, 1915, p.45.
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 6old ascending solutions rising along the vein long after their
formatlon. "Realgar and ofpiment are most likelﬁ‘tﬁé result of
thé oxidation‘offafSeﬁOPyrite. The stibnite'oxidizes  to a yeilow
earthly materisl. No Secondary'gangue minerals oacur, ;
' 'Although these deposits mey have been formed
under near surface conditions théir‘temperature of deposition
could at1ll be 1n'ths‘intérmediate dr'e#en nigh temperature zone,
cxample of high temperature deposits formed near the surfaec is
‘given by the tin dgposits of Mexieo as déseribed by Trusocott. (1)
Liﬁdgran'a states that physieal conditions differing slightly
‘from those at the actusl surface will evidently produce crystale
1i3¢d minersls of normal habit and form, Propylitization i® the
resnlt of rock slteration by ascending thermsl waters of inter~
madiatd temperatures, Considering these feots and the asscciated
nincrals 1t appcars reasonable to gonolude that the stibnite was
'dcpoeitcd at intermediate temperatures, S .
| The Antimoneil Silver-Lead v.ins of the
Arsbia District, Neveda: )
| The prevailing rook 6f the Arabia Distriot
18 grénodiorite which contains meny blsek and irregular masses
0f thoroughly metamorphosed sedimentary rock, 7he graﬂodiorité
fdénsisté of quartz, feldspar'and biotite of which the feldspar and
biotite have beoome sericitized and gives the whole mass the appeai-
'angp’éf'an épalite;‘AThe-geﬁiments are ohiefly ﬁetamorphand shales

P A L

1906, p,.217,.

2
3

Lindgren, Tréans,Am, Inst.Min Eng Yol,
A Xnoff, U,3,G, S ‘Bull, 666 ", 191

%1; Truscott, "Ore Deposita” Vol,(l, 1914, z 447,
3
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(hornfela); overlying 21l are rhyolites probably of Mliocene oy
Pliocens age,

The ore bodies are fiassure veins in the grén-_

odiorites and hornfels, The fissures are regular and have de-
finite walls in the granodiorite but upon entering a large body
of hornfels they fray out and form narrow stringers, The richer
vains are filled with solid ore but the leapner ones are rade up
of ore mnd acoarae mi}k'hite quartz whioch contains inclusions of
tourmailno. |

Thc ore a3 now found consists of argentifer~
ous bindheimite (hydrous sntimonate of lead) with associated
plumbojarBite (vasic sulphate of lead and ferric iren) scorcdite
(hyirous ferric arsenate) cerrusite, gypsum and quartz, The |
bindheimite is of two varietiss; one a deep yellowish brown
amorphous variety of high brillisnt pitehy lustre, and the other,
& yellowieh compaot eerthy variety showing divergent columnar
struoture which is a psendomorph after its original minersl,

Thie deposit is an exceedingly highly oxidiszed
one, Remnante of the primary minerals are ocoasionally found
and oonsist of fibrous Jamesonite arsenopyrite and & 1ittle ohal-
copyrite, The oxldation of the jemesonite has resulted in the
formation of the bindheimite, cewrnusite and plumbojarosite while

the srsenopyrite has been oxldized to scorodite; The oxidisation

of these original sulphides would most likely produoc)sulphnrie
écid which would dissolve the silver and asrry it down, Tpisi
would be preoipitated by thse primery sulphides lower down, and

result in a zone of secondarily enriched ailver, Antimony and

_ .,
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arsenio are,bnly s8lightly soluble and would not be moved, There
wounld, howeier; be an illimination of sulphur,

| The paragenesis of Jjamesonite shows that 1t
1s common in high temperature ore deposits =3 shown by 1its ‘
occurrence in a contasct metamorphic deposit at Zimapan, MNexico,
and in tin bearing veins in Bolivia, Thé scsooclation of tourma-
line 1n‘this depoait substantiastes thie evidence,

Enoff is inoclined to place the age of the
granodiorite intrusion in the amarly Cretaceous, "The rhyolite is
far younger in age than ths ore deposits and in pleces caps grance-
diorite and the enclosed masses of hornfels."(l) He plages thi
age of these rhyclites in the Miocene or Pliccens, 0

Steamboat Springs, Hevada: . | 1
The waters of %teamhoat Sprlngsca) issue from

a fissure in granodiorite and are ot a temperature of sbout 80° G, fﬁ?;
On analysis they give ferric oxide, antimonious and arsenious
sulphide, mercuric and cuprie sulphiae, lead, gold and silver, fﬁki
At the base of a basaltic cliff nearby, the waters have deposited '
-8 large amopnt of si1lioious and eslecariocus sinter stained red by
the red metastibnite which has a nonmetallio lustre, “ |

A few feet from the railrosd station a shaft 'f
wag sunk 30 feet. The first 25 fect are through sinter after »gg;
which there exists a loose sandy zravel composed of well washed
pedbles of granite ahd andesite, Theaé gravels contain so mueh

- - L4 - - - - L] L] B . . . ' i

(1) A, Enoff, U,5,6,8, Bull, 660H, p. 249,
(2) Lindgren, Trans,Am Inst Min, Eng, Vol,36, 1906. P.27.
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kot water that operations were stopped. ‘
. Ap examination of the gravel showed that nearly
every pebble had adhering to it small shiny prisms and'particles
of metallic lustre, These proved to be prisms of stihnite. bent
and otherwise combined in radiating groups but generslly without
terminations, 1In the oracks and joints of thejlarger granite
gobbles bunches of.stibnité orystals  ocour, "With the excaption
of clastic magnsfite the only other metallio minersl found in the
gravel ias pyrite which forms loose or intergrowing orystals of‘octo-'
hedral form sometimes combined with the cube," |
*I believe {t shsolutely eettaiﬁ that the
atidpite and pyrite have been‘ddposited by the hot waters which
permeate the gravel,* On previous examination of the same locality,
"The absence of ordinary minerals of metallic lustre indicated, in

a way, a misasing link in the chain of evidence to proove the depo~

sition of ores from hot ascending waters; aéd this lirnk is now.
supplied by the observations recorded above, ..; Physical conditions "Ei
differing very slightly from those at the actual surface will evie :
dently produce crystallized minerals of normal habit and form,
(f) Alaska, |
_ There are some sixty~-seven known occurrences

of antimony 15 Alaska‘l) distributed between southeastern Alaska and |
the Aleutian Islands, The main deposits are found in the Fairbanks f\~
Distriet ard the Seward Peninsula,
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' (1) 4,H.Brooks,U,S.G,S, Bull,649, 1916: elso U,S,G.S.Bull,b62,1918,
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- belonging to the guart:z diorits or monzonite groups or to the por-

T .59,

Geology,

The stibnite of Alaska 1s generally found in.
sedimentary rocks varying in age from lower Cambrian to upper
Crataceous and differihg,widely in their lithological oh&raetefs,
The stibnite is also found in gneiasses, sohists and in the 1ntru- 
‘8ive rooks themselves, although in the latter case the vains are
gmall and not continuous, The deposits,‘hoﬁever, are generally
found in the intruded country rock, not far from the igneous
- gontagt, With the pomsible exoception of the galena stibnite type
there sre no contaot metamorphorio deposits, The stibnite always

oeours in oloss asacointion with granular scidic intrusive rooks

phyritic phases of these types, These intrusions are eithc? dykcs‘
or atocks and have produced but little metamorphism in the encloe

sing rooks,

' Classifioation of Ore Deposits, N
(A) siliceous gold bearing stibnite deposits, §E{
. (B) Stibnite cinnabar deposits, |
(C) stibnite galena deposits,
Siliceous gold bearing stibnite deposits,
These may be either fissure veins or shear zone
deposits, Ho definite lilne of demarcation can be made as the for- 3:i
. mer often grade into the latter, Some shesr zores show great per- i
sistenay, are well defined and are traceable for several thousand |
feet, v
The deposits vary in width from 2 to § feet, e

- but are mmoch wider in the sheaxr zone type,., They are irregular
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along their strike, pinching and swelling freéuently. The richer 3
ore ocours in shoots or kidneya especially in the wider parts of P
the lode where it often extends from wall to wall, ©Small veins
of lower grade ore connects these shoots, Rich lenses, irregular-
ly distributed also occur,
The stibnite in the richer ores is usually
fine granular but confused aggregates of acicular crystals also
osour, These two types are often mixed, Besides the stibnife
there may be varying amounts of galéna. pyrite, arsenopyrite and
small smounts of gold, grains of which ars asometimes imbedded in
the stibnite, Quartz forms the ohief gangue mineral, Thié gdcnrs
a8 fine granuler vitreous graine, many with crystel terminations,

seattered through the ore, A milky quartz with asscolated feld fit

spars also oocurs but such represents old quartz veins whioch have

been Teopened and gramalasted with & subsequent introduotion ot"'_ ' Q_}%
stiﬁnito. The vifrcoau quarté is typical of antimuny ores, Some
of the sulphides and mayhe part of the gold belong to an early i
period of mineralization, |

Stibnite - Cinnabar Dtpbaits.

These deposits occur both in veins and in min-
laralizod shear zZones; the valuable minerals occurring in shoots
and kidneys connected by small stringers, Banding 1a often_ﬁell §
marked, and vugs, lined with quartsz orystals, are oommon, In some - |
oases the oinnabar 48 the primary mineral with the estibnite intro- ;
duoed later; in other deposits the cinnsbar and stibnite are oon-
temporaneocus, The 3tibnite 18 in bladed orystala, ocolumnar aggre-

gates and, lesaz common, in granular masses, Fyrite, as an accessory
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ﬁinergl. is very scarce and some gold is aomﬁon to all such
deposits, Quartz is the only gangue minersal present and is
vitreous and often idiomorphie, The percentage of gquarts is
‘higher than in the guartz gold besring deposits,

-From information at hand these deposits are
asgocliated with the same intrusive rocks as the amriferous Quartz
~ stibnite deposits but were formed at a shellower depth than the
former, often near the surface, a genesis common to einnabar dc; ‘

poaits,
gtibnite - Galens Deposits,

These deposita appear to be replagements otﬁf'

oryatalline limeatons, but it is not gertain whether the stidnite

wasg 6ontcmporanuaus with the galena, or belongas to a later epoech
of mineraligation, |

An ocourrence of stibnite in asaoceiation ﬁiﬁh

fluorite, in a rook now ¢omposed of acapolite,'ia’reqorde& in thn |

Lost River Basin of Sewarﬂﬂreninsula.
S Vartieal-niatribution and oiidation of the Ores, |
From outerops of veins, extending ovar‘10001
feefiinfalevation, no change in minerslization wns ohserved. Thus
ﬁhareiia 1ittle probadility that ohanges will occur suffisciently
olose 1o the surfage to effect the value of the antimony deposits,
o ‘ A8 a rule the antimony deposits of Alaska
!hoﬁ very little oxidation, This is due to two primary factors:
| (a) The ground covering the deposite is,
in most oases, permanently frozan,

(b) Comparstively recent glaciation has re-
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moved any previously existing oxidi{zed zone,
Age of Mineralization, ". 7
The accumulative evidence favors Tertiary

mineralization of stibnite, Where the mineralization is de-

- finitely known to be Mesozole, there is no stibnite, with one

exception in Southern ilaska whara atibnite lsrecorded as a
- minox aeaessary;minqral. All atibnite(deposiﬁs, the age of
_'whiph conld bé definitely established, bgleng‘ﬁbrthe Tertiary
cpogh of mineralization, In those deposits of doubtful age
the probahilities.favor;the‘Tertiary'epoch rather than the
Mesozole, |

Two inatances are known where stibnite

(1)

coours in placers, In the Tolovana district a placer on

Lillian Oreek oontains magnetite, ilmenite, picotite, 1imonite,

‘einnsbar, scheelite, zircon, pyrits, stibnite and barite, in
the orxder of their importance, The charaster of the conoen-
trates shows that they have travelled only s short distance,
In the Kentishna distriot a placer containe gold, quarts, ga-
lens, stibnite and black sand., The source of the minersals
: ara thc guartsz veins outoropping on the ridges bordering the
‘basin.»

(w) Canada,

Antimony, a8 a commercial mineral in Can-

ada, 1s somewhat rare, The only mines which have produced any

tonnage of the metal are at lest Gore, Hantz County, Nova Scotlg

and Lake Gsorge, York Oounty, New Brunswick, DBesidesa these

- ms M mp W ar o ™ W

(1) v.,8,6,8, Bull, 662-1518.
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gocurrences, antimony is also found in various other localities
in Canads as in Southern Quebee, at Sanlt Ste, KMarie, in British
Columbia and in the Yukon Territory,
Kova Scgotia,

Several veins of auriferous stibnite occur
in the gold bearing series of We3t Gore, Nunts Gounty,(l) The
depoeits sre nearly vertical fissure veins, the vein filling
being eompoead of slate, calcite and quartz ocut by later guarts
stringers, The ore genexrally follows the hanging wsall of the |
fissure, which is olean out; the foot wall is irreguler and in-
distinot, ., The ore is often s0lid stibnite, or stibnite and

quartz, varying in width from a few inches to seven feet, The

assooimtedminersls are pyrite, arsenopyrite, galens and gold, A

verying amount of gold is sclways present snd 1s most plentiful
where atibnite predominates, except where cut dy oross veina of
quarts the main lead has no free gold,
New Brunswiok, , R |

*Native antimony and stibnite ocour st Lake
George, in the parwish of Prince Willism, York County, New
Brunswiok, 2 .». The antimony ore occurs in quartz veins cﬁtting
slates and quartzites in the neighborhood of intrusive masses of
granite and diabasse, The native antimony is confined largely or
golely to the upper portions of the veins,”

" e e W o = @

1) 6,4 ,Young, ¢,3,.C. #1085. 1909, p, 51-52
2) G,A,Young, G s. . " p.5 also R W bllis, G,5,C.

#985. 1907, p.92.
¢.3,Parsons, Can,kin,Journ,kVol, 45, 1924, p,984,
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(1) )
¢, P, Kunsg describes the native antimony

as ooccurring at depths down to 100 to 150 feet, It occurs in |
pookets and lenses some of which contain upwards of one ton of
native antimony in association with gt ibnite, valentinite and
kermesite, The native antimony is either fine grained and come
paet, coarsely granular or in radiating masses of arystalline
plates, In reference to these latter he says "The radiations
seem to have massed about a oommon'uenﬁrc. a8 ii‘fhe mineral had
eocled or srystallized slowly from without.,®

The stibnite ocours el ther as mssaive, fine

oY Yery coarse orystalline aggregates in a quarts gangus, The

e .

valentinite is found in layers between the native antimony and is
messive, gramular or in radisting aggregates of orystals, The
Xermesite ooours as small tufts of orystals in ocavities in the

stibnite and native antimony, and also 8long the fracture planes

of the latter mineral, o : |  §?
| Lindgren aﬁd ¥, E, Emmons regard netive anti- ‘;i
mony as probadly §f no§ invariably a segondary minersl derived from L
the oxidation of stibnite or other sulphide minerals of antimony,

In this depoesit the ocourrence of the native antimony in the oxi-

dised 2z0ne and in olose assooiation with valentinite and kermesite

i® i{n keeping with this theory, Other instances whers native}anti-

mony oocnrs in oxidised ores of antimony are in Sonth@rn Quebee, : 1&\
Algeria, Kern County. California and Borneo,

N dn an A W W B o ™

(1) 6,F .,Kuns, Am,Journ, of Se, Vol 30,1885, p.275-277.
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Quedec,
The only(oganrrcnua of antimony in <uebeo is
1
at South Ham, Beauoce County, The distriot 1z underlsin by

Paleozoic strata resting on the Pre-Cambrian oomplex, The Paleo-
zolo rooks have bcen folded, faulted and sub jected to severe
regional metamorphism and sre now represented by shales, lime-
stones and sandstones together with schiasts, slates and quartzites,
In the vicinity of the antimony ocourrences the schists and slates
have bdesn intruded by diabase dykes, part of which are now altered
to serpentine, These dykes ars probably of lower Devonlan age,
maybe later, and are genstioally connected with the stibnite min-
erslisation, |

This deposit is a contsct deposit, the ores
oocourring mainly in the schists along their contaot with the in-
trusive diabese and serpentine, "Ho distinet veins of any ocon-
siderable width could be found in the prescnt state of the work-
ings, bdbut the principal amount of ore seems to be in flakes along
the cleavage planes of the schists, The proportion of the ore
becomss preater as the contaot is approacheé ,” The ore is native
antimony with sabordinste amounta of stibnite, kermesite and val.

entinite,
Stibnit e ocoeocurs in the chlorite schists at

(2)
Sanlt Ste, Marie,
British Columbia,
Antimony minerals are found rather widely

- w N s W W e W

13 J.A. Dresser, G,3,6, 8, 1909, p,197.
2) JMerrit, Trans Fed Inst Min Eng, VYol, 10, 1895, p,292,
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‘distributed throughout British Columbia, OQecurrences sre noted

in the distriets of Yale, Slocan, Kamloops, Lillooet, Chileco and
Tatlayoko Lakes, Skeena River, Portland Canal and Atlin Take,
| o Stibnits is found at geveral points in the -

Yale distriet and is often in asgsociation with silvar ores,

| » At the Alps-Alturus and Blue Lake claims in
the Sloocan May area(l) stibnite is found in Carboniferous rocks,
‘Thc mlneralization is genetically related to the Nelson granite
qf Jurassioc age,

| Kaﬁloops.

On Copper creek,(z) Kﬁmloops Lake, stibnitq
ia found in a cimmabar deposit which ooccurs in Tertiary volcanie
rooks, The oinnabar is either disseminated through the rock or
18 consentrated in irregulsar veins of quartz and calcite, Nerrow

stibnite ' oy
seams of molybdenite and a little,occur in some parts of the de- . *!

posit, ’ N - , T B x;?
Bridge River Map Area, o o | '.Ei
, So far as known the antimony deposits of the
Bridgn Biver Hﬁp Arsa(j) are found only in the Capho Creek Serles
and are confined to a narrow belt along the western 1limb of the
Bridge Rivar antioline, They are closely relatgé to the intru-
sion of dioritie porphyry dykes and occur in shear zones which
either border or are in these dykes, The porphyry in contact with F\Q

M oan s Ws M W w W e

AM, Bateman G.5.C. S 1912, p,208.
0,%,Drysdals G.,3,0, S 1915, p, 84
W.S.Mceann G.S.O.. M.ljov 19220 P..73-

1 M,F, Benoroft, &,5.C.3 1917 B, p.40
min & liet, Industries of Canada, 1907~ 1908 P. 95.
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the deposits is altered $to ocalocite, sericite and halloysite,

The ore oconsiasts of irregular shapeé lienses
- of massive, eéarsely columnar stibnite in s quartz gangue, Gen-
erslly stibnite is the only mineral present but sometimes galensa
and zino blende are found in association with it, The ore de-
position was contemporsneous with or slightly later than the in-
trusion of the dicrité_porphyry dykes, These dykes are post
Lower Grotaeeoué in age snd are tentatively placdd_in the 0ligo-
gene psriod, : _ , 4

'E,W.Clarke(l) says that "high temperatures,
fhﬁ éhemiaal aofivity of water and mechanlc¢al stresses all work
together to bfing sbout the formation of éenbipe." Sinae the
gericite occurs only in contact with the ore deposits:theae must

have been deposited at high temperatures, 'There 1a}tha poasi-

bility that the sericitization occurred before the deposition of 5&
gre, but the timévinterval, if any, was very short, as stated in »3
the preceding paragraph, . : . ' 'éi
Gﬁilaq & Tatlayoko Lakea, |
A few small seams of stibnite in association
with granitie dykes occur on the west side of Chileo Lake(z)about
five miles south of Nemish Valley,
Antimony ocours in the steeply dipping and ;
| highly metamorghosed Triassic sediments at the south end of Tat- i;\

'layoka Lake, There are two velins varying in width from a few

i{noches to 4 feet or more, The upper vein strikes 3 10 W, and dips

- e @ m = ey W ow

2) A M,Bateman, G,5.C. 8, 1912, p,186,

1) ?,7,0larke U,3,6,S, Ball, 695, 1920, p,5%6.
3) Examined by the writer,
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'H,h., while the 1ower vein strikes approximately N 40 W, and has
a varying dip to the N,E, The vein filling conaists chiefly of
quartz and suriferous stibnite.and in places_a few scattered frag-
mepts of the wall rock, 1In one instance coarss crystal termin..
stions of quartz were found, Onclpsélexaminatipn of the gangue
it is seen that the quartz is frequently orysisllized in elonge-
ted cryatals.appro;imately at right angles td the vein wall,
These tacts<assoéiatqd with a not;geable banding of the veins,
strongly suggest deposition in open fissures, The wall rook, aa-
Jseent to tho,vein,‘hag been altered to a soft yellowish green
ioak through whioh fine orystals of pyrite and aréenopyrite are
~disi¢minated The banding is due to the distribution of the
motallio minorala pyrite, araenopyrite. sphalerite and atibnitai'
through the guartz gangue, The pyrita..sphalerite and arseno- n
‘ﬁyrite are fouhd chiefly slong the walls of the>éein;‘hut~wheref
the vein is narrow the arsenopyrite may extend as fine soicular
erystals from wall to wsll, The stibnite ocours in the inter-
orystal 8paces of the quartz and as segregated masses near the B
‘.oentre of the vein. There 13 some disaeminated ore 1n which the
miherals-are,more or 1095 evenly spaced, but slight banding is
also noticeable, The stibnite is either masaive. or is found in
radiating masses of coarsely bladed orystals 7While some ocours
disseminated through the quartz, the major part is found in veins
of almost pure sulphide, which vary in width from 2 or 3 inches
to 1 feet or more,
The deposit is genetically assoolated with the

{ntrusion of a monzonite stock in the close vicinity, The presendce
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0f araenopyrite and the association of evidence indicates de-
position at intermediate or relatively high temperatures,
Portlsnd Canal Distriot,

Stibnite 12 reported in one or two instanoces
in the Portland Canal Distrioet, In one deposit it 18 assoolated
with tetrahedrite, galena and chaleopyrite,

Skeena River Distriot,

The Skeena River Distriot is underlain by the
Haseolton Group, the Skeens coal bhearing series and the Buokley
Eruptives, These latter rooks intrude the two former series,
"The intrusive granitio messes of the Buckley Eruptives have
everywhere played an important part in the deposition of ore
bodies," ! These sruptive rocks are provisionally placed in
the Tertiary but may be older, dbut they cannot be older}than |
Lower Oretaceous as the Skeena Series of that age 1s out by them,

The stibnite oococurs 5 miles from Hazelton
between Sixmile and Fourmile Creeks, "The ore is developed along
the contact of the secimentnries and the granite; the hanging wall
is highly metamorphosed sundstone and the footwall is granite,

On the fopt woll the ore oonsists of white quertz with small
quantities of disseminated galens, while on the hanging wall the
mineralization is much heavier, there being 18 inchea to 2 feet
of almost solid sulphides of antimony, lead, arsenic, silver and
oopper and a little white uuarts gangue; there i3 also s little

free gulphur.,”

(1) W W ,Leaeh, 6,5,C, 5 1909, p,.b4,
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Other than stibnite and galena, no definite
sulphides are mentioned, This information is too vague to draw
any reasonable conclueions as to the temperature of formation of
the deposit,

Atlin Distriot,

‘Stibnite ocours 10 miles north of Golden
Gato(lgakn Aarm, in nearly flat lying, fine textured shales of
the Laberg Series (Jura-Oretsceous), The vein varies in width
from 3 to 5 fect and is, in general, conformable with the bedding
planes of the shéles. There are in addition a number of veinletis,
within & feet of the upper wall of the maln vein, which vary in
width from a fraotion to 2 or 3 lnohes, The veln material is
sither quarts or alternating bandas of gquartz and shales; the

latter, at times, oocupying as much as one half the vein, The

quarts is usually heavily mineralized with atibnite and a little . :%
galena, ’ | E

At the Engineer Mina.(a) 10 miles aouth of ff
Golden Gats, D, D.Crnirnes reports native antimony in assooiation |
with native zold, tellurides, pyrite and limonite in s querts.
gangue, Ko other antimony minerals are mentioned, The deposit
is of importance for its gold values,

Yukon Territory,

In the Yukon Territory at:ibnite ocours in

the Wheaton River, #hitehorse and Conrad mining diatriots,

(1) D,D,Cairnes, G,8,C,. M.37., 1913, r.116,
(2) p,p,Cairnes, G.3.C,, S 1910, p,37.
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o (1) o
The antimeny of the Wheaton distriect oceours
in a more or less localised area, 5% miles long by 1% milea wide,
sxtending from the orest of Chiefton Hill sastward to the eastern
- 1imit of Cardon Hill, The greatef number of deposits are found
on the western slepe of Carbon H11ll,
_The rocks of the district, in which the de~

pceite ocacur, are the Juraszie GcastﬁRénge granodiorite and the

overlying late Cretzceous or early Tertiary volcanice consisting

of andesitic dykes, stoeks, sheets, flows, tuffs and broceias.‘ 

The depaaits are fissure ve ins oocurring in

both the granodiorite and the early Tertiary voloanios' the most

persistent fissures being in the granitic rock, They vary from.
2 inchas to 6 feet, the better deposita averaging 1 to 3 feet 1@‘
width with very 1little alteration of the well rook, The vein

- £411ing is mainly quartz with minor smounts of barite and cala -

oite‘althongh in' places it is ohiefly stibnite with which there

may be assooclated minor smounts of sphalerite and Jamesonite,
The quarts is often messive with no orystal form but it frequent-
1y ooours in large crystals pointing toward the centre and forme

ing typlesl oomb struoture, The barite and caleite are granular,

Layers of gouge from 1,8 inoh to 1/4 inoh thimk are found on both

walls of the vein, but there are no fragments of the wall roek

in the veln,

The metallic minerals are stibnite, Jamesonitey

grey copper. argentiferous galena, sphalerite and arsenopyrite,

(1) D.D.Cairnes, @,3,0, M. 31, p, 113,
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The stibnite occurs either as columnar radiating crystals or
purely granular, with all variations between the two, Sphaler-
ite and jamesonite are commonly assooiated with the stibmite
while the galena is disseminated through fha gangue. The grey
copper is in scattered grains associsted with the stibnite and
galena, but some veins consist entirely of guartz, galena and
grey coppey, ‘The ores high in antimony may be idw in silver and
viaa—versa, but high values of both ooccur in the same place, |
Although the silver is more eommonly associated»with the'galena
the stibnite is a2lso silveribearing,

’ The oxidation of the ores is very limited,
The oxide minerals are stibiconite, lead carbonate and malachite,
Therclis little or no secondary enrichment, |

The presence of comb quartz'in the centre of

some veins indicates that deposition may have teken place in open
 fissures but at intermediate temperatures, as shown by the associated

minerals,

In his report on the same distriet in 1915,
D.D;cdirnes(l) says "The veins all occupy fissures in the contain-
ing rooks which are for the most part the Coast Range granitie'
intrusives, Occasional veins, however, are found in the Mesozoie
andesitio rogks which sre older than the Coast Range intrusives.,"
The rest of this report agrees‘withfhis previous work, but in this
he smppears éo differ,

Whitehorse Distriet,
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The dhitehor%e Corper Belt(l) 18 character-
izcd by contact metamorphic deposits in limestone at and near the
esontact of a granite intrusive, Tha deposits are found in both
the limestone and the granite, which has been highly altered in
these deposits, The constituent minerals are typlecal of contseot
deposits; the more common are; magnetité..hematit;.‘bornite.
ohalqopyritc; garnet, epidote, augite, scapolite, tremolite, sotin-
plite, quartz and caloite.v The less common mataliic miherals are
tatrahadrite. chalcooite, molybdanité; arsenopyrité. galena, stibe
nito. pyrrhotita, pyrite, ‘zino blende and rarely free gold |

Oonrad District

The ores of Windy Arm(a) oéour‘in the ¥indy
Arm Series oonsieting of voleanic rocks, both 1ntrusive and exXw
trusive which out and 1lie upon the Qoast Range Batholith of Ju- -
rassic age, Tha ores occur in true fisoure veins filled with
quartz, The stibnite is assoclated with arsanopyrite and pyrite,
Jamesonite is found in assooiation with galena, srsenopyrite, chal-
- sopyrite and pyrite,. | o

6, Rooks with which Antimony Ores are Assooliated,
(a) Igneous,

Antimony ores are commonly associated with
igneous rocks of intermedlate acidity such as diorites, quarts
diorites, monzonites énd quarfz monzonites; they nre also geneti-
oally related to granites, These rocks may be either plutonie,

hypabbysal or extrusive, The mineral deposition may occur either

W e W e S WE o W W

1) R,G.MoConnell, ¢,S.6, 1050, 1909, p,20-32,
2) D,D.Cairnes, G,5.C, 8§ - 1908,
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"in the igneous rock itself, along its intrusive eontéets; or
within the intruded rocks at varying dlstances from the igneéué |
contaat, ‘ '

(b) Effect of Eall Rack on Deposition

' The chemioal composition of the wall rock has
little or no effect uvon the deposiﬁion of antimony ores, but
their physical properties 1nf1uenoe the structurg of the veins,
The exceptions &re‘thsfmeﬁaaomatie raplacament deposits in iime-
stone, } ’ ’ )

7. Classification of Antimony Deposits,
(a) Geologiosl Conditions under which Antimény
‘poours, | | |
In oonsidering the geolegleal conditioﬁs nnder
which antimony oscurs, it should be kept in mind that the associa-
tion of mlncralstfound in any veiln, may not be ofdohtemporanéons
deposition, but ﬁay represent a sequence in depoasition or even |
distinet epochs of mineralization, Such sequences and hreak; in'
mingxalization might result in merked differences of tempersture
at which the verious minerals were deposited, Thus stibnite might
be associated with typical;high temperature ninersls, yet it mey
have becn deposited under intermediste or even low temperature
aonditions and visa versaa, o
In many of the reports contained in this thésia

no mention was made of any sequence or ﬁreak in the‘mineralizgﬁion
80 that any classifioation of antimony depogits, baSed‘on these |
reports, must be sccepted with the reservation that the mineral

assogiation, Ffound in the deposits, has been formed contempora~-
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nepnsly or if a sequenoe or bresak in mineralization ocourred, 1t
was of such a character as not to alter the conditions of tempera-
ture to any large degree, _ |

In disoussing the temperatures of depositioh
the conditions of pres.ure, existing at such a time, must aiso be
canaidere@. Pressure 1s éf importange only when the mineral sole
nutions oo#tain volatile oonstituents or gases which render them
the natu?él solvents of any contained minerals., In this ocase a
8light dearease in preagsure might be of vital importance in allow-
ing such constituents to escape whioch would result in the deposi-
tion of the otherwise aoluable minerala, ©Pressure is naturally'
of grest importance in veins formed above 365°C as this is the
- oritios]l temperature of water, btnt relatively few antimony
deposits are formed at suoh temperatures, The natural solvent of
sntimony is an alksline solution, The above evidence strongly
suggests that pressure is of minor importance in the deposition
of antimony orss., Such & conolusion is substantiated by the fore
mation of stibnite at Steamboat Springs, Nevada, where this min-
eral is being deposited in gravels 30 fest below the present sur-
face, Lindgren draws an anslogy, 1o formation, between the Steame
boat Spring deposit =znd that found in s conglomerate in Iron
- Qounty, Utsh, Frbm this 1t is the writer's opinion that the im-
portant factors governing the deposition of antimony minerals are
ohangés in temperature and alkalinity of the sslutions aarrying
the antimony, In this it must not be assume” that the deposition
i3 confined £o any one particular zone of temperature, because .

stibnite and other antimony minerals occur 1n both contact meta-
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" moxrphio and low temperature deposits, but the evidencé suggesta
that the important commercial deposits have been formed at inter-
mediate temperstures or alightly lower,
(b) Proposed Classifigation,
4, Gontact Metamorphic Deposits,
B, High Temperature Vein Deposits,
., Intermediate Temperature Deposits,
(1) Metasomatic Replacements,
| (2) Fissure or Shear Zone Deposits,
D, Low Temperaturé Daposits,
E, Sulfotarie Deposits,
A, Contact Metamorphio Depos its: |
30 far =8 knowrn the contaet metamorphic deposits in
which antimony minerals oecur, sare few in numbér. The only ae£;~

nite ooocurrence is at Zimspan, ¥exico, where Jamesonite is found

in assocoietion with contaot metamorphic minersls, In the White-
horse distriot, British Columbla, stibnite ocours with contast i
metamorphic minerasls, Other unaertain occurrences sre to be found

in Sardin;a. Alaska, Skeena distriect, British Columbia, and South

Ham, Qﬁﬂbﬁc .

B, High Temperature Deposits, ;
_ Few typiocally high temperature minerals occur in ssaso- i~
eiation with antimony minerals, Such minerasls as tin, scheellts, N
pyrrhotite and tourmaline are, howsver, found in antimony bearing
deposits in Mexico, Sardinie, Alaske and the Arabias Distriet, jﬁ‘
Bevada, respeotively, Of these deposits that in Sardinia is the i
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only one mined for its antimony content, The deposit in the
Arabia District, llevada, oonsists of highly oxidized argentifer-
ous Jamesonite,
0. Intermediste Temperature Deposits,

Lindgren(l) gtates that in this type of deposit, “The
metels aontained are prineipally gold and silver, often with
large amounts of oopper, lead and zine, In the deep-seated de-
posits molybdenum, bismuth tungsten and arsenic are not uncom-
mon associates; we find the same metals here, though they are
mich less prominent; in addition there is also much antimony and
in plages tellurium, The ore minerals are sulphides, arsenides,
sulphantimonides and sulpharsenides, Pyrite, ochaloopyrite, ar-
senopyrite, galena, zinc blends, tetrahedrite, tennantite and
native gold are the most common and on the whole there is not
muéh varlety and complexity, ,.. The metallilc minerals devélop
both in the fililng and in the sltered oountry roock, but in the
fissure velns proper it is common to find the valusble ores main-
1y in the filieé spsces, The dominating gangue mineral is quarts,
but ocarbonates are slso common, such as oalcite, dolomite, and
ankerite, more rarely siderite; fluorite and barite are ogcaslon~
ally of 1mp6rtanoe. ohalcedony and opal are rarely found,®

It is the writer's belief that a large majority of the
depoaits descridbed in the foregoing pages would oome under this

olagsification,

- e W aw e M & N -

(1) Lindgren - Kineral Deposits., 1919, p.547,




18.
D, Low Temperature Deposits,

- Deposits of this type are somewhat sommon and are often
associated with cinnabar, this latter minersl being of more im-
portaence than the antimony compounds, Such deposits are found 4in
Germany, Prance, Mexico, United States and Alasks,

B, Sulfotsrio Deposaits,
An example of this type of deposit is given in Perets,
south Tuseany, |
Attention should be oanlled to the formation of stibnite

_at Steambost Springs., Here this mineral is forming from hot spring

waters which permeste gravela 30 feet below the surface, It is
in a olass by itself and might be glassified under "Deposits
formed from Hot Spring Waters, at or near the surface.," An ana-
logy betwaen this deposit snd one in Iron County, Utsh, is drawn
by Lindgren,

Stibnite is also found in placers in ilaska snd Rew
Zealand, It accompanies typicsl placer minerals &s gsarnet, mag-
nitite, gold, etc,, but such placers are formed at short dlstan-
ces from the scuraee of the stibrite,

8, Age of Antiﬁony Deposits,

Antimony deposits have been formed during many
periods throughout geological time, Most of the”depoaits border-
ing the Atlantio appear to have developed prior to the Carbon-
iferous pefiod. Important exceptions are deposits in Tusoany
whioh are associated with Quaternary voleanism, The antimony
depoasits bordering the Pacific ocean have a large range in geo-

logloal time, but a great many have been formed sinoe Cretaceous
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time, The antimony deposits of Alaska, British Columbis and
Nevada are mainly of Tertiary age., Deposits of similar age
occur in New Zealand, This Tertiary antimony mineraiization is
mainly conneseted with vuleanism and deposition has ccourred at
varying depths but at temperatures ranging from high tempera-
tures to sulfotariec deposition,
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