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THE GEOLOGY OF MONTANA TALC DEPOSITS

Richard H, Olson>

ABSTRACY

Tale depogiis in the Precambrian rocks of southwestern Montana (Besverhesd and HMadison
Counties) are unipne withln the U9, In that larpe bodios of tremolfie-free fale oxe wan be opan-pit
mined. All known deposite are in pro-Boltlan dolomite wsits, The orighn & suspecied to be metssomatic,
the silicecus compenent having beer contributsd by an intrusive body of Precubrisn granite gneiss,
Precambrinn deformetion was extreme =nd s charactesized by multiple poriods of fokling and the
flowage of less competent rocks, rather than by Gauliiog. Foxt-Precambrinn fokling has been neglizgible;
the characteristic Lurmmnide struchre it blogk faulting alonp nosthwest trends.

The tale iy thought 0 have been formed in Prerambrien time; the highangls Block faults huve
o significance with regaad to the formation of the talc but do tend to complicate mining eperations

Tremolite-froe falc ore bodier that have horbzontsl widths of more than 200 feet, wartical
depths of sevecal hundred feet, 3nd strike lengths of as much a3 % mie are knowa by the Ruby and
Gravelly Ranges. Whers dolomite is interbrdded with tremolite-free tals In the Gravelly Range the
scale of thir relationship permits the wee of cotventional open-pht mining methods with wmibsoquent

ypgrading by hardsorting techniques.

Underground milning has teem used in the past, but all current Montana tak-mining eperationg
are on the srface, The hand-soried cruife ore, some of which is shipped everseas, is finely ground or
microntzed in roller il and fluit-enwigy mills. Tho producte zre distributed natfonwids and abroad.

TALC-MINING INDUSTRY

The tale-mining industry, like that of many other

industrial mineral cominodities, has a complex and

varied structure. This Is necessitated by the fact that
poducts made from such ores bave a multitude of
mes; literally hundreds of products, most of them
manyfactured Trom roughly similar pres, are cwrently
oz the market,

Talc, which has the composition 3Mg0'45i0, "H, O,
i a valid mineral species and has long besn recognized
a such by mineralogists, The term “taic”, however, to
talc miners, talc processors, fale salesmen, and talc

onsumers, covers 3 multitude of sins and when so used

may pertain 10 malerisl that containg Kitle or nong of
the mineral tale. Among such persons, the term “talc”
Dy be freely applied fo any talodike rock or mixture
of such rocks that can be used fo manufacture products
eceeptable to a custorper.

Tole may be regarded as the pure end member of
2 series, soapsione being the impure end member of that
stvies. Spapstone is a rock name, not & minersl name,
*nd soapstone s generatly compossd predominantly of
npure talc containing relatively . minor amounts of
S ——

’Mml, Galden, Colorade.

chiorite, mica, and various amphibole and pyroxens
wapersls.

. Trenwolite, which has a theorstical chemisal compo-
dtion 2Ca0-SMgU-85i0, 'H, 0, is, more commonly than
wot, the major component in “falc™ ores, at the
sxpense of the mineral tale itself, which may be of only
minor volumetric importance. This relationship may
hold thyouphout large tale-oidning districts, e.g., the
New York and California-Nevada districts.

Other talolike minerals (Le., chemically or physi-
cally sipsilar) that may constitute various proportions
of “tale” ores are anthophyllite, antigorite, chlorite,
pyroplylite, and serpentine,

‘The mechanizs of the formation of tale bodies and
the inherent compesitions of the rocks from which such
bodies have been formed dictate that zome impuritizs
will be present, even if none of the “tajcdike™ minerals
are present; such indigenous imyparities inclode caldte,
dolomite, magnesite, and quartz. By “indigenous™ is
meant thoye materials that will be generated & sifu by
incomplets alteration to the mineral tale, ie,, the
reconstitution of the pre-existing parent material with-
out any appreciable addition of extraneous material.

CPC-BCALTRSCPT00001095
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Many other impurities may alwo be introduced and
modified during epigenetic processes of mineralization;
the most common of thess are calkeite, dolomste,
graphite, hematite, limonite, magnetite, pysite, pyro-
huzite, guartz, and various sulfates,

“Steatite” is a much-abused name, which means,
unfortunately, different things to different people. It
was originally a mineralogical name used to denote
massive talc ot falcose rock. It has subsequently been
used to desipnate a grade of tale ore that can be used 10
manufacture electronic inslators, thereby having pri-
marily # physical connotation rather than minéralogieal
and chemical connotations, At one time the ierm was
even synonymous with soapsione, but the present
meanings of these two terms are far apart. In order to
qualify as steatitegrade today, tale ore must contain
less than 1.5% (a0, less than 1.5% Fe; 0y, less than
4.0% AlL;O., and only minutz guantities of “other
imspurities”, and # must be suitable for the manufacture
of high-frequency electrical insulstors, Virtually all of
this country’s reserves of steatitegrads Inle ore pre in
southwestern Montana, That grade of tale is present in
several other districts, bet those bodies are compara-
tively small, and most must be mined in conjunction

The wilitr fiosl became soquainied wiih Montana's tale
degonils and their geology when Pfizer, oo, by whom hw waa
saployed, purchasedt Southers Califomls Minerls Company,
which was then, as Pirer &y now, one of the twe mslor

prodocers of Mopdana $slo oros and ihelr prostucis, I3 wonld

not be pomibls $o thank all of those Piizer smployees who
withisgly sharcd fhely Enowledge, bat Meswms, Juba V., Baxk,
Otto D, Robix, Jr., Waller W, Weid, and 1. B. Wood In
particulay worked in the field with e wriier and ihejr help
and contributions and good sompeny sre hetewlh speclficnlly
acknowhdged,

Trerig bis tenvze wib Pl the wiiter 3lso i the
pdviiege and the plasre of working with Dr. Rudolph ML
Bogberg and Mr, C. ¥. Joy, consullanis, boll of whom frevly
shared the resaits of thely comiderabls priox experiense In bhe

Montihe talc district snd mads nomergus extremely helpful

wgeeriions and contributiona.

Alge while with Pfizer the welter war privileged io
rarticipaie In ihe supanision of twe PhD, dswriallons st
Peprseytvmnin  Siste Univaeadly, Diza John M, Goihsn and
Angeio F. Gkuoma siadied the cendol wod poathern perts of the
Ruby Range, weapectively, partioularly thore specific sreas that
seem o have ihe gresfesi potentlsl tor ths dhoovery of
commerchhl tale drposita. Thekr work was & gepeesl axen)
riudy encormpansicg mainly srztipraphy, sivacture, and gonerst
geology; it waa never iniended ihat they, by themselves, sokve
the yiddla of take ganesix Their excelient contdiutions {0k,
1971; Gasihan, IDT3), howevez, sarve s fhe firm background
upin whick all fudure work on the taic deposits of the Buby
Rawgge will be based, Piizer, Ing., Sesrves credit aod sineere
thanks for is geaerous sdpport ol thesz two vestigeiions.

Moszta Bd Stevens, Jomes D Mulrysz, snd Donskl F.
Kennady of Cypprus Indusivial Minsrsly Congmny have zlso
shwred their knowiedge Ovor the years and hove extesded the
cowrtesy of conducting the wiiter on visids to their wines and
il b Monberw.

Beveral geologiets of the LA Geologlesl Survey, partiow
lexly Mr, Fennedl: L. Wiar and Ma. Ksren Bhaw, have through

with the lowersrade ores, the market for whose products
dictates the rate at which the steatite-prade ores may
be economically mined.

The term™“steatite” will not be employed i this
paper in the discussion of Montasa's tale deposits. The
term “‘tald” will be used in the minemmlogical sense for
ores that are predominanily composed of that minsral
alone and contsin little or none of the ““talc-Bje™
mineralz, For those ores that contain measurable amounts
of tremolite or other “fale-like” minerals, the term “tale-
wock™ will be used. This usage is not an attompi to
astablish nomenclatusal roles but merely a desire to
accentuste the difference in purity hetween Mouotang
talc orey and the ores from the other five major tale-
mining districts of North America.

High-purity tale ores, which can be mined as such
without extracting other, lower prade ores and which
can be wvstd for the manufacture of high-purity fale
products, are at present ¥nown in the United States only
in southwesternmost North Carelina and scuthwestern

Montana. Those in North Carolina are mimed under-

ground; only in Montans reay such ores be mined by
open-pit mothods at wlatively low cost,

years of dediemied offort and detalled mapping fmuch of it
D1 unpdiished} contributed o the knowlsdgn of the axteeaely
cognpicated pre-Beltiag stoatigraphy and structure of the southe
westtrn part of the Ruhy Rangs, particulady in the Christenwen
Ranch T¥rmioute guadrangle. A particodady slgoificant mop
(Jameey, Wier, gnd Shaw, 18960) waz open fCed primarily in
ordar 4o endavce the knowlcdge of potentlal talc-bearing
srens for those eoonomle grologists Bnen involved in the
seareh for new talc mines In the Ruby Hange Fox moany
most Informative and oonstructive suggestlons, as well as the
tenetits of wuxmersais pl nt A4 ex iona, the wriler is
fonudly iudebled to My, Wlar nnd My Shaw,

Mr. ‘Walter . Skeoch, formesly Frezidend and owner of

" Southern Califorals Miserals Compauy, snd Mr, James D,

Muiryun of Cypme Indusirdal BMinerals Company have kindly
wapplied background infermation on the history of ke growih
ant development of {he Moptann fale sdusiry, which is
Insorpataisd brlo this papss.

Mezsrs, Tom Melovern and Benpeit Owen of Diflon,
Montang, bave been involvesd i the prospeciing for and tho
wining and processing of Moniana iwlc for more than four
devades between them, They have freely shaved their consld-
arible knowiedpe, bave showsd the wrifer shveral deposts of
whisk he bad not becn aware, bave painted ewt {eatures that
be bad not ween, wivd have described soms that had ben
destroyed or mined owi.

Little of the lovesiigstions docwmeniad fn this papex
eould have baen mede without the coopersiion of manchers in
the ares, particuimely Fred W. ("Busier™) Brown and Ari
Christensen of Dillon, Montans, Boih ol these fine genilomen
not only sBowed aceest to all of thelr ke und boldings but
alsy accompanded the writer on meny fiedd trips snd pointed
out several foatures thet would otherwis have gone wnknown
1o him,

My. Raymond Olson srved &s & most m;nb-)e Held
wsAdant in 1874 and moade mmr wgnilicant snd mesaisgiul
contributions Lo this study.
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TALC V8. TREMOLITE CONTROVERSY

Rightly or wrongly, in recent governmenta) inves-
tigations into health and ssfety matters tremolite has
been likened to asbestos. The results of a symposium on
the health hazards of respirable dust in the mining 2nd
milling of talc and “tale-like™ ores, convened by the
118, Bureau of Mines in Washington, D.C., on May 8,
1973, have recently been published (Goodwin, 1974).
This and other such investigations have led many
consumers to switch from products manufactured from
tremelitic ores to those manufactured from high-purity

talc ores, such 2s those mined in Montana. The
production of tale ore in Montana has more than
doubled in the period 1969-1974, and much of that
sharp and relatively sudden increase must be attribited
o that factor,

While “the jury is still out” on this controversial

matter, the Mortana talemining isdustry siends to
benefit at the expense of all the other districts, with
the powmible exception of North Carolina.

USES

Tale products, whether mamsdactured from high-
purity talc ores, tremolitic ores, or other types of
“talc-like™ ores, are numerous and have royriad uses
and applications. These are well documented in the
literature, particularly by Jobmstone and Johnstone
(1961}, Cooper and Hariwell {1970}, Olson {1970),
Wells (1972), Patton (1973), 2ad Roe (1975).

The natusal color of Montana tals ores ranges
from white or very pale grees st the lightest to dark
green, greenish gray, or even black at the darkest. In
most of these ores, except for the darkest ones or the
ones conlaining graphite, the color (whiteness) improves
notigeably upon fine grinding {pacticularly in the 5-
micron size). Blending of darker ores with some of the
lightest ores can extend the life of ore bodies. Darker
ores may be used in place of Kghter orés if color is not

a partieularly important product specification.

The ceramics, paint, and paper industries conseme
more than helf the dollar value of tale products
carreptly sold in the United Siates, and it is in these
theee indusiries that virtuslly all of Montapa's talc
products are used. it is the development of high-quality
pigment-grade products that haz enhanced the rapid
growth of Montana™ tafc industry in reecent years,
and these produet Yoes heve been brought about by
the development of extremely fine grinding or “micron-
iing” iechniques in ™jet” or fluid-energy mills. Many
of the Montam talc products cumrently sold by both
present producers will have more than 50% of their
weight in the —4 micron size, and almost all of them
will have considerably mote than 30% of their weight
in the -10 micron size.

OTHER NORTH AMERICAN TALC DISTRICTS

Before embarking upon a description of Montana’s
tile deposits, it would be well to briefly describe the
otfier five major tele-mining districts of North America
and to cite sindlaritics and differences, so that the
reader will then have a background for comparison.

The geological settings of tale deposits in the
United States and Canada are as varied and diverse as
would be expected for any naturally occurring mineral
Cmmodity, but there are some broad similarities, First,
tak i invariably a secondary mineral formed in situ
from Pre-existing ot introduced materis} ur both. Second,
Commercial bodies are generally tabular and concordant
fat teast in the overall sense, i not everywhere Jocally},
being “molded” after the shape of the parent material,
which i generally & sedimentary or metasedimentary
otk unjl. Third, most of the talc ore bodies ocous
Within Precambrian rock units; the few that do not are
I rock units po younger than Farly Paleozoic age.

Finally, in glmost every deposit where genesis can either
be firmly established or confidently inferred, the time
of the tale Formation is Precambrian a8 well.

The reasens for this glmost total restriction of
tale 1o the Precambrisn in both space and time are
pnclear. It may be ecasier to understand in the nase of
ultrzrafic rocks, for they may be much more abondant
in the Precambrian than in younger roks. It is somewhat
more difficult to understand with regard to dolomitie
rocks, for they are cectainly much more common in the
Cambrian and younger systems than in the Precambrian.
It may be that deep burial and the consequent conditions
of dyoamic metamorphism could have atiained sufficient
jotensities only during the Precambrian; such a theory
would pechaps explain the formation of talc in Montana
and New York, for jnstance, but wounid probably not
be applicable to 3ome of the other distriets, which have
umrlergone deep burisl but do not show conditions of

kL
e
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extreme dynamic metamorphism and isoclinal structure,
such a5 8re common, for instance, i Montana and New
“York. 1t ssems safe to say, however, that even though
conditions of dynamic metamorphism have not neces-
sarily been atfained in afl six districts, or af least cannot
definitely be proved, conditions of burial beneath railes
of rock cover have been attained in every district. The
answers to what conditions have effected the origin of
tale may well have to await solution by workers in
academia, for few economic geologists have the time
and ths resources to devote to such problems,

Until such questions are answered it shonld suffics
to say that if ome wants to find falc fn commercial
quantities then one should restrict the sesrch to Pre-
cambrisn and possibly Early Palsozoic sequences In
‘geosynclinal areas; in other words, stick to “elephant

l'ﬁf

couniry

The six major talemining distedets in the United
States and Canada are: New York, Vermoni-Quebee,
Morth Cavolim-Georgig-Alabama, Texas, California-
Nevada, snd Montapa (Flg. 10-1). The history, geol-
oy, and several other aspeets of the first five districts
- will he trested briefly below; Montanz will then be
described and discussed in detadl.

NEW YORK
Talc was first produced and milled in the United

States In northern New York in 1876 between the
townts of Fowler and Balmat in 5t Lawrence County,

Before the turn of the century this operation beeame -

known as the Internztional Pulp Company, which
changed iis name to the Intenatjonsl Tale Company
in 1544, and was acquired by the R. T. Vanderbilt
Company in 1974, The Gouverneur Talc Company, a
Venderbilt subsidiary from the beginning, began opera-
tions near the zinc-mining town of Balmat in 1948,
Prior to their acquisition of Infermational Talc Company
in 1974, Gouverneur shared with them in the New
York talc district’s annuel predection on an approx-
imately 50-50 basis.

The New York tale district has long been and
still may barely be the most important in the United
States in terms of total annual production. It is most
peculiar that this district, although dominant in pro-
duction for the last century, and even more dominant
in terms of proved and potential ore reserves, is the
srpallest in arez of all six falevnining districts in
North. America. Al of the known commercis] talc
and talerock ocows within the Balmat-Edwards or
Gouvernewr rining district. A comprehensive sindy of

ELEVENTH INDUSTRIAL mﬁmaw FORYM

talc in the United States by the US. Geological
Survey (Chidester and others, 1964) indicated that
New York then had abmost 75 percent of this country’s
“measured and indicated” takc ore and about 40 percent
of jts “iferred® talg ore. All of the known ialc and
talcgock fies within & narrow belt, which probably
averages only 500 feet in width and is only abou
8 miles long.

The bedrock complex of the Gouverneur mining
district consists exclusively of metamorphic rocks of
Precambrian age (the Grenville Series), but two specific
types, namely, gmeiss and marble, dominate. The gneis
is the older undt and is about 3,000 feet thick; the
marble Is the younger snit and has 2 maximum known
thickness of about 2,000 feet. Thin sheets and lerises
of amphibolits occur within both the marble and’ the
preiss but are minor in total volume. Brown and Engel
{1956) subdivided the purble sequence into fifteen
units, of which only Unit #13, the "alc unit™, &

" known to contain commercial deposits of tale, iremolite,

er zine minerals, Unpeblished geological Investigations
indicate that the composition of most of the marble in
the district is relatively simple and probably décs not
and did not differ preaily along strike, The “tale unit”,
a dolomitic marble, shows evidence of being only
250 feet thick in its least contorted areas; gréater
thickness may be dus o sirectural flowsge.

The zine and the talc vrer ogour withia the same
siratigraphic wmit, but not together except at a few
Jocalities. Locally, the siliceous dolomite of Unit #13
has been converied to tremolite vnder conditions of
dynamic metamorphism or metasomatism; subsequently,
tale, anthophyllite, and serpentine have locally been
formed from the tremolite. 1o the northessternmost
part of the district, anthophyllite may Jocally be the
major corstituent of the ores,

New York talc ores are commonly more than half
tremolite. Tremolitic ores have been proven by under-
ground workings to downdip depths of at Jeast 1,100

~feet and by core drilling {genenlly In the search for

conymetcial zing depositsy to downdip depths of more
than 3,000 fect. Mineable bodies of 2lmost tremolite-
free tale (platy or “scaly” variety) have been discovered
and recently exploited in mines near Tafovitle; these,
however, are near the hangingwall contact and are
difficult to mine by themselves, so their scale of
production iends to be directly related 1o that of the
tremalitic ore being produced ai the same lime. Field
magping by LLS. Geological Survey workers has indicated
that the tremolite end tale and associzted minerals
were formed prior 1o 1.0 x 10° years ago,

CPC-BCALTRSCPT00001098
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16 ELEVENTH INDUSTRIAL MINERALS FORUM ;

The zomes of sommercial talorock locally pinch
and swell, but they are on the whole conformable to
the dolomitic marbie layers, The regional dip is about
45" to the northwest, aud depertures are only locally
significant. Tight and contorted cross-folds superimposed
upon the rin tale belt hove locally resulted & the

thickening of the talerock seguence by at least 50

percent, All of the rocks are complexly folded, and
metamorphisn to the amphibolite facies is common, i
indeed not ubiguitous.

Both open-pit and vnderground mining methods
ara employed. A large crushing facility is installed
within one wnderground nine. ’

The deporits of the New York talc-mining district
‘amy well constitute the largest reserves of tremolitic.
iype ote in the world, for nothing described in the
ltorature at the present time is of dmilar magnitude.
In the late 19603 the total production of the New York
tale-mining disirict was on the order of 225,000 fons
anpually. Although the most recent production figures
isued by the US. Bureau of Mines group New York's
production with that of several other states, it can be
safely inferred that New York iz now producing on the
order of 250,000 tons annvally,

Mew York tale ores are milled a5 is, i.e., without
any beneficiation of any sort. Milling iz aceomplished
in ball wills and in fluidenergy (“jet™} mills and the
product is then air-clasified,

VERMONT-QUEBEC
The district that [ commonly known as the
Vermont tale-mining district runs through the central
peri of that state but also extends sowsthward into
Massachusetts and northward into Qucbec.

Bodies of nltranmafic rock have been intruded into

‘s sequence of phyllite, schist, gnelw, greenstone, and

somiphibolite rocks; the chramafic bodies have been
focally serpentinized and partly converied into talc.
These tsle-rock deposits ere commonly associated with
dunite, peridotite, and serpentinite, which were probably
the parent rock. These vitramafic rocks *form part of
a belt more than 2 000 miles long, which exisnds from
Alabarma to Newfoundhand” {Chidester and others,
1951). The talcrock itsell s more of a fale-carbonate
complex, which locally grades into a carbonate complex
rich in magnesite. The talorock is dark, gy to dark
gray, hes a schigtose structure, and is relatively high in
iron content. The mineral tale itsell is minor in all
the known deposits,

The ultramafic bodies are as much as | mile in
width and 2s much as 3% miles in length (Chidester
and others, 1951). The commercial bodies, which oceur
in those ultramafic bodies known as the *verde antique”
type, are zoned around cores of serpentinile. The tale-
containing zone {“steatite zone™) forms the outer shell
or zone of the body; between it and the serpentinite
core i the “grit zone”, which is commonly several feet

 to several tens of feet thick. “Grit™ is the miner’s term

for rock that is composed of lalc and carbonste
minerals only,

Although there are few masses of high-purity tale
in the Vermont-{uebec disirict large enough €0 mine 23
such, tremolite is not known, and tale itself is the only
tale-like mineral contained within the vltramafic bodies,
The major problem hindering the production of pure
talc is the fineness of {ts physical admixture with its
contained impurities,

In northerr Vermont, entire ultramafic bodies
have been converted into grit and have widths on the
order of 100 feet or so; in southern Vermont one similar

body has 2 width of about 175 feel. In the state of

Yermont alone at least 145 oceorrences are known inan
ares having a strike lenpth of abowvt 150 miles and 2
width ranging from 5 to 25 miles. Homordinal folding
is the regional structure; isoclinal folding is thought to
be uncommon, for little repetition by folding has been
rioted.

Few workers have attempred to date either the
host rocks of the Vermont tale-mining district or the
time of steatization, but studics by Christman {1959}
and Cheistman and Secor {1961) suggested that the
age of the parent rocks B Farly Paleozoic, probably
Ordovician,

Open-pit mining has been done in the past, but
in recent years all production hms come from under-
ground workings, some of which extend to wertical
depths of more than 1,000 feet.

The ore reserve situztion in the Vermont-Qusbec
district has never been seriousdy investigated by anyoue
who would be gt liberty {o disclose the results of sucha
study_ Proved ore reserves probably do not exist, for these
producers seldom block out tonnage fas ahead of the
producing faces. Judpging from the geographical distribu-
fion of the kaown bodiss in YVermont alone, however,
the reserves of talerock must be extremety large.

Producers have historically had the choice of
erinding the talerock as mined and procsssing it for
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relatively low priced dusting compounds and fiflers or
of bensficiating the talgyock by flotation or other
means in order to derive high-value products containing
major amounts of the mineral tale. If one wants to
manufacture the most profitable product line in this
district, he is faced with the necessity of employing wet-
procassing beaefichation techniques. The Eastern Magnesia
Talc Company, Inc. (now Engelhard Minerals and

Chemicals Corporation) has been using wet-beneficiation,

methods on ores nesr Johnson, Vermont, sinee 1937,
The ore iz subjected to froth flotation, then dewatersd
in a rotary vacuam drum filer. The filter cake is then
dried, pulverized, and zir-classified; Harmah (1556) has
descyibed this operation in delail Eastern Magnesia
Talc Company, Inc,, cstablished another, moch mote
modern froth flotation plant at West Windsor, Vermont,
in 1264; dnce 1972 this operation has heen known s
Windsor Minerals, Inc,, & wholly owned subsidiary of
the Johnson & Johnson Company. Trauffer {1964} has
described this operation in detail, )

The 1.5, Buresu of Mines noted production of
251,087 tons of *“ialc, soapstone, and pyrophyliite” in
Yermont ;1 1973,

QUEREC

Deposits in the serpentine belt of the Eastern
Townships of Quebec have been described as being
altered frem peridotite. These deposits are similar to
those in Yermont and have been described by previous
workers as “soapstone™. Baker Talc Limited in Highwater,
Quebee, wsed 10 mine such ore and dry-grind it for
low-grade low-value fillers and dusting compoonds. In
the “late 1960°s wet-processing methods were infro.
duced, particularly froth flotation and high-ntensity
wel magnetic separation; consequently, products now
being manufactured from the same orss are being sold
t the paint, cosmetic, and paper industries at consid-
erably higher unit values,

NORTH CAROLINA-GEORGIA-ALABAMA

Although several deposits of tale and soapstone
ar2 known in the Appahchian Mountin province
between Vermont and western North Carolfina, none of
them have such a history of past or present production,
nor In the writer's opinion the feture potentisl, 1o even
Suggest the possibility of thelr bzcoming major tale
mining districts. Thess ocourrences in Massechusetts,
Connecticut, Rhode Island, New Jersey, Pennzylvania,
Maryland, and Virginia were desaribed by Chidester
and others (1964).

Several talc ocowrences snd ore deposits are
known between Murphy i western North Caroling
and Dadeville in sastern Alabama. Compared with thos
of the other major talomining districts, these are
relatively small deposits, but some of them are ime
portant in that they eve of high c;uahty and serve
specialized consumer needs.

NORTH CAROLENA

The Murphy falc district is about 85 miles long,
extending from southwesternmost North Carolina into
northern Georgia. Although talc & found in sedimentary
rocks and also assogiated with wltramafic bodies in
MNorth Carolina, & i only those in sedimentary rocks
that are of commercial interest at present. The host
rock for these ore bodies ig the Murphy Marble, which
is genenally more doloraitic than calcitic. Although the
marble has been reported to be as thick as 400 feet or
s, such thickness may be czused by strectural defor-
aution and therefore may be totally anomalous, The
Murphy Marble in the vicimity of Murphy, North
Carolina, has been divided into as many as eleven
zones, only one of which (about 45 feet thick) i
known to contain commercial tale deposits. Little
information i3 availzble sbowt the geology of the marble
belt and iis talc zome in areas away from mining activity,
probably because climatic conditions cause outcrops to
be few and far beiween.

Deypite the relatively small size of the North
Carolina tale deposits, the operations can be profitable
becaerse the purity and the color of the tale are
extremely high and the produets can compete with thoss
manufactored from Montana tale ores g9 the only puse
talc products of high color in North America thet can
be produced without the use of wet benefidation
methods. Tremolite & minor; indeed, even tale formed
after tremollte, which & common in most other districts,
is rare hare.

The talc swems to have originated by “relatively
simple melasomatic processes” (Chidester and others,
i964). Although the white talebearing zone in the
Murphy area Is dolomitic merble, which i locally
“slightly sandy”, Van Hom {(I948) &d not believe
that the parent material contained sufficiert magnesia
and silica to permit the tale to form by dynamic
metemorphism alone, Owens {196%), however, on the
basis of a petrologle study of diamond drill cores, felt
that the #slc is of metamorphic origin. The age of the
Murphy Marbie has not vet been definitely determinsd.
The gensral consensus, however, is that 3t Is either
hatest Precambieizn or Cambro-Ondovician,
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Both open-pit and underground mining methods
bevs been employed in the past, but recenily the trend
has been toward deeper underground mining, The
developmental costs of shaf-sinking to relatively small
e bodizs are among the highest such costs kaown to
the writer, further testifying to the superior quality of
thes carborate-derived ores,

¥Froduction fipures for North Carolina falc are
mnped together with those for pyrophyllite and soap-
sione by the U8, Burean of Mines in the Minerals
Yearbook, making it difficeit to determine the levels
of tale production, but in recent years the total
moduction of ali three hay 1znged Fom 80000 {o
00,000 tons annimdly, Because North Carolina has in
rsecént years been the only domestic producer of
wyrophyllite, it iz Hkely that North Carobmds tale
groduction i less than 50,000 tons anmwally. North
Cavolina s at present the only domestic producer of
die crayons or welders pencils, » reiatively minor but
sxiremely herative product line,

. Work being conducted by the Norih Caroling
Btate Minerals Resezrch Laboratory on the powihilities
of beneficiating talerock from those deposits associated
with uliramafic rocks isreportedly encoursging. Further
advances in the wet beneficiation of talerock ores would
increase the prospects that wich deposits, which are
similar to those in Vermont, wonld become of economic
interest. -

GEORGIA

A few occurrences of tale are known in the Canton
zrea in northern Georgia, which is the soulhwesternmost
part of the Murphy Marble Belt, but Georgla’s principal
tafc deposits are in Murray County. Individual 1ake
deposits may be tens of feet wide and seversl thousand
feet long and may extead for several hundred {pet
downdip {Chidester and others, 1964). Furcron and
others (1947}, in the most detailed investigation to date,
concluded that the talc hss been formed by the
alteration of dolomitic porilons of the Cohutta Schist
of Precambrian age; earlier workers, however, believed
that it has been derived from peridotite. Needhem
{1972} thought that the soapstone and other tajcose
yocks of Murray County were formed by serpentinization,
followed by metasomatism and metamorphism. Chidester
and others (1%64) statad that eltramafic bodies are not
rare in Georgiz, but no tale is known 1o be associated
with them.

Tele in Murmmy County was discovered ahost
1872 and mining was begun shortly thereafter. Open.pit

" opersiions have historically been hampered by the

presence of adverse murficial staining; mining operations
are now tonducted waderground. The principal produst
Lines have been crayons and finely pround products of
both dark and light colors, bot 4t the present time only
the latier are being produced.

The 118, Burezn of Mines stated (Minersls
Yearbook) that the production of “tale, soapstone, and
pyrophyllite” in Georgha in 1973 zmounted “to 38,000
forns.

ALABAMA

Pure white talc 3s mined nesr Winterboro in
Talladega County, Alabama; ag far as iz known, all of
this production goes 1o cosmetic and pharmaceutica]
uses. The parent rock s 2 carbonate sequence of
probable Cambro-Ordoviclzn age, which underfies the
area, but the geological relationships xre far from clear
McMurmy and Bowles, 1941).

Tale and anthophyllite asbestos deposits, first
noted in 1873, aze present in Talhpoosa snd Chambers
Counties, Alabama, where they are associated with
nitremafic bodies (Meathery, 1968). The talc content
rnges from 3 to 24 percent, probably averaging
20 percent for the better deposits, and annual production
is about 5000 tons (Neathery, 1970). Neathery and
others (1967) have described flotation-concentration
feasibflity studies, which show that “good-grade iale
concentrates”™ can be made from these ores, but the
economics of such an operation are yet to be proved.

TEXAS

Texas has two tale distriets — the Ylano district
in the central part of the slate and the Allamoore
district northwest of Van Horn in the westernmosi part
of the state. The Latter district, the more rocently put
into production, is now the only one of importznce
and is the only one that will be discussed here.

The Allamoore district extends about 20 milex
gast-west and ix as much as 5 miles wide. Its ore
deposits are in the Allamoore Formation, of Precambrian
uge, which consists of “thousands of feet” of carbonate
rocks, volaanic rocks, and phyliie (King and Flawn,
1533). Thetalc ks associated with dolomite, but it may be
observed to intergrade with phyllite in certain parts of the
district. The tale-rock deposiis are large tabular masses,
which pinch and swell to widths as great as 300 feet and
may be several thousand feet Jong. The strata, which
zre it the lower plate below a large overthrust fault
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(the upper plate having been almost entirely eroded),
are vertical or dip steegiy to the south. No ore body of
which the writer is sware has ever been “boltomed-
out” by either drilling or mining. large jron-oxide
stained “horses™ of sither carbonate rock or volcanic
rock are fairly common but are generally easily elim-
inated by the use of selective mining methods, Talc is
commonly found “from the grass roots down”, and the
sail cover is generally less than | oot thick. Caliche is
abundant io the appermost 5 feet or sa of these dark ore
bodies but seldomn causes any problemy 4l greater depths.

Petrographic and X-ray studies of the ores indicate
that tremolite i3 not present to any significant degree
but dolomite Is so finely admixed with the talc as to
make it extremely unlikely that pure tale can ever be
produced from the kpown ore bodies by present
beseficiation technigoes. There is little ndication of a
hydrothermal origin for these ores. The tale ore (ceramic-
type) iy gentrally strongly folisted, the individual foline
mnging from paper-thin to as thick as % inch. This
dark Texas crude ore looks Hitle like tale ore when
ons first visits the district, even to the trained observer.
The first tmpression is to identify # as black shale or
perlite or some other nos-talc-bearing yock, Despite its
dark or even biack cgolor and itz “‘nonalc lock™,
however, this talesock is & superior ceramic crude ore
and has superior pressing qualities and excellent firing
characteristics.

Flawn (1958) described the district in a stage of
infancy, and King and Flawn (1953} deseribed in detail
the overall geology of the district and the swrrounding
areas. A more recent detailed study has been financed by
the Texas Bureau of Beonomic Geology, bat the results
have not yet been compiled and made available.

All of the production has been from large open
pits, with the exception of minor amounis of light.
colored (generally pink to white) tale, which have besn
mined fn small underground workings and then finely
gound into filler and extender products, Almost all
of the ore produced i shipped out of the district to
the east, and even into Mexico, as crude unprocessed
ore for use in the ceramic industry, particularly for the
fienufacture of wall tile.

-
=

Mining costs are probably the lowest anywhere
for tale ores, Flawn (1958} gave the ““costs of mining,
irepsportation, and loading into cars” as ranging from
$1.75 to 3.00 per ton, and it is unikely that these
coms have subsequently increased more than would be
Bpected from inflation and increzsed labor and equip-
WM costs,

It is by far the youngest of all the pwjor tale-
mining districts of North America, for production
commenced in 1952, The 115, Buteau of Mines credited
Texas with the production of 232,514 fons of ore in
1973,

CALIFORNIA-NEVADA

Of the mejor talemining districts of Norih .
America, the one that combines the largest area with
the greztest number of productive cormmercizl deposits
Is the one In southeastern California, which barely
extends northward into Nevads, It iv about 200 miles
iong and has an average width of 30 miles b is locelly
as much as 75 miles wide, Engel snd Wright {1960)
divided thiy long "belt” Into three separsic areas, each
of which containg a dlightly different characteristic type

of deposit. This district s too large and its geology

too complicated to be satisfactorlly summarized within
the scope of this paper. In general, however, all the
deposits have been formed by the “metamorphism and
hydrotherrml replacement of siliceous and silicated
magnesian rarbles and Hmestones” (Bngel and Wright,
1960).

_ The deposits come in ali sizes. The Western.
Acme mine complex near Tecopa in San Bermandino
County, Cafifornta, js more than 5,000 feet long
(athough locally severcly complicated by cross-faulting)
and as much as 80 feet wide and has besn mined
downdip for at least 350 feet. The deposits in the
southern two areas ocour in Precambrian sedimentary
rocks, were probably formed in Precambrian time, and
are spatially associated with a thick digbase sill intruded
near the base of a widespread carbomatc member. In
the northernmost of the three areas, which has not
been historically as important a8 producer as have the
other two arens, deposits pgewr in Lower Paleozolc
formations and are thought to have been formed
by replcement processes, probably in Cretaceous or
Tertiary time.

Thete sre two prin types of ore in this district:
the “hard™ ore of the miners is tremolitic, and the
“soft™ ore is tale schist. Many deposits contain both
types, but their distribufion is erratic and unpre-
dictable. Most of the ore & markedly iremolitic, but
there are some relatively siall bodies of high-grade talc.
The problem with these highopurity tale bodies, however,
iz that they generally cannot be mined by thersselves,
but must be extracied along with the tremalitic ores;
therefore, the production of high-grade tale in California-
Nevada todzy generally has to be a function of the
production of tremolitic ores to supply the market for
their products,
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Most of the mining in the Californis-Nevada
district has been done underground, relatively liitle
mechanization js involved, and tnibering costs are
high. A small proportion of the districts produstion has

besn oblained by open-pit mising wmethods, but most

such operations are decidedly sporadic,

In no other talcondning district anywhere in
North America are the mines so far from rail transpor-
tation 28 those in the Californta-Nevada district, but #
servey mainly 2 special local market, especially southern
California, and seerdugly @n meet and beat the corrent
potential competition from other districis, Mills snd
other processing facilities are not located at or near the
mines but in the Log Angeles areq o1 af various peints
along the two paflroad lines serving the Los Angeies
acea, Haulage routes fo either a processing facility or
the rafiroad me on the order of 50 miles or more,

Soapstone was mined from small deposits along
the footkills of the western Sierrz Movada in the
mid-1800’s, but the cocrent Californiz-Nevada tale.
mining district was esiablished during World War [,
when the ares around Darwin in Inyo County, Californla,
suppiied block-grade steatite tak to compensate for the

‘temporary elimination of foreign supplies. California

preduction slacked off in the postawar period but was
rejuvensted during Workd War IL; since that time,
however, California has not been a significant factor
in the supply of steatite-prade falc. In the mid-1930"s
the use of California tremolitic cres for the manufacture
of wall tile began 10 come into its own, and the coramic
nduostry became the major markei, ay it is today. The
tale cosient of such ores iz not critical, 2nd a consider-
able amount of carbonate material can be tolerated,
indeed may even be deskable.

HISTORY OF THE MONTANA TALC INDUSTRY

The only prior significant description of Montam
talc deposits in the lierature is that of Pemry (1948},
This excellent work, however, was compiled and pub-
lished in the very early days of the Montang tale indusiry.
In the almost thirty years since its publication that
industry has undergone a period of amazing growih
and development; therefore it is thought appropriate to
present here some of the available background on the
Tistory of that period.

Much of the credit for the growth and develop
ment of the Montana rale industry belongs to 1wo
fine gentlernen whe recognized, among other things,
the unigue quality of its ores and by their intelligent
foresightedness, hard work, and perseverance paved the
way for the gurrent promineni positiopr of Montsna
in North America’s tale picture. Mr. Benry Muliyzn
{decensed, formerly President of Sierra Tale Company)
and Mr. Walter X. Skeoch of Honoluly, Hawali (formerly
President of Southern California Minerals Company)
began thelr involvement with Montana tale in the
1940’s and are horeby acknowledged as the pioneers
of that industry. Mr. Skeoch and one of Mr, Mulryan's
sons have been 50 Xind as to supply invalusble back-
pound iformation regarding the history of their
conteibutions,

The following information coneerning hls part in
the growth and development of the Moptaus tale
industry hog been supplisd by Mr. Walter K. Skeoch. .,

“During the summer of 15942, the non-metallics divigion
of the B Buresu of Miner asked me to investigate and, ¥
posdble, develop a small ouicrep of ialc pear Enndy, Montana,

Samples from the Jobnny Golch outerop end from 5 small
explomatery pit were snt to several ‘stestite cermmic’ mmann-
facturers who were then tiying lo find an American sourse
for Block tale They insistod ihis was necessary Jor Yhe supply
of spacers o dividers wsed v radio filament uraps They wers
dependent on jmporied material called ‘Wenderstong' from
Africa, which was mtigfeciory for gax Nz fubet but could sot
withstand the highintensity shock required for other products

The mmples were teresting but almost afl had fine
kot cracks when sawed inte shape. The open pit proved
Tazardous, 30 w shaft was sunk and explomtory drifts driven,
The market wag for 21 x 2 x EY blocks and we were offersd
8¢ 10 104 per pound for blocka sawed to size and delivered to
raifnead. The Vermont tale suppliers could supply such produrts,
bot the iron content was too high, The manufacturers refused
to buy the ground matertal so we wene obHeed to cancel our
ae when the owner, 0 My, Clark, would not soll the propesty.
Sierra Tale was Jater soccesful in puzchasing the property —
now knowan us the Yellowstone Mine,

From thai experience we kamed of an outorop of tak
mouthtag of Dillon, Montana. No work kad been done upos this
property, and we purchased the mineral rights from 2 randher,
Mr, Clyde Smith, The original purchase of 40 sares was focated
i Axes Canyon. Orniginally we explored undaground by
vertical shalt and Iaterals and later by opescut methods This
property, the Smithe-Diflon Mine, prodoced a vory purs tlc
that wor much in demand as s steatite coramic material The

LS. Governmen! stockpiled forty catloads of it for ememqency

use, The property wias worked confihuoudy from 1543 untd
the late 1960°s, after the sale of Scutheen Californts Mineral
Company to Pfizer, Inc. A scond 40 aqes was purchased from
Mr, Suith aboot 1960 but did not prove productive,

Our Ogden, Uiah, mill was complated in 1944, At frst
ondy & Raymond soller mill was installad, thea kter 2 high-
speeal Raymond hammer milh; seill Sater Fine Pigments Corpo-
ration produeced the exiremely low.micon fak: *399° at fhis
facility, -
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The Barpaits* Montana, crughing plant way insteiled in
1943, The Intention wis to bend the Montann tuics at Ogden,
Utsh, with muck whitey Californis ore -~ this wa dom
successfully for the paint ssd paper trade. Then beller tale
was developed Drom the Stone Cresk cluims {(Treasuss State
Mingj purchased [tom My Clavds Hrown in 1352, The Bamalits
mill was completed in December 1954 with a lerge Raymond
rofler mill, 1 high-speed Raymond hammer mifll, snd a lorge
Xidwell sil for Fine Pigments Corpormton, At that iz, starting
in 1947 and lasting untl 1965, Fine Pigments Corpomtlon
was owned 0% by Td State Minerals Company {z division of
Southern California Minersls Company) and 402 by Whittaker,
Qlark and Daniels Company, then of New York City, T State
Minersis Compatty purchased the WD, interest in 1965, The
Ogdeny mill was closed and most of that equipment was moved
to Barratix, but some of the equipment was moved 1o 8 new
modem il built at Dunn Siding, Californiz {on the Union
Fazific) n 1964-65 by Sombem California Minerals Company.

Several other talc cladms s Montsns were purchased
during the pericd 1948-1966, The largest, and the enly one of
these mined, iy the Keystone-Regal, cant of Diflon, Montans,
purchassd in 1947, The property was explored by a vertiosd
gt 110 feet deep and 100-{o0t long tuonels driven i all
four digeotions — £ i1 fale! This niay be the larpest body of
{alr o0 record, The qualiy it excellent, but oot of sach & good
cuior as are the Stone Creek grades (Treasure Chest Mine).

The color on ali the Montans gredes was very much
fmpmoved by the Installatlon of sorting belts and vibrating
screen sizing deviees and magnetic scparstors. An slsotric sorting
tebde was otalizd but was discarded, as the mansal mainte-
mance work requirsd wak to groat,'”

In February 1966 M. Walter K. Skeoch scld
Southern Colifornia Minerals Company to Pfizer, Ine.
of New York City. Its Montana. tale mines and mill
have been operated since then by the Minesls, Pigments,
and Metalz Division of that Brm.

Mr., Henry T. {*Jos™) Mulryan is President of
Cyprus Industrial Minerals Company, the successor of
Siema Tale Company. His brother, Mr. James D,
Mulryan, is Western Area Production Manager of Cyprus
Industrial Minerals Company and is in charge of that
fim's Montana talc operations, based at Thres Forks,
Montana, and has supplied the following Information
cohicerning, mmong other things, his father’s part in the
development and growth of the Montana talc industry.

“The odginsl name of the Yellowstone Mine was the
Moundain Talc Mino. Hiezrz Tale, largely through my fathers
lorty, acquired the property B 1948, The ming was renamed
the Yellowstons Mine at that Hme znd the etory behind this
i that Henry Muiryan snd Ofis Booth, both of Sicom Talg
wers driving to Mentana to luok over the property after having
seguired it Qe commented to the ether that dnce they had
BOW bought ihe mine, they ought to ligure out some sort of
L nems for it, About that time, there was ovccason for a

T,

*Speliad Batretts on Trllon West Thrmilsute quadoengis

panipype stop o the car ey were driving, snd 3 botds of
Yellowsione whiskey, which had been under the front seat,
rolled out and kit the passenger on ths foot. They felf that
this must have been ss omen of some sorl, and the mine was
ngmed Yollowstons Mine. It i3 therefors named for the
Yelowstone whiskey, in zpifs of the fact it in only about
50 miles from West Yellowstons, Montans. Cyprus took over
the mine in tale 1964 when they aequined Serm Tale,

- The Beaverhead Mine was discovered by a grpup including
Benmott Owwen and Bob Dution. This property was nothing
more than & prospeet snd was purchased by Sicrrs on a fease
option jn the carly 1950, Hese ugsin, Cypris took over this
property in 1964 when they acgubred Siorrs Tele,

The Yellowstone Mine began with Mr. L. F. Teuiich's
operations 23 a small undergronnd glery-hoking type of operation
The talc was bting mined primarily in the block leva area
whero there was a high percentage of mangansss dendrites. This
materixl was being umd in fhe cloctrondes indusiey for the
magufactere of nonfired ceramic pieces, soch ay sulafor
sk for high-frequency elestzonde tubes In the fate 1940%,
whep Rierra took over, there was soms oxtenzye undérground
work primerlly to fry to delineate the deposit and o find out
whethet open-pit smiding was feasble and alsd o pot some
lurger samples than we had had in the past 1o work with in our
lab to determing what could T done with the talc. In tho tady
1950°s the minc war opened wp ez an open pit wnd these has
boan no undergronnd work since,

At ths Beaverhead Mine the provicns owners hed done
wery little, if aoything, other fhen anemment work. In the sid-
1550', when Siorm took over, 10me sxplonstory uderground
work wos done. In the early 1960 aasesenent work was being
dontsin the form of stripping, with the Z3es of sveniually openiog
up the depesit, BY the Jalp 19607 the mine war opeaed up for
opezrpit operstions and 2l snderground work ceassd, Thiy mine
optyuies oft & seasonsl bagis somoully because of the altituds
and weather conditions at that gititnde,

At the Yellowstone Mins all of the tdc shipped from
the mine ix hand sorfed. The fivst sorting shed was instalicd
in either the late 1940% or emly 1950 In this shed the
wasie is picked from the tals by the sorien. A new sorting shed
war built in 1958-5% and the xessun for this was to kmprove
the facilifer as well as o increass the capscity. In 1571 we
Installed a pit sorter, 2 we call it, jofo whith the loweryisld
matorbd B fod and the tale i5 picked from the wasiz, Bagicelly,
this &5 the procesing history of the Yellowstone Mine at
the mine site,

At the Beaverhead Mine thers were no facilites of this
type untll 1574, at which time we put fn a pllotsizs pit sorter,
which differs from the Ysilowstone pit sarier in fhyt begically
the need to plck warte is lower ab the Beaverheopd than it It w2
the Yellowstone; therefore, the proccss more resombles the
soriing shed ot the lattor than it doss the pit sorer. Ceriain
difficulties with the Beaverbead oye regoired, however, that it
be washed prior to sorting; the nearést point at which fhia
condd remsorably be done wax Alder, Montans, In the lats
1960"s or ealy 1970' a wadh plasi was instaliod st Alder,
and the crushed o was run through & log washer and the
waste was then picked from the wuthed matexial Fhis system
has yemauined bagically snchanged sisct it was installed, excopt
that ocessiopally we have found that the nesd fo westh the ore
hus decresred with materials from oegizin areas of the pit.
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The Theee Forks, Monstana, grinding plant was built
in 1960-61 with ons rolier indll and one Double Eighty-elght
fuidwenerpy maill. A second such flvid-esargy mdll was sdded
in 1963 A peliet symem wiez added in 1970, and we have
andergone e major sxpansion in 197374 In which we have
added a third sach fleideneryy mill, storage slos, cto, plos
pasumatic copveying systems. We have also added n Stedman
mill for tha preparation of feed for the flakd-energy mills

The Crand Istand, Nelzasks, ginding plant wet built,
1 belleve, & 1952 with only one rolier milL We put in the
first floid-emerey mill, which was g single mil) esther than a
double mill, in 1955, The scond ppe was installed shout
1958, The plant was generally remodelied in 1962 and the two
single finid-energy mills wers rephoed by ope Double Eiphty.
sight, and Improvements wins mads In the packaging tystem,
A second rolizy mill wag pdded in 1969,

The tasic d¥fersgce i the two (id-emorgy plants i
the fact that Theee Forks has a peletizing sysiem and s more

 sophisticated matedals bandbing svstem, whersas Grand Lzland

has only the baslc ncoomsities of mch sn opemtion. The flow
shest at Crand Ishnd would be basizslly 2 aude-unloading
snd stosags area, 3 jaw crusher, one of two soller mills, eithey
of which can feed & packer Bin or » fessd bin o7 the {luid-eneryy
mfiis, which in taen fesd a sscond packaging system.

At Thvee Forks we have esmentially the mame system
throvgh the jaw crushes, but then we split to elther a rolier mill
or a Stedsan cage mill Basically, the Stedman mal feeds
the fiukl-energy cirenils, and the roller mill fords the packer
hin, The fhidenergy mills then feed sios from which: meterial
mn be rechimed 1o go rither into the mscond packer Hin
dipectly oy info the pelletizing feed sysiom, from whick i then

goes o a thivd peckaging stxthon. Finlthed prodocis sze then
Joaded out as in zny notmal operation,

The saitx In Ewrope of oo fhid-ensrgy-mill products
from plants In the United Stater reuched the point whers we
ould justify the buildiig of a plnt in Burope. Gent, Belgiom,
way the tite selected. This phanl was constructed in 1965-68 sad
was bagically compatable to the eripginal Three Fooka setup, We
heve jnstalled g pellet mill and a second Thiid-ensrgy mill phos
sifor and preumatic conveying since the plant was buiit. The
products rade in Europe are menufactured in large par? from
¢erude ore from the YeHowstons Mine; this has been the bade
mw matexinl used in the Bokginm opemaéion. Periodically we
secumulate betwean 15,000 and 20,000 tons of coude ors snd
make single shipments of thiz size ax needed in order io keep
the Gent plant supplied with mill fesd,

Ap indicated above, we oripinally used ondy Yellowstons
trude in Europe, but as the Besvtrhesd cruds boctine avaihably
we began to ship wonller quentitier of it to Eurnpe, When we
egtablished 2 working sgreement with 2z fsle preduter in
Auxraba, we began shipping aroda tale from that counhyy to
Gent for grinding. The basic supplies of ores vsed at Cent,
however, are 2l those frons Montana,

Gonerally gpeaking, we garted gt the Mondana opemtions
in the ateatite fz2lc business for the ceramics market, Later,
we began {0 produce materll for the contro! of piich in
papor-pip mills. This hus become the predominant market for
our Thrse Forks plant, the caamic and paint fndustries belng
secomdary, We have sl began rocently o move inio the

- synthetle rubber and phaics induxtries with owr Montans fale

products. Over the yoars the shifls in our pte&am Iine duve by
and amo been pradual ™

GEOLOGY OF MONTANA TALC

The geclogy of Mootana tzlc depoxits'has been
described extensively in only ome prior publication

(Perry, 1948) but has been described brefly in thres

other publications {Heinrich, 1960; Beinrich and Rabbitt,
1960; Chidester and others, 1964).

High-purity lale deposits in southwestern Montsna
mzre forafly restricted to dolomitic marble of the pre
Beltian sequence of “Cherry Creek-type rocks”. The talc
cccors az generally conformable lenses and siringers
within the marble, If they wre anywhere discordant,
it is commonly at relatively low angles. Talc i invariably
loculized within a narrow siratigraphic range. Structural
control, in the strictest sense, has pot been recognized,
but there is an epparent restriction of tale mineralization
to that part of the marble that is spatially close to
large bodies of the Dillon Granite Gneiss. The complete
restriction of the falc mineralization to the marble
enldy must indicaje that the aqueous solutions thar
comtributed to the deposition of tale were amenable to
doing so in the dolomite only, Winkler (1974) gave the
following reaction:

ddolomite + 4 quartz + 1 HaO = | talc + 3 caleite +3 £0,

Thizs seems to be the most lkely reaction to account
for the formation of Montanz tale deposits; inasmuch
as the host dolomite i not notably siliceous adjacent
to the talc, it i3 lkely that most of the silica required
wat metasomatieally introduced, probably zlong with
the water,

- In the Ruby Range the Ditlon Granite Gneiks may
have been emplaced before the tale was formed, bt if
this be the case, then the close spatial relationship
between the talc and the granite gneiss suggests the
probability of a relationship that must be explained in
some manner, Gaghan (1973} has noted thet fimer
grained dolomite and 1hin-bedded marble “are notubly
barren of tale” and his studies suggest that high-purity
talc hos invariably been formed as 2 replacement of
pure coarsely erystailine dolorpite marble. Furthermore,
he congluded that “with the exception of one occur-
rence, talc mineralization in marbie above the main
mass of Dilion Gneiss is confined to one stratigraphic
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THE GEGLOGY OF MONTANA TALD DEPFOSITS—R. H OLSON

unit, the Regal marble”. The Regal (Keystone) Mine and
the Treasure Mines all occur within the Ragal marble
of Garthan {1973}, who further concluded that “In
geperal, talc is sssocisted with tight folds, fractores,
marble breccia zones, bedding planes and fauifs™ and
that al of these factors, alemg with fexture and
compositional and chemical factors, are important in
localizing the formation of the tale. .

Both Okvma (1971} and Gerikan (1973) belioved
ihat the talc & genetically associated with the north
porthwest to porthwest highangle fault system. The
writer disagrees, on the hasls of his study of producing
niines during the late 1960°s, in which no evidence way
found of differing composition, mineralogy, texture,
e, in areas proximmal w such fult surfaces § would
seern that if those faults have been a factnr in the
formimtion of the talc, such changes and lateral varfations
would be readily recopnized within the ore bodiegy ~
unless, of course, they have been masked by subsequent
setrograde metamorphism.

It i pecolior that although tremolite has been
noted by many workers near high-purity fale in south-
westorn Montana, all of the ores mined at present and
i the past ars and have beon, 10 the writer's knowledge,
totally ftee of detectable fremolite. Most chemical
analyses of Montana tule ores express Ca(d as being

k3%

present only in “trace” smounpts, rather than as a
definitive quantitative value, Of dozens of such samples
eollected by the writer and subjected to X-ray diffraction
aalysis, not a single one has shown a detectable amount
of tremolite. The purity of Montanz tale ores is
shown in Table 101, as modified from Chidester
and others (1964} ,

In the discussicns of the individual Montana talc
mines, deposity, and prospects, the term “tale-zons”
will be used to denote that stratigraphic zong that is
susceptible to the formation of tale, All of thiz zonz
may be tonverted io talc, or none of il, or any part
hetween these two extremes

In large areas of numerous talc occurrences and
coesiderable Qiture tale potential, such 2 the arez of
the southern Ruby Kange between Timber Guleh and
Stone Creek and the area between Johnny Gulch and
Chenry Creek along the castern flank of the Gravelly
Range, overlying soff cover is either completely absent of
extremely thin. It would be most unusual over much
of these aress to find sofls (particulacly i the low
ground beneath timber stands) that are more than 1 foot
thick. Indeed, at the Regel (Keystope) Mine, soil

© ower over the talc and dolomite bedrock iz generally

completely sbeent. In the high country north of Gordon
Peak in the Euby Range and in the central part

Tkl 10-1. —Chemicsl snslyses of fak ore from the Dillon-Eunis district, Montans,

Smithe-Dillon mine Yellowstone
Bozy Key- Sweet  Treas mine
Grou oz water ure
e minnd
Stes-  3D-1% - sD24 ED3E SD-38 Stea- Y8
it tite?
0. ... ..., 58.2 5771 5B4% §L.06 6178 6137 61.9 5040 6245 &1.73
Frresrson 1.50 113 30 27 S0 57 30 K] 191 .31 10
3 - PP 51 A8 84 g1 &7 15 L3 40 2T 1.51 1.45
....... . 20 134 S0 < .08 <05 <. 0% Rii) <20 B0 Trace <.05
MG PR § W ¢ 30,72 31.78 31.13 3112 3106 3133 L7 an.81 30,23 30.32
KO. 00000 U e Tmes 02 01 02 o - 14 65 0
0 Paea e Trace  Trace 06 07 i a0 . 20 15 03
o g B @ s oss d sh
-------- L 84 £22 03 5. o . . . .
(Hﬁ{: e ra e 5 ; Hil Na N N 27 i)
¥
;m unkaown. Dats from S, W. Stockdale, Amution Chemet Corp.
y Rayrmo . orKe torias, In .
3Masarve whit 1o translucent finsgrsined fo dense tale rock with intermibsed splofches wnd veindets of gray
u‘mﬁddég* ec:; ialz mewﬁtfﬁufm;? mmu{?}}mgéﬁna o few dendrites of mapganess oxide. Analysis by Leopard Shapiro,

Whia to ‘?;t‘;’;xm of eam-colored rawmdve i rock, predominantly fine graiped but with varlebiz proportion of disseminated

tolla or plates of tale. Annlysis by Leonard Shupire.
aﬁwa mz&’gzxmwn SD-1 and SD-1, Analysie by Leonand Shay
L% 5o

TAnelysishy A, I, MacAxthur, Sierca Tale and Clay Co.
8jeusp pate-green tale. Analysis by Leonard Sbapira,

b3 N
epreseniztive of whiter and denser parts of sample SD-1. Amiyrgsﬁé)y Laomird Shapio.
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of that range to the north of Stons Creek thicker soils
are developed, however, particolarly i stands of timber.
It ir in sich areas that a geochemicsl approach to
orefinding, should such prove feasibls, would prove
invalusble for the discovery of concealed tale deposits —
the pormal system of “float-prospecting™ does not
work well in such areas.

Over large areas of the northwesternmost part
of the southwestern flank of the Ruby Range the
bedrock has been sharply pedimented and major parts
of large acreages have bedrock actualiy exposed or have
“pedrodk-atahe-grassoots”, The area befween Carter
Creek and the divide beiwesn Hoffman Creek and
Winnipeg (reck, from the Regal (Keysione} Mine
norikwestely to the floor of the Beaverhead Valley is
an excellent example,

Along the southwest edge of the Ruby Range,
thick allovial termace deposits concex? vast areas of

- bedrock that could contaio tale, but it & onlikely that

methods will ever be found 1o assess whether or not

talc deposits may be presént there at depth, Goug
downhill to the northwest from the rangs divide, one
comes into the pedimented avea, then into the terraced
aren, and finally ioto the slluvial 1 of the Beaverhead
Valley.

The crucial reason thst we have not attuined a
beiter and more nearly complete understanding of the
peology of Montana tale deposits s that no geologist

tos ever “lived with” & Mootana talc deposit or mine .

from the time of its discovery through its develop
mental stages and on into its period of mining aetivity,
Auvy field peologist who has attempted to decipher
geological relationships in trenches dug long apo i
taleose rocks knows what an exercie in frustration #
can bel The talc explowtion geolopist should he
afforded the opporimnity to map and sample while the
bulldozer is there, Tale producers generally feel that tale
mines tan be operated without geologizal control or
advice. Until dafly geological studies are made upon
such deposils, it stands to resson that they will
rordinoe ta remaln enigmast

ORIGIN OF TALC IN MONTANA

. Commercial tale ores in Montana have formed
only in dolomiic matble of pre-Beltian sge. Although
tale in other districts bas formed through the alteration
of ultramafic rocks, no such origin s kuown to the
writer for any commercial deposit in Montana,

Garihan (1973) has recognized that many mable
layers in the Ruby Range that have been host to the
formation of tale deposits are not guarizose nor do
they contain interbeds of metaquanzite; therefore, he
believed that the sifica needed for the formation of the
tale had to be mtroduced. The writer has made several
similar observations and fully agrees with Garihan's
eonclugion, Garibae (1973} also stated that “the talc
was derived chiefly from low.grads regional metamor-
phism of dolomitic marbles, through the action of
hydrothermal solutions contalning silica and perhaps
magnesia”, Retrograde metamoerphism of tremolits to
form tale, so comunon and important in other distdcts,
is thosght not to have been 2 factor in the Raby Range
becauss tremolite i not koown to ba present in Montang
tale ores.

Okuma (1971} thought that some of the talc in
the Ruby Ranpe may have been formed as the result
of the replacement of strpenting snd tremolite, The
writer does not dispate this posability but stresses that
all of the knowsn commercie! talc bodies have besn
formed from dolomitic marble ondy, It seems very

unlikely thet such ore bodles have been invarisbly
completely aliered to talc, leaving no contained tremolite
or serpentine momraining whatsoever; many such ore
bodies, however, do contain karge “horses” of unaltered
dolomite, which are either mined arcind or thrown
to waste.

All of the pre-Cherry Cresk rocks and the “Cherry
Creek-type rocks™ and most of the rock types of the
Diilon Granite Goeiss have been subjected to upper
amphibolite grades of regional metamorphism, a long-
lived metamorphic event of pre-Beltian time, which
cluded the development of intense isoclmal defor-
mation. It is uniikeiy that the tale was formed during
the period of upper amphibolite regional metamorphisis,
but it could well bave been formed during the period
of regional metamorphism of greenschist grade, which
post-gated the amplibolite period and predated the
intrusion of the diabase dikes. If the age of the dikes iz
Precambrian, which although not absohrtely proved i
very likely, then the tale was almost certainly formed
in Precambrian time. This age of formation seems mod
likely, for were the tale to have been formed in
Cambrian or Iater time it would be extremely unlikely
that po tale at all would have been formed in the
thick dolomite umnits of the Cambro-Ordovician Systems
irs the porthern third of the Ruby Ranpe {Tysdal, 1970).
Gariban (1973) noted that talc has not been found In
those Paleozoic dolormite strata in the worthern third
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of the range, yet taic has been formed in the pre-Beltian

dolomites at many localities very near the Paleozoic
outcrops. This, plus the fact that the Paleozgic rocks
ape completely unmetamorphosad, led him fo conclude
that the age of the talc mineralization was Precambrian,

_ Okuma (1971) also thought that the most Likely age of

the talc wminernlization was Precambrian. Although the
writer has no {firm proof ome way or the other, he
concurs fully with this age ussigmment for the formation
of the tale. Okuma (1971} stated that “The tale bodies
result from the wplacement of dolomitic mubles by
agueous solutions tich fn silica” and he further stressed
that “Areas of retrograde metamorphism may be of
special significance in tale prospecting”.

Van Hom {1948) hax studied in detail the talc
deposits of the Murphy Marble Belt in southwestern-
most North Carolina. It Is interesting that the geology

-of this district is similar in many ways to that of

Montana and that many of his concludons conceming
the genesis of the Murphy tale ores are zlso appropriate
for the genesis of Montana falc pres. Vas Hom thought
that simple dynamic metamorphism could not, by
Hself, have accounted for the formation of the Murphy
tale ores becanes of the lack of silics and magnesi in
the original marbie, but he believed that such meta-
morphism might have formed zones of weakness in the

masble, The subsequent introduction of hot aqueous
solutions may have partly silicified the dolomite and
at about the same iimw, or possibly somewhat later,
may have formed talc bodies i such zones of weakness.

The writer believes thet the mechanism of for-
mation of Montana talc bodies wes probably extremely
similar to that posiulated by Yan Hom (1948) for the
Murphy, North Caroling, tale ores. The dynamic meta-
morphism of the earlier upper amphibolite period may
have formed zones of weaknese and allowed the intro-
duction of sllicecus matarkal (probably from the Dillon
Grenito Gneiss) and possibly some magnesia also (probe-
bly remobilized from amphibolite and other vhtramafic
rocks). After this metasormatic event had afforded the
opporiunity for the introduction of all the constitusnts
necessary for the formation of the tele, it is thought that
the tale itself could have been formed during the retro-
grade metamorphism; Le., the event of greenschist grade
that Okumw (1971} and Garthan (1973} judged o have
been widespread over beth of thekr areas. This theory
of origin can aeither he proved nor disproved at this
time; the final sojution must await detailed studies of

- paragenesis by workers who can follow the mining of

thess tale ore bodies over safficiently lengthy periods
of time.

GFOGRAPHICAL DISTRIBUTION OF MONTANA TALC

All conymercial Montana tale depogits of which the
writer is awore are contained within pre-Beltan metfa-

sedimentary strata. They ave also geographically restricted

o a relatively small area in southwesternmost Moniana
{Fig. 102) bouvnded by the Beaverhead-Fefferson,
Madison, and Red Rock Rivers; more specifically to
parts of the Ruby Range; the Greenhora Range,
and the Gravelly Rapge. Talc occurrences sie Ruown

. In adjacent ranges, cspecislly in the Tobacco Root

Mountains, but these have not yet produced any ore.

The talc has invariably been developed within
dolomite marble of pre-Beltian age, Thes¢ muarble and
associafed metasedimentary strats aye known as the

" Chemry Creek Group and were origially stedied and

described by Peazls (1896) south of Ennis, Montana.
The Pony Secrics, as described by Tansley and others
{1933} in the Tobacco Root Mountaingl is not known
{0 oceur with the doloraitic marble of the Cherry Creek
in any area where the Iatter contains commercial tale
deposits, The Irillon Granite Gnelss is younger than the
dolomitic marble but still pre-Beltian in age.

Ross and others (1955) have mapped the unit
B which all of the known commercial tale occurs

st “PreBelt gneiss, schist, and related " focks™ and
it constitutes signifiamt portions of an area about
180 miles long in an eastowest divection (Red Lodge
to Bannpack) and 85 miles wide {Thres Forks to the
Tdaho-Montana Line near Upper Red Rock Lake), The
unit is 2 conspicoous and predominant one over this
asea of 15,000 square miles and locally makes up single
homogeneous blocks of several hundred square miles
each. The dolomdtic merble, however, is not an integral
part of this uall over its entire extent. As keown today,
admittedly from fragmental and incomplete informa-
Hon, the dolomitic marble i probably significant only
in the Buby Range, the Greenhosn Range, the Gravelty
Range, the Tobacco Root Mountains, and possibly in
part of the Madison Range.

Perry (1948) has described several tale deposiis
in the Ruby Range, the Gravelly Range, and the
Greenhorn Range, and his work is of interest in that
it describes the Montapa lalomdning district and its
deposits in their early productive stages. Much mining
and prospecting have been accomplished since then,
towever, and it is one of the purposes of this paper
to vpdate Perry’s work,
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The two ranges that contain gll of the lags
Montana talc deposits, namely the Ruby and Gravelly
Ranges, will be the ones dealt with at most length in
this paper, They have the most obvious present potential
and may well have the best future potential. The other
areas and ranges mentioned above are, at the present
time, still strictly wildcat areas,

FLEVENTH INDUSTRIAL MINERALS FORUM

The areal geology of the Greenhom Range hag
mever bheen published. The Ruby HRange has beey
deseribed in regonnaissance fashion by Klepper (1950),
The entire Ruby Range Ias been napped in recent
years by stodent investigators, but the results of thiz
work have not yet been publiched. Tysdal (197()
mapped the northern third of the Ruby Bange, which
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consists for the most part of Paleoroic strata, Garikan
(1973} in the central part of the Ruby Range and
Okuma (1971) in the southern part, in & joint study
that was subsidized by Plizer, Inc., mapped all of that
range that has, in the writer’s opinion, any significant
chanee of containing commercial tale deposits.

Mann (1954, 1960) mapped much of the Gravelly
Range, including dpnificant smounts of pre-Beltfan
mcks, but did not diffcrentisie them into separate
snits. Hadley (1969a, 19695) mapped key aress aiong
the eastern flank of the Gravelly Range, which give

considerable insight into the talc potential of that

area, Student investigators are currently working i and
mapping portions of the Gravelly Range, but it will be
some time before that work is reported.

It is difficult to discard a skratipraphic rame such
uf “Cherry Creek”, becanse of its longeviy and wide-
spread usape, but the writer chooses pot to use it without
qualification (except at its type area), for there & no
way 1o be certain that ome is always refercing to
sequences of the same age when widely scattered
outerops of pre-Beltian dolomitic marble are being
comilered, The Cherry Creck Group, as defined by
Peale (18963 south of Ennix, Montana, consists of more
than 7,000 feet of interlaminated preiss, mica schist,
marble, erystailine limestone, and quartzite, Helnrich
and Rabbitt {1960} restudied the type ures snd charae
textzed the Chercy Creek Group as wn%xuﬁng the
following major classes of rock types;

1., Marble, calo-schist, and Bime.dlicate guoiss

2. Quartzite and quartz sehist

3. Phyflite

4, Mica schist

5. Kyanite schist and kyanitestaurolite schist

6. Sillinmnite schist 2nd gneiss

7. Maguetite schist and related-rocks {“fron

formation™)

8. Amphibols gneiss, schist, and amphibolite

9. Cuartzfeldspar gnelss, granitic gneiss, biotite,
" and injection gneiss

The marble layers form the thickest and the most
persistent of the units within 1he group at this bocality,
and Individual marble lzyers as much s 1,500 feet
thick have been noted., Quartzile units as thick 23
550 feet have also been noted. The “total minirum

thickness of the Cherry Creek proup in its type area
I estimated to be about 30,000 feet” (Heinrich and
Rabbitt, 1960}

Heinrich (1960) studied the Cherry Creek Group
in the Ruby Range and reported the followlng as the
characteristic rock types:

1. Marble and calcium-magresium-silicate pneiss
Z. Quartzite and conglomentic quartzite
3. Muscovite and biotite schist, some parpetiferous
4. Biotite gneiss, some containing various amounts
of gamet
5, Sillimmanite schist and gnems, some garnetiferous
6. Hy persthene-magnetite schist
7. Pyroxene schist and gneiss
8. Chlorite schist
§. Corundum schist
10. Hornblende gneiss, amphibolite, and schist
1t. Anthophyliitic gneiss and sghist

The marble units are the most conspiruous; individual
units ag thick 2g 1,600 feet have been noted, but such
thicknesses may¥ not be original. They may have resmiied
from flowage that occurred during the epochs of intense
folding in Precambrian thuoe.

In the Tobaccr Root Mountaing, Tansley and
others {1933} descxibed the Cherry Creek Group as
oonsisting of “quartzites, limestones, schists, and gneisses
whose sedimentary origin is unquestionzble, whereas
the Pony group possesses features common to both
sedimentary and jgneous rocks. No limesione or true

_ quartzite occurs in the Pony group™.

. “Cherry Creek-type rocks” will be discussed and
described below in detail; the uss of the foregoing
terminology will allude to the fagt that the term Chenry

Creek Grouy, as used In the past for ocourrences ocutside

the type locality area, should pot necessarily imply
stratigraphic correlation or time equivalence. Therefore,
except for the type locality in the Gravelly Range, the
term “Cherry Creek-type rocks® will be used in this
paper to denole a series of pre-Beltian strata of
unguestionable ssdimentary orlgin, cheracterized by
marble sad gquartzite and contsining abundant schist
and minor gneiss, with oo implication whatsoever that
any of the geographically isolated sequences can be
correlated stratigraphically with any other,

GEOLOGY OF THE RUBY RANGE

The Ruby Rangs is elorgate in the genemd
direction’ of N. 40® E., being about 30 miles long and

having 2 width of 10 to 15 miles. Altitudes along the
base of the range are generally 6000 feet or so sbove
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sza level; the highest peaks are in the northern third
of the range, Ruby Paak at 2,391 fest sbove ses love!
being the highest point in the range. The Ruby Range
may be divided into sevemsl geological blocks, each
having certain unifying characteristics.

A generalized geological mup (Fig. 10-3) has been
compiled by the writer from his own field work and
from unpubliched maps by James, Wier, ad Shaw
{1969}, Tysdal (1970), Okums (1971}, and Garihun
{1973}, These four unpublished maps cover the entire

. Ruby Range except for a very small triangnlar segment

at its southeasternmost extremity, Six geological units
are shown on Figure 10-3; three of Precambrian sge, one
“mixed™ Precumbrian-Palepzoic, one almost entirely
Palvozoic, and one TertiaryQuaternary, The second
oldest unit i that one along the southwestem flank
of the range that contains *“Cherry Creek-type rocks™.
Virtually all of the known dofomitic marble in the
mange Is within the boundaries of this unif; thoss
that are nof are contained within the undifferentiated
Precambrian portions of the “mixed” Precambrizo-
Paleozoic vait. The granite gneiss uait along the south-
eagtern flank of the ranpe is the ope that previous
workers have called the “Dillon Uranite Greiss”. The
distribution of thiz unit on Figure 10-3 has been
delineated so az to exclude all known marble unite.
The “mixed” Precambrian-Palevzoic vait hns been estab-

lished because it covers 2n ares where the relatlonships

between the fntensely folded Precambrian units and the
homoclina! Paleozoic formations have been complicated
by Laramide block faulting, resulting in 3 mosaiclike
compiex of the two very different sequemces. The
Paleozoic block consists atmost entirely of Combrian-
Pennsylvanfan formations, but has some scattered and
wslatively minor outcrops of Cretacsous, Tertiary, and
Quaternary units, A Tertiary-Quatemary block is shown
glong the central portion of the eastern flank of the
range whers units of such ages ure so widespread that
they can readily be shown, even on the scale of
Figure 1G.3.

ROCK UNITS
PRE-CHERRY CREEK ROCKS

Both Okuma (1971) and Garihan (1973) recognized
the presence of rocks pre-dating “Cherry Creek-type
rocks” alopp ihe southern margin and the eastern
margi, respeciively, of the Ruby Range, Okuma listed
the mailn rock types of this group as:

Bictite-garnet-guariz-feldsper gneiss
Biotiegarnet gneiss
Amphibolite and homblende gneiss

and stated that most of these rocks are coarse prained
and banded. He believed that the discontinuous natore
of some of the amphibolite bodies {ndicates their orkgin
a3 mafic sillz and provides evidence for an Intzusive
origln. Okoms mapped this group as being confined to
the southeasternmost part of his area and described it
as being composed of metasedimentray, meota-igneous,
and migmatitic units,

Garihan (1973) described “a belt two kilometers
wide between Sage and Mormon Creeks™ of pre-Cherry
Creek rocks along the central part of the eastern flank
of the range, but the area that ix so exposed i3 too smafl
to sliow the estzblishment of firm and reliable relation.
ships to other lithologic sequences in the range. This
group of pre-Cherry Creek rocks includes gnelss, schist,
amphibolite, and migmatife — but no maible or meta-
quartzite. :

Heinrich {1960} described tocks of the “pre
Cherry Creek group” in the Ruby Range az “gneissic,
banded, and coarse-gmined” and noted the absence of
digtinctive Iaterally persistent units. Schist was noted
as markedly subordinate to gnefss,

“CHERRY CREEX-TYPE ROCKS"

Partioular attention was paid to the *“Cherry Creek-
type rocks™ by both Okuma (1971} and Garjhan {1973}
besanse .a pood deal of thelr attention was devoted
toward talc occurrences, and a2 of the known commer-

chal deposits of talc in the Ruby Range, and all of -

Montana for that matier, are found within the bound-
aries of dolomitie marble units of the “Cherry Creek-
type rogks™.

~ Okuma{1971) listed the following as the distinctive
rock types of his “Cherry Creek Group™:

1. Marble
- 2. Quartzite
3. Caiciumemagnesiom schist and quarttzite
4. Amphibolite and hornblende gnelss
5. Mica schist
5. Sillimmnite schist and sillimanite gneiss
7. Magnetite schist (Jron Formation) o
8. Other rock types (not nupped separately)

The marble layers are conspicuons zud invahuable
as structural marker units and have besn mapped o5
30 to several hundred feet fhick. They are generally
well-bedded, individusl layers ranging from 6 inches to
4 feet in thickness, The dolomite generslty crops out
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Tertiary - Quoternary

Palepzoic

Fault -block mosaic of undifferentiated
Precambrion and Puleozoit rocks

Cherry Creek- type rocks

Dillon Granite Gneiss

Pre-Cherry Craek maké

10-3. —Genesslized gecloghe mup of Ruby Range, Begrechand and Madison Oounties,
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better than its endosing units, but is further sharply
delincated by demse growths of greasewood and the
presence of 2 light-orange lichen, which seemingly grows
only upen the dolomite rock. The dolomite is gonerally
white to Yght gmay in fresh color. Actinofite and
tremolite oconr Jocally in the marble, but genersliy
only near contacts with the ultranmfic rocks; both
minerals are unknown within commercizl talc bodies.
Gamnets are #ls0 locally developed within the marble.
Quartzite layers range from 135 to 180 feet in thickness,
and althouvgh they are decldedly subordingte In volume
tompared to the ssarble, they do make excellent
structoral marker units. Amphibolite and horsblende
gneise are decidedly {mportant volumetrically, antl these
units range from & inches to 1,500 feet in thickness.
Most of the “Cherry Creek Group™ is of sedimentary
origin, according to Okuma (1971), but the amphibolite
bodies probebly were origlnally ipnecus dikes and sills,

Gariban (1973} stated that in the southern part
of ths Ruby Raoge the rocks of the “Cherry Creck
Group™ trend uvelformly northeasterly, but jn the
central part of the range, especially along Stone Creek,
they bend eastexly and then sounthessterly, and ther
eontinve in a general ezsterly direction into the Gregnhorn
Range in the vicinity of Ruby Dam. He recopnized the
followirg lithologic subdivisions of the “Cherry Crack

3,
M

Gronp

1. Marble
2, Calesiligate rock
3. Metaguartzite
4. Sitlimardie schist
5, Biotite gnelss and schist
6, Chiorite gehist and related rocks
‘. Actinolite schist
8. *Iron Formation™
9, Amohibolite and relatod rocks
10, Anthophyllite gneiss and related rocks

and further spocified that this order of listing does
not in gny way connole stratigmphic succession He
papped marble ayers 100 feet to approximately 1,500
{eet thick and noted the presenge of poth calditic and
dolomitic marble; the calcitic vardety s finer grained
than the dolomitic variety, which is only locally fine
grained and sugary textwed a5 i the calcitic marble,
Garilan (1973) stated that the marble commonly grades
into caleslieate rock and diopsidic marble, which iy
much more common than fremolitic merble. The cale-
sicate rock, a relatively minor rock type, may or may
pot contain carbonate and 18 relatively rare in the
centrzl part of the range; it 88 much more widespread,
however, in the gouthern part, where it has been used
as marker beds for mapping. Sillimanite schist constitutes

ELEVENTH INDUSTRIAL MINERALS FORUM

only 8 percent of Garthan's measured section along
Stone Cresk on the western flank of the range. This
rck type is easily eroded, and several valleys, such ax
Mine Gulch, have besn cut from it. It can be mapped
kocally by the micaceous soil formed vpon it. Amphibolite
constitutes more than 20 percent of the thickness of the

“Cherry Creek Group” secording to Gariban (1973) and-

i thus one of ils more important Yithologic units, He
recognized one such unit as being about 1000 feet
thick and stated that some of these units can be
traced “for several kilometers” laterally. Anthophylitic
smphibolite Is conynon, Anthophyltite is also found i
the gnews and schist, as is cummingtonite, the two
minerals are indistinguishable in the field bt were not
fopnd together in thin ssction. Garthan (1973} ako
noted the ocowrrence of cordierite-anthophyllite gneisa,
which is associated with amphibolite. There scems
Little doubt that these metamorphic units ogginally
formed a sedimentary sequence,

Heinrich (1960} made a peirographic study of
some of the marble in the “Cherry Creek Group” of
the Ruby Range and by the uss of staining techriques
he found that dolomdtic marble is about iwice as
abundant g5 ealcitic marble.

The Carter Creek ron deposit, which bridges the
Beaverhead-Madison County line southeast of Dillon,
is in “Cherry Creek-type rocks™. A detailed peclogical
map of this deposit has been publishad (James and
Wier, 1572). '

DILLON GRANITE GNEISS

The Dillon Granite Gneiss of sonthwestern Montana
tas been described by Heinsich {1953, 1960).

The major rock types in the Dillon Granite Gneiss
in the southern part of the Ruby Range, according to
Okumna (1971} are:

1. Reddish-brown quartz feldspar gneiss

2. Poliated, hght-colored pegmatitic gneiss

3, Coarse-prained biotite-feldspar-quartz gneiss
4, Olive-gray granite gneiss

5. Epidoterich gneiss

The Ditlon Granite Gness is generally conformable
with those metasedimentary yocks that it has intruded
{here the “Cherry Croek-type 1ocks™), and any oross
gutting relationships are generally minor in degree and
angularity. Okama (1971) favored a megmatic origin
but recognized ithat this js not the only plansible
genetic model.
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In the central part of the Ruby Rapge, Garihan
{(1973) recugnized three major yock types in the Dillon
Granite Goeisy:

Biotiie-hornblendegarnet gneiw
Pegreatitic Dilon Granite Goeiss
Chloritic Dillon Granile Gneiss

and siated that the Dillon Granite Grelss is concordant
with the “Cherry Creek-iype rockn™. All of those
workers who lmve published major contrbutions upon
the pre-Beltian rocks of the Ruby Range view the
Dillons Granite Gneiss a5 a large tabular intrusive body,
of batholithic proportion, which is in regional concor-
dance with Its enclosing rocks. Other aliematives,
however, must be considered, such as granitization and
the regiopal metamorphism of sedimentary sequences.
Garihn (1973} provided detailed petrographic descrip-
tons of the various types of rocks within the Dillon
Grapite Greiss in his ares.

Heinrich (1960) described “non-foliated pegom-
tites, which commonly are zoned™, which transgress the
grain of the country rock that includes them. These
pegmatite bodies are not abundant, and although Helorich
dged them to be geoetically related to the Dillon
Granite Gneiss, he recognized that they may be much
younger, possibly even of Laramide age. Unfortunately
they are not known to come into contact anywhsre
with tocks younger than Dilon Crapite Gneiss, zod
thus can be dated only as post-Dillon and probably
pre-Tobaceo Root batholith in age.

ULTRAMAFIC ROCKS

Ultramaiic rock units, which Gkuma (1971 re
ferred to as peridotite, intrude the pre-Cherry Creek
tocks, the “Cherry Creek Group”, and the Ditlon
Granite Gneiss in the southwestern part of the Ruby

Range. They sre fiftcen feet to severad hundred feet
wide,

i Similardy, In the central part of the Ruby Range,
Garihan ($973) desaribed the pre-Cherry Creek rocks,
the “Chersy Creek Group”, and the Dillon Grapite

© Gnsiss a5 all playing host to vltramafic bodies. For

the most part, he stated, the ultramafié” bodies are
onRcordant, Le., pacalle]l to the regional folistion, but
they are locally discordanl. The three major types of
Wtramafic rocks are metaperidotite, metapyroxcenite,
awd smpentinite, Garlhan (1973) thought thst the
Wiramafic rocks were probably introduced at least
¥ carly as the complex isoclinel folding and upper
tmphibolite metamorphic event.

Heiarich (1960) desciibed these ultramafic intrusive
bodies as “unmetamorphosed™ and noted thai they are
cut by the younger dishzse bodies and also by the
master faulis of the Ruby Range (northwest system).

GRANDLITES

Granulite rocks hive been recognized by Garihan
{1973} oply in the northern part of the Mine Gulch
T-minute quadrangle. I the field they are difficult
to digtinguish from amphibolite, and their outcrops
are generally poor, but they have been recognized as
granulites after thin-ceetion study, They are common
in terranes underiain by the Dillon Granite Gnelss,
less common in these underiain by the “Chersy Creck
Group”, and are of interest becanss of thelr proximity
to at least two {alc-bearing marble units,

DIABASE DIKES

Dinbnse dikes, with preferred orientation ia the
notth-northwest oetant, are common along the southern
two-thirds of tho western flank of the Ruby Range.
Okuma (1971} described them as ranging from 5 to
500 feet iIn widih and extending as much as 5 miles,
They commnonly occupy long and relatively narrow
distinetly depressed swales, which are generally free
of all vegetation except grass and contain faw of no
outezops. Their intrusion has bad Httle or no effect
upon the older country rocks, except for the marble,
which mzy locally have had small ameounts of serpentine
developed. Theso dikes have not been subjected to the
kighgmde amphibolite metamorphic zvent, but have
been ypetamorphosed to the greenschist facies. Okuman

(1971} speculated abont the age of these disbase dikes — -

a3 to whether they zre of Precambrian, Feleozoic, of
Tertiary age — snd concluded that they are probably
Precambrian. )

Gerihan {1973} stated that such diabase dikes are
slso common in the central part of the Ruby Range
and that they may be as wide a3 100 feot and as long
s 1 mile, possibly more. They are easily recognized
and ftraced wpon aerizl photogrephe They generally
eut the folistion of the enclosing pre-Beltian rocks at
high angles and are not foided as are those older rocks.
They are wertical or subvertical, as judged by the
lincar natwre of their traces over extremely rogged
topography, and they are decidedly less metamor-
phosed (genersly only to the greenschist facies stage)
than the enclosing rocks. Their lack of folding and
foliation suggests that they were emplaced later than
the phases of zhearing and recrystallization thst are
associated with the ultramafic rocks and the other
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older pre-Beltian rocks. The mapping by Gerilan (1973}

and Tysdal {(1970) suggests that thess dikes hive no
intrusive relstionship whatsoever with the Paleozoic
strata of the northemn third of the Ruby Rangs, desplte
thelr locally close prouimity o those strata. I fhig
inference is comect, the dJizbase dikes are of Pre-
cambrian age and are posibly the youngest Precarmbrinn
unit in the range.

A large diabase dike cuis what may well be the
Iargest singhe taic deposit in the Ruby Range, the Regul
{Keystone) Mins in . 2, T. 8 8., R. 7 W., Madison
County. This dike it more than 200 feet wide at tha
mine and, with two other similar bodies along approx-
imately the sane strike, can be traced for sbout 4 miles
in 2 north to northaworthwest divection. It s probably
vertical, or at least very close to vertical, ag deduged
from its almost Hoear trace over Tigped topagraphw
telief,

Heinrich (1960} descdbed one diabase dike in
Axes Canyon near the southwesternmost extremity of
the Ruby Range as being 600 feet wide and 6 miles
long. He stated that these bodies aro generally intruded
along faclis, particalarly the mmster fault set of the
range {north to northwest system).

UNDIFFERENTIATED PRECAMARIAN

Tysdal (1970} has mapped lage areas of Pre-
gambrian rocks in the northern third of the Ruby
Range bul has not differentiated them into separate
lithoYogic units or grovps, He mentioped “metadolomite™
as one of the five dominant rock types, howsver, so it
iz likely that “Cherry Creek-type rocks” are present.

PALEQZIOIC

Tysdal {§970) described the Precambrian-Cambyian
preconformity n the northern third of the Ruby Range
as 3 nearly planar contact, and he mapped and measured
Carabrian, Devoniap, Mississippian, and Pennsylvapian
formations that have an appregate thickness of about
5,300 feet, of which approximately 1,500 feet (mostly
Cambrian and Devonian) i doloinite or markedly
dolomitic. No tale & known fo have beep formed in
these younger dolomite beds,

TRETACEGUS-TERTIARY

Tysdal (1970, p. 94} asserted that the Beaverhead
Formation, of Cretaceous-Tertiary age, contains gparizite
clasts that have been eroded from Beltian rocks, Belt

strata, completely absent from the Ruby Range, sre
known in the Pionser Mountains to the west; this was
probably the source.

-

TERTIARY-QUATERNARY

Late Tertiury and Quatsrnary strata are present in
the Ruby Range, espzcially in #ts northern third zlong
the lowermost flanks,

METAMORPHISM

Al pre-Cherry Creek rocks, the “Cherry Creek
Gronp”, and most of the rock types of the Dillon
Granite Gneiss have been subjected to upper amphibolite
grades of metzmorphism, secording to Garltan (1973),
“as part of a prolonged pre-Beltien episode which
inctuded isoclinal deformation and subsequent intrusion
of basic dikes”. He thought that thé available informa-
tion strongly suggesis that the pre-Cherry Creek rocks
may dste back 10 3,1 x 10" years ago and that the

Dillon Granite Gneiss &5 on the osder of 1.6 % 10% years

old. He further inferred a second regional metarnorphism
of greenschist grade of an undetermined (bui certainly
Precambrian} absolute age.

Okuma {1971) also agreed that the Precambrian

~ rocks of the Ruby Range have been subjocted 1o regional

metamorphism of the upper amphibolite facies and
further observed that gamet is ubiquitous in rocks of
the Ruby Renge. He saw no clear evidence 1o suggest
muitiple metamorphism, Le., multiple metamorphism
of the highest rank achieved (upper amphibolite facies).
His study of thin sections indicated thai the later
retrogeade metamorphisme of the greenschist facies was
widespread and thar the formation of the tale may
well be related to this later metamorphism.

STRUCTURAL GEDLOGY

According to Okuma (1971} “the southwestem
portion of the Ruby Range has remmined relatively
stable since its intenise deformation in late Precambrian
time”. Almost throughout his area the foliation is
“mvariably parallel to the formational contacts of the
different rock types”. Ioclinal folds are characterized
by parallel or pear-paralie! Jimbs, and Okuma recognized
three phases of Precambrian folding. The prominent
northwest- and porth-northwest-trending sraster favlis,
which are readily recognized Jocally by the abrupt
juxtaposition of radically different rock Lypes, have
essentially no topographic expression whatsnever, despite
their Targe displacements. The Elk Croek Fault, trending
N. 40° W., displaces the “Cherty Creek Group” — Dillen
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Granite Gneiss comtact a horfzontal distance of 2 miles;
the Red Canyon Fault displaces # about 1| mile,
Okuma (1971} thought that the age of the high-angle
faulting could be Laramide; i the strikes of the diabase
dikes indicate Precambrian lines of weakness, however,
then these faults could bave originated in Precambrian
tim¢ and been reactivated o the Tertiary, Okuma
suggesicd that the pre-Cherry Creek rocks, the “Cherry
Creek Group™, snd the Dillon Granite Goeiss were
deformed contemporancously. According to him, Pre-
cambrian  sosctural  deformation “was primorily by
& combination of flexuraiflow, slip or shewr along
schistosify, and plastic flow™.

Those investigating in detail the pre-Baltian rocks
of the Ruby Range recognize either two, three, or four
phass of folding In Precambrian time, Tight fsodinal
folding is commen in such tocks throughout this ares,
The master northwest-Arending faults, which are post.
folding in age, are superimposed thronghout the range
at approximately right sngles to the strike of the
Precambrian foliation This faulting i3 probably much
more pervasive and important in scale than is presently
recognized; the faults can be easily recognized whers
they cut the Precambrian-Paleozoic unconformity, but
they may be extremely difficult 1o trace where areally
confined tp the Precambrian sequences. The range

“bounding faults in the central part of the eastern flank

of the range have an ovirall teend of ghout N. 507 B,
but in the northern part of the eastern flank they trand
north-norihwest. The age of this highsingle faslting is
dificult to ascertain. Garthan (1973} thought that the

- northwest-trending faults may have been initiated in

Precambrian time, if one considers that the dizbass
dikes represent the sstablishment of weakness swfaces

" in the north-northwest octant in Precanibrian time. He

favored the theory of recumrent movement on these
favlts in Precambrisn, Lamsmide, and post-Laramide

times; the writer agrees that this it most plausible.

Tysdal (1970) described the Ruby Range as being
on the weslern edge of the foreland of the Roacky
Mountains in a stroctural seiting that is characterized by:

a) high-angle faults cutting basement rocks.

b) extensive exposures of Precambrian meta-
morphic rocks in the corer of mountain wphifts.

¢) relatively thin covir of Paleozoic and Mesozoic
sedimentary rocks.

The Paleozoic and Mesogoic strtn in the Ruby Range
hiad an aggregate thicknesy of ghout 10,000 feet or Jess
during deformation in the Late {retaceous-early Tertiary,
gccording to Tysdal (1970). Major normal faults border
the wegtern, northern, and muoch of the sastern sides of
the range in Tyedal's area. He showed seven major fault
blocks within the range, all delineated by en schelon
northwestdrending high-angle faults; all except one of
these faults are downthrown on the southwestern side
and uptheown on the northeastern side. These basernent
biocks have been tilted to the northeast and plunge to
the morthwest. Tysdal {1570) described the northwest
to north-northwest master fanlts in his area as having
throws of 6000 to 7,000 feet and stated that they
generaily truncate the northessttrending favlts, which

are relatively minor in magsitude and importance,

He has mapped brozd anticlinal folds involving Cambrian
formations, referring 1o them az flexural flow folds,

© but these strpctures are totally diffzrent than the

fight isoclinal folds developed in the pre-Beltian rocks.
He has also mapped syncinal folds, whose Lmmbs locally
become vertical and overtumed, These sntichnal and
synciinal folds are closely awociated with the northeest
to north-northwest marter faulis and were most likely
formed as a consequence of thelr proximity 1o those
wajor faults

ACTIVE TALC MINES IN THE RUBY RANGE

TREASURE CHEST MINE

The Treasure Chest Mine, near the head of the
Left Fork of Stone Creek in the porth-central part of
the Ruby Range, is owned by Pfizer, Ine. It s and has

* long been the most important produc®r in that range.

The Treasure State Mine, which has not produced any
tale ore for more than a decade, lies a few hundred
feet downhill and to the west of the Treasute Chest
Mite. The two are belioved 1o be faultsd-off ssgments
of what was once a single ore body, and the writer has
named the structure that separates them as the Treasure
Fault (Fig. 104).

The Treasurs Chest Mine Hes midway on the south
hilistope of the Left Fork of Sione Creek in the NW%
sec. 14, T, 7 8., R. 6 W., Madison County, Montans (Mine
Gulch 7#-minute qoadrangle). This large tabular ore
body has # strike length of about 1,000 feet {of which
700 feet of strike lengih on the western end has the
greatest commercial potentiall and horizonial width
as preat as 120 feet, and has been mined to a vertical
depth of agbout 250 feet. Ity strike rangez from east
to N. @0° B., and the dip aversges 55° northeily. The
actual Jocal strike must be determined by close serutiny
of the outerops, for an indricate system of right-Iateral
fauits has imparted an overall trend 1o the entire ore
body of somewhat south of east,
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The Treasure Chest Mine is unuvsual among taic
deposits in the Ruby Range In that throughout parts of
its lateral extent a thick dolomitic marble unit has been
completely converted to tale. The footwall is dark
biotite schist, called “The Blackwall” by miners, and
the hanping wall is Dillon Granite Gnoeiss, which i3
generally chloritic. The footwall schist is locally gameti-
ferpus - and extensively serpentinbed and chloritized.
The extensive aleration has resulied in 2 crumbly and
relatively incoherent mmss, which renders much of
this schist susceptible to widespread and unpredictable
sloughing into the pit. The presence of numerous
but generally wamappable undulatory fantt sorfaces i
indicated by the abundanee of slickensides on fresh
surfaces, The alteration and the fauitdng, plus the fact
that the talc generally hag been formed and is therefore
mined right up to the vein-schist contact, all combine
to constitute an extremely difficult sfety problem.
Severa) slides of schist footwall blodks have occured
during perods of mining activity; as the pit goes
deeper, attaining a satisfactory amount of stability
of the meep Tfootwall will become an imcreasingly
difficult problem.

The hanging wall is 2 medinvm- to coarse-grafned
variety of Billon Granite Gnelss, which contalns Blotite
and garnet. Individual beds are well layered, and the
gnelss i3 concordant with both the talecontaining
marble and the footwall schist.

The Treagure Chest Mine is situnted along the
nose of the major broad siructural arch of the Ruby

Range as mapped by Garihan (1973, Plate I). In the

general vicinity of the mine the strata generally strike
east to N. 60° E. and although the dips may range

from 25° northerly to vertical, the common range is

45° to 65" northerly. Along with this regional dip,
the major structural features include a strongly developed
e echelon st of highwngle o vertical right-lateral
faults striking N. 20° W. These faults may be as closely
spaced horizontally as 100 fest or so, but the spacing
i generally wider than this, The southwestern block
baz moved relatively upward along cach one of the

- faults that has been recognized to date, The Treasure

Fault ig the most tmportant of these within the ming
area; it has displaced the Treamure ore body in right-
latera]l direction 150 to 200 feet, Present evidence
within the mine aven does pot conclusively indicste
whether the formation of the talc preceded or post.
dated the faulting. The writer’s work in the late 1960’s
Suggested that the talc was formed prior to the feufting,
but this conclusion is still unproved. The character
of the “talozone” wes nowhere obsewved to change
ippzeciably, near or adjacent to the fault surfaces, and

it is generally umiform within each individua! fault-
block. Geological relationships observed during the
writer's investigations of this mine suggest that the
alteration of dolomitic marble to tale within the “talo-
zone” oceurred first, and that subsequent high-angle
block faulting jostled individua} fault blocks around s0
that rocks of different lithology were directly juxtaposed.

The presence of the rightJatersl faults went
unrecognized for many years during the early operation
of this open pit. This it undersiandsble, for little if any
structure can be observed within the “talozone™, which
reacts plagtically to deformmtive forces. A Turther com-
plication is that. lithologic contacts must generally be
observed during the mining operaiions; even only a few
days after they have been originelly unearthed, and
certainly at the end of the mining season, such relation-
ships have generally become totally obscured by ihe
movement of mining machinery, by shumping, or by
conceabnent undsr waste materal. During the plane-
table-and-alidade mapping performed by the wiiter in
I96% it was even necessary to all upon earth-moving
machines equipped with ripper teeth in order to locate
lithologic coniacts within the pit floor, so pervasive
and obscuring were the huge synounts of dust generated
by the mining activity. The =xtent of the faulting cannot
be acouralely mapped nor truly understoed wmil one
works in the footwall schist or the hsnging-wall granite
gnekss in areas close fo the “talczone™ itself,

The westerpmost block of the Treasure Chest

Mine, between the Treasure and Pit Faults, (see Gariban,

1973, Fig. 42, p. 150) has not over the years contained
appreciable amounts of the highest-grade tale oxe.
Chloritic material and white quartz veinlets have been
locally so abundant thet no ore whatsoever could be
reeovered from this portion of the “tale-zone™, and
it has thus either gone o waste or hay been left. The
aves between the Pit Fault and the westernmost exposare
of the Dolomite Fault has contained the best ore mined
on this property, During the Jate 19560°s the “talozone™
between the footwall schist and the hanging-wall gneiss
was composed entirely of the highest-grade tale over a
horizontal width of 120 feet (true vein width of sbout
9% feet). From the Dolomite Fault eastward, the quality
of the ore within the “talc-zone” becomes lower and
Yower, and the talc is contaminated by large “horses™
of dolomite and dolomitic tale a5 well 28 by large
*knobs” of silicified material. Where thess contaminants
ark present in large masses they can easily be mined
around and left or can be sorted out and sent fo waste
by the use of mining machizery, but inasmuch s hand-
sorting roethods are not employed at this mine, much
material containing 2ppreciable quantities of pure tale
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is thrown to waste from areas where contamdnation by
waste is intimate and oo a small scale, In recent years
efforts have been rmdz to extend the Treasure Chest
Mine to the easl, but present exposures indicate that
these attempts have met with little swccess, Much
highgrade talc is present in the easternmost reaches
of the present mine area, but its recovery will require
the use of sorting methode rather than lage sarth-
moving machinery alone, which is the present method
of operation.

In the mid-1960"s the waste:ore ratio was on the
order of 3:1 or 4:1, but i is now on the order of 15;1
aied will soon be at least a3 great as 20:1. Presedit mining
o053 may be approaching the point that would justify
considering the allernative of voderground mining. Even
if the operating costs of the lafter were preater, the
fmproved safety that would result from eliminating the
high-standing dangerous “Blackwall” might help to
offset them. In addition to the recent large incregses
n the waste:ors ratio, ii i& now necesary to tramsport
waste greater and greater distances from the mine area.

The highest prade talc from the Treasure Chest
Mine most rank with the purest grades of talc known
thronghout the world, Large blocks have been mined
{consisting of several thousand fons each) that wee
either white or pale greenish and are homogeneously
oryptocrystailine and massdve pure tale. Garihan (1973)
has petrographicslly identified minor amounts of apatite,
chlorite, graphite, limonite, and ruiils in the tsle ores
of this mine, bt these impurities have not commonly
been abundant enough to render the talg unsuitable for
the mill, Talc that is datker green than vsoal & termed

432 ore” by the miners, but compositional differcoces
belween it and the lighler-colored “#1 ore’ are slight;
it is the ¢olor that ig the lmportant difference,

All of the marble that bas besn observed within
the mine gréa by the writer is dolomitie, not caleitic,
The Treasure Chest Mine does not have enough recorded
history to indicate whether the “lalc.zone” is thinping
or thickening with depth, i.e., are we within the npper
half or the lower half of a lenticular body? The most
easterly of the right-lateral high-angle to vertical faults
that has been recognized within the mine area lies gbout
400 feet east of the easternmost recognizable part of
the Deolomite Faull, If the ore body or indeed even
the “iale-zone™ i3 presest east ol this vnnamed fault,
and if the pattern of right-lateral displacement oriy
persists, then the talc would have to be uphill from
and southeast of the present mine area. Efforts to
Jocate such an easterly exfension by bulldozing and
Jrilling have thus far been, to the writer’s best knowl-
edge, unsuccessiul,

Talc ore from the Treasure Chest Mine is trocked
30 mies or so to the Plizer mill at Barratts Siding on
the Union Pacific Rallroad about 8 miles southwest
of Dillon,

TREASURE STATE MINE

The Treasire State Mine was in operation loog
before the presence of tale ore in the Trezsure Chest
Mine ares was even known. Shortly sfter the latter
mine was opened, the Treasure State Mine was closed;
it has been inactive ever gince, althongh much high

made pure tale ofe obvioudy remains in this lower

deposit. Nl Is situated in the NW¥% wee. 14, T. 7 8, R,
& W., Madiscs County (Mine Gulch 7H4-minute guad-
rangle}, downhill and to the west across the Treasure
Fault from the Treasure Chest Ming,

The Treasure State Mine is obviously a faulied-
off extension of the same ore body as that which

produces at the Treasure Chest Mine. ¥s offset hasbeen

right lateral, the same direction of relstive movement
as is shown slong all of the known faults within the
Treasure Chest Mine area. The geolopy of the two mines
is almost identical. Tzlc in the Treasure State Mine has
beenn proved to have a strike length of at least 400
feet and a horizontal width of 75 to 100 feet and has
been mined down dip to a depth of zbout 200 feel.
The writer did not bave the epportunity to observe
this mine during #s operation, but # is lkely that
blocks of high-purity tale without dolomitic or xiliceous
“horses™ were not as largs here as 1hose in the Treasure
Chest Mine, This grade fagtor plus the greater length
and width of the latter deposit were probably the
principal reasons that the Treasure State Mine was
abandoned in favor of the Treasure Chest Mine; never-
theless, it is cerfainly trve that much recoverable ore-
grade tele vermains in the Treasure State Mine, awaiting
the day when its cost of recovery will become compat-
titive with then-present sources. In the last days of ita
operation this mine was certainly “high-graded™; before
it can be reactivated some of the sins of the past must
be redeemed and paid for. .

As in the “talpzone” of the Treasure Chest Mine,
tale in the Treasure State Mise may locally extend
from the footwall schist to ihe hanging-wall mranite
gneiss, Garthan {1973), however, has descebed some
inferesting relationships in this mine that are not well
shown in the Treasure Chest Mine. He desaribed a four-
fold divison of rock types from south {footwall) to
porth (hanging wally schist, pale-green tale, & dark blue-
green talcosetock zone with gneissic foliation, and
finally lessahtered varletles of Dillon Granits Gneiss,
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He further described the talcoseyock zone as being
Yprobably highly altered Dillon Gneiss™. The presence
of a “transitional zone™ between the “talc-zone™ and
the hanging wall in the Treasure Chest Mine has been

locally noted by the writer, but it is either not nearly -

a5 well developed there as in the Treasmre State Mine
or glse it may be present but a lack of exposures does
not ellow its widespread recognition in thiz active
mirng area.

Any westward sxiension of the tale of the
Treasure Siate Mine is presently emdzmatic, Poorly
developed evidence supgesis that it might be faulted
uphill by a totally anommlous left-lateral fault, but such
a possibility would have to be proved with the bulldozer
of the drill. Tt iz extremely unlikely, however, that the
present westernmost exposures of thir ore body are
identical with its actual westernmost extent.

“Both the Tressure Chest Mine and the Treasure
State Mine are owned by the Minerals, Plgments and
Metals Division of Pfizer, Inc., which obtained them
through the acquisition of the assets of Southem

. Californda Minerals Company in 1966,

BEAVERHEAD MINE

The Beaverhead MWine, ownsd and operated by
Cyprus Industrisl Minerls Company, lies southeast of
the Treasure Chest and Treasure State Mines gnd over
the crest of an east-west ridge from them. Present
operations are within the NWi§ SEY sec. 14, T, 7 8,

R 6 W., Madison County {Mine Guich 7H-mnute

quadrangle}, The mine lies high on a steep hillslope
north of the head of the Middls Fork of Stone Creek,
only 2,000 feet or s southeast of ?f‘zers Treasuge
Chest Mine,

The geology of this mine is similar to that of
the Pfizer mines to the north, except for the strong
possibility that the strata of the Beaverhead Mine have
been overturned with respect to the strata of the Pfizer
mines. At the Bemverhead Mine we have essentially a
single body of talc that has at least B0O feet of strike
length, and is offset by relatively minor lateral faulis.
It ranges in horizontal width from 25 to 100 feet
{probably averaging near 75 feet), and jps locally been
mined 1o a vertical de:pth of 150 feet, The strata dip
hmmclmaiiy nosth 35° to 70°; the avemsge dip i
mobably close to 45°, The mﬁ:e ranges from east 1o
dightly north of east.

The fovtwall is dolomitic, and the %&ngmg wall
B composed of schist and goeiss. This relationship is

-

exactly the opposite to that of the Treasure Mines;
coupled’ with the fact that the dips are about the same,
this suggests the possibility that the Beaverhead Mine
may be on the same Boclind fold as the Treasure Mines
but on the opposite limb, Field mapping by Garihan
{1973) and the writer, however, hue not been able to
prove or disprove this possibilty. As contrasied with
the Treasure Mines, the “talczong” of the Beaverhead
Mine is only lecally a single homogeneous lzle body
from the footwall to the hanging wall; almost every-
where it contain® mamerous large “horses™ of nonale
rock, especlaliy dolomite that has not been altered to
talc. Seermingly the dolomite ¥t more abundant in the
Tower half (southern part) of the “tzlc-2one” than in the
upper half (norihern part), and the purest tale oecurs
along the hanging-wall contact,

The footwall of the “talezone™ is well-dayered
granite gneiss, which is very similar to that which forms
the hanging wall of both Treasure Mines. Between thig
gneisz and the talc ore ix a dolomitic zone, suggesting
that for some reason the “talezone” was not entirely
converted to talc ore, as it wes at placesin the Treasure
Mines, The hanging-wall rock adjagent to the “talezone”
is biotite schist, which is in tum oveslain by welldayered
granite gneiss, which has been locally chiloritized, Garihan
(1973) stated that the hanging-wall coustry rock Is
similar to the footwall material of the Treasure Chest,

"and the writer fully egrees. In this mine, in both of the

Treasure Mines, and in the Smith-Dillon Mins there i3
the suggesiion that the best tale Hes along the contact
of the “ialezome™ with biotite schist, suggesting that
this sharp pontact may have represented 2 pronounced
permeability barrier and thus mmy havs Joeally chan-
nelized and impounded the mineralizing solutions.

The present sxposures of the Beaverhead Mine
piobably congtitute its full possible extent, for it Is
likely that the western and easiern extremities arc
“pinch-outs” rather than faolis. I the Treasure Fault
extends this fae south, the Beaverhead Mine probably
lies entirely east of it. Several small high-angie to vertical
porthwest-trending rightlateral favlts are present within
the mine area, but thelr offsets seem 10 be pven les
than those of analogous faults in the Treasure Chest
Mine. All of these [aalts that have been recognized in
the Deaverhead Mine have their southwestern side
thrown uvpwards, as is also true of all those in the
Treasure Mines.

Whereas opography i the friend of the miner
st the Treasure Mines, where the tale is dipping i the
same direction as the hillslope, topography iz the firm
engniy of the miner at the Beaverhead Mine, Stripping
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ratios, at present probably similar to those at the
Treasure Chest Mine, will become pronouncedly greater
and at a faster rate for similar rates of production then
they will at the Treasure Mines. The Beaverhead Mine
has yielded most of its production in les than the Jast
decade. Garithen (1973) noted that the mine mrea tripled
in size during the period 1968.73, and 5 massive
1974-75 stripping operation has increased the mine area
even further,

Ore produced from the Beaverhead Mine i frucked
southeast down the Cottonwdod Road to the Ruby
drainage and thence to o small washing plant at the
terminns of a Budington Northern spur at Alder,
Montana. From this plant #t may po to Belgium for
processing ‘there for BEurdpean markets, or to Cyprus’
domestic mills In Grand Idand, Nebraska, or Three
Forks, Montana,

REGAL (KEYSTONE) MINE

The Regal (Keystone) Mine ¥ situsted alongeide
the Sweetwater Road in the NWY% NEY% and NE% NWi
sec. 2, T. 8 8., R. 7 W, Mudison County {(Christensen
Ranch 7TW-minute quadmangle). Tt i owned by Plizer,
Inc., having been acguired by them in 1966 slong with
alf other assets of Southern California Minerals Company.

Okunre (1971) described the mine 25 accursing
¢lose to the core of 2 tightly refolded synform. The ore
bedy is complex in that there are many large lenses of
tale enclosed within 2 large body of dolomitic marble;
this relatjonship has been further complicated by wide-
spread fauliing. Except for intrusive diabase, rock types
other than talc and marble are rare upon this fairly
large property. The marble strikes N. 45° E, 10 8. 80" E.
and dips 30° to 75° north; although the structural
geology in the aren around the mine Is extremely

cemplex, this opiform attitude holds throughout the -

expased extent of talc on the surface. A disbase dike
more than 200 feet wide, seemingly vertical to sub-
vertical, cuts the foliation of the marble akmost at right
angles along the wedtern edge of the best exposures of
the tale. Okuma (1971} has observed that at mmany
places where the diabase has intruded the marble, no
tale has been formed along the contact, but rather the
dolomitic marble has been coptact-metamerphiosed to
calcite and fine-grained sarpentine.

Bedrock tale is exposed at the Repal Mine along
more than 750 feet of sirike length and over a horizontal
width of more than 300 feel perpendicular to strike.
A smell openepit mine has been developed along the
southern margin of the Regal talc deposit, Tt Is about

450 feet long (approximately along sirike) and 50 ¢
100 feet wide, and the vertical depth is 20 ta 30 fest,
Perry (1948} described a shaft 60 feet deep and 300
feet of drifts off:the bottom of the shaft, oll of which
gre in tale, but these warkings have been inaccessib
for many years. .

The Regal Mine is of particoler interest geomor-
phologically. §t is 3 true “pedimented”™ talc deposit, for

over several acres bedrock tale appears in large omt-

eraps right at the surface without any zmss oF sof
wover whatspever,

Tale-marble contacts are abrupt and have been
forally faulted, as shown by numerous small Iatems)
offsets. Tale flpat {s Jocally s0'zbundant that one’s boot
can hardly be placed upon the ground surface without
tonching some of it,

A conjugate fracture set muay be obssved along
the north wall of the open pit on the southern side
of the Regal Mine area; these finctures are veriical or
subvertical and strike N, 60° W. and N. 30° E., the
former being apparently better developed. The bedrock
faults that displace tale-marble contacts so spectacnlarly
st -many places on the pround surface have the same
sziymuth traces as the aforementioned fractores, and
similarly the northwesterly ones are betier developed;
however, the existing expostd relationshipe do not allow
even a well-educated guess as fo the relative directions

of movement alorg these presumably minor faults,

The Regal Mine conld wsall be the largest single
mass of talc io the entire Ruby Range. Unfortunately,
its operation has thus far been coptrolled strictly by
sajes considerations; ie., the tak at the surface makes
relatively poor products (mainly because of the dark
color} and consequently low sales and profit figures do
not result in the generation of sufficlent funds to explore
its potential at depth, This is a commnon failing (n the
industrial-minerais fleld and is cerrainly not restricted
to talc alone! As the Regal tale ores are known now,
it is true that the color is bad, owing to the pissence
of graphite and limonite {altered from eontained pyrite),
but the character of the tale st depth i almost comr
fetely unkaown.

SAUERBIER MINE

The Saverbier Mine i3 the newest talc mine in the
Ruby Range, having been esizblished upon almost
virgin ground in 1973, it is sitvated in the NW4 NWi
ssc. 25, T. B S, R. 7 W, Madizon County {Elk Guich
T-rminute quadrangle}. It Hes just south of a major
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fault zone developed along the southwestern edge of
the flats south of the Sweetwater Road; the Carter
Creek Fault msy comnect with this zone. It iz unlikely
that any large commaercial talc ore bodies will be found
east of this property, for it is seemingly the easternrmost

- gxient of the marble in this general vicinity.

The talc has been developed within a marble zonz,
which strikes N. 35° E. and dips from vertical fc an
estimated 70° southeast. Downhill northward from the
mine toward the valley of Sweetwater Creek, shallower
swoutheast dips {as flat as 30° or o) may be loally
observed. The east and southeast dipsg in see. 25 contrast
with west and porthwest dips in sec. 26 and over much
of the Owen-McGovern Prospect and indicate the degree
of local structural complexity, which is probably due to

the proximity of the aforementioned major fault zone.
The tals Is more sporadic and ematic in its distribution
within this “talczone™ than in that of any other Montana
tale deposit of which the writer is aware. Hand sorting
has been necessary al this mine from the beginning,

. and unless pronounced chacges in the geologicel refation-

ships are encountered, it will probably always be so,

The American Tale Company, of Summit, New
Jersey, has mined this property under lease from
Mr. Kail L. Ssuerbier of Alder, Montana. The hand-
sorted ere is trucked along the Sweetwaler-Ruby Road
to Alder, where it B stockpiled on conceeie pads for
shipment by rail to mills in South Plainfisld, Kew Jersey,
and Alpine, Alabama.

INACTIVETALC MINES IN THERUBY RANGE

AMERICAN CHEMET MINE

The Amerian Chemet Mine is shtuated in the
NEY sec. 12, T. 8 S, R. 7 W., Madison County
{Christensen Ranch 7%-minute goadrangle), It was once
operated by the Amercan Chemet Corporation of
Chicago, Minois. The workings consist of three opén plts
and several minor bulidozer frenches.

The talc is contained within “a complexly folded
northeast-trending beft of marble” (Okuma, 1971}, which
is isolated within large expanses of Dillon Granite Gneiss
extending both northwest and southeast.

BANNING-JONES MINE

A talc deposit in the SW% sec. 13, T.8 S, R. 8 W.,
Beaverhead County (Dillon Bast 7¥%-minute quadrangle)
was leased by the State of Montana in 1964 to Mesars.
WaBlace Banning and Lester Jones, both of Dillon,
Montana (Geach, 1972). It is situated within the mme
belt of marble 23 is the Smith-Dillon Mine, which Hes
2long strike from it about | mile to the southwest,

Tale has formed within a marble zone as much
35 100 feet wide, but the widest zone of fale known
(without included marble bodies) is only about 10 feet
wide, and few such dolomite-free talc bodies are more
than § feet wide. The talc is exposed=on both sides of
2 major north-flowing gully and has seemingly been
dbplaced at least 100 feet laterally by a right-lateral
fault, which has determined the courss of the gully.

Srall amounts of talc were mdped here, hand
borted, and trucked to Sheridan, Montans, where they
Were purchased by American Chemet Corporstion.

BOZO-ZOB0 MINE

The Bozo-Zobo Mins lies in the NEM sec. 19,
T. 8 8, R. T W,, Beaverhead County {Dllon East 7%
minute quadrengle) on the northern wall of Axes Canyon
neat its head, The strata here strike N. 50° E. and dip
80" northwest. The best exposures are in a large open
cut near the southwest edge of the property, where the
tale is 25 to 30 feet wide and has been mined to an esti-
mated maxhnem depth of 30 feet or so. Seemingly less
than half of the pdneralized zone was converted into
tale, as shown in this cut, rendering selective -mining
difficult and hand sorting probably absolutely necessary.

The occurrence of tale af several different levels
along the north wall of Axes Capyon may indicate either
the presence of several veins or the repetition of a single
vein by tight isodlina! folding or faulting, but this puzzle
witl be solved only by careful mapping, aided by fhe
results of the previous deilling program. Manganese
oxides have locally stained the tale so intensely as to
render # useless.

The Bozo-Zobo Mine lies roughly slong strike from
a similar prospect in the SWY% NWY =c. 19, which s
described elsowhere inthis article, The two may represent
the same stratigraphic zone and therefore a potential
strike lenpth of tale of 3000 feet or 50, but such &
possibility, of course, would have to be proved by
detailed mapping of this relatively small area,

The property was drilled by R. T. Vanderbilt
Company in 1962-63 under the direction of Mr, 1. R.
Morett]; four core holes and st least 23 rotary drill
holes wese sunk during the course of that exploration
program.
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American Chemet Corporation of Chicago, Iiinois,
reportedly shipped approximately B, 000 tons of ore
from thic property in the mid-1960"s.

SMITHDILLON MINE

The Smith-Dillon Mine, topographically the lowest
tale mine in the Ruby Range, is stuated almost at the
mouth of Axes Canyon near the southwestern corner
of the mage in the W4 soe. 23, T.8 8., R. B W, Beaver-
head County (Ashbough Canyon 7%-minute quadimngie).
Although this mine was an important producer of high-
gade ore in the early days of the Montana tale district,
it has been inactive for several yeas now. Originally

an pnderground operation, It was epzn—;utted in its

last days.

The marble unit in which the tle occurs is about
1,300 feet thick according to QOkumma (1971). The
regional strike & N. 30° to 40° E. and the dip is &°
to 70° northwest. Although alt of the talc ocews in
dolomitic marble, relatively little of the “tslouons”
bas bern converted into tsle. Marble ribs, locally veined
with white quariz, are common within the tale bodies
and have long created 8 problem in the mining of this
deposit. Okoma (1971) also noted the presence of small
thin folded “stringers™ of talc within the marble of the
“tale-zone”. The footwall in the mine area is dark mica
schist, which is extensively slickensided, as in the
footwalls of the two Treamure Mines.

The tale, as proved thus far by the open-pit
mining, occurs over a stiike length of sbout 750 feet
and has an average horizontal width of sbout 50 feet;
it has been mined to down-dip depths of about 125 feet
in the open pit, and according to Perry (1948), to depths
of more than 200 feet underground. The talc has been
shruptly truncated at the northern end of the pit by
an ¢ast-west fault, which dips 55° fo 60° south. Lefi-
lateral displacement along this fault is on the orde: of
70 feet.

It is probable that the tale exposed in shallow
diggings at the Crown Mine, sbout 700 feet to the
northeast, represents the same zone as that at the Smith-
Diflon Mine, but, to the writer's best knowledge this
has yet to be proved by explomtion. The presence of
sbundant tale float over the concealed area between
these two properties, however, suggests that they rmay
represent the samie ore zone and thet there may be »
fair degree of lateral continuity of tale mineralizstion,

Although i is obvious that tale would have to
be mined much more selectively upon this property
than upon other Plizer properties — indeed, hand-sorting
may even be an absolute necessity here — much of the
talc on the Smith-Dillon and adjacent properties is pure
and of good light color,

Mining rights on this and adjacent properties are
owned by the Minerals, Pigments and Metaly Division
of Pitzer, Inc., which obtained them through their acqid-
sition in 1966 of the asseds of Sonthemn Chiﬂ'omia
Minerals Company.

SWEETWATER MINE

HNumerons workings along the Sweetwater Road
about 16 miles southeast of Dillon are ¢collectively known
a¢ the Sweetwaler Mine {Okuma, 1971), These workings
are situated in the B3 sec. 13 and NEY e, 24, T.B 8.,
R. 7 W., Madison County [Christensen Ranch 7% -minute
quadrangle).

The talc lies completely within u marbls unit,
which is sbout 460 feet wide, strikes N, 20° 10 30° B,
and dips 30° notthwest {Okuma 1971). The marble is
z relatively thin unit completely isolated within a Jarge
maze of Dillon Granite Gnebs, smilar to the stustion
at the American Chemet Mine only & mile or so to the
north, Okuma (1971) cited convineing evidence that,
in this particular deposit at least, the tale has definitely
formed from dolomitic marble and not by the alteration
of ultramefic rocks,

TALC PROSPECTS IN THE RUBY RANGE

BENNETT OWEN CLAIM

The Bennett Owen Claim is located near the head
of Cottonwood Creek in the NWY% sec. 12, T. 78, R,
§ W., Madison County (Mine Gulch 74-minute quad-
rangle). The stzata here strike N, 70° E. and dip 55°
porth. Tale & shown in place by balldozer euis over 2
strike length of at least 8D feet and a width of at least
20 feet. Although the exposed tale js everywhere dark

green, it powders sorprisingly to white or neat-white
colors. Garthan (1973) deseribed this as the largest body
of eniformly dark green, low-purity fale known to him in
the ceniral part of the Ruby Range. His petrographic
work has shown the presence of opague minersls and
minor cklorite inn the talc. The footwsll rock is dolomitic
marble and the hanging-wall rock it either dolomitie
mwrble or reddish Dillon Granite Goeiss, depending upon
the location; therefore, the geology is sipilar to that
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of the Treasurs and Beaverhead Mines @ mile or s
to the southwest,

CRESCENT PROSPECT

The Crescent Frospect was acquired by Plizer, Inc.,
when they obisined the agett of Southern California
Minerals Company in 1966. It has not baen mined,
chiefly because of its graphite content and the presence
of dark staining throughout the taic, This deposit is
situated in the SW% sec. 1, T. 9 5., R, 8 W., Beaverhead

. County {Ashbough Canyon 7%-minute quadrangle). The

tale ocowrs within marble layers 10 1o 15 feet thick,
which have been intruded by pegmatite and granite
goeiss bedies. The machile strikes northeasterly, dips
notthwest at 50° or s0, and is locally so decomposed
that it is friable. Peiry (1948) described tale float a3
having un extent of 800 to 1,000 feet along strike.
A shaft and some somll workings have provod the tale
to 2 depth of at least 20 fect.

GEM CLATM

Tweo small bulldozer cuts i the SE% sec. 34, T.
6 5., R. 6 W., Madison County {Beaverhead Rock SE
T¥-minute quadiangle} bave exposed small bodies of
dark-green tale, which are not of economic interest, as
sxposed, beconse of their small size snd dark color.
These showings are on the Gem Claim, which is owned
by Piizer, inc.

OWEN-McGOYERN PROSPECT

The Owen-McGovern Frospect is covered by the
Badgor #1-8 mining claims in the §E% wec. 23 and 1he
E% see. 26, T. 8 8., R. 7 W, Madison County {Elk Gulch
T¥rminute quadrangle). Although the peology of these
deposits s not yst sstisfactorly smderstood, it is
apparent that they are o contlmuntion of the tale at
the Sauverbier Ming, which i to the northeast. Several
bodies of dolomitic marble are present upon this
moperty, and all of the known tele occurs within such
rock, There is no talc depogit in Montanz known to
the writer whose geological relationships are so difficull
fo decipher as this one! The dolomite bodies have been
intruded by pegomtits, amphibolite, and diabsse dikes,
The soil and trée cover are thick and exposures are rare.
The regional strike of the strata is Ne 20° E, and the
dip ranges from 50° to 80° northwest. Okums (1971)
stated that this property has “now been thoroughly
Investigated”, buf the writer strongly disagrees. No
detailed geological map has ever been made of this
¢omplex area, and the relatively minor amount of exca-
vations apd drilling ‘mnnot sule out the possibility of
tre bodies within this farpe area.

izs

SECTION 11, T. 7S, R, 6 W,

Bulldozer cuty in the 54 sec. 11, T. 7 8., R, 6 W. "
Madisen County (Mine Guich 7%-minute quadrzngla)
just north of the Left Fork of Stone Creek have exposed
severdl showings of tale. The strata in this ares strike
roughly east-west and dip 50° to 50 north. Thess talc
bodies, which are developed within dolomitie marble,
are s thick a8 [0 feet and have Jengths of as moch as
80 feet. Minor amounts of the talc are of the light-
colored variety sought for commercial uses, but most
of it I8 somewhat darker; furthermore, the common
presence of Hmonits and graphite, renders that tale which
is exposed of minfmal economit interest,

SECTION 13, T.7S.,R. 6 W,

Cyprus Industrial Minerals Company has cut 2
small prospect pit inlo the same marble unit as that

- of the Treazure Mines. This pit is Ipcated sbout 4,000

feet southeasi of the Treasure Chest Mine and is in the
Wi see 13, T. 7 8., R. 6 W., Madison County {Mine
Gulch 7¥minute quadrangle). The relationships of the
tale bedies are poorly exposed, this being an old pit,
bot the lagest take body iz lexs than 5 feet wide. The
steike is' roughly eastwest and the dip is 50° to &0°
north. Graphite Is locally present, and most of the take
is dark green, bnt minor guantities have the light-green
comunercial color,

SPRING CREEK PROSPECT

Tale in dolomitic marble i exposed along the
porth side of Spring Creck in the SE% SEW sec. 32,
T, 6 5., R. 6 W, Madison County {(Beaverhead Rock SB
T¥-minute quadrangle). This same zone of tale extends
(seemingly continuotsly) southwesiward into the NEY
sec. 5, T. 75, R, 8 W. and northeastward into the central
part of sec. 33, T. 6 &, R. 6 W.,, where it seemingly
extends underneath the Cambrian strats. This zonps,
which sxtends for sbout 6,000 feel in a northeasterly
direction, shows the Jongest single strike length of talc
knows to the writer in the Ruby Range or anywhere
else in Montana. Tale widths of more than 20 feet and
continvous lengths of 100 feet or more are exposed in
the old workings slong the notth side of Spring Creek.
The marbls unit, which contzins all of the known tak
showings on this property, strikes N. 50° E., dips 60°
to 70" porthwest, ané has a horlzontal width of about
1,500 feet ovar most of its strike length; Garikian (1973)
called this unit the “Regel Marble™, the same dolomitic
marble unit &s that which contams the Regal (Keystone)
Mine, snd he staizd that it may be traced to the south
from thiy prospect for a distance of sbout 10 miles.

T o . e S e e et 1
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Muchof the tale exposed upon the Spring Creek Prospect
is darker than that now being used {except for that of
ihe Regal Mine), and this deposit contains more different
colors of talc than any known to the writer in Montana;
nevertheless, the presence of some suitable-colored tale
plus the exirernely large stze of this prospect make #t
worthy of a serions exploration effort.

WHITHEY CLAIMS

The Whitney Claims were acquired by Pfizer, Inc.,
when it obtained the assets of Southern California
Minerals Company in 1966, They lie to the north of the
Treasure Mines o5 the sieep hillslope north of the Left
Pork of Stone Creek in and around the SWY sec. 2,
T. 7 S. B. 6 W., Madison Cnunty (Mine Guich 7%-

minube guad mngle)

As at the nearby Treasure Mines of Pfizer and the
Beaverhead Mine of Cyprus, the strike i3 toughly east-
west and the dip is to the north or northwest, in this
aren abowt 50° or so. The talc is entirely enclosed
within dolomitic marble, and much of it is light green
and cryptocrystalline, as are the best cornmercial tak:
ores elsewhere in the Ruby Range, Its quality and desir-
ability, however, are downgraded by the pregence of
pyrite and ligponite, by the intense shearing to which
it has been subjected, and by the presence of bodies
of guartz and dolomite within the talc bodies.

Southwest of the main Whitney Claim, some small
cutsdn the SEY sec, 3, T.7 8., R. 6 W, Madison County

- (Mine Gulch 7¥-minute quadrangic) have exposed small
quantities of green graphitie lale in fractures within
dolomitic marble. This talc body s as much as 15 feet

thick., Other cuts below the timber lise have exposed -

additional tale occurrences, one of which is more than
20 feet wide. Thase talc bodies, which are in the western-
most exposure of the marble of the Whitney Claims,
are’ contaminated by the presence of marble “horses”
and locally abundant graphite.

MISCELLANEOUS PROSPECTS IN THE
CENTRALRUBY RANGE

~ Garihan (1373) has poted the occurrence of tsle
bodies in dolomite in the SW4 e 17, T.78., R. 6 W,
and the presence of tale float in the SWH sec. 18, T.
T8, R.5W,, andintheSWhsec, 1, T. 78, R. 6 W,, al
in Madison County and all on the Mine Gulch 7¥%-minute
gquadrangle. These do not seem to be of interest in
themselves as expossd, but they may well indicate areas
worthy of further investigation,

MIBCELLANEOUS PROSPECTS IN THE
SOUTHWEETERN RUBY RANGE

Tale ocourtgnees are pumerous throughout the
southwestern pert of the Ruby Range, sspecially upon
the Benson Ranch which, to the writer's best knowl
edge, has never been thoroughly prospected or studied.
The writer has never done any field work on the Benson
Ranch, but from oral descriptions given by others, it
is obrious that it would take some time for any worker
to even visit, let alone inspect 2nd study these ocouwr.
rences. None of the prospects describexd below are on
the Benson Ranch.

Talc in place & exposed fairly continuously for

“about 1,350 feet of strike length along the crest of the

northern well of Axes Canyoninsee. 19, T.8 5., R 7W.,
Beaverhead County {Ashbough Canyon and Dillon East
Ti-minute quadrangles). The strata here stoke N, 55°
E. and dip 55° northwest. Most of this talc is In the
BW% NW% see. 19. This tale, for the mest part, s much
darker than any currenily being mined in Montana,
Indeed some of it is black — but the large size of this
showing would seem to render it worthy of further
exploration.

Several talc prospects in the southwestern part
of the Ruby Range, discovercd and developed by
Messts, Tom MoGovern and Benmett Owen of Dillon,
Montana, are now under fease to J. M. Huber Corporation

. of Atianta, Georgis, The remsining properties discussed |

in this section all belong {o this group.

Taic in place may be traced falily continuoudy
over a strike length of about 900 feet in the Wiz NEY
sec. 35, T. 8 5., R. 8 W., Beaverhead County (Azhbough
Canyon 7%-minute quadiangle). The strata strike M. §5°
E. at this locality and dip 70° portk to vertical. At least
thres dlearly separate stratigraphjc zones contain iale,

and sold widths of af least 10 feet have been locally.

proved by shallow trenches. The talc is Hght green and
at depth could probably be a3 gpood 2z most of that
which is now being mined in Montana, assuming tiat
impurities such zs pyrite and graphite were absent.

Bulldozer cuts have exposed tale in place at two
localities in the NWK NWi sec, 36, T. 8 5., B 8 W,,
Beaverhead County (Ashbough Capyon 7%-minute quad-
rangie}. The tale expossd & generally dark green. Mining
rights are owned by the State of Montana.

The Valley View Progpect, &1 the SW¥ sec. 25,
T. § 5., R. 8§ W,, Beaverhead County (Ashbough Canyon
‘Pé-minute quadrangle) is, with the exception of the
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Regal (Keystone) Mine, the largest body of dark talc
known to the writer in the southwestern part of the
Ruby Range. Bulldozer excavations have exposed 2
probable horizontal width of talc of about 90 feet,
and the talc may be traced for at Ieast 150 feet along
strike. The strata at this locality strike N, 50° E. and
dip 55° northwest,

Green talc, somewhat resembling that of the Regal
{Keystone) Mine, occurs in place along a ridge crest for
several bundred feet and has horizontal widths of 5 to
30 feet in the SEX SEY NE% sec. 26, T.3 S, R. 83 W,
Beaverhead County (Ashbough Canyon 7% minute quad-
rangle). The enclosing dolomite strata are essentiafly
vertical. This showing and other isolated outcrops to
the southwest and northeast make up a total strike
length of at least 1,200 feet in sec. 26 and adjacent
s¢c. 25. This talc is megascopically very similar to that
of the Valley View Prospect.

In sec. 1 and 2, T. 9 S.,, R. 8 W.,, Beaverhead
County {Ashbough Canyon 7%-minute quadrangle} a
well-developed zone of taicose rocks may be traced for
5,000 feet along strike (¢ast northeast) from the Brown
Ranch Road along the base of the range in the SE%
SW% sec. 2 on into the SE¥% NWY% sec. 1. Talc ore,
per s¢, has never been observed upon the surface by

~ the writer, but the extent of the talcose development

in rocks in place certainly warrants furiher exploration
of this large and long zone.

Talc float of high purity and light-green colar has
been traced continuously along relatively horizontal land
over more than 600 feet of strike length to the south-
west of Hanson Spring in the SW3 SW'% sec. 3, T.8 8.,
R. 7 W., Madison County (Christensen Ranch 7%-
minute quadrangle). The horizontal width of the taic

- zone perpendicular to the strike is locally as much as

325 feet. The strata here strike N. 30° E. and dip 70°
1o 75° northwest. Ouicrops are rare, but the host rock
can clearly be observed to be dolomitic marble, Darker
tale crops out in higher siratigraphic positions to the
northwest over a stratigraphic thickness of about 200
feet and along strike lengths of at least 300 feet.

in the writer'’s opinion, one of tke most attractive
talc exploration targets in Montana occupies an estimated
480 acres in sec. 10 and an estimated 220 acres in
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sec. 11, T. 8 S, R. 7 W., Madison County {Christensen
Ranch 7%-minute quadrangle). Along the northern
boundary of this area, tale is exposed both in place
and as abundant float in several separate stratigraphic
zones over about 7,000 feet of sirike length before
being truncated on the eastern end by the Carter Creek
Fault. In the SW% NE! sec. 10, abundant talc float
bas been traced along a 650-foot strike length and over
at least 170 feet of horizonta] width in an area where
the enclosing dolomite strata strike N. 50° E. and dip
80° northwest.

High-purity tale lying in a gentle swale on the
Gopher #1-3 mining claims in the SW%4 NWY% sec. 2,
T. 8 S.,, R. 7 W., Madison County (Christensen Ranch
7¥%-minute quadrangle) probably represents a southwest-
ward extension of the talc of the Regal Mine, owned
by Pfizer, Inc. The light-colored tale float, which may
be traced over about 200 feet of strike length and a
horizontal width of 100 feet, is probably the equal in
quality of any talc being mined in the Ruby Range.

Talc float is abundant along both sides of a ridge
of dolomitic marble that extends from the NE% sec. 15
on into the SW¥4 sec. 11, T. 8 S, R. 7 W., Madison
County (Christensen Ranch 7%4-minute gquadrangle).
Sporadic talc float has been detected by brief recom-
naissance studies over a strke length of 4,000 feet or
s0; but a puzzting riddle lies in the fact that there are
50 few outcrops of talc compared to the lerge abundance
of float. Most of the talc observed is green, somewhat
darker than the grades that are being mined in Montana.
This long ridge of dolomitic marble has the structure
of a synform, its axi striking N. 30° B. and dips
averaging 50° or so on both the northwest and south-
east limbs. The dolomite strata ssemingly wrap around
the southwestern noge of the ridge, giving structural
closure there, but on the noriheastern end the dolomite
is truneated by the Carter Creek Fzult.

A large thick band of dolomitic marble north of
Gordon Peak in sec. 2] and 22, T. 8 5., R. 7 W., Beaver-
head and Madison Counties (Christensen Ranch 7%
minute quadrangle) contains several talc prospects in
dolomite strata, which strike east-west and dip 40° to
657 north, This larpe belt of predominantly dolomitic
rock averages about 2,500 feet in width over almost
3 miles of strike length, One talc zone in the NE¥% NE¥%
NEY sec. 21 extends for about 500 feet along strike.

GENERAL GEOLOGY OF THE GRAVELLY RANGE

The name “Cherry Creek” was first used by
Peale (1896) for rocks in an area 15 to 20 miles south

of Ennis, Montana, along the base of the eestern flank
of the Gravelly Range. He stated that ““The Cherry Creek
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beds consist of 4 series of marbles, or crystalline lime-
stones, and interbuninated mica-schists, guartzites, and
gmeistes” and that “They are all highly inclined and are
perfectly confornmble to one another occupyving an
area of 30 to 40 square miles.” Their total thicknsss,
according to Pesle, "is certainly not less than several
thousand feet” pnd in Bis columnar section he showed
a thickness of 7,000 fest or more for the “Cherry
Creek™ portion of the Precambzizn section,

The most detailed study of the type aren of the
Cherry Creek Group has been made by Hefarich and
Rabbiit {1960). In general the grade of the meta-
morphism fnereases slightly as one goeg northward, but
it is puraling how rocks of different smetamorphlc grades
can exist togethar in the same aren, e.g., phyllite, mica
schist, and kyanite schist aloog the Cherry Creck
dpainage, Heinrich and Rabbitt (1960} recognized the
following major classes of tocks in the type sres of the
Cherry Creek Group:

1. Marble, eale-schist, and Hme-silicate gneiss

2. Quartzite and quartz schist

3. Phyllite

4. Mica schist

5. Kyanite schist and kyanie-staurolite schist

6, Sillimanits schist and poeiss

7. Magnetite schist and related rocks (“iron
formation™) _

8. Amphibole gneise, schist, and smphibolite

3. Quartz-feidspar gneiss, granitic goeiss, biotite,
and injection gnelss

The marble layers are the thickest and the most laterally
persstent of these rock types. Heinrich and Rabbitt

reporied one dole:;;itié marble as neasly 6,000 feer
thick, but Jater workers and the writer believe thu¢
miuch of this thickness is likely due to structural flowage

- during folding and to repetitions cavsed by tight folding,

Heinrich and Rabbilt also noted the relatively rure
pesence of tremolitic marhle in the ares, but the ores
produced thus far from the Johnny Guich area hgve
characteristically contzined no detectable tremolite, I
may be readily seen from a comparison with the rock
types mapped as “Cherry Creek-type rocks™ in the Ruby
Range by Okuma (1971} and Garihan (1973) that the
sequences there end in the Gravelly Range are very
much alike. One of the most striking differences involves
the amphibolite rocks, for Heinrich and Rabbitt (1960)
stated that *dark-colored amphibole gneisses arg much
less common n the Cherry Creek ares than some other
pre-Beltian aress, as for example, in the Ruby Moun.
taine.” They estimaiad the total minimum thickness of
the Cherry Creek Group in itz lype arez 335 abowt
30,000 feet.

Hadley (19692, 1969b) has mapped the geology
of two key 15-minute quadrangies In the aren of the
producing talc mines of the Grzvelly Range and has
showm in detall, within that restricted area, the distriby-
Hon of the dolomitic marble of the type Cherry
Creek Group.

Mann {1954, 1960} has described the general
geolopy of that part of the Gravelly Range that is
of interest for its taic potentisl. Most of his attention
was devoied to the Puleozoic and Mesorzoic Systems;
rock types within the Chetry Cresk Group were not
differentizted. ‘

GEOLOGY OF TALC IN THE GRAVELLY RANGE

There are three known greas of significant tslc
minerahization In the Graveily Range: the Yellowstone
Mine in gsec. 4, T. 9 8, R. ! W, the Johmy Gulch
Prospect in sec. 34, T. B 8., R. 1 W, and sec. 3, T,
9 8, R 1 W, 2nd the Tri-State Prospeet in sec, 5, T.
8 5., R. 1 W., all in Mzdison County. Several other
occurrences of talc are known in the Gravelly Range,
but only these three will be discussed at length here,

Hogberg (1963} generalized that i the Gravelly
Range the fensshaped talc bodies *muy be a5 much a8
100 feet wide, 1,000 feet long, 150 fest deep, and sre
generally concordant with the regional struciwre™. All
of the tale that is known In the Gravelly Range ocours
within dolomitic marble wnits and is generally concor-
dant with the metamorphic foliation,

The largest single mass of marble in the Gravelly
Eangé iz that one situated between Johnny Gulch and
Cherry Creek, which forms an area ghout 5 miles long
and 134 miles wide, roughly parallels the stiike of the
strata, and contalm all of the purrently known commer-
ial talc deposits in the area. :

The nature of the formation of talc in the Gravelly
Range i similar to ihat in the Ruby Range, as are the
mineralogy and the chemdstry of the ores. In addition,
the genegral geology of the two aress i very similar,
the starting maierials for the tale sre everywhere the
sarne, and the structoral evolution of the two argas is
also simitar, For reasons unknown, however, the relation-
shipy of the talc ore bodies to thefr enclosing rocks is
markedly differeat in the two ranges. Is the Ruby
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Range, for instance, it iy not uncommon for an entire
wide zone of dolomite hetween other, non catborate
ok types to have been covverted almost complefely
into talc containing few or no “horses” of foreign rock.
Even where the entire “talc-zone’ has not been converted
to talc, it is common in the Ruby Range to have large
thick tabular masses of tale “interbedded” with other
mck types within the “taiczone”, This relationship has
been nowhere observed in the Gravelly Range, where
there is invadably an intimate and spuallscale inter-
calation of tale with dolomite and where there are fow
bodies of pure tale more than § feet thick containing
no foreign rock types. The behaviour of the talc in the
Gravelly Range is markedly digitate on a sroall scale;

the behaviowr of the tale in the Ruby Range is generally |

tabular and in much lamger bodies. Even wheare the
behaviour of tale in the Ruby Range eould be described
as digitate, it would be more subily so and on a much
larger scale than in the Gravelly Range.

Throughout this area the removal of the tale by
either powered shovel or front-end loader is made easier
by the profision of post-tale fracturing and shearing,
which is strongly developed and closely spaced ag showsn
In all of the existing workings.

Therefore, if past history B8 to be a reliable guide,
we can generalize that although ore bodies can be mined
in the Ruby Range with lasge mining machinery but
without hand sorting, the ore bodies in the Gravelly
Range will continue to be mined with similay equipment
but the resulting mill feed will necessarily continve to
be subjecied to hand sorting.

Current investigations by graduate students of the
University of Indians will shed new  light upon the
intricate problems of the type Cherry Creek sequence,
especially with regard to mefamorphic events, The major
difference between the Cherry Creek sequences of the
Ruby Range and those of the Gravelly Range lies in
the maximum degree of metamorphism undergone in
Precapbrian time - upper amphibolite grades having
been reached in the areag of tale mineralization in the
Ruby Range, whereas in some arcas of talc mineralizs-
tion in the Gravelly Range it may be that only greenschist
grades were attained, In the Ruby Range a widespread
regional metamorphic event of greenschist grade was
experienced after the higher-grade gvents; therefore, it
is possible that the talc in both ranges formed during
periods of similar intensity of Precambrian metamor-
phism {ie., greenschist gradel, whether or not con-
temporaneowsly.

TALC MINES AND DEPOSITS IN THE GRAVELLY RANGE

YELLOWSTONE MINE

The Yellowstone Mine, in the S¥% sec. 4, T. 9 8,

. Rl W, Madison County (Cameron 15-minute quad-

rangle} is the primary Montana source of talc are for
Cyprus Industrial Minerals Company and has been $o
for more than twenty years (Fig, 10-5).

The mineralized arza, according to Perry (1948),
s at least 2,600 feet Iong in a northeast direction and
about 800 feet wide. Within this area there are several
lirge bodies of talc within the main dolomite mass,
but these large tale-bearing bodies enclose abundant
dolomite “horses”.

The writer was allowed 1o study the peology of
the Yellowstone Mine in the summer of 1974, There
#e several workings, both underground and open pit,
within this lavge minerdlized arez. Many of these
workings, induoding afl of the underground ones, have
been inactive for many years. The main pit, which is
also the deepest one, hms been developed along an
@imuth of N. 20° W. for the most part — a direction
that is not exactly paralle! to the foliation of the strate
but is faifly close to being to0. Such a relationship is

pommon threughout the mine area, Le., a slisht dires
tional variance & common between the atrike of the
dolomite foliation and the longest dimension of the
talc ore bodies. The strike of the strata within the
main mine area ranges from north o N. 20° E. and
dips range from vertical to 50° east, The main pit is
now about 2,500 feet long, averages about 200 feet
wide, and has been mined to down-dip depths of 150 8o
200 feet.

. Unlike the producing tale ore bodies of the Ruby
Range, talc at the Yelowstone Mine dees not form
Ige enough Individual bodies fo permit the mining of
high-purity tale ore by the use of machinery alone; ali
of the ore now exposed within the area of the Yellow-
store Mine must be hand sorted In order to derive
suitable mill-feed material. In one arez of the Treasure
Chest Mine {Ruby Range), the eatire dolomite unit
{*talc-zone™), about 120 feet wide horizontally, had
been converted into commercial taic of the highest
grades. In the Yellowstone Mine, thicknesses of more
than 3 feet of high-purity tale without included dolomite
are uncommon. Tale was soted to be abundant in one
local area of the main pit of the Yellowstone Mine,
but not a single thickness of more than 1 foot of puse
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tale was observed. The fake is commonly seen to “make”
in 2 gray fine- to medium-erystaliine dolomite, which
is generally thin bedded (laminae or foliae commeonly
less than 6 inches thick). Although most of the tale-
dolomite contacts scem to follow primary features,
there are indictions that many of them rmay represent
fractures or faults of extremely small displacement. It
js more common for the contacts of the small bodies
of high-purity tale to cross-eut the dolomite folistion
at fow angles than for them 1o be concordant, sithough
fr the lowermost levels of the main pit suck cross-cutting
selationships were observed to form at angles of 30° or
meore. Shear surfaces developed at snch angles to the
folistion may have Jocally exerted a control upon the
attitude and shape of individua] talc bodies. Most of the
talcat the Yellowstone Mine is green or light gray (almost
the color of the enclosing dolomite}, not pale green {o
white, as is much of the taic in the Ruby Range.

All of the ore at the Yellowstone Mine is taken
to sorting facililties where workers remove either the
waste from the ore or the ore from the waste, depending
upon grade. The high-grade ore js taken to an old
enclosed and permanent hand.-sorting facility along the
norih hillslope of Johnny Gulch, where the waste is
picked out and the tale iy discharged from the end of
the conveyor belts into holding bins. The lower-grade
ore s taken to a portable hand-soriing facility in one
of the upper pits, where the tale is picked oul and the
waste is discharged off the end of the conveyor belt.
This poriable facility was placed in operation in 1972
and will result in a ruch longer Bife for tids mine. The

. lowest-grade material, not regarded as wasie, is taken

to large stockpiles north of the mining area. These
stockpiles, called “bone piles” by the miners, consist
of material that s too low in grade to fustify hand
sorting at present but which may prove to be susceptible
to flotation-beneficiation prodtesses in the {uture. If such
methods of beneficiation ever prove feasible, thege “bone
plles” would constitute an immens: supply of high
purity Montana talc ore. All of the hand soriing or
“picking” at the Yellowstone Mine i done upon dry
roek, untike the Pfizer operations, where hand sorting
at their Barratts wmill is parformed upon wel rock,

The hand-torted ore from the Yellowstone Mine
is trucked either to Alder, Montana, for shipment o

"Cyprus’ processing facilities in Belgium ot Grand ksland,

Nebraska, or to their mill at Thaee Forks, Montana.

Druring World War 1L, the Yellowstone Mine area
became extremely important because the U.S. was shut
off from foreign sources of “block talc™ or “lava talc”.
Underground explomtory work was performed during
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that war with goveenmental support (U.S. Bureau of
Mines) in an effort to locale a replacement source for
such denied material, which had formerly been readily
obtainable from Italy. These underground workings
proved one tale lens to extend to a depth of about
80 feet and another tale outcrop was traced at that
time through a vertical distance of 150 fest. Seemingly
the “block tzlc” {also known as “lava tale” or “carving
talc™y ocowrred only in the deeply weathered siderite
zone, from the surface down 1o a depth of no more thas
45 feet oy so. Ankerite and black manganese dioxide

- were also abundant within this intenssly weathered zone.

The “block tale” graded downward into cersmic grades
of tale, which in torn were underlain by hard unaltered
doiomite. :

Hogberg (1963) has described the history of the
exploration and development of the Yellowstone Mine.
TriState Minerals Company leased the property in
1942 and began exploratory work under the direction
of Mr. L. F. Teutsch. The Sierra Tale Company of
South Pasadena, Californta, purchased the land from
Mr. Lewis Clark, the original discoverer, in Janusry
1949 and then went from underground prospecting to
open-pit mining. Hogberg {1963} gave the Yellowstone
Mine “approximately 75 years of reserves based upon
an anoua! production rate of about 20,000 tons of
cieaned tale’”. Initial construction on the Three Forks,
Montans, mill was completed in 1961 at a cost of
abowt 3400.000; the expansion, which was completed
in 1974, is reported to have cost sbout 52,500,000,

JOBNNY GULCH FROSPECT

Thoss talc ocourrences in sec. 34, T.B S, R.1 W,
and sec. 3, T. 9 S, R, 1 W., Madison County {Cameron
15-minuto quadrangle), which have been intermitientiy
prospected over the years, are here referred to &s the
Johnmy Guich Progpect. These oceurrences lie within
the same thick dolomite unit as do those of the Yellow-
stone Mine less than a mile to the southwest, but unless
isoctinal folding has afforded an ineredible coincidence
they are not in aquivalent strata.

Talc has been mined from deep. stsike trenches
and i exposed in shellow bulldozer sciapings over 2
strike length of about 1,500 feet. The foliation of the
dolommite strikes on the average N. 25° E. and dips
75" to 80 northwest. In the area of the main pit in
sec. 3, where tals was mined to depthe estimated at
30 to 40 feet over 2 total strike length of 425 feet,
wle in place is sporadic over 2 horizontal width of
as much as 275 feet.
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The talc forms more or less concordant lenses
with digitate outlines and most are less than 6 inches
thick, The tale B gemerally darker than that in the
Yellowstone Mine,

In the 1960 the American Chemet Corporation
of Chicago, Dlinois, mined tale on this property in the
SWH NWY sec. 3. '

TRESTATE PROSPECT

During World War I, the Tri-Staie Minerals Cons
pany prospected by piis and a 25-foot shaft s tale
lens 5 feet thick and several teng of feet long in the
NE¥% SE% sec. 5, T. 8 S, R. ] W., Madison County
(Cameron 15-minute quadrangle). This property “was
abandoned becanse of low grade and lack of quantity”
{Perry, 1948).

ELEVENTH INDUSTRIAL MINERALS PORUM

MINOR OCCURRENCES SOUTH
OF YELLOWSTONE MINE

A small talc prospact has been opened in the
SEW NE% sec, B, T. 9 8., R. | W., Madison County
(Cameron 1 5-minute quadrangle) about 1 mile southwest
of the Yellowstone Mine. Durk tale s here associated
with weathered and zKered marhle.

Several small nearly vertical talc bodies are kn!}Wn
in the NW% NW¥ sec. 9, T. ¢ 8., R. 1 W., Madison

- County (Cameron |5-minwte quadrangle), and the pat-

tern of the dispersion of the talc float indicated to
Hogberg {1263) that the sgpregate thickness may be
100 feet. This area, unlike the others described in the
Gravelly .Range, 15 complicated by 2 local cover of
Tertiary volcanic rocks.

GEOLOGY AND TALC DEPGSffS OF THE GREENHORN RANGE

The Greerhorn Range liex bhetween the Ruby
Rangs on the west and the Gravelly Range on the east.
A belt of “Cherry Creek-type rocks” extends from the
gast-central part of the Ruby Range easiward inio the
Greenhorn Raoge in the vicinity of Ruby Dam. Litile
is Jmown of the oveml geclogy of this mange, but
several talc ocourrences are known within it

TALCRIDGE MINE

The most notable tale deposit in the Greenhom
Range is the Tale Ridge Mine, along Litile Willow Creek
on the western flank of the range in the SWY NE%
sec, 30, T. 8 8., R, 3 W, Madison County (Home Park
Ranch 7¥-minute quadrangle). This deposit was recently
leased by American Tile Company of Summil, New
Jersey, and has been mined by them dwing the period
197375, The org it trucked o Alder, Montanz, whers
it is stockpiled on concrete pads for shiprment by rail

‘to processing faciliies in South Plainfield, New Jersey,

and Alpine, Alabama, The writer has not seen this
depousit since American Tale Company began recent
miping operations; the following desceiption is based
upon a brief visit to the property in 1969,

All of the observed talc is contained within
dolomitic marble units. The “talc-zone™ is not completely
converted to tale but containg abundant intercalated
carbonate rogk., The stratz strike N. 457 E. 2n0d dip
25° to 40" northwest. Small pits on the property suggest
that siall-scale high-angle to vertical faulting i wide-
spread and weil developed and would severely complicate
the conduct of lurge-scale open-pit mining operations.

Lefi-latecal fauh displacements were noted, but their
magnitudes oould not be determined. Individual veine
of high-purity white talc aze as much as 20 feet wide,

Footwall and hanging-wall rocks are either dolomite, -

granite gnesss, or mica schist; locally the rock type of
the footwall of one tale vein will be similar to that
of the hanging wall of an adjacent talc vein and vics
versa, supggesiing that some of the tale weins mwmy be
repeated by isoclinal folding. Although on a latge scale
the tale & penerally concordant with the follation of the
dolomitic marble, the contacts of the talc bodies are
jocally strongly discordant over relatively small distances,

The American Chemet Corporation of Chicego,
Liinods, once held 3 lease upon thia property, at which
time the existence of the uppermost tale vein was seem-
ingly unknown.

WILLOY CREEK PROSFECY

The Wilew Creek Prospect, in the WWi§ NE%
ze. 31, T. 8 5., R, 3'W,, Madison County (Bome Park
Ranch 7%-minute quadrangle) is cavered by the Willow
Creek #1 and #2 mining claims. Exposures in 2 small
trench on this property indicate that the sirata strike
N. 40° E. and dip about 30° northwest. No tale thick-

. npesses in excess of 10 feet were observed, end despite

the presence on the property of a small stockpile of
tale in 1969, no appreciable lateral extension of the
tzic had then been proved. The geology is axtremely
sirnilar to that of the nearby Talc Ridge Mine, which
lies less than 1 mile north of this prospect. 1t is extremely
unitikely that this deposit could be an exiension of the
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THE GEQLOGY OF MONTANA TALD DEPOSITS 4. H. OLSON

one zt the Tale Ridge Mine, but it may tepresent & Struc-
tural repetition of the same strata by isoclinal folding.

OTHER DEPOSITS

Perry (1948} reported the presence of 2 tale deposit
“southwest of Virginia City on Idaho Creek” zlong the
western flank of the Greenhorn Range. No locality infor-
metion is given, and the writer has not visited this

reported occurrence. Although Perry described the tale

a3 “good” in hand specimens, he further stated that
“as # whole the deposit Is said fo be small and the

i3

average mmterial npure™.

Many questions concerning the geology of the
Precambrian strata {n the Greenhorn Range, particularly
the relationships of its ““Cherry Creek-type rocks” and
its bearing on the origin of fakc in Montana, may be
answered by the ongolng fnvestizgations of Dy, Richard B.
Berg of the Montana Bureau of Mines and Geology,
who is currently mapping and studying the relation-
ships of the dolomitic marble and associated pre-Beltian
rocks within the Ruby Dam and adjacent 7%-minute
quadrangles.

GEOLOGY AND TALC DEPOSITS OF THE TOBACCO ROOT MOUNTAINS

The Tobaceo Root Mountaing lie north of the
Ruby, Greenhorn, and Gravelly Ranges and contain the
rerthernimost sigoificant exposures of pre-Beltian rocks
in this area of southwestern Montana.

Tansley, Schafer, and Hart {1933) have described
2 sequence of metasedimentary tocks jn the southern
and southwestern parts of the Tobacco Root Mountaing,
which they refer to as the “'Cherry Creek Serios”™. The
lithologic types that they recognized in this series are
quartzite, limestone, schist, and gneiss, whose sedimen-
tary origin is unquestiopable, and they noted the high
gasnet content in many of its members, The major differ-
encé that they brought out in comparing the Tobacco
Root sequence o that of the type section at Cherry
Creek along the eastern flank of the Gravelly Range is
the great abundance of garnet rock in the Tobzeco Root

. region, a rock that is rare nesr Cherry Creek. They

divided the “Cherry Creek Series” into three divisions,
of which the limestone occurs in the medial division.
The thicknesses of the Hmestone vnits ronge from 1,500
feet, whate they have heen thickened by intense folding,
o complete “pinch-outs™ where siretched out on the
limbs of folds. In certain arsas, units that were onee
taleareous have been replaced by abundant garnet and
hornblende and lesser amounts of tremolite, actinolite,
epidote, and quartz, supgesting widespread contact meia-
morphisse. This relationship is further complicated by
the Iocal development of a more intense metamorphism
imposed upon these rocks in proximity to the Tobacco
Root Batholith, of Laramide age. There is the srong
possibility that lrnestone members have been repeated
in overturned tight isoclinal folds of the fype that is
well known in the Ruby Range to the south.

Reid {1957, 1959, 1963} has gudied and mapped
lage exposures of the “Pony™ and “Cherry Creek”
metamorphic rocks over lerge argas in the nporthern
Tobacoo Root Mountains, Despite the detafled lithologic

descriptions fn thess texts, no differentiation of indi-
vidual Hthologic types within these two major meta
morphic rock growps was rarde In his mapping. Within
his map arez in the north end of the Tobacco Root
Mountains (Reid, 1957}, the only marble found &5 caleitic
rather than dolomitic.

Gillmeister (1971) described a coarse, dominantly
calcitic marble, which has restricted occurrence along
the southwestern part of the Tobacco Kool Mountains,
The thickness of this marble unit ranges from 0 to
1,000 feet. He has named this unit the “Qccidental
Marble™ after the Occidental Mine on the ridge between
the North and South Forks of Indian Creek.

Burger (1967) has described the bedrock geology
of the Sheridan District along the western flank of the
Tobacco Root Mouniaing, He described bolh marble and
calosilicate rocks, the latter being relatively untom-
mon. Thicknesses of marble units range from 100 1o
BOO fzet and average 300 feet.

Hess {1967} noted the presence of both calcitic
and dolomitic marble in the central and southern
Tobaceo Root Mountains and further contributed toward
an eventually better understanding of local Precambrian
geology by pleading againgt the dopmatic usage of such
stratigraphic terms as “Cherry Creek™ and “Pony” when
one is unable to prove stratigraphic equivalence from
place to place. He suggested that z “single, longlasting
metarnorphism took place in the Tobacco Root Moun-
tains beiween 1550 and 1700 milion years zgo”,
accompanied by the development of isoclinal folding
atong northesstdrending axss and the intrusion of
ultramafic and mafic rocks This is 2 §milar history to
thal described in the cemtrsl and southern paris of the
Ruby Range by Garihan (1973} and Okuma (1971},
respectively.
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Cordus (1973) cited evidence which suggests
that the marble in the southern part of the Tobacco
Root Mountains was impure siliceous dolomite prior
to metamorphism. He furiher described the conti
nuity of at least one of the marble layers for more
than 30 mies along strike and described £ as uni
formly dolomitic.

Perry (1948) described a small tale occurrence
in marble of “Cheary Creek-type rocks™ along Granite
Creek about 2 miles north of Virginia City, Montana.
. Small stringers of high-grade tak are present with
in a marble unit 65 fest thick, bt commercial talke
eaanot be extracted from this deposit under current
onditions.

Levandowski (1956) described thicknesses of
marble wunits in the Sheridan-Alder arca along the
southwestern flank of the Tobacco Root Mountaing
as ranging from only a few feet to as much az 1,700
feet. He described two tale deposits as having maximum

known widths of 25 feet and lengths of 55 feet, Both
of these talc bodies have been developed within marble
and are spatially assoclated with garnet schist ang granite
gneks, . 4

Althougk the Tobacco Root Mountains have dolo-

mitic marble similar to that found it the Ruby Range
fo the south, and the condjtions of regional meta.
morphism and granitic intrusive activity are similar
in both aress, relatively few tale occurrences pre
known in the Tobacco Root Mountains. It is not
yet clear whether this discrepancy might be duwe to
lack of attention znd prospecting or to actual paucity
of tale there. The range has been studied for several
decades by graduate students of the University of
Indiane, which maintains 2 sommer field - camip near
Whitehall, at the northeastern corner of the range.
These investigations, both past and ongoing, will con-
dribute to a better understanding of the datajled
geology of the Tobacco Root Mountaing and may
well help to result in the discovery of new talo
deposits — but only time will tefl.

OTHER ASSOCIATED MINERAL DEPOSITS

Seversl other mineral commodities are closely
associated spatially or stratipraphically with Montana
talc depasits, the most baporiant being graphite, silli-
nenite, ron formation, kyanite, and masganese.

GRAFHITE

High-grade crystalline praophite has been mined
from deposits in the Axes Canyon area of the Ruby
Range southeast of Dillon (Pery, 1948; Ford, 1954
The praphite poours in veins and veinlets in gneiss and
pegmatite as well as being disseminated in smaller masses
and flakes n those same host rocks. Ford {1954) sug-
gested that the deposition of graphite occurred after
the emplacement of the pegmatite and affer the period
of regional metamorphism. Despite thelr close spatial
association, the graphite was obvioudy deposited long
after the dolomitic marble in the “Cherry Creek-type
rocks” was recrystallized.

SILLIMANYTE

Sillimanite deposits in the central and southern
parts of the Ruby Range have bheen deswibed by
Heinrich (1930). The most common types of occuwr-
rence and the ones having the greatest economic
petential are biotite-sillimanite schist znd biotite-gamet-
sfllimanite gneiss. The sfilimanite alsn ocows in peg-

matile and locally as 2 massive rock, the latter type
enmmozly being found a5 resldual cobbles and boulders.
There scems to be some refationship between the
abupdance of pepmatite snd the sbundance of the
sillimanite; furthermore, sllimanite “pods™ are com-
monly developed along pegmatite contacts. The most
promising depesit, situated on the Art Chrigtensen
Ranch- near the Sweetwater Rosd east of Dillon,
is a sivery biotite-muscovite schist, which contains

. differieg amounts of silfmanite. Loclly, there is also

the possibility of placer sillimanite deposits. Al of
the sillimanite ocourrences are in rocks that are closely
associated, both spatially and stratigraphically, with
the dolomitic marble thot contains afl of the koown
commercial talc deposits.

IRON FORMATION

A upit of banded “mon formation™ {magnetite
schist) as much as 1,000 feet wide and 2 miles
long i present to the west of and across the Carter
Creek Faolt from the Regal (Eeystone) talc mine
in the southwestern part of the Ruby Range. Mapping
by Jaumes and Wigr (1972} shows the complexity
of this small Jocal area. Similar bands of “iron-
formation™ are present in the type area of the Cherry
Creek Group along the base of the eastern flank
of the Gravelly Range south of Ennis. In both of
these mountain raoges, the kron is closely associated
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S A———r Attt

i

;3 N g # P T

iy



Attt o Pt

F

THE GEOLOGY OF MONTANA TALC DEPOSITS-R. H, OLSON

both spatially and stratigraphically with the dolomitic
marble that contains all of the known commercial
tale bodies.

KYANITE

Kyanite gneiss and schist and kyanite pegmatite
and veins have beelt described by Heinrich and Rabbitt
{1960) in the type area of the Cherry Creek Group
along the base of the eastern flank of the Gravelly
Range south of Ennis, but only the layers of kyanito
gneis and schist seem to have any potenital economic
significance. Although these kyanite cccurrences are not
far from the tale deposits to the south in Johnay Gulch,
it must be noted that their metamorphic grade is consid-
erably higher than that of the Johnay Gulch areq, and
it is possible that structural events have placed these

138

two areas in much cioser juxtaposition than they
were originally.

MANGANESE

Manganese oxide minerals have been widely devel-
oped in the pro-Beltiag marble of the Ruby Range and
the Gravelly Range. Such mingralization, as described
by Helorich (1960) in the southwesternmost part of
the Ruby Range, “is generally low-grade but highly
variable”. This mpregration and subsequent alteration
has been locally so intense that the marble may be
converied to a crumbly, porous, and commonly inoo-
herent rock. The manganess minerals have formed in
the same marble that contains sl af the known commer-
cial talc bodies, but even though both the manganese
and the talc must have formed in Precambrian time,
the possibility of any genetic relationship is unknhown.

PROSPECTING HINTS

In most mindng disteicts, whether they produce
mgtals or industrizl minerals, the original discoveries
are made by prospectors and miners; geologists come
along later and refine the deiafds This is certainly
true of the Montana taleanining district, for the writer
is aware of only a single talc occurrence that has
been discovered by a geologist. This situation will
obviousdy change In time fo come as futwre tale
deposits are sought on the fringes of the now-known
“elephant country” and as more sophisticated tech-
miguex are developed to find buried deposits, but
for the time being, the Moniana tale prospector must
be given full snd welldeserved cxedit for his most
gignificant contributions to the development of the
Montana tale industry.

Guidelines for tak prospecting numy bz presented
here based on present knowledge, but the main problem
with applying them dogmatically is that it is still
npt certain whether they are truly disgnostic for
areas of tale mineralization omdy, or whether they
might incdude features that could be presemt or even
abundant in basren areas as well. Their diagnostic
relisbility, by and lupe, must await more thorough
geological studies ip larger areas away from kmown
arezs of mineralization. s

The only certain ariterion known at this time i
that «fl of Montana’s known commercial tale ore bodies
oteur within dolomitic marble of the pre-Beltisn se-
Quence of “Cherry Creek-type rocks™. Therefore, there
$ems little to be gained by searching for tale bn other
lithologic units or formations.

From his work in the southern part of the Ruby
Range, Okuma {1971) has formulated guidelines for
prospecting for tale, and these are guoted verbatim:

“a) All the commercial talc deposits are intimately
agsociated with the marble units. Dolomitic
marbles seem to be a prerequisite for the
formation of high quality talc in the Ruby
Range,

b} The talc generally ocours in arezs of structoral
wepkness, such areas being marked by faulting,
brecciation, silicification and, in many cases,
recrystallization.

¢} The tale deposits are related to tho presence of
intrusive rocks, probably of granitie or other
composition, from which they obtaimed their
gupply of hydrothermel soltions. To some
degree the pearness to Dillon Granite Gneiss
especially of the olive-gray variety may be a
useful guideline for prospecting,

d) Asreas of retrograde metamorphism may be of
special significance in tale prospecting,”

Garlhan {1973) hss likewise developed similar
suidelines, derived from his work in the central part
of the Ruby Range, and these are alse quoted verbatim!

#1) Look In areas of structural complexity in the
vichlty of knowm mines, both along the trend
of the marble host and in adiacent coarse
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dolomites; the deposits tend o ocour in groups
spatially. Isolated oceurrences are unusual. All
the marbles should be walked out, with an
eye out for float chips on the gound or
siringers of tale in outerop. This is congiderably
easier than mapping ail lithologies,

2) Look in arsas where nonrcarbonate rocks have
been chioritized and talcified. This is certainly
the case in the vicinity of the Treasure mines,
where the Dillon Gneiss has been chloritized
extensively, Elsewhere, however, rocks such as
the Dillon Goeiss are not altered near known
talc deposits, so thet this is at best a secondary
criterion.

3) Bulldoze and drill prospecis to ¢valuate the
tale body in the third dimension, )

4} Rely on prospector’s scratchings; they ususlly
mean something!”

To these valuable guidelines the writey will add
here some from his own experience. Qccuirences of
bedrock tale should net be ignored simply hecause they
are relatively thin, In the fast place, one might be
iooking at the edge or the top of what might continue
downward or laterally into a much lasger body. In the
second place, it must be remembered that the form or
shape of Montana talc bodies may be markedly digitate
and that only an extremely thin apophysis of 2 hirge
ore body may have been sxposed by erosion at the
time one comes across it. Tale ore bodies characteris-
tically swell and pinch, thinning on the limbs of fokis
and thickening on the crests and in the troughs of folds.
This plasticity, plus the natural ienticular habit, renders

this caution against cavalier treaiment of such ocorr-

rences advisable here,

The time-honored {echninue of tracing float chips
of talc uphill to thelr source will continue 1o be useful,

but this method of course can aid in locating only
those talc bodies that have already been breached by
erosion, With practice one may develop the sbility 1o
discern the presepce of talc flost chips as small as %
or o from the standing position; when one has thus
determined that talc is indeed present and then peis
down on hands and kaees, the distribution of float
chips smaller than 2 nofchhead may be readily traced.

The nid of digging and burrewing animals, evidence
free for the taking, shoald be utilized wherever possible.
Badgers digging their burrows commonly throw ont falc
fragments in areas where such would not otherwiss be
exposed on the surface, 50 never pass by a badger hols
in pre-Beltian dolomite country without inspecting its
spoils plle! Ants will commonly build their abodes of the
ecarsest rock chips avsilable, and the wrier has seon
mapy such anthills cormposed of an abnomally high
percentage of tale chips; therefore, anthills in pre-Beltian
dolomite country should alsp be inspected, even though
(unlike badger and gopher holes) such debris would
represent ondy surficial material,

In areas of talc minevalization stili undisturbed by

mining, the writer has observed that one of more of the
following associnted features will be present:

a} Dofomitic marble i exceptiomlly coarse grained.

b) Dolomitic marble is exceptionally closely foliated,

individual foliae being commonly 1 inch thick or =

Jess.

¢} Silicification s common, not ag veins but as
irregular masses, adjacent to and near the tale.

d} Large calcite thombs, 1 inch or more on a side,
are locally developed.

e) Pervasive “soaking” of dolomitic marble by iron
oxides or manganese oxides.

POSSIBLE FUTURE TRENDS IN THE MONTANA TALC INDUSTRY

1t & likely, in the writer's opinion, that solid,
thick, homogeneous talc ore bodies without included
waste rock {e.g., Treasure Chest Mine) will not continue
1o be the sotrce of such ores in Montana for a much
longer period of time. More and more, ¥ think that talc
ores will be procured from depnsits such as the Yeliow-
stone Mine, which are characterized by the digitate
interfingering of tale with inchded waste rock on 2

* relatively small scale. This will require sorting, of course,

gither by manuul labor or possibly by some mechanical

or photodecirical means yel 10 be perfected, but the
grade of tale fed into the mill in the fulurs should not
suffer as compared with foday's mill feed.

This will be most advantageous from a conserva-
tion standpoint, for it Is an unfortunate but nevertheless
trwe fact that many thousand tons of high-grade t2ic
ore has been thrown onto the dumps of Montans tale
mings because operators did not want to bear the
axpense of setting up sorting methods, This retuctance
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to establish such instaliztions may have been due to
budpetary ressons or to compelition for investment
dollars with other divisions within large compamies
whatever the reason, it has been and stil} is a dolefully
wasteful procedure and should be stopped! Whether
or not a sorling method can be installed at any given
fime 2 not as Important as the {act {hat many operators
have been reluctant fo even go io the added expense
of separately stockpiling such “middling™ fractiona for
later sorting or other vpgrading processes. A case in
point may be found in Stone Creek in the Ruby Range,
where many thousand tens of high-grade tale lie irre-
trievably losi because they are now hopelessty mixed
with aburndant waste rock in those large dumps. It
becomes increasingly more difficult to locate new sources
of Montana falc ore; such waste should not be allowed
o continue!

Of the two talegrinding mills in Montana at the
wesent time, one is served by only two mines and the
other obtains virtually all of ils feed from only one
mine. Future milling operations in the Montana talc
industry may not be so fortumate; it seems likely to the

writer that such operations will stead be served by
numerons winds. This may not only become hecessary,
but it may slso become desitable if it affords the oppor-
tunity for carefully performed and inteHligently directed
blending of ores from mumerous sources.

Underground operations have been pursued at the
Yellowstone Mine in the Gravelly Range and at the
Smith-Dillon Mine in the Ruby Range, but all present
operations are open pit, The refuctance of present opera-
tors io adopt undermound mining methods in the face
of open-pit compstition is Mully enderstandable, but it
should be understood by them and by others conterm
plating new eniries info the Montana tale industry that
the profit masgin in such operations can probably
withstand the increased costs of vwnderground mining,
pasticularly when such advantapes as year-round opera-
tion, increased selectivily n extraction, and other factors
inherent in underground mining are considered. There-
fore, it may well be thet future exploration for Montana
ialc deposits will not be confined to areas where only
open pitting Is feasible — as has generally been the case
in the past.
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