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FOREWORD

Il1lds¢rative of the develozment of the non-metallic mineral resour-
ces of Montana are the talc and graphite mires soutlieast of Dillon, the
talc mires south of Znnis, ard the vermicu:lite mine xncrtheast of Libby,
The success of these operations, and the production of other ncn-metal-
1lic minerals in Montana such as gypsum, points to an ever increasing de-
velopment of this phase of the mincral indusiry ia the state which in
tne past has yilelded in the neighborhoed of $100,C0C, 000,

Talc and the other minerals described under this cover are not di-
rectly related to one another, however this report is the beginning of
a series in which it is intended all krnown non-metallic mineral resour-

ces of Montana will be described, Kyani‘e and sillimanite are described.

in Miscellaneous Contributions No., 10, Other ncometallic resources are
phosphate,bentonite, gem stones, and optical calcite; and of course the
production of lime, cement, and stone is the basis of important indus-
try.

Montana is noted for its large production of metals such as zold,
silver, lead, zinc, manganece, and in particular copper, Mining of
these resources has been continuous for over 80 years, and has yielded
a return of over four billion dollars., The lure of metal mining has
over-shadowed the mining of these less glamorous materials, notwith-
standing their vital importance to iudustry in gereral, I% is hoped
that the publication of information pertairning to the non-metallic
mineral resources will aid irn their develorment,

Francis A, Thomson
Director
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. TALC, GRAPEITE N

 VERMICULITE AND ASBESTO )
L DEPOSITS IN MONTANA e

By

Eugene S. Perry
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PART I. TAIC

General considerations

The mining of talc has been carried on in Montana for about six years, and
this mineral is now being produced in commercial quantities 11 miles southeast
of Dillon and 20 miles south of Ennis. Deposits are known at several other
localities in southwestern Montana, and some of them may be workable.

Talc is a hydrous silicate of magnesium.' It is characterized by its ex-
treme softness and its soapy feel. In color it is light-gray to white, and
some varities have a greenish tinge. In texture it is commonly too fine
grained for individual particles to be easily observed and it may resemble
soap, but it may also be micacecus or foliated with flakes or fibers visible
to the unaided eye. The name steatite may be applied tothe pure compact mieéro-
crystalline types. Soapstone is a rock containing 50 to 75 percent of the
mineral talc together with rock impurities, and it is not known te occur in
commercial deposits in Montana. To be of commercial grade scapstone should be
of such a character that it can be cut or sawed into thin slabs such as are
used for table tops in chemical laboratories or in electrical switch boards,
and the slabs or panels should be free of incipient fractures, cracks, or
breaking planes, Serpentine, which resembles talc, and which also occurs south-
east of Dilleon, is considerably harder than talc.

The commercial value of talc lies in its soft character, its chemical in-
ertness, its ability to be finely pulverized with ease, and its ability to mix
readily with other ingredients when finely powdered. Also it has” the ability
to be "burned" or baked, with sr without binder, and with low shrinkage. It
forms a porcelain-like produc: #ith low heat and electrical conductivity. In
burning a chemical change takes place,

Deposits of common talc are relatively plentiful in the United States and
foreign countries, and supply exceeds demznd; hence competition within the in-
dustry is keen and prices are held to a relatively low margin of profit. The
largest volume is used in ceramic products. Exceptionally high grade of pure
talc is used in mamufacture of cosmetics, and special varieties (such as "lava"
talc) are used in making radio~tube insulators; such varieties bring premium
prices. Cost of transportation is an important item in the sale of the ceramic
grades of talc, and Montana is a long distance from markets. United States
production of talc and soapstone in 1937, an average pre-war year, was 230,000
tons valued at $2,562,000, or slightly over §11 per ton,

isbout 90 percent of the talc marketed in United States is pulverized
before sale. It is used in the marufacture of certain paints (Eg%): paper
(16%), roofing materials (11%), rubber (11%), toilet powders (3%), foundary
facings, ceramic products, and many other products. Only the finest and purest
grades are used in toilet powders, lotions, and face cream, An umsual variety,
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known commercially as "lava®" talc, can be machined into intricate shapes in crude
form, burned into a finished product resembling porcelain without change in shape
or 8ize, and in this ferm it 4s used as an irsulator and spacer in vacuum tubes
and electrical instruments. It is said that there is no satisfoctory substitute,
and also that the Montana material is superior to imported material which has
supplied most of the market. Ceramic (common), cosmetic, and lava talc all have
been mined and marketed from Montana.

General Geology

Geologically, in Montana talc is known to cccur only in rocks of two gee-~
logic ages. . smell vein-like deposit about one mile south of Helena was de-
veloped in dolomite of the Pilgrim formation of Cambrian age. This deposit has
been practically worked out, but it is of much geologic significance. The larg-
est deposits occur in dolomitic marbles in the Cherry Creek series of early pre-
Cambrian age in a region LO miles across extending fram ¥adison River valley near
Ennis to Blacktail Deer Creek valley near Dillon. (See Plate 2, A). The two
commercial mines now operating on Axes Creek southeast of Dillon and on Johnny
Gulch south of Ennis ere in this erea., Other deposits in this area are on Timber
falch and Carter Creek near Dillon and Granite Creek and Idaho Creek near Virginia
City. Minor occurrences of talc have been observed in several other localities,
and in a few places opened by pits. It may be exptected that minor amounts of
talc may be found in the marbles of the Cherry Creek series 2lmost anywhere in
this area, although it is not likely that lzrge commercial bodies are present and
have been overlooked,

The Cherry Creek series, named by Peale in 1896 from a creek by that name
20 miles south of Banis, is 2 most intensely metamorphosed series of early pre-~
Cambrian schists, phyllites, light~ and dark-cclored gneisses, amphibolites,
schistose quartzites, and ccarsely crystalline marbles, locally containing gar-
net,, staurclite, kyanite, sillimanite, and similer minerals. The thickness has
notﬁgeen measured accurately, but it probatly is in the order of four to six
thoygand feet. Individual beds of characteristic rock types from a few inches
to several feet in thickness may be distinct and well defined, and the thicker
units may be traced in outcrop for several miles. The series is.definitely of
sedimentary origin, but it has been intruded by dikes and sills some of which
are metamorphosed. Both major and minor folding are prevalent, and in some
places folding is isoclinal or overturned, Crumpling of beds is common.

of particular interest in talc prospecting are the zones of marble in the
series., As observed on ixes Creek, et lezst six marble mermbers are present, and
some are LOO to 800 feet or more in thickness. The ameunt of marble to be obser-
ved in the series decreases eastward, and members of the series cammot readily
be correlated between Dillon and Ennis. Because of the abundance of the marble
in the series on Axes Creek it is suggested that the rocks in this area be called
the ixes Creek phase of the Cherry Creek series, and that the name Cherry Creek
be retained for these rocks over the entire region. A4 detziled study of this
series of rocks is being made by E. W, Heinrich for Montana Bureau of Mines and
Geology during 19L8,

This complex series of rocks, known to be present in a region 75 miles or
more across underlies folded Cambrian strzta. The Belt series of late pre-.
Cambrian age is absent in this part of Montana, but as determined,‘!gdegree of
metamorphism, it is very much younger than the Cherry Creek seriesgggThe base of
the Cherry Creek is in question. Commonly at the base is a hi o rphosed
series of feldspar gneisses in which crumpled bands are conspicucuse~ This gneiss

 srigs could be mstamorphosed sediments older than Cherry Creek, mut mere likely
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t8 &8 s metamerphosed mass of igneous rock such as granite which was intzuded - .
into the Cherry Creek prior to ita intense regional metamorphism. The term
Pony series is commonly applied to the gneiss ssriea.. .

" Tale is believed to have criginated by the action of hydrothermal (het
water) solutiims acting upon magnesium-bearing rocks through which ths solu-
tions passedgfhe process having occurred when the rocks were deeply buried.
Talc is not Wekieved to form by action of the surface waters. Elsewhere than
Montana talc occurs in dark-colored igneous rocks and gneiss as well as in
crystalline dolomitic marble, but no occurrences of importance other than in
marble are known in Montana,

The Dillon, Ennis, and intervening talc deposits are all similar in gen-
eral occurrence. Small vein-like bodies cne-quarter inch to 2 or 3 inches
thick locally appear in the marble, extend 1 to S feet and then cease. Large
bodies, which may be in the order of 50 feet wide and 300 feet long, are irreg-
ular in shape and cease to be vein-like. xost of the bodies lie parallel to
the original bedding, traces of which show in the marble, but they may also cuc
across bedding planes. In large talc bodies, blocks or cores of unaltered
marble may lie within and be entirely surrounded by talc., Practically all con-
tacts between tzlc and marble are sharp. Disseminations, noticeable in hand
speciman, of talc in marble or marble in talc are seldom observed, although
microscopic studies show talc disseminated in marble. Impurities, essentially
unaltered rock, may be present in the talc locally.

Some deposits are umusual in that crystalline graphite in parallel flakes
as much as one-eighth iach across are thickly dispersed through the talc, the
alinement being parallel to that of the tale body and the bedding of the '
marble. OQther deposits appear to have contained pyrite, the evidence of whi's
now consists of limonite (iron oxide) scattered through the talc in small lunps
or pseudomorphous crystals after pyrite, Silicate minerals such as tremolite
are so rare as not to be commonly observed with the unaided eye. Graphite,
limonite, or rock impurities in soms Montana talc makes it unsatisfactory for

industrial use, however many large bodies of talc are completely free of these
irpurities.

Talc Deposits East of Dillon

Location and topographyt The largest production of talc in Montana comes
from a deposit on Axes Creek, 11 miles socutheast by road from Dillon, the
nearest shipping point. A large body of massive talc near creek level has been

opened by the Tri-State Minerals Company of los Angeles by means of an open
. cut, adits, a winze, and drifts at a lower levels During 19L6 approximately
5,000 tons of broken but uncrushed talc were marketed. This company also has
opened deposits on Carter Creek seven miles northeast, and on Timber Creek two
and one-half miles southwest from the ixes Creek deposit, and has investigated
other deposits: in scuthwestern Montana. Commercial shipments have been made
only from the Axes Creek deposit by this company. (See plate 2, B.)

Dillon, population about 3000, is the county seat of Beaverhead County
and the largest city in this part of Montana. Farming and stock raising are
the principal industries, but considerable metal mining is also carried on in
the vicinity. The city is serviced by a branch line of the Union Pacifie Rail-
w2y extending frem Salt Lake City to Butte, and an oiled highway, U. S. 91.
Fair to good roads radiate into the surrounding mountains and valleys. The
altitude of Dillon is 5090 feet above sea level.

The topography. of this region is characteristic. of that of western Montana
vherein high rugged mountain ranges trending north to scuth are separated by
broad relatively level valleys containing hundreds of feet of lake and alluvial
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MONTANMA BUREAU OF MINES AND GEOLOGY MEMOIR NO. 71, PLATE 3

== Mesozic Pclooxole

A. GEOLOGIC SKETCH MAP OF AREA BETWEEN DILLON AND ENNIS
After U.S.0.S. eceloole Map of Montano, 1944
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deposits. The mountains rise abruptly froms such valleys with steep slopes dis-
sected by gullies or gulches, but commonly the mountains flatten on top to
broad rolling uplands, remnants of an ancient erosion surface developed in early
Tertiary time. Timbered areas are local, and vegetation on most of the area is
grass and sage brush, The Dillon talc deposits are on the lower slopes of such
a range known as the Ruby Mountains. Several roads easily traveled in dry
weather cross this range or lead to its summit.

Geologyt The Cherry Creek series, the marbles of which contain the talc
deposits, is excellently exposed on the west or northwest slope of the Ruby
ranze southeast and east of Dillon. The more resistant ledges crop out in bold
relief from the margin of the Tertiary lake and alluvial deposits in the majecr
vadeys upward to the top of the rznge at altitudes from 5500 to 8500 feet above
sea level,:

The bedding has a general nxtheasterly strike, and dips are na thwestward
from 30 to 70 degrees; however, minor folding and crumpling of strata produces
notable local variations. Probably much faulting is present, but faults are not
easily recognized due to similarity o rocks and complex folding. Most conspic-
uous rock types usually observed are marble and gneiss, although schist and
quartzite are present, Crystals of garnet and masses of sillimanite and sSimi-
lar minerals occur locally in the schist and gneiss, but in general garnet is not
particularly plentiful, Serpentine occurs in the marble members, but it is not
closely associated with the talc deposits. About two miles south of the Axes
Creek talc deposit, high on the mountain, are commercial concentrations of
crystalline graphite (described in Part.II of this report).

Igneous activity shows itself in most of the mountain area in the form of
numerous pegmatite- dikes which irregularly cut the metamorphic rocks. More
than one age of pegmatite is thought to be present: An old type is much
metamorphosed; the younger and most conspicuous type, composed essentially of
feldspar, quartz, and miscovite, shows no sign of deformation since its intru-
.aion, Pegmatite is not notably associated with the talc, as it is with the

graphite, Metzlliferous minerzlization, although present in the mountains, is
insigmificant. The nearest known mass of .granitic intrusive rock is 25 miles
northwestward, however seven miles sautheast of the Axes Creek deposit is a
series of ultra-basic intrusives, and late basic dikes are plentiful in the
area.

The marbles on Axes Creek can not be definitely correlated with similar
marbles in the Cherry Creek series south of Ennis, but they are considered to
belong to the same series of rocks. In general the marble is a pure coarsely-
crystalline carbonate rock in which individual grains up to one-eighth inch in
diameter are interlocked together. Leached with acid it may show 10 percent or
more of insoluble material consisting of quartz and silicate minerals including
talc. In talc-bearing areas marble may contain much disseminazted talc not
readily visible. Near the top or Pottom of a marble member a few feet of schist
" may separate a few feet of marble from the main mass. Remnants of original bed-
ding are common, and in places close crumpling wtkim the marble mass has been
developed. No structural or stratigraphic control of tale occurrences wi thin
the marble was observed, the talc appearing and disappearing zbruptly.

Axes Creek Deposit: The Axes Creek deposit, as exposed in workings, is
about 400 feet long, 60 to 100 feet wide, and more thanm 200 feet in vertical
extent. Jt is known by the operators as the Smith-Dillon talc mine. (See
plate 3). Although the deposit is-irregular in shape, it is elongatai¥oughly
parallel to the strike of the marbla, . Vertically, the deposit stands a
steep mgle, but the bedding of the marble dips about 7Q degrees novdilifest.
Faulting 18 present as indicated by thick clay gouges and crushed zohes, and it
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" is possible that the sﬂemmmlﬂeu&b adjagent o aclargs. 1. : -
strike falt,  Hewevsr, slickensided fault-planes-and Wreccis-scnes:pess. - . IR

......

through the tala indicating movement since tals fogmation. .Witiin-ihe bedy of -
talc are "ribs" of marblg, some of which may be 3Q-feet ar mora wide, byt pare -

talc many across is present without gvidence pf pre-existing marbla in

the tale ture, ﬁge tale lies at the socutheastern side of % W& Mewher
which ext contimously 800 feet westward before becoming buried beneath the
valley-filf7of Beaverbeag Valley. Small stringers and irregular bodies of bele .

were not observed in the marble in the area adjacent to the main deposit, and -
in this respect the Axes Creek deposit differs somgwhat from others. Intensely
metamorphosed beds of quartzite, somewhat resembling vein quarts, overlie ‘the w=*
marble at the Axes Creek deposit.

| . To Dillonw
i Schist .~ I P
£ Marble ¢
| D s I;'g_alc
i Marble 3 - S
! ‘ s
' :
\(Talc\ ’
H A LRI
P _‘Covered © |
., ' 3
i ' Eence-iinL
Merble o e
"""" Covered. schiat
!
'
Talc . . - . > . ¢
| 0O 100 200 300 400 500
%!‘-:;‘o‘;f Dolerite dikes .’ . Scaie in feet '

Figure l.-=lp cf Keystone talc deposit on Carter Creek, Beaverhead County.

Development work, some of which is shown on the accompanying map, (Plate
3 ) consists of about 1500 feet of adits and drifts on a main haulage level 30
feet above the creek, about LOO feet of drifts on a level 60 feet lower than
the main level 4y way of a winze, and an open cut approximately 400 feet long
and 100 feet wide on a hill side 50 to 150 feet above the adit level. The telc
supports itself well in underground workings and very little timbering is
needed in exploratory work. Development work has been carried on almost en-
tirely in teclc, most of the material mined being suitable for shipment. In the
open cut, talc is drawn by drag-line scraper to a shaft and dropped to the
haulage level fram which it is trammed to bins on the surface. The run~of-mine
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material is not crushed or milled,- although hand~sorting is practiced to remove ‘
blocks of limestone or impure material. The talc is washed to remove clay im-
purities before being hzuled by trucks to Dillon, from which point it is shipped

o Ogden, Utah, for further treatment before being marketed. Hig

Carter Creek Deposits The deposit on Carter Creek, known by the operators Gra

as the Keystone mine, 1s eight miles northeast of the Axes Creek deposit, and abe
13 miles east of Dillon by roads easily traveled in dry weather. (See plate2 ).
It is low in the foothills of the range, and lies in one of the merble members
of the Cherry Creek series as does the Axes Creek deposit. Metamorphosed quarte~ an
gite is not associated with the marble as it is on Axes Creek. Exposures of ou’
the irregularly-shaped deposit of talc are in an area about LS50 feet long and

mil

but contains many small lumps of limonite (iron coxide) apparently altered from
pyrite scattered through the body.. Some graphite occurs sparingly in the talc.
The presence of limonite, which cannot be séparated in mining, yields 2 color
to the pulverized product causing it to be less satisfactory for uses where a
pure white talc is desired, and the. deposlt has not been worked for the market.

The deposit is, however, a large potential reserve of commercial talc suiteble
for many uses,

* Timber Gulch Deposit: The Timbar Gulch deposit, known by the operators as
.te Crescent mine, is three miles sefiaf . f,he ‘Axes Creek deposit. (See plate
Yo It £s accessible by automobile eq ' .road which branches off the road
t¢ the Axes Creek deposit and follows southward along the main valley. It lies
near the margin of the valley-fill of Blacktail Deer Creek at the foot of the
mountain“slopce Two members of impure marble, 10 to 15 thick and separated by
about 150 feet of micaceous gneiss, have locally been repiced entirely or in
part by talc. Intermittent exposures of talc mey be followed for 800 to 1,000
feet 2long the strike of the marble, which dips northwesterly at about 50
degrees. A shallow inclined shaft and pits expose the talc to a deth of 10 to

20 feet. The marble is much decomposed locally, and may appear as a brownish
friable rock which can be crumbled in the hand.

kassive pegmatite dikes occur
close by. -

The deposit is umususl in that disseminated through the talc are thin
flakes of crystalline graphite up to one-eighth inch across, the quantity of
graphite in places amounting to perhaps one-half of one percent. The flakes lie
parallel to one :other, and to the bedding of the marble, and the individual
flakes are distinctly separeted from each other. Flakes of grephite and grains
of talec and other silicaste minerals are disseminated in the marble. The talc
itself is gray and fine-grained, and of 2 commercial quality, but the presence

of graphite in the talc has czused the abandomment of the deposit, at least for
the present tixa.

cr
about 100 feet wide; and a shaft 60 feet deep, together with over 300 feet of es
drifts ct its bottom are all in talc (fig. 1). Several small separate bodies sc
of talc lie to the northeast and southwest within 500 feet, and veinlets and ir- M:
regular masses a few inches thick and 2 foot or two long are scattered through R:
mch of the marble member which appears to be about 600 feet thick. The irreg- 6
ular deposit, although in part parallsl to bedding in the marble, 2lso cuts
across bedding locally, and it appears to have a northwesterly plunge across s
bedding and beneath surface exposures of marble. The marble dips about 50° NW. ol
Dolorite dikes perhaps 25 to S50 feet thick cut the marble in this locality. f
The talc, which is light-gray, dense, and fine-grained, is of good quality, 3
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© 7' TAIO PEPOSITS SOUTR-OF EWWIS . . - st

The talc deposits 20 mileés south of Ernnisx lie lbout. L utlerfrol State .
Highway 191, up Johnmy Gulch in the low foothills on the east sids of, the
Gravell&e. (See plate 2; A). Ennis is a small) town with:population of

about U Wt the nearest shipping point is Norris, population-about 75, :
which i the end of a branch line of the Northern Pacific Railway about 35
miles north of Johnny Gulch. State Highway 191, which passes through Norris
and near Johnny Gulch, is a modern oil-surfaced road, readily traveled throughe
out the year. The road from the highway up Johnny Gulch to the talc deposits
crosses Madison River on a steel bridge known as MeAtee Bridge, and although
essentially a dirt road may be traveled most of the yeer. Stock raising and

" some metal mining are the chief industries in this region. The altitude of
Madison River valley is about 5000 feet, and of the summit road along Gravelly
Range, 5000 to 9500 feet. altitude of the talc deposit is between 5500 and
6000 feet.

Geology: The Gravelly Range is made up mainly of Paleozoic and Mesozoic
strata bent into broad open folds by laramide (Rocky Mountain) orogeny or
mountain making. The pre-Cambrian metamorphic complex is exposed low in the
foothills on the east dide by erosion of overlying Cambrian strata. Along
Madison River valley the metamorphie rocks are buried bemeath alluvial and lake
deposits. The uppermost pre~Cambrian Belt series ) so widespread in north-
western Montana, is absent in this region.

. The metamorphic rocks, named the Cherry Creek series after the firstkcreek
north of Johnny Gulch, are somewhat different from those on Axes Creek, not
only in lithologic character; but also in the sequence of the varicus members,
They consist of light- and dark-gray gneisses, mica schists and phyllites,
schistose quartzites, and dolomitic marbles, and excellent exposures of the
series show in bands which have a genersl northeasterly strike. Although as

previously stated the series is of sedimentary origin, metamorphism hzs pro-

. ceeded so far that all original sedimentary minerals are changed to metamorphio
minerals, and sedimentary structures such as ripple merks have completely dis-
appeared. Crystals (metacrysts) of garnet, staurolite, kyanite, and similar
minerals are plentiful in the gneiss and schist, and in places may constitute
one-fourth of the rock. Deposits of kyanite (aluminum silicate) assaciated
wi th pegmatite in the gneissic area six miles north of Johnny Gulch are poten-

-tially commercial, The beds of the Cherry Creek series have been clesely come
pressed by folding; dips are commonly more than 60 degrees, and in many places
bedding stands nearly vertical. An area of gray gneiss scuth of Ruby Creek
probably corresponds to the Pony series,

Marble appears in several bands striking across the area, but there may
be repetition by folding. The largest area of merble, and the area in which
the commereial deposits of talc lie, is between Johnny Gulch and Cherry Creek;
it is abomt 5 miles long in the direction of the strike of beds and 1% miles
wide. The rock weathers to dirty brown gramular surfaces which look dark in
the distamse. Due to its resistance to weathering it forms a conspicuous:
ridge known locally as Black Point, extending perhaps half a mile into Madison
Valley. For this reason the merble hes been called the Black Point dolomite,
however the writer feels it is better not to name members in the Cherry Creek
series permanently until the sequence, thickness, and character of the various
units are determined. Bedding in the marble at Black Point stands nearly ver-
tical, and the writer is of the opinion that the one and one-hald mile width
of the area results from repetition of beds cither by faulting or folding.




Talc in minor quantity has been observed in the areas of marble other than
Johnmy Gulch, and one deposit about 11 miles north of Morgan Gulch was opened
by a shallow shaft and pits sunk by the Tri-State Minerals Company. It was

‘abandoned because of low grade and lack of quantity. Small local deposits of

manganese oxide, worked during World War I, are present in several of the
marble areas. On Cherry Creek such a deposit contained much hematite (iron ox-
ide). These minerals are apparently superficial. Metalliferous mineralization
is present as veins in the gneisses and schists, but no commercial mines have
as yet been developed.

Evidence of igneous activity, other than pegmatite dikes and late lava
flows, has not been observed in the area., Probably dikes or sills are present,
but the nearest observed large mass of intrusive igneous rock is the Tobacco
Root batholith about 25 miles north of Johnny Gulch near Norris. Basalt flows
cap parts of the crest of the Gravelly Range, and small:patches of rhyelitic
lava rest on the metamorphic complex in several places. Some of the rhyolite
is within the talc~bearing area.

Jornny Gulch Deposits: The talc deposits on Johnny Gulch (See plate L)
occur is .solated bodies in relatively pure marble over an area at least 2000
feet leng and 800 feet wide, and talc may lie beneath a soil covered area im-
mediztely west. Showings of talc also occur 14 to 2 miles west of the deposits
row deing worked. In the area being mined, five or six bodies opened by cuts
arii adits are 100 to 150 feet long and 25 to 50 feet wide, and many smaller

bodies are present., Almost innumerable small masses or veinlets of talc appear

ard disappear abruptly in the marble of the talc-bearing area. All the bodies
tend to be elongated in the direction of strike of bedding in the marble, but
tne larger bodies are irregular in shape, and in part may cut across bedding.
The lodies appear to contime vertically in depth, however bedding in the .
marble dips at angles ranging from 80 to perhaps 88 degrees. Probably the de-

‘pcs:'.ts cease in the vertical dimension as rapidly as in the horizontal. Pits,

trenches, shafts, adits, and underground workings, numbered up to 18, have been
sunk imto the larger deposits, and many unmumbered pits have been dug, 1In
places the thin soil covering has been removed by bull-dozer cuts.

The talc differs somewhat in appearance from place to place, and different
grades are classed as ceramic, cosmetic, and lava. The difference between cer-
amic and cosmetic appears to be a matter of purity, or color, but lava talc
apparently owes its peculiar properties to some physical condition within the
talc, possibly a permeability. That type called cosretic commonly occurs in
concretion-like masses up to 6 or 8 inches in diameter with interior radiating
tale structure, these concretionary masses lying vi thin a body of massive talc.
Most of the talc is massive and so fine-grained as to resemble soap in appear-
ance, but some is gramilar or micaceous. That type known as lava generally has
dendritic (fern-like) growths of black manganese oxide reaching into the talc
from fracture planes in most intricate and pleasing patterns, but some lava
talc is without dendrites. Colors of the talc range from white through light-
gray to dark-gray, but comme#ly greenish or bluish tinges appear. Crushed
zones within the talc are present, Some talc shows an indistinct banded struc-
ture in tones of gray, the darker gray resulting from microscopic black specks,
possibly iron oxide or carbon. In some places this banding is crumpled similar
to drag folds, a condition which the writer believes is residual from pre-
existing marble which has been repkced by talc, (See plate 1), "

The lava grade talc, which occurs mainly in pit no. 9 but aiso in:gler
Places nearby and on the Queen Claim 13 miles westward, is associated #§th much
powdery and compact iron oxide and some manganese oxide in a thick mag of
scil and weathered rock. Solution cavities containing oxide material extend
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downward into the marble. It appears that the development of this type of -
talc is related to intemse conditions of weatharing since the original talc
deposition, and it is possible that the presence of the iron and manganese
oxides have same bearing on its development., Chemital composition of lava
tale from@at 9, and ceramic talc from other pits is not materially different
as shown ¥ the following analysis.

3
w3

Analyses of Tale ( uy, S, Bur. Mines)

q 102 Fepd3 AL 03 a0 ko Najo Ky
Pit S 61,70 57 1.29 % 1,55 ¢ Tr. 32.LL £0.37 7 0.L6 4 -7
Pit 7 61.29 % 1.36 % 1.3k ¢ Tr. 31.26 % .26 7 33

Pit 9 61ls76 % 1.33 9 1,514 Tr. 31954 .27.% W32

~
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%alls of the larger bodies of talc are irregular and may show bowl-shaped
bulges or recessions in the marble. Also "ribs" of marble may be present with-
in the body of talc, however, silicate minerals other than talc are seldom
observed, at least with unaided eye. Coarsely crystalline calcite, both white
and colored, oeccurs locally. Jasper (a brown fine-grained iron-bearing variety
of quartz) is plentiful in irregular and vein-like masses paralleling strike
of beds in the central part of the area. Although within a few feet of talc
bodies, there is no apparent direct relationship. Mich jasper is also present
at the southern end of the area where it appears to occur as irregular masgses
replacing marble, ' '

The Johnny Gulch deposits were discovered by Lewis Clark on his homestead
shortly after the turn of the century, and later were opened by shallow pitas,
In 19L2 L. F. Teutsch obtained a lease on the property, and, operating under
the name of Mountain Talc Mines, carried on exploration by digging larger pits
and driving adits into exposures of talc. The "lava" grade talc was soon rec-
' ' ognized by eastern consumers, and with war-time demand for this important

material, development proceeded rapidly, in part by aid of the U, S, Bureau of
Mines. Commercial quantities of the lava talc were found only at the ons lo-
| cality known as Pit No. 9, and exploratory work as well as mining was concen-
trated on this deposit. A 2LO-foot adit, known as Madison tunnel, was driven
by the Tri-State Minerals Co. into the hill slope so as to cut the deposit
about 80 feet beneath the surface. Soon after a 75-foot shaft was sunk through
the out-crop of talc by the U, S. Bureau of Mines, and drifts driven at its
bottom. lava talc was found at depth in narrow vein-like bodies cutting fresh
marble, but it could not be mined without shattering, and hence could not be .
produced commercially, -

Early work was concentrated ont he lava grade talc, and the first ship-
ment of LOOO pounds sent by express to the American lava Corporation of
Chatanooga, Tenn., was made in December 1942. In the fall of 19L3 and spring
of 19LL, while exploratory work was being carried on, it is reported that 37
tons of the critical mineral was mined and shipped during the winter, and 90
tons during the following spring. Shipments have contimued from time to time,

Although large quantities of ceramic talc are mresent, only a relatively
: small amount of this material has been shipped, largely due to distance from
{ railroad and low value. The variety classed as cosmetic talc has been shipped
as supply and market demand permitted. Information is not at hand to calculate
total reserves, but it is believed that many thousands of tons of ceramic talc
is available for mining, and much is present in mine dumps.




o

Mining has been mainly by open cut methods, although short adits have been
driven. The Bureau of Mines 75-foot shaft anc drifts weredriven l.r;:ly feor
exploratory purpose, and although lava grade talc was present at depth, ship-
ments of this grade came from the open cut near the collar of the shaft where
larger blocks could be more readily obtained from weathered and disintegrated
material. Pieces weighing 5 pounds or more are desired. The blocks were
trammed from the pit to a sorting floor vhere they were classified largely by
size“and freedom fromc racks, then hauled by truck to Norris. The operation
requires much hand labor. Cosmetic talec is obtained largely by selective mining
in those portions of the deposits where this grade of talc is present. This
variety is particularly plentiful in Pit 18. Ceramic talc was shipped frem a
large open cut and adit known as Lower Pit 5.

Other Talc Deposits in the Cherry Creek Series

Talc has been observed in the marbles of the Cherry Creek series of this
region at localities other than those already described. (See plate 2.: ).
One about two miles up Granite Creek north of Virginia City occurs in a 65-
foot marble member which dips southeast at 80 degrees. It is opened by a short
adit and shallow pits. Small stringers and repla cement bodies of talc may be
observed, and hand specimens of fairly good talc maybe obtained; however, most
of the talec is impure, and tale of shipping grade in quantity is not exposed.

Another deposit is reported to be present southwest of Virginia City on
Idaho Creek. The hand specimens of the talc are good, but as a vhole the de~
posit is said to be small and the average material impure.

As is to be inferred from the preceding desgriptions, prospecting for talc
should be confined to areas of dolomite, dolomitic limestone, or dolomitic
marble, in the proximity of igneous activity.

Talc mpo:sit'SNth of Helena

The talc deposit south of Heletia is about one-quarter mile south of the
city limits at an old abandoned quarry from which rock was obtained for the
manu facture of lime. In this early operation a mineral vhich would not burn
to lime was recognized, but it is said that the mineral was not identified
until years later. 1In 1935 Mr. James LcKelvey of Helena, owner, becan mining
thexdeposit, and in the course of a year several hundred tons valued at {10 per
ton were shipped to. eastern markets. The deposit of visible talc proved small
and was soon exhausted, and with no new discoveries, operations ceased.

G.olsczs The talc appears to be a replacenent along a fissure cutting
massivE doToMite of the Pilgrim formation of Camtrian age, total thickness of
the dolomite being about 800 feet. Talc may be traced intermittently for 350
feet along the surface. Irregular vein-like bodies and small stringers range
in thickness fram less than one inch up to six feet. Verticaily a body may ex=- )
tend 12 feet or more. Dimensions of the lrgest stope driven in talc are:
length 35 feet, width 6 feet and height 8 feet. In this stope the td c body
dips steeply to the southeast, whereas the strata dip northeast 30 degrees.
Prospecting has not been carried on to depth, and it is not definitely known if
additional bodies of talc underlie the present workincs.,

Within the talc, irregular masses of unreplaced dolomite from a fraction
of an inch to a2 foot or more across are scattered irregularly, and ¥ally thin
streaks of chalcedonic quartz are present in the talec. The wails 2 irregular
and in places silicified. Although the talc-dolomite comtacts may-:
1y cut as seen in the ground, microscopic studies show gradation across
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such baundaries. - In places limonite altered from pre—existing pyrite is .

present .in the talc.. fhe talc itself is characteristically white, and most oX
it is soO fine-graxned that it superficially resembles soap. In placas the o
talc is coarss encugh so that individual flakes up to 1/25 inch across msy be ..

seen in ving clusters or small veinlets cutting finer-grained talc, Also .
the coars 3ater1al appears to be adjacent to the dolomite contacta‘ Under
hand lens flakes have a pearly luster.

The (ambrian strata in this locality are bent into large open folds, and
faulting occurs locally. About one~half of a mile southward a diorite dike
cuts the strata, and a short distance beyond is granitic rock of the Boulder
ﬁ batholith. Small intrusive stocks related to the Boulder batholith are present

within one mile to the north. Age . of the intrusives is late Cretaceous or
early Tertiary. The sedimentary rocks throughout the area have been much al-
tered ty igneous actiocn, and their appearance differs from that in regions
unaffected by igneocus activity. No pegmatite dikes have been observed in the
vicinity of the talc deposits. This part of Montana has been one of the most
important gold-producing areas in this state.

Unquestionably the talc is a replacement of dolomite, and it must have
been developed by hot sclutions escaping from below. An analysis of the Pil-
grim dolomite from this locality shows L3.3 percent magnesium carbonate and
SL.6 percent calcium carbonate, and this may be the source of the magnesium in
the talc. Of interest are the age relationships, wherein the talc must have
been developed in Tertiary time subsequent to the intrusion of the igneous
masses. By inference this may have a bearing on the age of the other talc de-
posits in ¥ontana near Dillon and Ennis,

PYROPHYLLITE NEAR ARGENTA

The talc-like mineral, pyrophyllite, has not been produced commercially
‘ - in Montana, although deposits of it are known. A deposit which may be com-
mercial in size and grade occurs one-half of a mile northeast of Argenta, 12
miles northwest of Dillon, It lies about 300 feet north of Rattlesnake Creek
and about 50 feet higher in elevation, low down on the rolling hills which
rise northward from the creek,

Pyrophyllite is a hydrous aluminum silicate so similar to talc that the
two may not be easily distinguished, except by chemical tests. The presence
of magnesium in talc and of aluminum in pyrophyllite distinguishes these two
minerals.

Principal uses of pyrophyllite are in the ceramics industry wherein it is
used as an ingredient in manufactured products sirilar to those made from talc.
Hence it is a competitor of talc, but it has not entered into use as exten-
sively, possibly because known deposits are not as plentiful or as well devel-
oped. North Carolina is the principal producer, although it also occurs in
California. Value of crude material is not greatly different from that of
ceraric talc, which in crude form ordinarily ranges from $10 to $20 per ton
at the mines for good grades.

The Argenta deposit of pyrophyllite occurs as nearly vertical tabular
bodies cutting granitic igneous rock. The mineral has developed by alteration
in place of the original rock. There are no definite walls to the altered
zone. Pyrophyllite is exposed in two large pits up to 15 feet deep in the
altered zone, and it also shows elsevhere in an area about 200 to LOO feet

_ across. In general, in this locality the igneocus rock is relatively unaltered,
However, bands of what appeared to be nearly pure pyrophyllite 2 to L feet
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across may be seen in the face of the pits.
‘nds of a somewhat impure material which has a sandy appearance.

These bands are interspaced with
A sample of
e more pure part of the pyrophyllite deposit when panned yielded 10 to 15 per-
ent of milky quartz in grains up to 1/10 inch in diameter. The pyrophyllite is
extremely fine grained. Practically no iron-bearing (black) minerals are pres-
ent in the altered zones, but they show in unaltered rock.

The strike of the altered zones is nearly due north, but definite evidence
of prominent fissure zones is obscure. The ignecus body is a small local intru-
sion, somewhat stock-like in character, which cuts the argillites and quartzites
of the Belt series of pre-Cambrian age. The age of the intrusive is no doubt
late Cretaceous or early Tertiary, as are other intrusive masses in this general
region. MNetalliferous deposits, particularly those o gold, silver, and lead,
are plentiful near Argenta where mining began in about 1865, and has been carried
on intermittently since that time.

The future of this pyrophyllite -izposit would seem to depepnd on the iniiative
of local promctors, the quality of material wiaich can be produced in shippirg
quantities, and the market demand, The :.rezence of large commercial dedosits of a
good grude of talc in this part of Montana, which are being efficiently operated,
detracts from the possibility of tie present successful develonment o: the
pyrophyllite, . _
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- crystii¥ife graphite of a quality equal to that impotted into the United
States fr lon occurs in commercial deposits southeast!of Dillon. About

¥ concentrates have been marketed. Dillon, with a population of
about 3,000, is the county seat cf Beaverhead County. It is on a branch line
of the Union Pacific Rallroad, and also on U, S. Highway No. $1. It is the
principal city in southwestern Montana where agriculture, cattle raising, and
mining are the chief industries.

Crystalline graphite, which is pure carbon, is one of the most easily
identified minerals because of its extreme softness, and the black streak or
mark it makes when rubbed on paper. It occurs in shining black flakes and
grains from microscopic sizes up to c¢rystalline lumps one-half inch or more in
length. It may be confused with molybdenite (molybdenum sulphide) but that
mineral reacts vigorously when heated with nitric acid whereas graphite is in-
active. Furthermore molybdenite has a bluish tinge of color. Amorphous carbon
{Grapntts) 'is dull and earthy, resembling soot from a stove.

Graphite is used in the mamfacture of metallurgical crucibles and related
products, special kinds of batteries, electric brushes and other electrical
equipment, graphite paints, and certain types of lubricants. Some graphite is
used in foundry facings, and there are many other uses. Graphite of various
grades is produced in many countries, It occurs in many states of the United
States and is produced in several., The total demand is relatively small, and
in normal times about equals the supply. The price of crystalline graphite
ordinarily ranges from {80 to $200 per ton (L to 10 cents per pound), but
during war-time demand, prices have been much higher.

In normal peace-time years, production of natural graphite within the
United States will average about 2,000 to 3,000 tons per year each of crystal-
line and amorphous grades. Crystalline graphite is valued at about $60 to $90
and amorphous grades about $1L per ton; however, United States production of
natural graphite has flourished only in times of war when importation of high-
grade foreign graphite has been greatly curtailed, and demand caused an in-
crease in price of the domestic graphite. Imports into the United States
normally are about 2,000 to 3,000 tons of crystalline flake, 6,000 to 8,000
tons of crystalline dust, and about 10,000 tons of amorphous graphite, with
respective values averacing $90, §65, and {15 per ton. A substantial quantity
of artificial graphite is manufactured. Cormmercial grades of natural graphite
should contain not less than §5 percent carbon, and 90 percent or more is
desired. Most of the imported amorphous graphite comes from Mexico, whereas

the bulk of the imported crystalline graphite comes from France, Ceylon, and
Madagascar.

Crystal Graphite Mine

The Dillon deposits lie near the head of Timber and Van Camp gulches high
in the Ruby Mountains east of Blacktail Deer Creek at the end of a ridge known
as Crown Point. A graded gravel road extends 7 miles south from Dillon along
Blacktail Deer Creek to a good mountain road, easily traveled by automeobile
during dry weather, which continues 9% miles to the mines. The western slope
of the Ruby Range rises abruptly from altitudes of about 6000 feet in the main
valley to 7500 feet at the mine. The range is cut by deep canyon-like zulches
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2 to S miles long, and bold exposures of hard rock ledges are common. The top
of the range is a rolling upland, a remant of an ancient erosion surface which
isted in Tertiary time.

The deposits were discovered in 1899 by Mr. Robbins, a prospector, and
soon sold to Mr, Pearl I. Smith of Dillon who organized the Crystal Graphite
Company in 1901. The first shipment of 50 tons made in 1502, came from the
Bird's Nest claim which lies about one mile east of the main workings on the
Groundhog Claim deweloped mainly in 1918, Between 1902 and 1920 about 2,000
tons of graphite concentrate are said to have been marketad intermittently,
most of this production being at the time of the first World Var when prices
ranged from 1l to 28 cents per pound. In 1938 the land was surveyed, and a
patent on the Groundhog claim was issued to Mr. Ralph Smith, son of Pearl I.
Smith whe died in 1937« The property was leased in 1941, and operations were
renewed under new management. In 1943 and 19LL a 1050-foot adit 280 feet below
the main workings was driven, and in 194k a small flotation mill was ekected to
treat the run-of-mine rock and old dumps containing much fine graphite. J&bout
150 tons of concentrate, valued at {120 to $200 per tan, f.o.b. Dillon, depend-
ing on grade, are reported to have been marketed during this last operation.

This part of the Ruby Range is composed of a complex series of gneigses,
schists, and dolomitic marbles of early pre-Carbrian age., To th&¢ north of the
graphite mines the metamorphic complex is definitely secdimentary in origin as
evidenced by the presence of at least five marble members together with quartz-
ite, which were originally limestone and sandstone., The series is considered
equivalent to the Cherry Creek series* named after that locality south of Dnnis.
Some of the marble members are 600 to 800 feet thick, and are the nost rock
for commercial depocits of talc. The top of the series on Axes Canyon is ob-
scured by Tertiary deposits, but not far distant middle Cambrian sediments

rlie it. The Belt series of upper pre-Cambrian aze is absent in this pert
’Montana. Apparently underlying the series is a great thickness of contor-
ed feldspar gneisses w ich may correspond to the Pony series.s#* In general
the Cherry Creeék series on Axes Creek differs in lithologic character, from
the Jherry Creek series in the type locality, particularly in the abundance of
marole members, but also in sequence of rock types. The graphite occurs near
the base of this series. At the mines the country rock consists of alternat-
ing bands of feldspar-biotite gneiss, biotite schist, and gradations in
between., Garnet is present locally in the metamorphic rocks. Marble, dipping
about LS®N.W., is present adjacent to graphite 2t the east end of the dis-

- trict, but this marble member, about 175 fect thick, temminates abruptly near
the center of the district just east of the main graphite deposits on the
Groundhog €laim.

Many bodies of coarse- to fine-grained granite-pegmatite cut the metamor-
phic rocks at the mines, and one mass trending northeasturly is 100 feet wide
and 800 feet longs. Some of the pegmatite contains pyroxene minerals. Most of
the pegmatite occurs as small vein-like stringers which stand vertical or nearly
so. These pegmatites do not appear to have been deformed by regional metamor-
phism, and they arc probably related to the late Cretaceous or early Tertiary
intrusiens of Montana.

" A dark-colorcd ignecus dike similar to diabase -strikes-northerly across
the graphite~bearing area and stancs nearly vertical. Through most of its
extent it is about 25 feet thick, but it widens tc about 100 feet at its north-

ern end, Other dark-colored dikes arc present a short distarce west @f the
#Pcale, A. C., Description ol the Ihrce FOrKS shneet, Lonvana; U.S. . Survey,

Geologic atlas, Three Forks Folio, No. 2L, 5Spp, 1896. =

. ¥y WMlfred, Schafer, P.A., and Hart, L.H eological re nﬁaissanc
fneécyfobacc Rdot Mountdi e 3 Intelcp A gE0L08 €9 e
anes and Geoiogy , hflesmggr Ngi’9!:’g]d.§§g? County, fohténa: Hontana Pureau of
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main deposits, and a larger dike-like body of similar rock lies north of the
mines about one-half of a mile. These dikes have suffered no regional metamor-
phism, which indicates that they are young in geolegic age. Some of the peg-
matite has been observed cutting the dark-colored dike rock. -
The genexgd strike of the variou® members in the metamorphic series along P
Axes Creek andigdjacent areas is quite constant N 50° E, and the average dip
ranges from 7Q%:20 80° NW. Detailed geclogic structure at the mines is obscure
largely because of the sudden termination of the massive marble member and the b
complexity of the gneissic rocks. The marble does not appear to be terminated i+
by major faulting because of the contimuity of a marble member about 2,500 feet ) |
northward. Near its western termination the marble, which shows good bedding, H |
is extremely crumpled, the small folds one inch to one fgot or more in height &
forming complex patterns; however, thcre is little or no evidence of breccia=- ;
tion in the marble. It has been suggested that the presence of a large in-
clined isoclinal syncline with a steep northwest plunge terminates the marble,
It has been suggested further that the graphite has been concentrated in a
crushed zone along the axis of the fold. Heinrich (oral communication) suggests -
that the marble is terminated by an ignecus intrusion which came into the :
Cherry Creek sediments prior to their regional metamorphism, and that this
igneous rock was converted into gneisses in carly pre-Cambrian time by the re-
gional metzmorphism which also altered the Cherry Creek sedimentse The writer
favors the latter interprctation, and he sees no-evidence- of isocdinid folding
of the magnitude necessary to terminate the marble.
Evidence of minor faulting such as slickensided fissures, clgy gouges,
and btreccies, is plentiful in the mine workings. The age of such faulting
appears relatively young because of the leck of consolidation and a tendency
toward existence of wvugs.
Occurrence and Origin of Graphite: The graphite occurs in vein-like
.bodies and veinlets in gneiss and pegmatite, as disseminations and irregular
small masscs in pegmatite, and as disseminations in the metamorphic rock
essentially gneiss. Most observers use the term vein in describing the de-
posits because the graphite commonly lies between well-defined rock walls; but
the viins are irregular in that they pinch and swell within a few inches
developing "bunches" and "pockets" of graphite, and they commonly continue
but a few feet, perhaps 10 or O, both vertically and horizontally. Some may
continue mch farther. Many such veins are grouped together forming & min-
eralized zone; and the zone as whole, which may be 100 to 150 feet across, is
thought to be persistent from upper to lower levels. The zone or "ore shoot"
appears to plunge N 20° W. at an angle of about LS degrees. Locally 2 system
of veins may be nearly parallel, but in general there is no definite direction
of strike. They cut the gneiss and pegmatite indiscriminately, and dips are
always steep. Veins may split into two or three strands, a1d fragments of
rock may be surrounded by graphite, in general giving the appearance of a badly
crushed zone. Veinlets weave in and out. The deposit as a whole roughly re-
sembles 2 stock work of graphite-filled fractures with disseminated graphite in
the rock between.

In thickness a voin mey range frem 2 thin film up to about ocne foot, and
pockets of graphite six fcet 2cross have been described. Thicknesses of one
to four inches are average. Late minor movements along some of the veins has
caused slickensides in the graphitc.

The disseminated graphite occurs in or near the vein zones, particularly
in the rock between veins. That in the gneiss is gemerally fine-grained and
platy, liecs parallel to the gneissic structure, znd is interlayered with the

minerals of the gneiss. It is more plentiful ncar veins. Graphite dissem-

.mated in the pegmatite is coarser grained, it may be bladed and in radiating

- 15 -




clusters and it may occur in irregular masses or in rosettes a inch or two
‘cross. Whether this graphite is a rcplacement, or an original constituent

f the pegmatite, or a filling of a shattered rock is obscure in hand specimen.
The massive graphite, although clearly crystalline,does not exhibit
distinct crystal shapes, but individual crystzl flskes which may be one-half
of an inch long may be irregularly massed togethir, or arranged in successive
radiating clusters, or in layers of parallel flakcs which have grown away
from a face of rock into what appears to have been a fissure cavity. In some
places comb structure and rudimentary banding heve developed by graphitc
flakes growing in layers parallel to wells of fissures. Radiating clusters of
crystal flakes which commonly havc the shape of rosettes one-fourth to three-
fourths inch across, are conspicuous.

As seen in thin section under petrographic microscope, the disseminated
graphite in both thc gneiss and tho pegmetite occurs zs crystal flakes associa-
ted with grains of the rock-forming minerzls mainly quartz znd feldspar:- (1)
cutting grains in microscopic fracturcs, (2) "biting" into grains rcplacing
with irregular boundaries, (3) as flzkcs projecting into grains and termina-
ting within the grain boundaries, (L) possibly s films botwicn groincboun-
dariesq. "Where the scattered flakes arc morc plentiful thcy become massed
together forming irregular lumps of graphite in the rock. The boundarizs of
the lumps show many flakes extending away from the mss. In gneiss thc graph-
ite flazkes tond to be arranged parzllel to the gneissic structure, but many
flakes lic in random directions. In pegmetite apparent random crientations
predominate, and locally a radizl pattern may be developed. The grain size of
the graphite ranges from microscopic spucks to crystels which mey be 2 half
inch or more in length, :

Such conditions of occurrence of the disseminated flakcs of graphite
dicates a replacement of the rock by the grzphite. This, however, does not
cclude the probability that much graphitc was actuzlly deposited in open

éevitics and fissures. The prescnce of the vein-like bodies containing flake
graphitc arranged in layers parallel to the walls £ the v:zin, and occa-
sionally banded in two or more layers, indicates cavity filling. The flzkes
in the layers stand at right angles to thc walls of thc veins. The bulk of
the graphite produced so far has comc from the vein-like structurcs.

The origin of graphitec is somewhat problematical. It is bclieved to have
formed at depth, befor: this region was uncovered by crosion, through the
action of very hot sclutions or vzpors given off by deep-scated igncous bodies.
It is suggcsted that these solutions, hotter than the decomposition tempcrature
of calcium carbonate (mzrble), cauwsed the carbonate to give off carbon monoxide
which in escaping and cooling was convertcd to carbon di-xide, thereby liber-
ating free carbon which precipitated in crystalline form. Intimate associa-
tion of thc dcposits with mumerous pegmetite dikes and thc close proximity of
carbonatc rocks substantiates this thoory. The geclogic agc of the deposit as
inferred from the probabl:z age of the pegmatite dikes, is b-lieved to be very
latz Cretaccous or ecarly Tertiary. Confirratory cvidence of the late age of
the graphite is the occurrcnce of this minerel elsevhcre in the complex in
gold-bcaring quartz veins conceded to be associated with the Crctaccous-

" Tertiary intrusives of Montana (Missouri-McKee mine northwest of Ennis).

Mining and Treatment: Practically all mining has becn done by underground
mcthods. During ine early periods of mining, and until 19L3, adits were driven
into the mineralized zone, and drifts followed the more important veimgstruc-
tures. In particular, scarch was made for lzrge pockets of graphite. The
mzssive graphite was dug out from vcins and concentratisns by means ofiscrapers

sisting of a bent and flattcned tip on a long iron rod. It was then gathercd
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" on canvas, sacked in the mire, and taken to the surface. As graphite was
scraped cut, the workings were advanced, and then the cycle was repeated.
Disseminated graphite was rejected, and that material removed to facilitate
mining operations was taken to the surface and piled into reserve dumps. Such
in irregular workings and much hand labor. It also resulted
gntaining mich graphite.

“about 3,500 feet of mine workings has been driven. As may be
expected a cotposite map of all mine workings is most complex. Four main adits
from which most of the graphite was mined range in length fram 180 to 760 feet,
and in altitude from 7,410 to 7,498 feet. Two smaller adits were also driven.
Raises and shafts connect upper and lower workings, and same stoping was done.
A shaft (now caved) 165 feet deep with workings at three levels has been sunk
near the center of the graphite-bearing area. From the Antelope claim, lying
immediately south of the Groundhog claim on which most of the mining was
carried on, and adit has been driven northward into the mountain about 1,050
feet at an altitude of 7,210 feet which is about 200 feet lower than the mein

workings, It passed beneath the old working., but due to what is thought to be

a northwest plunge (slope) in the graphite-bearing zone, no graphite wzs en-
countered directly beneath the old workings. However, graphite is present at
the end of this adit, north of the upper workings, and it would be desirable to
extend the adit farther into the mountain,

In 19LL a 125-ton flotztion mill was erected to recover fine graphite,
and to treat rock containing disseminated graphite. The plant consisted of a
simple crushing unit, a simple flotation unit, and a drying unit. Mill feed
is repcrted to have contained 8 to 12 per cent graphite, and concentrates are
said to have contained 85 to 90 per cent graphite (carbon). Recovery in the
mill was about 85 per cent. The mill has been redesigned, and now includes a
jaw-crusher for primary crushing, a ball mill, a flotation unit, a regrinding
unit (ball mill), a cleaner flotation unit, a filter, and a dryer. The future
plan of operation is to pass the bulk of the graphite-bearing rock through the
mill. The mill is about a half mile west of the mine workings on the road to
Dillon, and mill feed is trucked from mine to mill. In mining a method similar
to shrinkage stoping has been followed since the erection of the mill in 194k,
and it is probabtle that this method vi 1l be ccntinued.

An overall average of material mined since 19Ll is reported by the op-
erators to have assayed about 12 per cent carbon, and the same average per cent
is reported for a group of 32 samples cut in the mine by a party who had no
financial interest in the property. Materizl in the mine dumps and old gobs
is said to contain 5 to 8 per cent carbon, and there is probably between 5,000
and 10,000 tons of this type of material available. Sorting out of large
pieces of barren rock raises the grade. Reserves of unmined graphite-bearing
rock zre difficult to calculate because of irregularities in graphite occur-
rence, and because the graphite-bearing ground has nct been entirely delin-
eated. Additional development work is nezded tc prove the existence of graph-
ite at a depth greater than the mein workings. However, there is probably an
availacle reserve of between 170,000 and 200,000 tons of rock of milling grade.

Graphite Mine on the Bird's Nest Claim

The mine on the Bird's Mest clzim lie on a heavily timbered mountain
slope about L,200 feet N. 68° E. from the main workings on the Groundhog claim,
A bull-dozer rcad leads part wey to the cleaim. The marble which terminates
to the west on the Groundhog claim passes 1lungthwise through the 3ird's Nest
claim, and adjacent to the martls zre complex gneisses and schists. Granite-
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pegmatite is present between the two claims, and also in the mine workings on

the Bird's Nest claim. The graphite occurs in the gneisses, schists, and peg-
_'natite immediately adjacent to the mzrble on its south side. No evidence of

f notable offsetting of the marble by faulting was observed. Three adits have
l been driven into the mountzin slope the longest of which is about 270 feet in
|

length, and some stoping has bean done. Practically no timber hzs been placed
in the mine, and the openings are still readily accessible LS years after

; mining.
: The graphite occurs much in the same manner as on the Groundhog claim, but

present, appears to be smaller and more poorly developed. The pegmztite cuts
the schist and the marble irregularly. The grzphite veins cut the schist, bend
in and out, pinch znd swell, and appear and disazppear suddenly. Graphitc is
prescent in the pegmatite and in close proximity to the martle, but no graphite
was actually observed in the marble, The amount of unmined graphite could not

be ascertzined, but it seems probable that much material of milling grede is
present.

% the veins and pockets appear to have been fewer; and 2 crushed zone,although
|
)

Graphite in the Timber Gulch Talc Deposit

An occurrence of graphite of much geologicel interest is on lower Timber
Crcek three miles southwest of the Crystal Graphite mines, 2t the Trescont tule
mine of the Tri-State Minerals Company. The mine . lies on the lowsrmost slope
of the mountain about one-half mile from the valley bottom of Blacktzail Deer
Creek. It is zccessible by automobile on a dirt road which branches off the
road to the Crystal Graphite mincs zlong the east side of the mein valley.

Two exposures of merble, 10 to 15 feet thick and separated by about 150

‘:et of gneiss and schist, have in places been partizlly or completely altered
talc. The metamorphic rocks, a part of the Cherry Crcek series, strike
northeasterly and dip northwest at about SO degrees, The talc deposits have
been .opened by pits and a shallow inclincd shaft to depths of 10 to 20 feet.
“Crystalline graphite occurs disseminated through the talc in thin flakes
up to one-eighth inch across, the quantity of graphite anounting to perhaps
cne-half of one per cent. The flakes lie parallel to onc another and to the
beddinz of the marble; and individual flzkes zre distinctly separzte from each

other. No commercial significance is attached to this occurrence of graphite
at present,

' Graphite Vest of Dell

Occurrences of graphite about 12 miles west of Dell (See fig. 3 ) in
extreme southwestern Montanz have been prospected, and although not of appar-
ent cormercial value at present, should be briefly described because of in-
terest concerning them. The deposits 1lic meinly in sections 27 and 3L, T. 12
S., R. 11 7., on both sides of the dividc between 2 north fork of 7iilson Creck
and an east fork of Katc Creck, which in turn arc smell tributaries of Muddy
) Creek and Medicine lodge Creock respectively. No rozds which czn be traveled

by automecbile cnter the z-:a, and it is necessary to welk one to three miles

from the ends of the poor roads which follow the lerger crecks. Slopes ars
steep and divides are SO0 feet or morc above the creck velleys. Only scetter-
ing timber is present, ey

Numerous pits have becn dug, 2nd several 2dits up to 100 feet ¥ length
have been driven on showings of graphite by prospectors and by the $¥tidnal
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" Most important rock formations expossd in the area are the white éiy:ttlJ-lf
1ine Madison limestone of lower Lississippimm age and a complex mwtsmorphic

series ofggmeisses and schists of early pre-Cambrian age, Devonian &lomitic
limeston : present north of the main workings,

Thagmorphic rocks have been thrown against the Mississippian limestone
by a majofiTault of late Cretaceous or early Tertiary age (Laramide) which ex=

tendg for miles in a general north to south direction, The displacement is pro-
bably greater than 4000 feet. Thick fault gouges as well as breccias are pre-
sent, and the gneiss appears crusned near the almost vertical fault zone, The
fault may be multiple, that is,oomposed of rmore than one plane of brealking,
The iadiscn limestone which is uniform in character from place to place shows
little evidence of alteration other than recrystallization and the local occur-
rence of jasper, However, evidence of bedding in the limestone is indeed ob-
scure, and structure in the limestone is difficult to determine.

The metamorphic complex in this locality, although composed of gneisses
and scr.ists comparable to the Cherry Creek series in degree of metamorphism,
does not contain the same sequence of members, and the members themselves are
somewhat different in lithologic types. The rocks are well banded, and the
btanding stands zt steep angles or vertical, Strike of t:e gneissic banding in
the area of graphite deoosition is nearly due north, but local irregularities
occur, In gencral, the gneissic series appears more basic (that is, contains
more dark-colored minerals) than the Cherry Creek series on Axes Creek, and un~
usual types of metauworphic rocks are present, One characteristic type of met-
amorphic rock is coriposed mainly of hornblende and may be classed as amphibolite,
It may be metamerpnosed pre-Cambrian dike rock, However, tynical feldspare
guartz gneiss with more or less biotite is plentiful and widespread,

Tigure 3.=--lap showing location of graphite depoéits west of Dell,

Yo pegmatite dites of the Cretacecus-Tertiary tyre, so common in most mets
amcrphic areas in lontana, were cbserved, Alsoc no marble members in the gneis-
sic series in or near the area of graphite dencsition were cbserved, except
tnat as a coarsely crys*talline limestone or a marble which may be of pra-
Cembrian age is present near the mouth of Kate Creek about 3 miles northwest of
the main dercsits, '

The graphite is'closely asscciated with the fault zone, and appears to
lie in the fault gouge, in feult treccias, and in the crushed gneiss nearby,
None was observed in massive solid limestone, but graphite~bearing rock from
pi*s was observed in what appcared to te breccia zones in limestone, The main
fault can be traced for perhaps a mile by prospsct pits dug along it for grae
phite,
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On the east fork of Kate Creek graphite may be observed in the hillside

oat and in mine dumps of two adits which lie about one~half mile west of
Ge main fault zone; however, these occurrences mcy be associated with a
complimentary fault in the gneiss west of the mein displacement. Another sim-
ilar deposit of graphite is near the mouth of Kate Creek 3% miles northwest of
those described above. The mode of occurrence and the character of graphite
are similar. Two inclined shafts were sunk to a depth of about 30 or LO feet
near a contact between gneiss and coarsely crystalline limestone.

The graphite itself in all of these deposits is finc grained and in hand
specimen generally shows as powdery black material, or in flakes too smzall to
be clearly seen with the unaided eye. Under microscope many specimens show
crystalline flakes 1/10 to 1 millimeter across, intimately disseminated through
fault gouge and breccia, or through gneiss. The flakes lie betwean grain
boundaries of feldspar or quartz, and they may penetrate grains of thesc min-
erals. As seen on a saw-cut surface they form an intricate or reticulate pat-
tern of needle-like crystals (probably edges of flzkes) growing in =211 direec-
tions but mainly parallel to the gneissic structure. In fault gouge, flakes of
graphite are in the fine clay and in the rock fragments alike, and flakes ex-
tend from within the fragments to beyond their limits. Some hand samples mey
contain 50 per cent or more of graphite. A composite anzlysis of material
teken at random from four different mine dumps on the Kate Creck side of the
divide shows approximately 12 per cent carbon.

The graphite-bearing zone appears to stand nezrly vertical, and as ob-
served on hill slopes is continuous in the vertical dimension at least 200
feet. The grazphite evidently has replaced the pre-existing minerals of the
gouge, the breccias, and the gneiss; and it has been introduced into its

esent position, probably by hot solutions or vapors rising along the rupturcs
‘eated by the large fault.

The commercial pessibilities of the deposits would seem to depend on the
development of a suitable method of milling whereby the rock-forming minerals
could be scparated, because the material as it comes from the mine is not of
corrercial grade. Since only graphite and the common rock forming minerals are
present, flotation should yield a satisfactery concentrate. Grinding would
have to be fine to liberate the particles, but the rocks zre soft and should
grind easily. Mine workings are not such that reserves czn be calculated.
Although graphite was observed for nearly a mile & ong the fault zone, no doubt
it is more concentrzted in some places than in others. The first procedurs in
any attempt to exploit the deposit would be to determine the amount of milling
material available, and the per cent of carbon it contains.

Scattered Occurrences of Grzphite

Crystalline graphite is known to occur in minute flakes and smz2ll amounts
in meny localities in scuthwestern Montana, particularly in the metamorphic
rocks. Generally it is not recognized due to the small size of thc flakes.
Commonly where talc is found microscopic flakes of graphite have been observed
either in the talc or in the adjccent rocks. Graphite accompanisd z gold-
bearing quartz vein at the Missouri-McKee mine west of Ennis. Hand specimens,
generally gneiss, containing a minor amount of graphite in microscopic flakes
arc sent to the Montana Schcol of !lincs for identification. The node -of occur-
rence appears to be similar to that previously described, and thcse.cﬁﬁurrences
suggest that the graphite-producing process occurred over a wide regigpn. How-

T, since all of thc mountains of Vontana have been carefully prosgpécted
‘am and again for metals, it is unlikely that largc commercial bodies of
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crystalline graphite have becn overlooked. If found they would be expected to
be in areas of gneiss with marble or limcstone nearby, and the presence of
pegmatite would be an additional favorable indicztor.

Beds of carbonaceous and petroliferous shale up to 100 feet in thickness
are presen$g in the Paleozoic and Mesozoic series of sedimentary rocks in
Montanz, bt the carbon in thoim is not in the form of graphite. Some of the
petrolifersus shales (commonly called oil shale) will hold a flame when heated
with a match, and will yicld 10 to 20 gallons of oil per ton of shale by
destructive distillation. Vhen such zaterial is crushed in large fault zones,
many of which 2re present in vwestern Montanz, it tzkes on a greasy shiny black
appearance, 2nd being soft somewhat resembles graphite. A deposit of this
character is reported to be present north of Melrose near Big Hole River.
Little or no comercial significancc is attached to such occurrences so far
as graphite is concerned since the carton could not readily be concentratad
from the shale minerals which constitutcs the main mass of rock. This material
might have socme value 2s a minerzl body in paint or other commodities.

- Although cozl is proscht i’ thiss youngor -strobu’ in $he mouhtuins of westurn
Montana, it is not definitely known to have been converted into graphite.
Furtherrore, the various Montzna occurrences of crystalline grzphite zare not
believed to have had any genetic rclationship to deposits of coal or carben-
aceous materizl, excepting as limestone and merble contain carbon.
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" She Wdood.t near Li.hby, lmm,.wapind as such :m }918,
is the fir worked in the United States succesafully on & large com= .
mercial e dsvelopment of this deposit, beginning in 1923, marked the
initiation industry not only in this state but in the nation. In 19L7.
this indus ; d aover a million dollars from material mined. Although

the Libby deposit is the only one being qperated in Montana at present, other
deposits of this unusual mineral are known in the state, and their future a-
waits systematic exploration and developments’

Vermiculite is an unusual mica-like material which receives its name from
its peculiar property of expanding and opening ocut into worm-like forms when
heated to red heat, (Latin—vermiculari, to breed worms), Good vermiculite
should expand 12 to 15 times its original volume., The mineral occurs as flat
tabular greenish to bromaish crystals which can be separated into thin sheets,
and it differs from true mica in that the sheets when bent will not spring
back to their original shape, Its hardness is about 1,5 and its specific
gravity 2.3 to 2.4 The simplest test for vermiculite is to heat it and ob-
serve its expansiom=—other types of micaceous minerals will not expand. In
composition vermiculite is a hydrated silicate of magnesium, aluminum, and
iron in which the chemically combined water amounts to about 20 per cent. Per-
centage of constituents may vary comsiderably.

The principal use of vermiculite is in heat, cold, and sound insulation.
It may be fabricated into bilocks, bricks, or wall board with the aid of a bind-
er; it may be used in plaster; and it is used for many other purposes such _ag,
for packing, lubricants, rubber goods, and in paper, inksy and paints. Its ,
acoustic properties are notable, A very large quantity is used in loose form

for heat and fire insulation {n'walls and ceilings.. It also is used as a
‘ light-weight aggregate in conorete, and plaster, and this is now the largest
use of this material. It has some practical value in its patural state, but
most of the vermiculite is expanded prior to yse. The expanded material will
float on water., Tyler* in 1938 gtated that "For expanded vermiculite the
standard volume ratio is 6 pound§ per cubic fest, but varieties that cannot
meet this standard are likely to be used increasingly, although perhaps not at :
the same price per ton or even per bag.," i
As an insulator vermiculite competes with mineral or rock wool, a manu~ j
factured product made by forming fine fibers from molten rock blown into a
stream of air or steam, and there are other competing materials,
Vermiculite has been found and worked in several other states and in for-
. eign countries. ODeposits were discovered in North Carolina as early as 1873
\ and in Pennsylvania about the same time, Several deposits were discovered in
Colorado about 1913, and in Wyoming in about 1938, and this natural resource
occurs in other states, Considerable vermiculite has been mined and shipped
from Colorado and Wyoming. Vermiculite is being mined and expanded in South
Carolina on a large scale, and these deposits are the source of supply for
southeastern United States. Large deposits of vermiculite occur in Africa;
some has been shipped to the United States, and foreign producers are encroach-
ing on the #merican market. As this inconspicuous and seldom recognized min-
_eral becomes better known, it is probable that additional deposits will be
discovered.
Actually the term vermiculite includes a group of similar minerals which
are essentially alteration products of biotite or phlogopite (black and brown
#lyler, P, M., Minor nonmetals: U, S, bur, Mines, Minerals learbook, 1938,
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micas) or possibly hornblends, which are present as the ordinary constituents
of darkecolored intrusive igneous rocks such as peridotite, However, vermi- ) Con

lite is also observed in layered or metamorphic rocks such as mica schists or
.eiuea. -The cause -of -the alteration is uncertain; it is generally assigned
to hydrothermal. (hot water) aotioh, and bearing on this mode of origin is the
regular association of pegmatite dikes with vermiculite deposits, An alter-
pative theory for its origin is by action of weathering and surface waters; but
it seems probable to the writer that, even if weathering has had a part in the
alteration, it is- subssquent to an earlier deep-seated change in the original
minerals, These considerations have a bearing on continuation of deposits with
depth, in that if the material has bheen developed by weathering, deposits would
be expected to be relatively shallow, but if developed by hydrothermal solut-
ions,- deposits would be Bxpected to continue to considerable depth, #

In Montana this mimeral is known to occur in several iocalities;'chief of
which are near Libby, Lincoln County; Hamilton, Ravalli County; Pony, -#Madison
County; and in the Bearpaw Mountains near Box Elder in Hill County, Other de-
posits of micaceous minsrals similar to vermiculite also are known, for example
on Squaw Creek south of Bozeman, - All of these occurrences, except near Pony
and vicinity, are of direct ignecus origin, the mineral being found in large
intrusive masses or dikes, 7The deposits near Pony and in the region gpouthward
occur in pre-Cambrian biotite or ‘horpblemde schists, Pegmatite dikes cut the
vermiculite deposits in most cases, ‘and they are always in the immediate vicini-
ty of the vermiculite, The vermiculite in the ldfge intrusive masses appears
to occcur as local concentrations where dark (ferro-magnesian) minerals were or-
iginelly more plentiful, or else where zones" of ‘alteration were more intense;
however, certain dikewslike bodies are almost -all vermiculite, High grade vermi-
culite bodies are generally very irregular and more lens-like in character at

by, and dike-like bodies are rarely seen, Because of its mode of origin,
miculite iz to be expected-only‘'in the 'mountainous areas in Morntana, as it
8 ounly in these areas that oonditYons suitdble for its formation existed,

- - . T :

= - Vermiculite deposits near Libby

The deposits of vermiculite near Libby are the largest yet worked, and a
reserve for many years has been proved, They lie seven miles northeast of Lib=-
by, and are readily accessible by automobile by traveling first for four miles
east along Gtate Highway No, 37 -which follows the north side of Kootenai River,
and thence three miles northeast up Rainy Creek, The elevation of Libby is
2050, and of the vermiculite mines between 2,800 and 4,200 feet, Topography
may be congidered mountaineus, and slopes which rise abruptly 1,000 to 2,000
feet above the major drainage are for the most part heavily timbered,

Libby, whose population ts about 3000 is on the main line of the Great
Rorthern Railway, and also on U, S, Highiay No., 2, Large lumber mills are at
Libby, but grazing and some agriculture and metal mining are carried on in the
surrounding region, Anmual precipitation may reach 50 inches, and snow is deep
in winter, e

The deposits, discovered about 1915, wdre soon investigated by 4r, E, N.

"~ Alley who, seeing the commercial possibilities of the expanded meterial, experi-
mented with the processing and utilirzation of the vermiculite, end he devcted

time to promoting its development, a difficult task because the material was so
little known, However, the Zonolite Compamy was eventually formed, commer-
cial production on a small poale began in 1925 from material taken g shallow

open~cut workings, The vermioulite was expanded .in a small expnnai@l&nt which
been erescted at Libby in abeout 1922, o s -

-

-24.



. -the" i cal iterrftmpany: sald’ wwmsm.
- ahobtenbstgsudl pfirad: 11088 - That Corunl S10m0t SN Xoulpy=; -
Md Wove. adits-on’ exposurss of sty $9lug # ik
porthwest’ airiyinkl. diicowsrys " In 1951 tha Demiinion. SNy Chaghéryali-- %
Mani toda.- an interemt in- the Zonslite Companmgl:. Far2000nERet SIPst, BOme! -
centrating p s erwcted nsar the mines, In 193¢ the"l ! o ol v
the Vermicul i Asbestss Company merged to form the Universijiigodclite -
Insulation Company, leaving but one company opérating in the oty - In 1948
this company changed its name to Zonolite Company, head- office’'of ‘hhb is in
Chicago, and the Zonolite Company now operates the sine; the adtdly”

marketing of the product, The driginal oonoontrating‘plunt‘hlgiggzn renodolod
and enlarged from time to time between 1958 and 1947, wnd- 8s of con=
centration changed as more improved methods were dewsld *The present mill -
(1948) uses approximately 1,000 tons of feed per day which yields between 350

and 300 tons of concentrate, The original oxpanaion plant ctvbivby hak been
reconstructed,

Production of crude and expanded vermiculite grsdutlly inorcaswd as the
product became better known from meager shipments in 1925 to about 20,000 tons
in 1940, and 75,000 tons in 1946,  The value at the begiming of operatioms of
the unexpanded vermiculite at the mines was approximately $12 per tom,  but with
inereasing volume of production, varying market oonditions, and demand for var-
ious grades, prices have ranged from $8 to $13,50 per ton at the mines,- The
value of expanded vermiculite (f,0,bs processing point) ranges from: $,70 to
$1.25 per bag of four cubic feet waighing about 25 pounds, which i; a rate of
from 856 to $100 per short ton,

Mining at Libby has been carried on meinly by means: of opon cut methods, -
the rook being dug with power shovels and hauled by half-track truck and cone"
veyor belt to the concentrating plant which i{s near the minss, Selective min-
ing is practioced, Dimensions of the pit are: length 1200 feet; width 700
feet, maximum depth 100 feet, The concentrate is hauled by truck to Libby where
it may be expanded, or as is the case with most of the material, shipped un-
expanded to & plant at Great Falls and to cities in cther states, Canada, and
foreign countries, Several adits have been driven, and one adit 750 feet long
has been driven beneath the open cut so that it crosses: the deposit at a depth
of 265 feet beneath the surface, The general character of .the vermiculite in
this adit is not particularly different from that near the-surfade, -

The separation of mixed rock minerals and vermiculite has proved difficult,’
and several methods have been tried, Wet processes yielded satisfactory sepa
ration, but was considered less economical than other methods, Flotation is
not suitable for concentrating cocarse material, Various applications of air
suction, of air 1lift, and of electrostatic separation were.tried, At present
concentration is accomplished essentially by sising and screening in comjunct-
ion with differential crushing, and a recovery of between 75 and 80 per cent is
achieved on runeof-mine material averaging from 40 to 50 per cent vermiculite,

A concentrate vontaining 90 per cent vermioulite is obtained, Extensive studa
ies on concentration, processing, and utilization are being continued,

Weight of the unexpanded Libby vermiculite concentrate is about 55-pounds
per cubic foot, and the weight of the expanded material is sbout 6 pounds per -
cubic foot, During the process of expansion a loss in weight 8f about 10 per
cent occurs, due mainly to escape of chemically sombined water; although not
all of the combined water is driven off, The expansion of the orude mineral is
achieved by heating quickly to a red heat (16009.t0.20000 F in .5 to 10 seconds),"
The material is then cooled rapidly, the rapid cooling ‘resulting .in better plia-
bility and toughness to the rather brittle particles. Several types of exfolie
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ators &re: im*wee)  (SEedi¥fisalty sncountered iwm sxfeliatien 4g that the partly
expandsd particies Sguditd iasulate themsélves amd-thus prevent complete exfoli-
tion, %When ysrmicudim fe expesded in an oxidizing atmosphere,. it yislds a .
olden~cplorsd: predust icin-e redusiag atmesphers; the end product is gilver-
colored, . This sharesteristie-is important when expandsd vermiculite iz used in
peints, pignents;-and ioks, - = - . . .

Geology : .
The general geology ot‘-tha. area was first studied in deteil by Pardes and

Larsens, although other investigesors and the writer alseo have studied the area,
This part of Montana is underlain by quartzite -and argillite (hardemed sandstone

Figure 4.--Geolesic ﬁp of Libdby vermiculite depostt, Lincoln County.
p<s, Spokane formation; pén, Newland formation; pe€r, Ravalli formation,
8y, syenite; py, pyroxenite; v, tictite Tock altered to vermiculite,.

to‘t.:aling more than two miles in thickness, The gemeral regiongl structure at
Rainy Creek is a large open syncline in which the -Spokane and Newland formations
(subdivisions of the Belt) lie in.the center, .Minor ‘folding and faulting are
preseat, and dip of strate is commonly 30 to 50 degrees, At Rainy.Creek in-
trusions of pyroxenite .and sysnite; taogether with some pegmatite,. intruded the
Balt stwmta in late Cretaceous of possibly early Tertiary time, amdiiese rocks
Trdee, J. Y., &od larsen, B, Y., Deposits. of vermioculite end o erals

In-4he Rainy Creek district near Lidby, Moxtans: U, Se:6ecl, &u'@hull. 805"
rm 17&9' lm‘ s 2 Sy - - . 'EKL%.I .
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neat £arn &t otttk adamt: Louthriles ivgg amd:fwe-mileas wide ol of sherye

pﬁ‘ﬂlﬂ“ﬁ.“&m are.about twonrthirds-sud gneeshis : 195 - 4Seex2ia

map, figure § ),, The vermiculite is a constitusat of thown.- BRI LN
-Joy pyrexamdte;. first intrusivp of thix greup;:is's ssarebigrained desk-

colored rec bh a greendsh tings, so.aitered that it smm by.* .~ nan
squeezing ix hands, In the shallew workings holes for: ‘gondd.be:. .
drilled wi auger if so desired, however sxoavation is essentially by pow-

er shovels out blasting, Mineral composition of this intrusive differs.
from place to place from nearly pure pyroxens (diopside) to nearly pure bioe --
tite, Alteration has produced vermiculite and in some plaass amphibole as-
bestos, Apatite (calcium phosphate) containing much fluorine may constitute

5 to 10 per cent of the rock, an amount unusually high, and titanite and mag=-
netite with ilmenite are locally present up to 10 per cent, Feldspar is prew
sent in varying amounts, generally less than 15 per ocent, Vanadium is a minor
constituent of socme of the pyroxenite, although it is reported to be present up
to four per cent in small concentrations.*» The vermiculite-bearing area has
been described as lying in & zone about 2000 feet wide and two miles long strik-
ing northerly, Hard, resistant vertical syenite dikeg 5 to 10 feet:.wide lie
parallel and form "ribs" in the vermiculite zone, ~ .

Specific grevity of the pyroxenite is about 3,4, An analysis of a sample
of the pyroxenite shows the following constituents calculated in terms of oxid-
es of metals, although of course practically all constituents are in the form
of silicate minerals, o . N

Analysis of pyroxeiite from Rainy Creek, Montanas . . Yo

per cent . per cen
Silica 4 ¢ o o o » 37447 Sodium and potassium oxides, , 1.30‘
Alumini, o « ¢ « & 2,86 Water, ¢ o o o o o o s o o o & 1,00 ™
Ferric oxide ¢ o o 11477 Titanjum oxide 4 ¢« o ¢ « « « « 1407
Ferrous oxide, , « 7.83 Phosphorus pentoxide o « ¢ o « 4433
Magnesium oxides o 10412 Vanadium oxide « s o« ¢ & o o« o Col2
Calcium oxide, , » 21,68 " Fluoring ¢ ¢« o o ¢« o s o » o o Q36

The syenite is medium to coarse grained, nearly white when fresh, dbut iron-
stained on weathered surfaces, In addition to the main mass are the many dikes
which cut the pyroxemite, and it is suggested that the large body of syenite
may actually be made up of several smaller separate intrusioms massed together,
liineral ccmposition is chiefly potash and soda feldspars with about 15 per cent
muscovite locally, and accessary minerals are dark diopside and hornmblende,
fluorite, apatite, titanite, biotite, and garnet, The syenite differs both in
texture and composition with locality, and at the south end of the stock a
syenite dike containing uepheline and albite is reported,

Pegmatite dikes are rather common, Three different types have been noteds
(1) mafic, that is, dark colored and composed largely of pyroxeme; (2) syenitic,
that is, light goloresd and composed mainly of feldspar without quartz; and (3)
granitic, that-is, composed mainly of feldspar with gquartz, This order is alsc
prctably the age sequence, The granitic types are mmall and most common, they
cut all rocks.of the district, and they grade into glassy gquartz veins which
locally contain small amgunts of copper, lead, and manganese minerals, The
syenitic pegma tites grade alongﬁthelr strike into ordinary syenite, and they
*=Larsen, &, S, and Bunt, ..y F,, Two vanadiferous aegirites from Libby, Montanas
Am, Jour, Sci,, 4th ser,, vol, 35, no. 213, pp, .289-296, 1913, -

*Pardee, J, T, and Larson, op, cite, pe 2le
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appsar to be. associated with a wide-spread wave of hydrothermal alteration which

affected the pyroxenite, altering pre-existing minerals to vermiculite, asbes-
and sericite mica, :

The vermiculite has no natural exposures, but soils in the outcrop areas
show mica=-like flakss, and have a yielding, slippery feel under foot, Vermi-
culite occurs disseminated in the pyroxenite throughout its area of exposure,
and in several dike-like or irregular lens-shaped concentrations the rock may
be nearly pure vermiculite, Locally, ecrystals (bocks) up to ten inches across
may be irregularly massed together, but in the pyroxenite, crystals are com-
monly less than ome or two inches across, The mergins of concentrations gen=-
erally grade into the pyroxenite, the amount of pyroxene increasing until the
amount of vermiculite may be less than 10 or even 5 per cent, The concentrat-
ions have a nearly vertical trend, and may be as much as 100 feet wide and
1000 feet long, although.their width is more commonly 20 to 40 feet, Slip
planes cutting the concentrations of vermiculite are common, but are apparent-
ly much later and had quality of the vermiculite,

The chemieal composition of the vermiculite, as analyzed by the National
Bureau of Standards, is as follows:

Analysis of vermiculite from Rainy Creek, Montana

: Per cent Per cent
Silica e @ o s o 41.0 . M&gneliun oxide e o -0 .0 @ 21.0
Alumina 4 o o o o 18,0 Sodium and potassiur oxides 1,0
Iron oxide o o o 7.0 Moisture ® o ® o o o o 0 @ 11—-0
Calcium oxide, o 1,0

‘rmation on reserves of vermiculite is not evailable, but it is reported to
dequate for many years to come, The grade over a period cf years has met
all market requirements, and there is no indication that grade will change
within ghe .known bodies of reserve mmaterial, .

» . . T

- Vermiculite deposits near Hamilton,

& .

The vermiculite deposits on Gird Creek about 1l air-line miles east of
Hamilton (see figure 5 ) have been opened only by shallow pits and short adits,
Extensive tests on the grade of material (amount of expansion, etc,) have not
been made throughout all parts of the area, The deposit of verniculite-bear-
ing rock, about three miles long and one mile wide, shows promise of being
commercial, and would seem to warrant additional development work,

The deposit may be reached from Hamilton by automobile over about 6 miles
of graded road and 12 miles of mountain road the last half of which has been
cut by bull-dozer along a steep mountain slope on the north side of Gird Creek
drainage, The area is near the crest of the south end of the Sapphire Mount-
ains, a rugged range thickly covered with timber and reaching altitudes of
over B0OO feet or about 5000 feet above Bitter Root River valley at Hamilton,
State Highway 57, locally known as the Skelkaho road, crosses the range about
2% miles southeast of the deposit; but only trails extend from the denosit to
this highway, Creeks flowing east and west from the Sgpphire Range pass
through deep narrow canyon-like valleys mostly inaccessable by automobile,

Much of the immediate area of vermicutite-bearing rock has heen thewsiﬁp.of“a
forest fire, and fallen timber causes difficulty in traveling, R

Hamilten, populetion about 2000, is the county seat of Ravalli Cowdty.

's on a branch line of the Northern Pacific Railvay 48 miles south of
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Figure 5.~-Map show1ng location of vermiculite deposits near Hamilgon.
p€s, Spokane formation; pén, Newland formation; qm, quartz monzonite;
py, vermiculite-bearing pyroxenite. .

Mining claims were first laid out on the deposits in 1930 by.Mr, S. H,
(Swift) Chamberlain of Victor (now deceased) and associates, Prospecting by
means of pits toock place in the next two or three years, Numerous interested
parties, including the Universal Zonolite Insulation Company, have examined
the property, During the summer of 1948 the F & S Conmstruction Cempany of -
Butte investigated two localities, one near the west end of the area and one
on Horse Ridge; by means of bull-dozer cuts, and had samples tested for ex-
pansion and purity, Although the vermiculite. was considered to be ‘of commerc-
ial grade, development work was not continued because tonnage avallable was’
in question,

The vermiculite occurs in an intrusion of pyroxenite (dark-colored igne-
ous rock) which cuts impure limestone and argillites of the Mewland formation
of the Belt series of pre-Cambrian age, Associated with the pyroxenite are
intrusive masses of syenite and also pegmatite dikes., Extensive areas of
granitic imtrusions (quartz monzonite) are also present in this general region,
and they probably mark the eastern margin of the Idaho batholith, In general,
the area underlain by pyroxenite is soil cowered, but exposures of underlying
rock may be observed plentiful enough to:permit detailed mapping,

Petrographic studies of the rock types and mineral alterations show that

the Hamilton deposit is very similar to'the Libby deposit in all of its gen-
eral characteristics, although the two deposits are 175 miles apart, Ad=-
ditional rock types-are hornblendite and meladiorite, both of which resemble
pyroxenite in hand specimen,  Both magnetite and titanite (sphene) are plenti-
ful, the former ranging up to 15 per cent and the latter up to 4 per cent,
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Apatite ‘is plentiful also, -and urmsual ‘silioate minerals Juoh as tourmaline and
titaniferous garnet may be observed,

The wermiculite (or hydrobiotite at some places) occurs as disseminations

as concentrations in the pyroxenite, Some occurs in dike-like or tabular
bodies six inches to two or three feet in width in which crystals one to four
inches in diameter are present, - Many of these stringer-like concentrations
cut the pyroxenite nearly vertiocally. Such a condition wam observed near the
west end of the arees, but it is probable that similar conditions occur else-
where, Some basic pesmatite is presemt, Much of the vermiculite is fine grain-
ed (1/32 to l/b inch), and occurs in a more or less solid mass sparsely mixed
with other minerals, Such is the case on Horse Ridge, a nnrrow ridge extend-
ing south-westward at about the middle of the area, Only trenches and pits
have been dug at this location, but there appears to be a sizeable conoent-
ration which grades into the gyroxenite on its margins, About one mile east
of Horse Ridge additional occurrences may be observed, A 50=foot adit has been
driven into a mass of the mica-like material, and vermiculite is present through-
out its length, Several pits ha¥s been dug nearby, and vermiculite is exposed
in road cuts alaong the switch-backs which take the road to the divide of drain-
age. On this divide at 8000 feet altitude are more pits in vermiculite-bear-
ing rock,

The accompanying map (fig. 5) shows the area of darkecolored 1gneous rock
ag outlined by the prospectors who staked out the mining claims, It is their
word that vermiculite may be found from place to place throughout the area,

The writer has observed it across an area about three miles long.

Preliminary tests show that the vermiculite from different places exhibits
somewhat different ability for expansion, however material of commercial grade
is present, Material from the central part of the area (Horse Ridge) which

ighed 86,6 pounds per cubic foot unexpanded yielded an expanded material

ghing 11,2 pounds per cubic foot, This material contained about 18 per
cent -of material which did not respond to expansion processes, Another sample,
small in sixzxe, had a weight of between 60 ‘to 70 pounds per cubic foot before
expansign, and about.l5 pounds pér cubic foot after expansion,

B#fore operation, .thorough sempling and testing for quality should be
made fpom place to place throughsut the area, and tonnages of ninable material
should be determined, It is probable that success of any large-scale operat-
ion will require milling of the run-of-mine material to remove rock or assoce

iated minerals which would be included with the vermiculite in the process of
mining,

Vermiculite deposits in the Bearpaw Mountains
near Boxelder, ,

Material classified as vermiculite has been discovered and opened by pits,
adits, and inélined shafts in the Bearpaw Mountains 25 miles east of Boxelder
on the Kocky Boy Indian Reservation, (See figure 6) Boxelder, & town of about
300 population, is on a branch line of the Great Northern Railway 23 miles
southwest of Havre which is county seat of Hill County in which the deposits

~lie, State highway No, 29 passes through Boxelder, Good graded roads extend
from Boxelder to within 15 miles of the deposit, and easily traveled mountain
roads continue te the deposit, The altitude of Boxelder is 2,682 feet, and of

the deposits, which lie near the head of the north fork of Big Sandy-faeek,
is about 4,000 feet, =

Havre, the primcipal city in this part of Miontana, has a populat&.n of
'ut 1,000, Principal industries in this region are stock raising and grain
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farming, No extensive minging has been oarried on, slthough coal is present
in this part of Montana, Ratural gas occurs ngay Havre. S
The Bearpaw Mountains, essentially a pile of lava and associated in- -
trusives on and in relatiwely flat-lying upper Cretaceous strata, stand out -
island-liles at the wesbtern margin of the Great plains which stretch out-as a

level flofF for many miles in all directions. Rapidly eroding streams have
cut deep élleys into the plains. :
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Pigure f,~--'zr showing location cf verriculite
derosit in the 3earraw liountains, Hill Countyr.

The Bearpaw liountains are unique to geologist in that the igneous mater-
ial which broke through the flat-lying blanket of young sediments contains un-
usual minerals and unusual types of rocks (potash rich), 1In plates the strata
have been bent into folds and domes, and leccolithic structure occurs, al-
though this area was a seat of volcanoes, the time is so reaote that erosion
has removed tonographic evidence of their existence, and now in the heart of
the mounteins only the "roots" of these eruptions ere present,

The deposits were first opened in 1929 when an air compressor and-other
machinery for mining operations were instelled and cabins were built. Effort
to market the material met with little success, and after a few years oper-
aticns ceased and machinery was removed, Since the recent war interest has
been revived, and durin; the summer of 1947 mine worlkings were being cleaned
cut, and put into condition for operation,

The vermiculite may be observed in an open cut about 40 feet adbove creek
level, and in an adit driven bereath the cut, Several dike-like ccncentrate
ions which stand nearly verticel are from two or three inches up to nearly
four feet in width., These have been described as basic pegmatite dikes, Al-
tered rock, now essentially clay, separates the micacecus material; but at the
sides of the cut relatively fresh rock (syenite and momzonite) is present,

The mein mass of rock comprising the intrusive in which the vermiculite depos-
its lie is mornzonite, a rock somewhat similar to granite but containing 2o
free quartz, The deposit present in the open cuty may be traced up the steep

-3l -

..Gyﬁ‘.f




slope by means of pits. for perhaps 200 to 300 feet. Another body of the mica=-
like material has been opened 225 feet west of the cut by means of an inclined
aft. .Still other occurrences are opened by pits or adits 300 feet across
e valley, but the amount of vermiculite at this location appears negligible.
The material is imr the form of thin dikes cutting syenite.

Material from different places exhibits a difference in its ability to ex-

pand. That from the open cut and underlying adit appears best. That from the
inclined shaft resembles biotite mica more closely. It has been suggested by
operators that vermiculite of better grade is near the land surface, whereas
that material farther underground has not been altered as much, and consejuent-
ly does not expand as much when heated. This observation was not verified.
In general the material does not meet the specifications given by Tyler (See
page 23). Showings in the present mine workings indicate that the deposit is
limitea in size, but it would seem probable that with selective mining much
material can be produced,

Vermiculite deposits near Pony.

The vermiculite deposits about L miles northwest of Pony (See figure 7)
and other deposits reported in Madison County (county seat, Virginia City),
are Quite different from those Just described in that they are alterations of
a biotite or hornblende schist which is a unit within the pre-Cambrian meta-
morphic complex widespread in southwestern Mkontana, No commercial product-
ion has been attempted from these deposits, but prospeét pits have been dug,
and northwest of Pony several extensive cuts have been made by means of a bull-
dozer, uncovering the material to a depth of 5 to 10 feet over areas 20 to 50
feet wide and 25 to 100 feet long. Development was carried on about 1940.

Pony, populaticn about 300, is on a branch line of the Northern Pacific

’ilway. A good graded road extends to Pony from State Highway No. 1 at Har-

ison, a smell town six miles distant from Pony. Dirt roads, which are rough
but passable, extend north from Pony and west from Harrison, converging to-
ward South Boulder Creek. The bull-dozed area lies about one and one-half
miles. north of the road to South Doulder Creek and three miles east of this
creek, A field road easily traveled by automobile leads northward to the de-
posit. No prominent exposures of the vermiculite-bearing rock may be seen,
although examination of the socil reveals particles of the mica-like material,
The deposits lie near the divide of drainage on a gently west-sloping surface
on which vegetation consists mainly of grasses and sage brush, and scattered
Pine trees. This region is in the northern foot hills of the Tobacco Root
Mountains. The altitude of Pony is SLli3 feet above sea level, and of %he de-
posits about 6500 feet.

The metamorphic complex in this part of Mgdison County, generally consid-
ered the Pony series, consists essentially of light and dark—colored gneisses
containing much quartz, hornblende, and biotite in addition te feldspar. Some
zopes in the gneiss contain so much hornblende that they may be considered
amphibolite, and other zones are essentially biotite mica. kany bodies c¢f
pegmatite cut the metamorphic complex, and small stringers of quartz-feldspar
pegmatite are present in the area of bull-dozer cutse. The deposition of peg-
matitic material is not conspicuous, probably because large bodies have not
developed in this immediate locality., The.main mass of the Tobacco koot bath-
clith lies about four miles southward, but small granitic masses oc within
three miles south and west. The layers of the metamorphic rocks d 0 to 85
degrees northeast, and the pegmatite stringers commonly follow the l@¥ers,
‘ld.ed Quartzite, shale, and limestone of middle Cambrian age overliw the
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metamorphic roeks adbout Malf a mile-nerth of the vermiculite deposits, :
The vermiculite-bearing rock is in a zone of typical medium-grained- sch---
ist about one-fourth mile wide. The schist is well layered, and in open cuts’
shows gneidsic barids of quartz and feldspar, these-layers being from an inch
or two teaPdghaps a foot in thickmess: The vermicalite oteurs in similar lay-
ers, mﬁ: thickness may reach several.feet, Hewever, in the purest ma-
terial of quartz and feldspar, and also garnet, may be disseminated

through the vermiculite. All of the micaceous mineral does not show equal ex-

pansion, apparently some not having quite reached the “vermiculite stage"of
alteration,
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Figure 7.--LRp showing location of vermizulite depcsits near Fony.

The Pony vermiculite is fine grained, average size ranging from abcut 1/S

to 1/50 of an inch in diameter. The mineral plates may be 5 to 6 times as
wide as they are thick, Hence the expanded material is fine grained, a con-
dition which might limit its utilization to special purposes. The reserve is
extremely large, and apparently vermiculite occurs in nearby areas not expos-
ed by digging.
Mining cperaticns could readily be carried on by oper cut methods. The
material mined would require concentraticn because of the large amount cf un-
desirable minerals associated with the vermiculite, and this amount in some
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material mey be half the
ly pure. .

‘Other areas of vermiculite-bearing schist have been reported south of Har-
They have not

, near Ennis, near Virginia City, and southeast of Dillon,
been opened extensively by digging, and detailed information concerning them
is not at hand, Some of the material examined greatly resembles the material
from the Pony deposit, and it is probable that all these occurrences are much
alike,

They 1ie in the extensive area of schists and gneisses comprising the
metamorphic complex of southwestern Montana.

sdca-bearing uJike South bf bozeman

An unusual mica-bearing dike is present on Squaw Creek drainage 15 air-.

line miles south of Bozeman and about three miles east of U, S, Highway No.
191, which passes along Gallatin niver., (See fig. 8, pe. 36). The dike is one
mile up a small tributary of Squaw Creek known as Lica Creek at a point where
the gulch forks. The country rock is pre-Cambrian gneiss and schist, but it
is cut in many places by light- and dark-colored dikes and sills, and by peg-
=matite dikes. A dark-colored igneous intrusion six miles south of Squaw Creek
near Karst Kamp has altered into a commercial deposit of amphibole asbestos.
The region is mountainous and heavily timbered.

The mica-bearing dike stands nearly vertical and strikes nearly due north
up the nose of a steep-sided ridge lying between the two forks of Mica Creek.
It can be traced for over 600 feet alang the surface. The width of the body
is variable, but near its southernmost exposure which is at creek level it ap-
pears to range .from 10 to 20 feet in thickness. The dark-green to black mic-

aceous mineral, considerably altered, is the essential constituent of the dike,

parts of the dike may be almost all micaceous; however dark-colored sili=-
minerals are also present and locally are dominant. Pegmatitic action
shows in the form of small stringers of quartz and feldspar cutting the dike
rock.

The micaceous material appears to be an altered biotite or hydrobiotite,

Most of it is irregularly massed together in sheets (or books) less than one-

half igch across, but sheets two inches or more across may be observed. The

* mica readily splits into thin sheets, but it is flexible rather than elastic
as is the case with unaltered mica. The material upon being heated shows some

expansion amounting to perhaps two or three times, but this amount does not
warrant classifying it as a vermiculite.

The deposit has been opened by a short adit near creek level, and by sev-
eral pits and trenches spaced at intervals along the outcrop. None of the ma-
terial has been marketed, and there seems to be no demand for it at present.

The deposit is of geologic interest, and it is illustrative of this type of
dike which may be found elsewhere in western kontana.
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Ampi$hoie asbestos has bzen zroduced in Lontlaa ona comnrcnl scale -

from de 8 near Karst Resort south of Boieman, Serpentine asbestos . .
occurs X 1iff Lake, but has not been producdd om s commércial-goaley -
Occurrences of asbestos have been reported at Liblry, ‘and it is possible .
that unknown deposits of commercial size are present-elewheres in‘Lontana,

Thz value of asbestos lies in its unique ability to be separated into
fine fibers, even as fine as 1/5000 inch across, Since asbestos is a
rock-forming mineral these fibers are refractory (difficult to fuse), and
are desirable for fire and heat insulation, The fibers are also acid re-
sisting, and of course will not decay. ' - . :

Lsbestos, a nare applied to a greup of minerals, is broadly of the two
different types, amphibole and serpentine, the latter heing valued at about
ten times the former, Th2 fibers of the amphibole variety, also known as
"brittle asbectos"”, tend to break and hence cannot be woven intc cloth; btut
mixed with a binder, such as plaster of Paris, thic type is excellent for
the manufacture of fire-proof wall-board and siingles, for steam pipe and .
furnace coverings, and many other commoditi-s,

Serpentine asbestos, also known as ciarysotile, separetes into fine
strong silky fibers .hich can be spun into thread and woven into a flexible
cloth, Such cloth is valuable for fire-proof clothing and gloves, for fire-
proof curzains in theaters; but in particular for bralze linings, clutch
facings, and gaskets in automabiles for which most of it is used, DRecause
of these cheracteristics it is much more valucatle than mrphibole.asbestos,
but good deposits of it are not plentiful, Serpentine asbestos is a hydrous
silicate of magnesium; amphibole asbestcs is ‘a magnesium silicate containing
some calcium, aluminum, or ircm, A definite distinction must be made be-
tween the two kinds of asbeatos,

Asbestos is easy to recoznize, As it occurs in the ground it is a hard
solid fibrous mineral commonly showing pearly luster, However, small pieces
can te pounded casily into a fiBrous mass recsembling cotton-batting, Dis-
tinction between the two typ:ss can be made hy fluffing the mineral and then
rubbing between the fingers, Amphibole asbestos will devélop a powdery
mass, but serpentine asbestos will roll into a thread,

The two types of asbestos seldom are present in the same deposit, The.

common feature of all deposits is some degree of metamorphism, in most cases
extreme, Serpentine astestos may occur in altered basic igneocus rocks, such
as dunite or peridotite, or in altered dolomitic marble or limestone,
About 90 percent of the worlds supply is derived from dunite or peridotite.
wnich nave been altered first to serpentine, Aiphibole asbes*os may occur
in altered basic izneous rocks, or in sedimerntary rocl:s converted to schist
or gneiss, Both types orizirate oy decp-seated alteration of nre-existing
rocks,

Deposits of minable asbestos in the United States are limited in extent,
Deposits of chrysotile have been worked or explored in seven or more states,
and amphibole asoe::os in nine or nore stutes; however, total United States
production is only from 1 to 2 percent of the world supply, and this
country is practically dependesnt on imports from othzr countries, Canada
produces about 60 percent of the world supply, southern Africa and Russia
being next in importance, Total world production normaly ranges from 4C0,000
%o 600,000 tons per year, of which the Uunitad Sta%tes imports over 50 percent,
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: Pric; of chrysotile asbestos ran_es from $20 to $750 per ton, depending on grade,
and of arphibole asbestos from $10 to 440 per ton, Length of fiber, as well as
t, is important in determining utility and value,

Asbuystos deposite necar Karst

Location and accessibility: The amphibole type of asbestos has beon mned
and marketed from a delosit 32 miles southwest of Bozoman near Karst Resort on
Gallatin River, Mining has lLeen carried on in only one place, but asbestos siows
at other places witiuin 1500 fest both east and west,
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Figure 8.~--Map showing location of liica Creek de-
posit and the Karst asbestos deposit.

Karst is 22 miles south of Gallatin Gateway, a station on & branch line of the
Chicago, Milwaukee, St, Paul, and Pacific Ruilwuy, and thc nearest shipping point,
U, S, Highway 191, which is oil surfuced, extcnds wlomg Gall:tin River past Kerst,
Elevation of Gallatin Gateway is 4900 fect and of Karst about 5700 feet above
sea level, The area is mountainous, Th. Ladison Ranze lies on the west side of
Gallatin River, and tho Gallatin Range on thc cvest side, Gallatin Peak about 15
miles westward has an altitude of 10,967 fz20t, Gallatin River in this locality
flows through a narrow steep-sided valley hezvily timucred in rost places,

The asbestos deposits lie 2000 to 4000 feet west of the highway and river onm
2 steep mountain slopc, They are about 1000 fect higher in elevation than the
river, A side road crosses the river on a wooden bridge, and continues adout 800
feet to a small mill and cabins, A bull-dozer road and a foot-trail lecad up the
slope to the mine, and & horse trail continues on into the mountains,

‘ The deposits were discoverad nearly half a century ago by Peter F, Karst who
noticed the unusual mineral while hunting for decr, It is stated that ubout 800
tons of asbestos were hauled on horse buck down the mountain slope and then haulcd
to shipping points in the next few years, Largcr scalc decvelopment .did not proceed
until 1935, negrly 40 years after discovery, when the Karstolite Co any reopened
the deposit by open-cut and began development, They precduced a produefgcalled

Kogglolite used for wall and ceiling insulation, In 1938 the Lontana Ksbcstos
c y bcgan an operation which continued for two years, An acrial tram was
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cohstrected, -and the asbestos was millud -nd coneentratcd mour river levsl,
sccked; sad then tramsportod by truck to Gallatin Getewey, from wherv it wis
shipped by ruil to mark:ts, : The property then ramained idlo until 1947 whon
the Intcrstute Products Compony cut the tull-dozer roed up tho steep moumtain
slope, cnd.gespursd for commurcizl development,

8% Boology:s The rocks underlying thc area of asbostos deposits, and
for sewverc 1103 around this zron, are meinly a part of a complex series-af
banded znd Sontortcd gneissus and schists of carly pre-Cambrian age, They are
probably & purt of what is known in Montona as the Pony serics, Motamorphism
is so far uidvinced that it is difficult to detecrmine if these rocks wure origine
tlly scdimentary or igneous, but it is probablc that thcey were lurgely scdie-
ment.ry. Those rocks hive been intruded by dikes or sills, and most of these
intrusiens ir turn show alt.ration, zlthough not zll to the samc degrec as that
of tho comtuining rocks. Somc dikcs, waicir no doubt wre to be associntcd with
the Creticcous=-Turtizry intrusions of Montina, show no signs of altcration,
Pcgmetite dikcs unaltcred ond undeformed clcgo wre prusent close to the zsbcstos
dsposits, Appcrently thure is morc than one ncriod of diko intrusien, and some
dikes may antcd.te the intinsc rwtamorphism, The Gallatin Range cast of the
river is composcd usscntinlly of = thick scvrics of Cretuccous or Terticry
undesite flows und bruccizs (volcanic mat.ricl) meny miles in oxtent, Lond-
slides of 2 rumote date hove murred the steep slopu betwecen the nsbustos mine
ond the rivoer obscuring the underlying rock. They cppe..r s rcughly terrzced
arcas 80 to 100 fout widc purxlleling the f..ce of the mountzain, =nd they aro
timbered with larzs trecs, R

Geologic structure of thc grneissic complex is obscure, but 3 to ¢ milus
north -nd south of Kurst cre major focults tronding northwiust whose dis-
placemunt mty be meusured in terms of miles, In the immcdicte arez of the
tsbostos deposits smallor faults cut the rocks apparently in an intricate pot-
tern,

The ~sbustos occurs in sm:ll zltcercd bedies of peridotite, app.rently dikes
composcd e¢ssentinlly of umpliibole, These bodies connot be traced for any con-
sidcruile distunce duc to soil :ind slideerock cover on the stcep timbered slopes,
and also probably duc to minor f-ulting, Since intrusion, zalteration of the
original rock has ccuscd the duvclopment of numcrous vein-lik. or stringer-like
messes of fibrous amphibole from an inch to o foot or more in thickness which
cut irregularly through the dork-colored igneous rock, Most "veins" stund
nearly vertical, thoy strike from due north to Ne 70° W,, cnd mzny con be truced
10 to 20 feet in the face of the minc pit.

The pure usbostos has grown with its fiters, which mxy be 2 foot or more
in length, practically nt right angles to the wulls of the contcining rock,
Lost of the fiber is straight but some is curved, particulurly at cnds, as
though bent by earth movement, The containing rock, although superficially
appearing to contiin no isbestos, is intsrgrowm with disscminntced fibers.e In
the muin workdings only =sbustos and zltored rock werc obscrwed, but 2bout 350
feet southwrd clecr slendor griss-grecn crysttls, probnbly .ctizolite, were
obscrved with asbostos, :

The percent of asbustos in the nsbeostos-beiring rock which wos mined was
rot cccurctely dcteorminud, Estim:tes by workmen range from 30 to 50 per ccnt,
Alsc the cmount of doveloprint work ot the timu of visitation did not permit
czleculction of total rescrves of .sbustos-busring rock, howcvir scveral thousind
tens wure cproarent ot that timo., Spocific gr.vity of the w.sbustos rnngaes from
2,3 to 3,0, 2nd its weight per cubic foot of unbroken rock is ahout 185 pounds,
An cn2lysis of the .sbustos stutcd in t.rms of oxides of climcnts is shown on
trhe following table, zlthcush off coursu pr.ctic..lly =1l of thcse constitucnts
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are pr.sent in the form of a silicate mineral, Optical properties of thec asbestes
show it to have parallel extinction, low relief, and indices of refraction 1,67
or lces, These various properties indicate that the mineral is the orthorhombic
'.mphibole ¥nown as anthophyllite,

Chemical analysis of Karst Asbestos (per cent)
(Lewis and walker, Butte, Llontana)

Si0, 56,0

' Al,0, 5.8
FeO 8.9

Cal 1.2

Mg0 26,0

Ign, loss 2.0

(HZO)

Development: The asbestos mine is essentially an open cut or pit approx-
imately 50 by 100 feet in plan, but it has been cut into the stcep slope as a
series of irregular benches, the workings having followed the better grade of
asbestos-bearing rock, "Veins" of asbestos show throughout all of the pit,
Abcut 30 feet bilow the level of the pit floor, and 40 feet southward a 100-

oot adit has becn driven so as to pass beneath the surface workings, The first

O feet were in pegmatite, the next 40 foet were in asbestos-boaring rock, and
pegmatito is at the northern end, Two faults which converge downward appsear to
be between the asbestos rock and the northern and southern bodies of pegmatite,
A shaftn non filled, connected thec adit and the pit, Sixty fcet north of the
pPit is an unaltered vertical syenite dike trending northeastward, Immediately
west and east of the pit arc exposures of gneiss,

Fifteen hundred feet southeast of the open cut low down on the slope a short
adit apparently driven into landslide matcrial ercountered showings of asbestos.
Sixteen-hundred feet S, 75° %, of the cut end at about tho same clevaticn "veins"
of asbestos show in an area at lcast 40 feet by 75 feeot, and short adits have
been driven, The accurrcnce and the appearance of the asbestos in thecse adits
and on the dumps in front of them is similar to % at in the main pit, however
some material is more inflexible and does not fluff so readily. These occur-
rences indicate presence of asbestos-bearing rock in an area at least 3000 feet
across, :

Mining ard Killing: In mine operation the mixed asbestos and rock were
blasted in the open cut, loaded by hand into cars, and trarmed about 60 feet
to a bin, Some selective mining was practiced, In one part of the pit five vein-
like bodies of asbestos totaling about three feet in thickness show in an eight-
foot working face, MLore asbestos shows in other parts of the pit, A large dump
of mixed asbestos and rock has devcloped in front of the pit, and much of this
material is of milling grade, '

An aerial tram, consisting of buclets suspernded on & moving cable, carried
the material about 1650 feet from the bin to a small mill situated.§O0 feot west
of the river and 100 foet higher. Since the loaded buckets traveled down grade

d the empty buckets up grade, no power was n cded to operate the ¥ram, in fact
akes were needed, However, a gasoline motor was used to start the opcration,
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‘At tne mill the materidl was crushed, and then passed through a hammer mill

which caused the asbeatss to fIuff and thes reck to crumble,  The material was
then introduced into ar air clessifier consisiing of a rising column of air im
a cone-ghapud container, Fluffed asbestos ready #6r shipmant was carried out
ty the ake, and crushed roci frognents settled to tho bottem and were removed,
The ash ys was then sacked in paper bags and trucked to the railroad at
Gallati wteway, In all, 1800 tons of asbestos reported to have been valued
at 35 pér ton f,0.b, Gallatin Gateway are said to have been marketed, Elecctric
power for the mill and for lijhting was generated by a small hydroelectric

power plant on Loose Creek on the east side of Gallatin Rlver, about 1500 feet
nor+theast o the mill,

Serpentine Asbestos near Cliff Lake

Location arnd development: An occurrence of serpentine asbectos (chrysotile}
atout 50 miles scuth of Ennis has been explcred, and an attempt was made to mine
and mill tho mineral, The deposit is in section 25, T, 12 S,, R, 2 E, nine
miles by road southeast of Cliff Lake Post Office in a deep rugged gulch
tributary to Kile Creek., A graded dirt road leaves State Highway No,l near the
Fost Office, crousscs kadiszom Rivar on a wooden bridge, and continues across
terraced and rolling valley lands to about cne mile of the mine where a mine

road leads into the gulch, Tiie derosit lies on the flank ef a hizh rocky range
facing dadison River vallcy.

TXPLANATION

Tertiary and Cretaceous
Volcanic roeks

v /’ﬂl/'

Ry

Paleozoic limestones

pre<

PreCanbrian rocks

Scale: 1 inch = 2 miles.

[Reyro 2s P&s“’"* Peak

rigure 9,--Map showink location of Cliff lake astestoa deposit, :ladison County,
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The deposit wams discovered by Israel A, Hutchens asout 1890, Shortly after
1900 the Idaho Mortana Asbestos Company prospected it by driving an adit over
O feet into-the mountain, Commercial guantities of asbestos were not found,
th 30 ysars Jater after reorganizaticn and some prospecting, thc Liontbestos
ompany was formed. Large substantial buildings were erected, heavy and elaborate
machlnery both for mining and for milling was installed, and a renewed effort
was made to find commercial deposits, and to separate the asbestos from the rock,
The operation was unsuccessful, and in 1935 the machinery was taken awvcy, and
the property was abandoned,

In all about .500 to 600 feet of underground adits have been drlven, and three
large surface excavations besides small pits were made into the steep mountain
slope. Iilling operations included crushing, wet screening, and cone classificuticey,
some dy means of air, Total amount of rock put through the mill was small,

Geology: The side of the mountain range in wnlcb the deposits lie is com-
posed of marble, gneiss, and schist, possibly a part of the Cherry Creek series
of early pre-Cambrian age, The rocks of tiiis area do not closely resemble typical
rocks of the Cherry Creek series, and they may be a part of some related pre-

Cambrian series, However, the asbestos occurs in a thick mardle member within
which one- to five-foot zones of yellow-green serpentine viere developed, apparently
following along planes of shearing, Beddirng is steeply inclined or vertical,
and shearing planes are inclined at about 40 degrees and cut bedding, A dark-
colored igneous rock (gabbro) was intruded into the marble, and although not
cbserved in outcrop near the pits, it was encountered in mine workings which ex-
tended into the mountain. No typical pegmatite dikes were observed, kuch dirty-
white quartz, pegmatitic in character,; is present in the marble as thin irregular
stringers roughly parallel to the sheaiinb. Other minerals, particularly a flbrous
amphibole, are-eadurdant locally. Sone' of -the marble appears gray because of in-

uded microscopic grains of magnetite, v
Q The asbestos occurs in narrow veinlets cutting serpentine and marble, kost
the veinlets are from 1/16 to 1/@ inch in width, and tney commonly extend four
inches to a foot or two before pinching sut. Numerous veinlets may occur in a
zone of serpentine running roughlj.paﬂallel to each other and to the zone, Some
veinlets appear to cut pure marble), Lu't therec may have beer massive serpentine
present before the growth of asbestos, Th: fibers in *the asbestos lic at right
angles to the vein walls, and extend completely across the veinlets, The total
amount of serpentine in proportion to marble is small, perhaps one or two percent,
and the amount of asbestos in proportion to massive serpentine is probably egually
es smell, The failure of the mine appcars to have been duc mainly to the small

anount of asbestos present; however, so far as known to the writer, no long fiber
asbestos is present,

Asbestos near Libby

Amphibcle asbestos occurs with vermiculite in altered dark-colorad ignecus
rock (pyroxenite) near Lioby., It accurs most abundantly in the northwestern part
of the area, particularly on the spur north of Kearney Creek, As described by
Larsen "several bodies . , . are dike-like or tabular in form and of different

- widths, The largest, as exposed by open cuts, appears to be 100 fect or more
long and from a few feet to 14 feet wide .... Samzles representing the different
bodies show the amphlbolo to be mixed with 1 to 10 pecr cent of cther minerals,
chiefly vermiculite and unaltered pyroxcne, In other places the coumixry rock
is particularly rich in amphibole, A sample across a width of 10 feefof the
rock as exposed by a short tunnel conteims, in round figures, 75 perﬂq'nt amphivele,

‘per cent of pyroxenite and apatite, and 10 percexnt of vermiculite, > A sample
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representing another body SO feet wide comsists of §0 ’or cent :mphibole. 30
per oent pyroxonite, and 20 pecr cent vormiculite," -
The Libby amphibole asbestos relatsd to (tremolite) werks up into a ity
mass similar to tho general run of asbestos, although the fibers are wcak aad
inelaatt% break into short pieces, TWeathoring seems to have produced &

softer £ fiver, Milling would be necessary to obtain a commercisl prede
uct, and trouble might be had in separating the vermiculite, MNo asbestos
has been marketed from this deposit which is worked on a large scale for
vermiculite, In general it may be said that the Libby asbestos deposits are
of minor importance because of small tonnage and low quatity,

For a map of the area, and descriptions of the geology of this deposit,
the reader is referred to the chapter on vermiculite in this report,
*Pardee, J., le, 8N4 Larsen, L., S., Deposits ol vermiculite and other minerals
in the Rainy Creek district near Libby, Montana: U, S, Geol, Survey, Bull,
805-B, p. 25, 1929,

Other Occurrences of Asbestos

Hand samples of asbestos, both amphibole and serpentine, have been picked
up in western lLontana and submitted to the Montana School of kines for ident-
ification, Failure to expose large bodies of this material suggests that the
deposits were small, VWith the large amount of ignecus intrusion and meta-
morphism in this region, it is possible that commercial bodies still remain
undiscovered, However, in western liontana every gulch has been prospected for
metalliferous minerals during the past 80 years, and it would seem unlikely
that so conspicuous a mineral as asbestos could be exposed in commercial
de-osits, and yst the deposits not be made known,
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