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F O R E W 0 R D 

Illustrative of the development of the non-metallic mineral resour­
ces of Montana are the talc and graphite mines sou t'.ieast of Dillon, the 
talc mines south of Ennis, and the vermiculite mine northeast of Libby. 
The success of these operations, and the production of other ncn-metal­
lic minerals in Montana such as gypsum1 points to an ever increasing de­
velopment of this phase of the mineral ir.dustry in the state which in 
the past has yielded in the neighborhood of $100,000,000. 

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 known non-metallic mineral resour­
ces of Ivlontana will be described. Kyani te and sillir,:_ani te are described. 
in Miscellaneous Contributions No. 10. Other no:ometallic 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 gold, 
silver, lead, zinc, manganese, 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 :-,iining of these less glamorous materials, notwith­
standing their vital importance to L.1dustry in c;eneral. It is hoped 
that the publication of information pert-aininr; to the non-metallic 
mineral resources will aid ii: their development. 

iii 

Francis A. Tho�son 
Director 
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T A LC, G�APHITE 

VERMICULITE AND ASBESTOS 

D E P O S I T S I N M O N T A N A 

By 

Eugene s. Perry 

PART I. TALC 

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 o f  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 itc. is commonly too fine 
grained for individual particles to be easily observed and it may resemble 
soap, but it may also be micaceous or foliated with flakes or fibers visible 
to the unaided eye. The name steatite may be applied totlie pure compact micro­
crystalline types. Soapstone is a rock containing 50 to 75 percent of the 
mineral talc together with rock impurities, and it is not known to occur in 
coIJ111ercial deposits in Montana. To be of commercial grade soapstone 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 wh,ich also occurs south­
east of Dillon, is considerably harder than talc ,.

The COl'JJTlercial 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 or without binder, and with low shrinkage. rt 
forms a porcelain-like product with low heat and electrical conductivity. In 
burning a chemical change takes place. 

Deposits of common talc are relatively plentiful in the Unite<l States and 
foreign countries, and supply exceeds demand; 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 manufacture of cosmetics, and special varieties ( such as 11 lava 11 

talc) are used in making radio-tube insulatbrs; 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 
producti�n of talc and soapstone in 1937, an av�rage pre-war year, was 230,000 
tons valued at $2,562,000, or slightly over $11.per ton. 

i.bmit 90 percent of the talc marketed in United States is pulverized 
before sale. It is used in the manufacture of certain paints (48%), paper 
(16%), robfing materials (11%), rubber (11%), toilet powders (3%), foundary 
facings, oeramic products, and many other products. Only the finest and purest 
grades at� Used in toiJAt powders, lotions, and face cream. An unusual variety, 
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known commercially as "lava 11 talc, can be machined into intricate shapes in crude 
form, burned into a finished product resembling porcelain without change in shape 
or size, and in this form it is used as an insulator and spacer in vacuum tubes 
and electrical instruments# It is said that there is no satisfactory substitute, 
and also that the Montana mate_rial is superior to imported material which has 
supplied most of the market.. Ceramic (common), cosmetic, ahd lava talc all have 
been mined and marketed from Montana. 

General yeology 

Geologically, in Jifontana talc is known to occur only in rocks of two geo­
logic ages. ;. small 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 40 miles across extending from !{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 are in this area. other deposits in this area are on Timber 
Gulch 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 pi ts. It may be exptected that minor amounts of 
talc may be found in the marbles of the Cherry Creek series almost anywhere in 
this area, although it is not likely that large 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 Ennis, is a most intensely metamorphosed series of early pre­
Cambrian schists, phyllites, light- ii).nd dark-colored gneisses, amphibolites, 
schistose quartzites, and coarsely crystalline marbles, locally containing gar­
net, staurolite, kyanite, 5illimanite, and similar minerals. The thickness has 
not been measured accurately, but it probably is in the order of four to six 
thousand feet. Individual beds of characteristic rock types fr9m 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 
sedi,rnentary 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 i.xes Creek, at le2.st six marble members are present, and 
some are 400 to 800 feet or more in thickness. The amount of marble to be obser­
ved in the series decreases eastward, and members of the series cannot 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 Axes Creek phase of the Cherry Creec series, and thnt the name Cherry Creek 
be retained for these rocks over the entire regionc A detailed study of this 
series of rocks is being made by Ee vr. Heinrich for Montana Bureau of Mines and 
Geology during 1948� 

This complex series of rocks, known to be present in a region 75 miles or 
more across underlies folded Cambrian strata. The Belt series of late pre-. 
Cambrian age is absent in this part of Montana, but as determined by degree of 
m etamorphism, it is very much younger than the Cherry Creek series. The base of 
the Cherry Creek is in question. Commonly at the base is a highly metamorphosed 
series of feldspar gneisses in which crumpled bands are conspicuous. This gneiss 
series could be metamorphosed sediments older than Cherry Creek, but more likely 
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it is a metamorphosed mass of igneous rock such as granite which was intruded 
into the Cherry Creek prior to its intense regional metamorphism. The term 
Pony series is commonly applied to the gneiss series. 

Talc is believed to have originated by the action of hydrothermal (hot 
water) solutions acting upon magnesium-bearing rocks through which the solu­
tions passed, the process having occurred when the rocks were deeply buried. 
Talc is not believed 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 knmm in Montana. 

The Dillon, Ennis, and intervening talc deposits are all similar in gen­
eral occurrence. Small vein-like bodies one-quarter inch to 2 or 3 inches 
thick locally appear in the marble, extend 1 to 5 feet and then cease. Large 
bodies, which may be in the order of SO feet wide and JOO feet long, are irreg­
ular in shape and cease to be vein-like. Most of the bodies lie parallel to 
the original bedding, traces of which show in the marble, but they may also cut 
across bedding planes. In large talc bodies, blocks or cores of unaltered 
marble may lie vvi thin and be entirely surrounded by talc� Practically all con­
tacts between talc 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 unusual in that crystalline graphite in parallel flakes 
as much as one-eighth inch across are thickly dispersed through the talc, the 
alinement being parallel to that of the talc body and the bedding of the 
marble. Other deposits appear to have contained pyrite, the evidence of which 
now consists of limonite (iron oxide) scattered through the talc in small lumps 
or pseudomorphous crystals after pyrite. Silicate minerals such as tremolite 
are so rare as not to be commonly observed with the unaided eye. Graphite, 
limoni te, · or rock impurities in some Montana talc makes it unsatisfactory for 
industrial use, however many large bodies of talc a.re completely free of these 
impurities. 

Talc Deposits East of Dillon 

Location and topography: The largest production of talc in Montana comes 
from a deposit on Axes Creek, 11 miles southeast 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, adi ts, a winze, and drifts at a lower level. D.iring 1946 approximately 
5,000 tons of broken but uncrushed talc were marketed. This company also has 
opened deposits on Carter Creek seven miles northeast, and o n  Timber Creek two 
and one-half miles southwest from the Axes Creek deposit, a.d has investigated 
other deposits in southwestern 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 Pacific Rail­
way extending from 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 
wherein high rugged mountain ranges trending north to south are separated by 
broad relatively level valleys containing hundreds of feet of lake and qiluvial 
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deposits. The mountains rise abruptly froms such valleys ,nth steep slopes dis­
$ected by gullies or gulches, but conunonly the mountains flat ten 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 sumnit. 

Geology; The Cherry Creek series, the marbles of which contain the talc 
deposits, 1s excellehtly exposed on the west or northwest slope of the Ruby 
range 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 major 
va11eys upward to the top of the range at altitudes from 5500 to 8500 feet above 
sea level. 

The bedding has a general northeasterly strike, and dips are ncr 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 c£ 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 ma'sses of sillimanite and simi­
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 pegmattte dikes whir,h 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 muscovite, ,shows, no sign of deformation since its intru .. 
sion. Pegmatite is not notably as,sociated with the';talc, as it is with the 

1

graphite. Metalliferous mineralization, ):ilthough present in the mountains, is 
insignificant. The nearest known mass of granitic intrusive rock is 25 miles 
northwestward, however seven miles scutheast 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 C:reek series sou th 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-bearin� areas marble may contain much disseminated talc not 
readily visible. Nearthe top or bottom of a marble member a few feet of schist 
may seyarate a few feet of marble from the main mass. Remnants of original bed­ 
ding are conman, and. in places close cru.tnpling m:\ih:iJ! the marble mass has been 
developed. No structural or �tratigraphic control of talc occurrences within  
the marble was observed, the talc appearing and disappearing abruptly. 

Axes Creek Deposit: The Axe� Creek deposit, as exposed in workings, is 
about 400 feet long, 60 to 100 feet wide, and more than 200 feet in vertical  
extent. It is knoiin by the operators as the Smith-Dillon talc mine. (See    
plate 3). Although the deposit is irregular in shape, it is elongated roughly 
parallel to the strike of the marble. Vertically, the deposit stands at a    
steep angle, but the bedding of the marble dips about 70 degrees northwest. 
Faulting is present as indicated by thick clay gouges and crushed zones, and it 
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is possible that the talc has developed in the marble adjacent to a large 
strike fault. However, slickensided fault-planes and breccia-zones pass 
through the talc indicating movement since talc formation. Within the body of 
talc are "ribs" of marble, some of which may be 30 feet or more wide, but pure 
talc many feet across is present without evidence of pre-existing marble in 
the talc structure. The talc lies at the' southeastern side of a marble member 
which extends continuously 800 feet westward before becoming buried beneath the 
valley-fill of Beaverhead Valley. Small stringers and irregular bodies of talc 
were not observed in the marble in the area adjacent to the main deposit, and 
in this respect the Axes Creek deposit differs somewhat from others. Intensely 
metamorphosed beds of quartzite, somewhat resembling vein quartz, overlie the 
marble at the Axes Creek deposit. 
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Figure 1.---I.Iap cf Keystone talc.deposit on Carter Creek, Beaverhead County. 

Development work, some of which is shovm on the accompanying map, (Plate 
3) consists of about 1500 feet of aclits and drifts on a main haulage level 30
feet above the creek, about 400 feet of drifts on a level 60 feet l.ower than
the main level by way· of a winz.e, 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 talc
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 tc:,lc, 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 from v1hich it is trammed to bins on the surface. The run-of-mine
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material is not crushed qr milled, although hand-sorting is practiced to remove 
b-locks of limestone or imp1;J;re mate:rfal. The talc ;is wasped to remove clay im­
purities before being hau+od by trucks to D;i..llont from which point it is shippep.
to Ogden, Utah, for fUf"l;he:r treatment before being marketedt

Carter Creek Deposit•: The �eposit on Carter Creek, knovm PY the operators 
as the Keystone mine; Hi' eight m:f.les portheast of the .Axes Creek deposit., and 
13 miles east of Dillon by r.q>ads l:)as i.Jq traveled in dry weather,. (See plate 2 .) • 
rt is low in the foothills o.f the range, and lies in one of the m2,rble IltElmbers 
of the Cherry Creek seri�s as does the ,Axes Creek deposit .. Me\amorphosed quarti:­
zite is not associated with the marble as it is on Axes Creek .. Exposures of 
the irregularly-shaped deposit of talc are in an prea about 4$0 feet long and 
about 100 feet-wide; and a shaft 60 feet deep, together with over JOO feet of 
drifts at its bot tom are all in talc (fig, 1). Several small separate bodies 
of talc lie to the northeast and southwest within 500 feet, and veinlets and ir­
regular masses a few inches thick and a foot or two long are scattered through 
nn.1ch of the marble member which appears to be about 600 feet thick� The irreg­
ular deposit, although in part parallel to bedding in the marble, also cuts 
across bedding locally, and it appears to have a northw�sterly Ptunge across 
bedding and beneath surface exposures of marble •. The ma�,1� dips about 50° NW. 
Dolori te dikes perhaps 25 to 50 feet thick cut, the marble in th;s �ocali ty. 

The talc, which is light-gray, dense, and fine-grained, is  of good quality, 
but contains many small lumps of ,limonite (iron �xideJ �pparently altered from 
pyrite scattered through the body. Some graphite occurs sparingly in the talc. 
The presence of limonite, which cannot be separated in mining, yields a color 
to the pulverized product causing it to be less satisfactory for uses where a 
pure white talc is des ired, and the deposit has not been worked for the market. 
The deposit is, however, a large potential reserve of cornmercial talc suitable 
for many uses. 

Timber Gulch Deposit: The Til'l\ber Gulch deposit, known by t,he operators as 
the Crescent mine, is three miles south of the Axes Creek deposi'\,. (See plate 
2.). It is accessible by automobil� on a di�t road which branches off the road 
to the Axes Creek deposit and follow$ southV1ard along the main valley. It lies 
near the margin of the valley-fill of Blacktail Deer Creek at the foot of the 
mountain slope. Two members of impure marble, 10 to 15 thick and separated by 
about 150 feet of micaceous-gneiss, have locally been repAced entirely or in 
part by talc. Intermittent exposures of talc may be followed for 800 to 1,000 
feet along the strike of the marble, which dips northwesterly at about 50
d.egrees. A shallow inclined shaft and pits expose the talc to a dq:i th of '.LO to 
20 feet. The marble is much decomposed locally, and may appear as a bro�nish 
friable rock which can be crumbled in the hand. Massive pegmati te dikes occur 
close by. 

The deposit is unusual 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 mother, and to the bedding of the marble, and the individual 
flakes are distinctly separ;3.ted from each other. Flakes of graphite and grains 
of talc and other silicate minerals are disseminated in the marble. The talc 
itself is gray and fine-grained, and of a commercial quality, but the presence 
of graphite in the talc has caused the abandonment of the deposit, at least for 
the present time. 
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TALC DEPOSITS SOUTH OF ENNIS 

The talc deposits 20 miles south of Ennis lie about 4 miles from State 
Highwcy No. 191, up Johnny Gulch in the low foothills on the east side of the 
Gravelly Range. (See plate 2; A). Ennis is a small town with population of
about 400, but the nearest shipping point is Norris, population about 75, 
which is at the .Jnd 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 through­
out the year. The road from the highway up Johnny Gulch to the talc deposits 
crosses Madison River on a steel bridge known as McAtee Bridge, and although 
essentially a dirt road may be traveled most of the year. 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, 9000 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 si.de by erosion of overlying Cambrian strata. Along 
Madison River valley the metamorphic rocks are buried beneath 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.,f irst creek 
north of Johnny Gulch, &re Mmewh�t different from those on Axes Cr�c:k, not 
only in lithologic character, but also in the sequence of the various members. 
They consist of light- and dark•gray gneisses, mica schists and phyllites, 
schistose quartz:i.tes, and dolomitic marbles, and excellent exposures of the 
series show in bands which have a gene:ral northeasterly strike. Although as 
previously stated the series is of sedimentary origin, metamorphism h2.s pro­
ceeded so far that all original sedimentary minerals are changed to· metamorphic 
minerals, and sedimentary structures such as ripple m2rks have compTetely dis­
appeared. Crystals (metacrysts) of garnet, staurolite, kyanite, and similar 
minerals are plentiful in the gn(;liss and schist, and in places may constitute 
one-fourth of the rock. Deposits of kyanite (aluminum silicate) associated 
with pegmati te in the gneissic area six miles north of Johnny Gulch are poten­
tially commercial. 'Ihe beds of the Cherry Creek series have been clcsely com­
pressed by folding; dips are commonly more than 60 degrees, 2nd in many places 
bedding stands nearly vertiGal. An area of gray gneiss south of Ruby Creek 
probably corresponds to the Pony series, 

Marble appears �n several bands striking across the area, but there may 
be repetition by folding. The largest area of m2rble, and the 2.rea in which 
the commercial deposits of talc lie, is between Johnny Gulch �nd Cherry Creek; 
it is about 5 miles long in the direction of the strike of beqs and l½ miles 
wide. The roe� weathers to dirty brown granular surfaces which look dark in 
the distance. ])le to its resistance to weathering it fqpms a conspicuous 
ridge known locally µS Black Point, extending perhaps palf a rn:i,.le �nto Madison 
V2.lley, For this rieason the m2.rble h2.s been c2.lle9 the Black Point qolomite, 
however the writer feels it ts better not to name members in the Cherry Creek 
series permanently until tne sequence, thickness, and Gho.racter of the various 
units are determined, Bedding in the marble at Bluck 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 ,;i ther by .{�ul ting or folding. 
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Talc in minor quantity has been observed in the areas of marble other than 
Johnny Gulch, and one deposit about 1-} 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 
fl9ws, 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 rhyolitic 
lava rest on the metamorphic complex in several places. Some of the rhyolite 
is within the talc-bearing area. 

Johnny Gulch Deposits: The talc deposits on Johnny Gulch (See plate 4) 
occur as isolated bodies in relatively pure marble over an area at least 2000 
feet long and 800 feet wide, and talc may lie beneath a soil covered area im­
mediately west. Showings of talc also occur l½ to 2 miles west of the deposits 
now being worked. In the area being mined, five or six bodies opened by cuts 
and 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 
and 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 
the larger bodies are irregular in shape, and in part may cut across bedding. 
The bodies appear to continue vertically in depth, however bedding in the 
marble dips at angles ranging from 80 to perhaps 88 degrees. Probably the de­
posits cease in the vertical dimension as rapidly as in the horizontal. Pits, 
trenches, shaft(,, adits, and underground workings, numbered up to 18, have been 
sunk into the larger deposits, and many unnumbered pits have been dug. In 
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 cosmetic commonly occurs in 
concretion-like masses up to 6 or 8 inches in diameter with interior radiating 
talc structure, these concretionary masses lying Vii.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 granular 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 commonly 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 r epJa ced by talc, (See plate "l). 

The lava grade talc, which occurs mainly in pit no, 9 but aiso in other 
places nearby and on the Queen Claim l½ miles westward, is associated with much 
powdery and compact iron oxide and some manga.�ese oxide in a thick mantle of 
soil 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 intense conditions of weathering since the original talc 
deposition, and it is possible that the presence of the iron and manganese 
oxides have some bearing on its development. Chemical composition of lava 
talc from pit 9, and ceramic talc from other pits is not materially different 
as shown by the following analysis. 

Pit 5
Pit 7 
Pit 9 

61. 70· ��
61.29 %
61.76 %

Analyses of Talc ( u. s. Bur. Mines) 
Fe203 Al20J Cao MgO Na

4
o

1.29 % 1.55 % Tr. 32.44 % 0.37 % 
1.36 % 1.34 % . Tr, 31.26 % .26 % 
1.33 % 1.51 % Tr. 31.95· % .27 %

K2o

o.46 "�
I" 

.33 %

.32 %

Walls 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, occurs 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. Fu.ch jasper is also present 
at the southern end of the area where it appears to occur as irregular masses 
replacing marble. 

The Johnny Gulch deposits were discovered by Lewis Clark on his homeste&d 
shortly after the turn of the century, and later were opened by shallow pits.  
In 1942 L. F. Teutsch obtained a lease on the property, and, operating under  
the name of Mountain Talc Mines, carried on exploration by digging larger pi ts 
and driving adits into exposures of talc. The 11 lava 11 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 one lo­ 
cality known as Pit No. 9, and exploratory work as well as mining was concen­ 
trated on this deposit. A 240-foot adit, knovm as Madison tunnel ,. was driven  
by the Tri-State Minerals Co. into the hill slope so as to cut the deposit  
ab-0ut 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 on the lava grade talc, and the first ship­
ment of 4000 pounds sent by express to the American Lava Corporation of 
Chatanooga, Tenn., was made in December 1942. In the fal 1 of 1943 and spring 
of 19u4, 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 fpllowing spring. Shipments have continued from time to time. 

Although large quantities of ceramic talc are present, 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. 

- 9 -

SiO2



. Mining has been mainly by open cut methods, although short adits have been 
drfv�n. � The Bureau of Fines 75-foot shaft and drifts were dr{-,;e;n 1,d:-;,;,;ly .f.'or
explorator'J 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 disintep;rated 
material. Pieces weighing 5 pounds or more are desired. The blocks were 
trammed from the pit to a sorting floor v:here they were classified largely by 
size and freedom from c racks, then hauled by truck to Norris. The operation 
requires much hand labor. Cosmetic talc 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 from a 
large open cut and adi t knovm 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 :2-1, ) • 
One a1nu t two miles up Granite Creek north of Virginia City occurs in a 65-
foot rnarble member vrhich dips southeast at 80 degrees. It is opened by a short 
adit and shallow pits. Small stringers and repJa cement bodies of talc may be 
observed, and hand s�ecimens of fairly good talc .n:ay be obtained; however, most 
of the talc is impure, and talc of shipping ;:;rade 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 vrhole the de­
posit is said to be small and the average m;:,.terial impure. 

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

Talc Deposit Sou th of Helena 

The talc deposit sou th of Heler1a is about one-quarter mile sou th of the 
city limits at an old abandoned quarry from v1h ich rock was obtained for the 
manufacture of lime. In this early operation a mineral v,ehich would not burn 
to lime was recognized, but it is said that the mineral was not identified 
until years later. In 1935 Mr. James I11cKelvey of Helena, ovmer, began mining 
the deposit, 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 cear;ed • 

. G..,.i,;.,_l.\;;;·,•: The talc appears to be a replacen:ent along a fissure cutting
massiv"e7'.1offii te of the Pilgrim formation of Cambrian age:, totd thickness of 
the dolomite being about 800 feet. Talc may be traced intermittently for 350
feet along the surface. Irregular vein-like b odies and small stringers range 
in thickness from less than one inch up to six feet. Vertically a body may ex­
tend 12 feet or more. Dimensions of the Ja rgest st ope driven in talc are: 
length 35 feet, width 6 feet and height 8 feet. In this stope the talc body 
dips steeply to the southeast, ·whereas tl1e strata dip northeast 30 degrees. 
Prospecting has not been carried on to depth, and it is not definitely knmm if 
additional bodies of talc underlie the present workin:;s. 

Within the talc, irregular masses ::if unreplaced dolomite from·a fraction 
of an inch to a foot or more across are scattered irregularly, and locally thin 
streaks of chalcedonic quartz are present in the talc. The walls are irregular 
and in places silicified. Al though the talc--clolomi te contacts may appear sharp­
ly cut as seen in the ground, microscopic studies show gradation across 
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such boundaries. In places limonite altered from pre-existing pyrite is 
present in the talc. The talc itself is characteristically white, and most of 
it is so fine-grained that it superficially resembles soap. In places the 
talc is coarse enough so that individual flakes up to 1/25 inch across may be 
seen in radiating clusters or small veinlets cutting finer-grained talc. Also 
the coarser material appears to be adjacent to the dolomite contacts. Under 
hand lens the flakes have a pearly luster. 

The Cambrian 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 
batholith. Small intrusive stocks related to the Boulder batholith are present 
within one mile to the r.wrth. Age .of the intrusives is late Cretaceous or 
early Tertiary. The sedimentary rocks throughout the area have been much al­
tered by igneous action, and their appearance differs from that in regions 
unaffected by igneous 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 solutions escaping from below. An analysis of the Pil­
gri!!l do1omite from this locality shov,s 43 .3 percent magnesium carbonate and 
5!+,.6 percent calcium carbonate, and this may be the source of the magnesium in 
ths talc. Of interest are the age relationships, wherein the talc must have 
been developed in Tertiary time subsequen� to the intrusion of the igneous 
m�sses. By inference this may have a bearing on the age of the other talc de­
posits in Montana 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 o f  a mile northeast of Argenta, 12 
miles northwest of Dillon. .rt 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 t o  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 similar to those made from talc. 
Hence it is a competitor of talc, but it has not entered into use as exten-
si ve:)..y, possibly because known deposits are not as plentiful or as well devel­
oped. North Carolina is the principal producer, al though it also occurs in 
California. Value of crude material is not greatly different from that of 
ceramic 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 elsev1here in an area about 200 to 400 feet 
across. In general, in this locality the igneous 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, These bands are interspaced with 
bands of a somev,hat impure material v,hich has a sandy appearance. A sample of 
the more pure part of the pyrophyllite deposit when panned yielded 10 to 15 per­
cent 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 igneous body is a small local intru­
sion, somewhat stock-like in character, which c1.1.ts 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. I\";etalliferous deposits, particularly those ::f 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 tl1is pyrophylli te 't0posit would seem to dope:µd on the L1i tia ti ve 
of local promotors, the quality of material ·which can be pr()duced in s!1ipping 
quantities, and the market demand, The xeuence of large commercial de_?osits of a 
good grade of talc in this part of Ifonto.na, which are boinr; �fficiently operated, 
detracts from the possibility of Hie present successful development o.i.' the 
pyrophyllite •. 
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PART II. GRAPHITE 

General Considerations 

Crystalline graphite of a quality equal to that imported into the United 
States from Ceylon occurs in commercial deposits southeast of Dillon. About 
2,200 tons of concentrates have been marketed. Dillon, with a population of 
about 3,000, is the county seat of Beaverhead County. It is on a branch line 
of the Union Pacific Railroad, and also on U. S. Highway No. 91. 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 crystalline lumps one-half inch or rnore in 
length. It may be confused with molybdenite (molybdenum sulphide) but that 
mineral reacts vigorously ½hen heated with nitric acid whereas graphite is in­
active. Furthermore molybdenite has a bluish tinge of color. Amorphous carbon 
(Gt?:p�1i.t!',.) )is dull cn d earthy, resembling soot from a stove. 

Graphite is used in the manufacture 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 variou� 
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 (4 to 10 cents per pound), but 
during war-time demand, price� have been nruch higher. 

In normal peace-time years,production of natural graphite within the 
Uni tea. 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 $>14 per ton; however, United States production of 
natural graphite has flourished only in times of war when importation of high-
6rade foreign graphite has been greatly curtailed, and den:and 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 averafing �,90, $65, and $15 per ton. A substantial quantity 
of artificial graphite is manufactured. Commercial grades of natural graphite 
should contain not less than 85 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 �er Creek to a good mountain road, easily traveled by automobile 
during dry weather, which continues 9½ miles to the mines. The western slo pe 
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 i!,tilches 
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2 to 5 miles long, and bold exposures of hard rock ledges are common. The top 
of the range is a rolling upland, a remnant of an ancient erosion surface which 
existed in Tertiary time. 

The deposits were discorered in 1899 by Mr. Robbins, a prospector, and 
soon sold t o  Mr. Pearl I, Smith of Dillon who organized the Crystal Graphite 
Company in 1901. The first shipment of 50 tons made in 1902, came from the 
Bird I s Nest claim ,,vhich lies about one mi.le east of the main workings on the 
Groundhog Claim developed mainly in 1918. Between 1902 and 1920 about 2,000 
tons of graphite concentrate are said to have been marketed intermittently, 
most of this production being at the time of the first World War when prices 
ranged from 14 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 w'ho died in 1937. The property was leased in 1941, and operations were 
renewed under new management. In 1943 and 1944 a 1050-foot adit 280 feet below 
the main workings was driven, and in 1944 a small flotation mill was erected to 
treat the run-of-mine rock and old dumps containing rruch fine graphite. About 
150 tons of concentrate, valued at $120 to $200 per t9n, 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 o f  a complex series of gneisses, 
schists, and dolomitic marbles of early pre-Cambrian age. To the north of the 
graphite mines the metamorphic complex is definitely sedimen tary 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 
equ i�alent to the Cherry Creek serie�� named after that locality south of Ennis. 
Some of the marble members are 600 to 800 feet thick, and are the ·host rock 
for corrrnercial deposits of talc. The top of the series on Axes Canyon is ob­
scured by Tertiary dep osits, but not far distant middle Cambrian sediments 
overlie it. The Belt series of upper pre-Cambrian age is absent in this part 
of Montana. Apparently underlying the series is a great thickness of contor­
ted feldspar gneisses vh ich may correspond to the Pony seriBs .-:,--* In general 
the Cherry Creac series on Axes Creek differs in lithologic character, from 
the Cherry Creek series.in the type locality, particularly in the abundance of 
marble 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, �1d gradations in 
between. Garnet is present locally in thG metamorphic rocks. Marble, dipping 
about 45°N. W., is present adjacent to graphite at the east end of the dis­
trict, but this marble member, about 175 feet thick, tenn inates abruptly near 
the center of the district just east of the main graphite deposits on the 
Groundhog Claim. 

Many bodies of coarse- to fine-grained granite-pegmatite cut the metamor­
phic rocks at the mines, and one mass trending northeasterly is 100 feet wide 
and 800 feet long. Some of the pegmati te contains pyroxene mj_nerals. 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 are probably related to the late Cretaceous or early Tertiary 
intrusions of Montana. 

A dark-colored igneous dike similar .to diabase ·strikes-northerly across 
the graphite-bearing area and stands nearly vertical. Through most of its 
extent it is about 25 feet thick, but it widens to about 100 feet at its north­
ern end. Other dark-colored dikes are present a short distance west of the 
-,�-P8ale, A, C., Descr iption of the Three Forks sheet, Kontana; U.S. Geol. survey, 

Geologic atlas, Three Forks Folio, No. 24, 5pp, 1896. 
-:Hi-'1'

r
·��i0y-

J. 
Wilfred, Schafer, P.A • .., and Hart, L.H • .., A geological reconnaissance

o · the -iobacco Root Mountains, Madis�m County, 1V1ont!lna: Montana Bureau of 
Mines and Geology, Memoir No. 9, 193j. 
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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, Yihich indicates that they are youns in geologic age. Some of the peg­
matite has been observed cutting the dark-colored dike rock. 

The general strike of the vc1rious members in the metamorphic series along 
Axes Creek and 2.djacent area:::: is quit(� constant N 50° E, 2nd the average dip 
rangos from 70° to 80° 

NVi. Detailed geologic structure at the mines is obscure 
largely because of the sudden tcrr.�nation of the massive m arble member and the 
complexity of the gneissic rocks. The marble does not appear to be terminated 
by major faulting because of tho continuity of a marble member about 2,500 feet 
northward. Near its vmstern termination the marble, �.hich shows good bedding, 
is extremely crumpled, the small folds one inch to on8 foot or more in height 
forming complex patterns; however, there is littlo or no evid";nce 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 comrrrunication) suggests 
that the marble is terminated by an ignems intrusion which came into the 
Cherry Creek sediments prior to their re[;ionE:.l metamorphism, and that this 
igneous rock was converted into gneisses in early pre-Cambrian time by the re­
gional metc:morphism vihich also altered the Cherry Creok sediments. The vrri ter 
favors the latter interp:r,,tation, 2ncl he seE::s no evidence· of if::oc:lin-:�l fcld:i_pg 
of the magnitude necessary to terminate the marble. 

Evidence of minor faulting such as slickensided fissures, clay gouges, 
and breccias, is plentiful in the mine workings. The age of such faulting 
appears relatively young bec,rnse of the ltck of consolidation and a tendency 
toward existence of vugs. 

Occurrence and Origin of Graphite: The graphite occurs in vein-like 
bodies and veinlets in gneiss and pegmatite, as dissemi nations and irregular 
sm2.ll masses in pegmati te, and as dissi::,mina tions in the metamorphic rock 
essentially gneiss. Most observers use the term vdn in describing the de­
posits becouse the graphite commonly +ies between well-defined rock walls; but 
the voins are irregular in that they pinch and swell within a few inches 
developing "bunches" cl.nd "pockets" of graphite, and they commonly continue 
but a few feet, perhaps 10 or 3), both vertically 2nd horizontally. Some may 
continue much farther. Many such veins are grouped tof'.;ether forming A min­
uralized 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 11 

appears to plunge N 20° W. at an angle of about w.S degrees. Locally a system 
of veii:is may be nearly parallel� but in general there is no definite direction
of strike. They cut the gneiss and µ;gmatite indiscriminately, and dips arc 
always steep. Veins may split into two or three strands, end 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 a stock viork of graphite-filled fractures with disseminated graphite in
the rock between. 

In thickness a v;.;in may range from a thin film up to about one foot, and 
pockets of graphite ::;_x feet across hc:ve been described. Thicknesses of one 
to four inches are average. Late minor r,,ovements Glong some of the veins has 
caused slickonsidcs in the::: graphite. 

The disseminated graphite occurs in or near the vein zones, particularly 
in the rock between veins. That in the gneiss is generally fine-grained and 
platy, lies parallel to the gneissic structure, and is interlayered v�th the 
minerals of tho gneiss. It is more plentin1l near veins. Graphite diss�m� 
inated in the pegmatite is coarser grained, it may be bladed and in radiating 
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clusters and it may occur in irregular masses or in rosettes a1 inch or two 
across. Whether this graphite is a replacement, or an original constituent 
of the pegrnatite, 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 crystal flakes which may be one-half 
of an inch long may be irregularly massed together, or arranged in successive 
radiating clusters, or in layers of parallel flakes 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 have developed by graphite 
flakes growing in layers parallel to walls of fissures. Radiating clusters of 
crystal flakes ·which commonly have the shape of rosettes one-fourth to three­
fourths inch across, are conspicuous. 

As seen in thin section under petrographic microscope, tho disseminated 
graphite in both tho gneiss and tho pegmatite occurs as crystal flakes associa­
ted with grains of tho rock-forming minerals mainly quartz and feldspar: (1) 
cutting grains in microscopic fractures, ( 2) 11 bi ting" into grains repJa cing 
with irregular boundaries, (3) as flakes projecting into g rains and termina­
ting within the grain boundaries, (4) possibly as films bctwec,n· grain,:boun­
daries •·. Where the scattered flakes are more pk ntiful they become massed 
together forming irregular lumps of graphite in the rock. The boundaries of 
the lumps show many flakes extending away from the mass. In gneiss tho graph­
ite flakes tend to be arranged parallel to the gneissic structure, but many 
flakes lie in random directions. In pegmatite apparent random orientations 
predominate, and locally a radial pattern may be developed. The grain size of 
the graphite ranges from microscopic specks to crystals which may be a half 
inch or more in length. 

Such conditions of occurrence of the disseminated flakes of graphite 
indicates a replacement of the rock by the graphite. This, however, does not 
preclude the probability that much graphite was actually deposited in open 
chvitics and fissures. The presence of the vein-like bodies containing flake 
graphite arranged in layers parallel to the walls ::f the vein, and occa� 
sionally banded in two or more layers, indicates cavity filling. The flakes 
in the layers stand at right angles to tho walls of the veins. The bulk of 
the graphite produced so far has come from the vein-like structures. 

The origin of graphite is somewhat problematical. It is believed to have 
formed at depth, before this region was uncovered by erosion, through the 
action of very hot solutions or vapors given off by deep-seated igneous bodies. 
It is suggested that these solutions, hotter than the decomposition tonperature 
of calcium carbonate (mz.rble), caused the carbonate to give off carbon monoxide 
which in escaping and cooling was converted to carbon dioxide, thereby liber­
ating free carbon which precipitated in crystalline form. Intimate associa­
tion of the deposits with numerous pegmatite dikes and the close proximity of 
carbonate rocks substantiates this thoory. The geologic ago of the deposit as 
inferred from the probable age of the pegmatite dikes, is believed to be very 
late Cretaceous or early Tertiary. Confirmatory evidence of the late age of 
the graphite is the occurrence of this mineral elsewhere in the complex in 
gold-bearing quartz veins conceded to be associated with the Cretaceous­
T0rtiary intrusives of Montana (Missouri-McKee mine northwest of Ennis). 

Mining and Treatment: Practically all mining has been done by underground 
methods. D.iring the early periods of mining, and until 1943, adits were driven 
into the mineralized zone, and drifts followed the more important vein struc­
tures. In particular, search was made for large pockets of graphite. The 
massive graphite was dug out from veins and concentrations by means of scrapers 
consisting of a bent and flattened tip on a long iron rod. It was then gathered 
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on canvas, sacked in the mine, and taken to the surface. As graphite was 
scraped out,the workings were advanced, and then the cycle was repeated. 
Disseminated graphite vfas rejected, and that material removed to facilitate 
mining operations was taken to the surface and piled into reserve dumps. Such 
a method resulted in irregular workings and much hand labor. It also resulted 
in rrine dumps containing much graphite. 

A total of about 3,500 feet of mine workings has been driven. As may be 
expected a composite map of all mine workings is most complex. Four main adi ts 
from which most of the graphite was mined range in length from 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 some 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 main 
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 was en­
countered directly beneath the old workings. However, graphite is present at 
the end of this adi t, north of the upper workings, and it would be desirable to 
extend the adit farther into the mountain. 

In 1944 a 125-ton flotation mill was erected to recover fine graphite, 
and to t reat rock containing disseminated graphite. The plant consisted of a 
simple crushing unit, a simple flotation unit, and a drying unit. Mill feed 
is reported 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 1944, 
and it is probable that this method vii. 11 be continued. 

An overall average of material mined since 1941 is reported by the op­
erators to have assayed about 12 per cent carbo n, 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. Materi2.l 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 are difficult to calculate because of irregularities in graphite occur­
rence, and because the graphite-bearing ground has not been entirely delin­
eated. Additional development work is needed to prove the existence of graph­
ite at a depth greater than the main workings. However, there is probably an 
available reserve of between 100,000 and 200,000 tons of rock of milling grade. 

Graphite Mine on the Bird I s Nest Claim 

The mine on the Bird's Nest claim lie on a heavily timbered mountain 
slope about 4,200 feet N. 68 ° E. from the main workings on the Groundhog claim. 
A bull-dozer road leads part vmy to the claim. The marble which terminates 
to the west on the Groundhog claim passes -lv�thwis0 through the Bird I s Nest 
claim, and adjacent to the marble are complex gneisses and schists. Granite-
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pegmatite is present between the two claims, and also in t he mine workings on 
the Bird's Nest claim. The graphite occurs in the gneisses, schists, and peg­
matite immediately adjacent to the marble on its south side. No evidence of 
notable offsetting of the marble by faulting was observed. Three adits have 
been driven into the mountain slope the longest of which is about 270 feet in 
length, and some stoping has been done. Practically no timber has been pJa ced 
in the mine, and the openings are still readily accessible 45 years after 
mining. 

The graphite occurs nruch in the same manner as on the Groundhog claim, but 
the veins and pockets appear to have been fewer; and a crushed zone,although 
present, appears to be smaller and more poorly developed. The pegmatite cuts 
the schist and the marble irregularly. The graphite vein! cut the schist, bend 
in and out, p;Lnch and swell, and appear and disappear suddenly. Graphi tc is 
present in the pegmatite and in close proximity to the marble, but no graphite 
was actually observed in the marble. The amount of unmined graphite could not 
be ascertained, but it seems probable that much �aterial of milling grade is 
present. 

Graphite in the Timber l]ulch Talc Deposit 

An occurrence of graphite of much geological interest is on lower Timber 
Creek three miles southwest of the Crystal Graphite mines, a t  the (CruSJ.cw\nt'. thlo 
mine of the Tri-State Minerals Company. The mine lies on tho low�rmost slope 
of the mountain about one-half mile from the valley bottom of  Blacktail Deer 
Creek. It is accessible by automobile on a dirt road which branches off the 
road to tho Crystal Graphite miries along the east side of the main valle�. 

Two exposures·of marble, 10 to 15 feet thick and separated by about 150 
feet of gneiss and schist, have in places been partially or completely altered 
to talc. The metamorphic rocks, a part of the Cherry Creek series, strike 
northeaster]y and dip northwest at about 50 degrees. The talc deposits have 
been opened by pits and a shallow inclined shaf� to depths of 10 to 20 feet. 

CrystGlline graphite occurs disseminated through the talc in thin flakes 
up to one-eighth i nch across, the quantity of graphite an,ounting to perhaps 

one-half of one per cent. The fJakes lie parallel to one another and to the 
bedding of the marble; and individual flakes aro distinctly separate from each 
other. No commercial significance is attached to this occurrence of graphite 
at present. 

Graphi to V!est of 1):311 

Occurrences of graphi to about 12 miles west of Dell ( See fig. 3 ) in 
extreme southwestern Montana have been prospected, and although not 6f appar­
ent co�mercial value at present, should be briefly described becaus€ of in­
terest concerning them. The deposits lie mainly in sections 27 and 34, T. 12 
S., R. 11 Vl., on both sides of the divide between a north fork of V[ilson Creek 
and an east fork of Kat8 Creek, which in turn arc small tributaries of Muddy 
Creek and Medicine Lodge Crock respectively. No roads which can be traveled 
by automobile enter the area, and it is necessary to walk one to throe miles 
from the ends of the poor roads which follow the larger creeks. Slopes are 
steep and divides are 500 feet or more above the creek valleys. Only scatter­
ing timber is present. 

Numerous pits have been dug, and several adits up to 100 feet in length 
have been driven on showings of graphite by p rospect ors and by the National 
Carbon Company of New York City, tho work having been done mainly about 1918. 
No graphite is known to have been shipped, but it is present in dumps, and c2.n 
be seen in outcrop and in float. 
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Host important rock formations exposed in the area are the white crystal­
line Ivladison lir.iestone of lovrer Lississippian age and a complex metamorphic 
series of 6neisses and schists of early pre-Carabrian ase. Devonian dolomitic 
limestone is present north of the main workin1;s, 

The metamorphic rocks have been throvm against the Mississippian limestone 
by a major fault of late Cretaceous or early Tertiary a1;e (Laramide) which ex­
tends 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 crushed near the almost vertical fault zone ., The 
fault may be r,ml tipl0, that is, composed of nore than one plane of breaking. 
The l.�adison limestone which is uniform in character from place to place srwws 
little evidence 6f alteration other than recryBtallization 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, al though cor.1posed of gneisses 
and schists comparable to the Cherry Creek series in degree of metamorphism, 
does not contain the same sequence of members, and the members theraselves are 
so!'le-v,hat different in litholo;ic types. The rocks are well banded, and the 
banding stands at steep an�les or vertical. Strike of the gneissic banding in 
the area of graphite de ,)osi tion is nearly due north, but local irregularities 
occur. In genoral, 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 !:leta1i1orphic rocks are present. One characteristic typo of met­
amorphic rock is composed mainly of hornblende and may be classed as amphibolite. 
It may be metamorphosed pre-Cambrian dike rock. However, ty;_Jical feldspar­
quartz gneiss with more or less biotite is plentiful and widespread. 

-··• ..... -1.,.-, ------ -- -----·-- -----,-------- ---

. �----

" 
/ \ 

R. 11 VI. 

I 
R. 10 W. 

� ! R. 9 1{.

/' � 0 
I/ ·, i . ' ' 

T � ! -� '(idd 
12 : � � 
S :--"' \ Fault ' " . � � 

'�c:::: \ \J I I N \ 'J ' . IQ 

; \ , :-ii , I � <'-
/ � 

---

I ' � 

�---..ii I \ \w1,tp·o11 Cr f�- I \
s. I I I ft \ i , ✓/ 

c_ __ _,__,__ __ \ _____ l ____ il�' _::_ -�---'---,1..._( __ ___,'--"'"
Figure 3.---J\iap showing location of graphite deposits west of Dell. 

No pegmati te dilrns of the Cretaceous-Tertiary type, so cor.unon in most meta 
amorphic areas in Eontana, were observed. Also no marble members in the gneis­
sic series in or near the area of graphite deposition were observed, except 
that as a coarsely crystalline limestone or a marble which may be of' pre­
Cambrian age is present near the mouth of Kate Creek about 3 miles northwest of 
the main deposits, 

The graphite is closely associated with the fault zone, and appears to 
lie in the fault gouge, in fault breccias, and in tho crushed gneiss nearby. 
None was observed in �assive solid limestone, but graphite-bearing rock from 
pits was observed in what appoared to be breccia zones in limestone, The main 
fault can be traced for perhaps a mile by prosp�ct pits dug along it for gra­
phite. 
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On the east fork of Kate Creek graphite may be observed in the hillside 
float and in mine dumps of two adi ts which lie about one-half mile west of 
the main fault zone; however, these occurrences may be associated with a 
complimentary fault in the gneiss west of the main displacement. Another sim­
ilar deposit of graphite is near the mouth of Kate Creek 3½ miles northwest of 
those described above. The mode of occurrence and the character of graphite 
are similar. Two inclined shafts were sunk to 2" dEp th of about 30 or 40 feet 
near a contact between gneiss and coarsely crystalline limestone. 

The graphite itself in all of these deposits is fine grained and in hand 
specimen generally shows as powdery black material, or in flakes too small to 
be clearly seen witlilthe 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 betwem grain 
boundaries of feldspar or quartz, and they may penetrate grains of these min­
erals. As seen on a saw-cut surface they form an intricate or reticulate pat­
tern of needle-like crystals (probably edges of flakes) growing in all direc­
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 may 
contain 50 per cent or more of graphite. A composite analysis of material 
taken at random from four different mine dumps on the Kate Creek side of the 
divide shows approximately 12 per cent carbon. 

The graphite-bearing zone appears to stand nearly vertical, and as ob­
served on hill slopes is continuous in the vertical dimension at least 200 
feet. The graphite evidently has replaced the pre-existing minerals of the 
gouge, the breccias, and the gneiss; and it has bem introduced into its 
present position, probably by hot solutions or vapors rising along the ruptures 
created by the large fault. 

The commercial possibilities of the deposits would seem to depend on the 
development of a suitable method of milling whereby the rock-forming minerals 
could be separated, because the material as it comes from the mine is not of 
commercial grade. Since only graphite and the common rock forming minerals are 
present, flotation should yield a satisfactory concentrate. Grinding would 
have to be fine to liberc:.te the particles, but the rocks are soft and should 
grind easily. Mine workings are not such that reserves can be calculated. 
Although graphite was observed for nearly a mile al. ong the fault zone, no doubt 
it is more concentrated in some pl&ces than in others. The first procedure in 
any at tempt to exploit the deposit would be to determine the amount of milling 
material available, and the per cent of carbon it contains. 

Scattered Oc currences of Graphite 

Crystalline graphite is known to occur in minute flakes and small amounts 
in many localities in southwestE.crn Montana, particularly in the mGtamorphic 
rocks. Generally it is not recognized due to the small size of the flakes. 
Commonly where talc is found microscopic flakes of graphite have been observed 
either in the talc or in the adjacent rocks. Graphite accompanied a 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 
are sent to the Montana School of Hines for identification. The mode of occur­
rence appears to be similar to that previousl y described, and these occurrences 
suggest that the graphite-producing iWocess occurred over a wide region. How­
ever, since all of the mountains of Montana have been carefully prospected 
again and again for metals, it is unlikely that 12,rgc commer cial bodies of 
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crystalline graphite have been overlooked. If found they would be expected to 
be in areas of gneiss with marble or limestone nearby, and the presence of 
pegmatite would be an additional favorable indicator. 

Beds of carbonaceous and petroliferous shalE:: up to 100 feet in thickness 
are pr,3sent in the Pc:-.leozoic and Mesozoic series of sedimentary rocks in 
Montana, but the carbon in them is not in the form of graphite., Some of the 
petroliferous shales ( commonly called oil shale) will hold a flame when heated 
with a match, and will yield 10 to 20 gallons of oil per ton of shale by 
destructive distillation. When such material is crushed in large fault zones, 
many of which are present in western Montana, it takes on a greasy shiny black 
appearance, and 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 coIJ1Jre rcial significance is attached to such occurrences so far 
as graphite is concerned since tho carbon could not readily be concentrated 
from the shale minerals which constitutes the main mass of rock. This material 
might have some value as a mineral body in paint or other commodities. 

Although coal is ·pr0s0nt· in' t:L: youn,c;c,r ·str:�l�'. .. · i,1 'th,· ·;i.p'.Jbt�ins of :-:es.tcr,n 
Montana, it is not definitely known to have been converted into graphite. 
Furthermore, th0 various Hontcma occurrences of crystalline gr2.phi te are not 
believed to have had any genetic relationship to doposits of coal or carbon­
aceous material, excepting as limestone 2nd marble contain carbon. 
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PART III. VE.Rlv1ICU LITE 

General Considerations. 

The vermiculite deposit near Libby, Montana, �ecognized as such in 1918, 
is the first to be worked in the United States successfully on a large com­
mercial scale; and development of this deposit, beginning in 1923, marked the 
initiation of a new industry not only in this state but in the nation. In 1947 
this industry yielded over a million dollars from material mined. Although 
the Libby deposit is the only one being operated in Montana at present, other 
deposits of this unusual mineral are known in the state, and their future a­
waits systematic exploration and development. 

Vermiculite is an unusual mica-l�ke material which receives its name from 
its peculiar property of expanding and opening out 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 brownish 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 expansion--other types of micaceous minerals will. not expand. In 
composition vermiculite is a hydrated silicate of magnesium, aluminum, and 
iron in which the chemically combinecl. 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 blocks, 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 a� 
for packing, lubricants, rubber goods, and in paper, inks,_. and paints. Its 
acoustic pr-0perties are notab+e• A very large quantity is used in loose form 
for heat and fire insulation in walls and ceilings •• It also is used as a 
light-weight aggregate in concrete, and plaster, and this is now the largest 
use of this material. It has sqne practical value in its natural state, but 
mo3-t of the vermiculite is expanded prior to use. The expanded material will 
float on water. Tyler·* in 1938 stated that "For expanded vermiculite the 
standard volume ratio is 6 pounds per cubic foot, 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." 

As an insulator vermiculite competes with mineral or rock wool, a manu­
factured product made by forming fine fibers from molten rock blovm into a 
stream of air or steam, and there are other competing materials. 

Vermiculite has been found and ,;orked in several other states and in for­
eign countries. Deposits were discovered in i\iorth Carolina as early as 1873 
and in Pennsflvania 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 knovm, it is probable that additional deposits will be 
discovered. 

Actually the term vermiculite includes a group of similar minerals which 
are essentiall alteration products of biotite or hlo o ite (black and brown 
* yler, P. M., Minor nonmetals: • S. Bur. Mines, Mineral& Yearbook, 193 ,
P• 1314.
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micas) or possibly hornblende, which are present as the ordinary constituents 
of dark-colored intrusive igneous rocks such as peridotite. However, vermi­
culite is also observed in layered or metamorphic rocks such as mica schists or 
gneisses. The cause of the alteration is uncertain; it is generally assigned 
to hydrothermal (hot water) .action, and bearing on this mode of origin is the 
regular association of pegmatite dikes with vermiculite deposits. An alter­
native theory for its origin is by action of weathering and surface waters; but 
it seems pro.bable to the writer that, even if weathering has had a. pa.rt in the 
alteration, it is subsequent to an earlier deep-seated chane;e in the original 
minerals. These considerations have a bearing on continuation of deposits with 
depth, in that if the material has been developed by weathering, deposits would 
be expected to be relatively shallow., but if developed by hydtothermal solut­
ions, deposits would be.expected to continue to considerable depth. 

. In Montana. this mineral is knovm to occur in several !l.ocali ties, chief of 
which are near Libby, Lincoln County; Hamilton, Ravalli County; P�ny, Madison 
County; and in the Bearpaw Mountains near Box Elder in Hill County. Other de-, 
posits of micaceous minerals similar to vermiculite also are known, for example 
on Sq�aw Creek south of Bozeman. All of these occurrences, except near Pony 
and vic'inity., are of direct igneous origin, the mineral beine; found in large 
intrusive·masses or dikes. The.deposits near Pony:and in the region southward

occur in pre ... cambrian biotite or ho.rnblende 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 large intrusive masses appears · 
to occur as local concentrations where da:rk (ferro ..i.magnesian) minerals were or­
iginally more plentiful, or else where z7nes ,of alteration were more intense; 
however, certain dike.-like bodies are almost al'l vermiculite. High grade vermi­
culite bodies are generally very i:r-regular and mor,e. lens-like in character at 
Libby, and dike-like bodies are rarely seen� Because of its mode of origin., 

vermiculite is to be expected only in the mountainous areas in Montana, as it 
is only in these areas that condit�ons suita,bl;e for its formation existed. 

Vermiculite 'deposi'ts nea;r Libby 

The deposits of vermiculite near Libby are the largest yet worked, a.nd a. 
reserve for many years has been proved. They lie seven miles northeast of Lib­
by, and are read'ily accessible by automobile by traveling first for four miles 
ea.st along State Highway No. 37 which follows the north 9ide of Kootenai River., 

a.nd 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 considered mountainous., 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 is a.bout 3000 is on the main line of the Great 
Northern Railway, and also on u. s. Highway No. 2. Large lumber mills are at 
Libby., but grazing and sorne agriculture and metal mining are carried on in the 
surrounding region. Annual precipitation may reach 50 inches ., and snow is deep 
in winter. 

The deposits, _discovered about 1915, were soon investigated by Mr. E. N. 
Alley who, see_ing the commercial possibilities of the expanded material, experi­
mented with the proce.ssing and utilization of the vermiculite, and he devoted 
time to promoting its development, a difficult task because the material was s.o 
little known. However, the Zonolite Company was eventually formed, and commer­
cial production on a small scale began in 1925 from material taken from shallow 
open-cut; workings ., The vermiculite wa.s expanded in a small expansion plant which 
had been erected at Libby in about 1922 q 
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Two other companies ., the Micali te Company and the Vermiculite and Asbestos 
Company., were subsequently formed in 1926. Tho former did not function long, 
but the latter sunk pits and drove adits on exposures of vermiculite lying 
-northwest of the original discovery. In 1931 the Dominion .. stucco Company of
Manitoba. acquired an interest in the Zonolite Company. In 1931 the first con­
centrating plant was erected near the mines. In 1939 the Zonolit.e Sompany and
the Vermiculite and Asbestos Company merGed to form the Universal Zonolite
Insulation Company, leaving but <me company operating in the district. In 1948
this company changed its name to Zonolite Company., head office of which is in
Chicago, and the Zonolite Company now operates the mine., the mill, and the
marketing of the product. The original concentrating plant has been remodeled
and enlarged from time to time between 1936 and 1947, and the process of con­
centration changed as more improved methods were developed. The present mill
(1948) uses approximately 1 1 000 tons of feed per day which yields between 3.50
and 400 tons of concentrate. The otiginal expansion plant at Libby has been ,
reconstructed•

Production of crude and expanded vermiculite gradually increased as the
product became better knovm from meager shipments in 1925 to about 20 .,000 tons
in 1940 ., and 75,000 tons in 1946, The value at the begin..�ing of operations of
the unexpanded vermiculite at the mines was approximately $12 per ton,'but w.ith
increasing volume of production., varying market conditions., and demand for var­
ious grades., prices have ran;ed from $8 to �'.il3.50 per ton at the mines. The·
value of expanded vermiculite (f.o.b. processing point) ranges from $.70 to
$1.25 per bag of four cubic feet weighing about 25 pounds ., which is a rate of
from $56 to ��100 per short ton.

Mining at Libby has been carried on mainly by means of open cut methods,
the rock being dug with power shovels and haule<;l. by half-track truck and con­
veyor belt to the concentrating plant which is near the mines. Selective min­
ing is practiced. Dimensions of the pit are: length 120G feet ., width 700
feet, maxinrum depth 100 feet. The conce.ntrate 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 a plant at Gr@at Falis and to cities in other states, Canada, and
foreign countries. Several adits have been dr,i.ven, and one adit 750 feet long
has beert driven beneath the open cut so that it crosses the- deposit at a depth
of 265. feet beneath the surface. 'i'he general character of the vermiculite in
this adit is not particularly different from that near the surface.

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 coarse material. Various applications of air
suction., of air lift., and of electrostatic separation were tried. At present
concentration is accomplished essentially by sizing and screening in conjunct­
ion with differential crushing ., and a recovery of between 75 and SO per cent is
achieved on run-of-mine material averaging from 40 to 50 per cent vermiculite.
A concentrate containing 90 per cent vermiculite is obtained. Extensive stud..;.
ies on concentration., processing, and utilization are be�n� continued.

Weight of the uncx::mnded Libby vermiculite concentrate is about 55 pounds
per cubic foot, .and the weight of the expanded material is about 6 pounds per
cubic foot. During the process of expansion a loss in weight bf about 10 per
cent occurs, due mainly to escape of chemically combined water, although not
all of the combined water is driven off• The expansion of the crude mineral is
achieved by heating quickly to a red heat (1600 ° to 2000° Fin 5 to 10 seconds) •.
1'.he material is then coo],ed: rapidly, the rapid Cboling resulting in better plia­
bility and toughness to the rather brittle particles. Several types of exfoli-
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ators are in use. One difficulty encountered in exfoliation is that the partly 
exparyded particles tend to insulate themselves and thus prevent complete exfoli­
ation. vihen vermiculite is expanded in an oxidizing atmosphere ., it yields a . 
golden-colored product. In a reducing atmosphere, the end product is ailver­

colored. This characteristic is important when expanded vermiculite is used in 
paints, pigments, and inks. 

Geology 

The general geology of the area was first studied in detail by Pardee and 
Larsen*, although other investigators and the writer also have studied the area. 
This part of Montana is underlain by quartzite and argillite (hardened sandstone 
and shale) and impure limastbne of the Belt series of uppermost pre-Cambrian age, 
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Figure 4. --Geolo 0;ic map of Libby vermiculite depof,li t, Lincoln County. 
p,�s, Spokane forma-i;ion; p€n, Newland fon'nb.tion; p€r, Ravalli formation, 
sy, syenite; py, pyroxenite; v, biotite rock altered to vermiculite. 
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totaling more than two miles in thickness. The general regional structure at 
Rainy Creek is a large open syncline in which the Spokane and Newland form!ltions 
(subdivisions of the Belt) lie in the center,. Minor folding and faulting are 
present, and dip of strata is commonly 30 to 50 degrees. At Rainy Creek in­
trusions of pyroxenite and syenite, together with some pegmatite, intruded the 
Belt strata in late Cretaceous or possibly early Tertiary time, and these rocks 
*�ardee, J. T., and Larsen, E� s., Deposits of vermi6uli£e and other minerals
il;l the Rainy Creek district near Libby, Montana: u. s. Geel. Survey, Bull. 805
-B, pp. 17-29, 1929•
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now form a stock about four miles long and two miles vride. Proportions of the 
pyroxenite and syenite are about two-thirds and one-third respectively. (See 
map, figure 4 ). The vermiculite is a constituent of tl'le pyroxenite. 

The pyroxenite, first intrusive of this group, is a coarse-grained dark­
colorsd rock with a greenish tinge, so altered that it can be crushed by 
squeezing in the hands. In the shallow workings holes for blasting could be 
drilled with an auger if so desired, however excavation is essentially by pow­
er shovels without blasting. Mineral composition of this intrusive differs 
from place to place from nearly pure pyroxene (diopside) to nearly pure bio­
tite. Alteration has proo.uced vermiculite and in some plades 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 pre­
sent in varying a.mounts, generally less than 15 per cent. Vanadium is a minor 
constituent of some of the pyroxenite, although it is reported to be pr�sent up 
to four per cent in small concentrations.*• The vermiculite-bea.rini; area has 
been described as lying in a zone about 2000 feet vride and two miles long strik­
ing northerly. Hard, resistant vertical syenite dikes 5 to 10 feet wide lie 
parallel and form "ribs" in the vermiculite zone. 

Specific gravity of the pyroxenite is about 3.4. An analysis of a sample 
of the pyroxenite shows the followin6 constituents calculated in terms of oxid­
es of metals, although of course pr.actically all constituents are in the form 
of silicate minerals. 

Analysis of pyroxenite from Rainy Creek, Montana* 
per cent per cent 

Silica .. • • • . . •
37.47 Sodium and potassium oxides. • 

1.30 
Alumina. • • • . • 2.86 Water, • • . . • . . . . . . . 1.00 
Ferric oxide • • • ll.77 Titanium oxide • • • . .. . .. • 1.07
Ferrous oxide. • • 7.83 J>hosphorus pent oxide • .. • . • 4.33
Magnesium oxide. • 10.12 Vanadium oxide • .. .... . • • • .- 0.12
Calcium oxide. • • 21.68 Fluorine • . • . . . • . . • • o.36 

The syenite is medium to coarse grained
., 

nearly white when fresh, but iron­
stained on weathered surfaces. In addition to the main mass are the many dikes 
which cut the pyroxenite, and it is suggested that the large body of syenite 
may actually be made up of several smaller separate intrusions massed together. 
Mineral composition is chiefly potash and soda feldspars with about 15 per cent 
muscovite locally, and accessary minerals are dark diopside and hornblende, 
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 ILepheline and albite is reported. 

Pegmatite dikes are rather common. Three different types have been noted: 
(1) mafic, that is, dark colored and composed largely of pyroxene; (2) syenitic,
that is, light colored and composed mainly of feldspar without quartz; and (3)
granitic, that is ., composed mainly of feldspar with quartz� This order is also
probably the age sequence. The granitic types are snall and most common, they
cut all rocks. of the district, and they grade into glassy quartz veins ·which
locally contain small amounts of copper

., lead, and manganese minerals. The
syenitic pegmatites grade along their strike into ordinary syenite, and they
**Larsen, E. s. and Hunt, 1,. F •, '.l!wo vanadiferous aegiri tes from Libby, Montana:
Am. Jour. Sci., 4th ser • ., vol. 36, no. 213, pp. 289-296, 1913.
*Pardee, J. T. and Larson, op. cit., p. 21 •
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appear to be associated.with a wide-spread wave of hydrothermal alteration which 
affected the pyroxenite, altering pre-existing minerals to vermiculite, asbes­
tos, and ser}cite mica. 

The vermiculite has no natural exposures, but soils in the outcrop areas 
show mica-like flakes, 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, crystals (booksJ up to ten inches across 
ma.y be irregularly massed together, but in the pyroxenite, crystals are com­
monly less ,than one or two inches across. The margins 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 ver-pical trend, and may be as much as 100 feet wide and 
1000 feet long, although, their width is more cormnonly 20 to 40 feet. Slip 
planes cutting the concentrations of vermiculite are common, but are apparent ... 
ly much later and had quality of the verr_p.iculite. 

The chemical composition of the vermiculite, as analyzed by the National 
Bureau of Standards., is -- as follows: 

Analysis of,v�rmiculite from Rainy Creek, Montana 

Silica • • • •  
Alumina • • • • • 

Iron oxide • • • • 
Calcium oxide. • • 

Per cent 
41,0 
18.0 

7.0 
1.0 

Magnesium oxide • � •.•.• • 
Sodium and pota.ssiun: oxides

Moisture . • • . . . . . ·• 

Per ce·nt 
2I.O 

1.0 

11.0 

Information on reserves qf _v�rT(liQU+ite .is not available, but, it is reported to 
be adequate for many yea�s to come. The grade over Q. period cf years has met 
a.11 market requirements, and there is no indication that grarie  will change 
within the_ known bod�es of reserve ri1aterial.  

Vermiculite deposits near Hamilt0n. 

The vermiculite deposits on Gird Creek about 11 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 pari:;s 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 s],_ope 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 8000 feet or about 5000 feet above Bitter Root River valley at Hamilton. 
State Highway 57, locally known as the Skalkaho road, c:r:,osses the range about 

2½ miles southeast of the deposit; but only trails extend from the deposit to 
this highway. Creeks flowing east and west from the Sapphire Range pass 
through deep narrow ca.nyon�like valleys mostly inaccessable by automobile. 
Much of the immediate area of yermicuruite-bearing rock_ has heen the, >·site of"a 
fore.st fire, and fa�len timber causes difficulty in traveling. 

Hamilton, population about 2000, is the county seat of Ravalli County. 
It is on a branch line of the Northern Pacific Railway 48 miles south of 
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Missoula, and also on u. s. Highway 93, an oil�surfaced road which extends 
from Missoula to Salmon, Idaho. 
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Figure 5.--Map showing location of vermiculite deposits near Hami:!-ton. 
p£s, Spokane formution; p8n, Newland formation; qm, quartz nonzonite; 
py, vermiculite-bearing pyroxenite. 

Mining claims were first laid out on the deposits in 1930 by Mr. s. H. 
(Swift) Cflamberlain of Victor (now deceased) and associates 0 Prospecting by 
means of pits took 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 Construction Cor,ipany 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 co)Jl!Jlerc­
ial grade, development work was not continued because tonnage available was 
in question. 

The vermiculite occurs in an intrusion of pyroxenite (dark-colored igne­
ous rock) which cuts impure limestone and argillites of the Newland 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 intrusions (quartz monzonite) are also present in this general region, 
and they probably mark the eastern m&rgin of the Idaho batholith. In general, 
the area underlain by pyroxenite is soil covered, but exposures of underlying 
rock �ay 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 cnaracteristics, althbugh 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 unusual silicate minerals such as tourmaline and 
tita.niferous garnet mn.y ,be observed, 

The v.ermiculite (or hydrob:i,otite at some places) occurs as disselninations 
and as concentrations in the pyroxenite. Some occurs in dike-like or tabular 
bodies six inches to bro or three feet in width in which crystals one to four 
inches in diameter are present, Many of those stringer-like concentrations 
cut the pyroxenite nearly vertically. Such a conditiort was observed near the 
west end of the area, but it is probable that similar conditions occur else• 
where. Some basic pe;matite is present. Much of the vermiculite is fine grain­
ed (1/32 to 1/8 inch), and occurs in o. metre or.less solid mass sparsely mixed 
with other minerals, Such is the case on Horse Ridge, a narrow 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 concent­
ration which grades into the pyroxertite on its margins. About one mile east 
of Horse Ridge additional occurrences mar be observed. A 50 .. foot adit has been 
driven into a mass of the mica-l�ke material. and vermiculite is present through­
out its length. Several pits ha�& been dug nearby, and vermiculite is exposed 
in road cuts along the switch-b�cks which take 'the road to the divide of drain­
age. On this divide at 8000 feet t..ltitude are more pits in vetmiculite-bear-
ing rock. 

The accompanying map (fig. 5') shows the area of dark .. colored igneous rock 
ae outlined by the prospectors who staked out the mining cl�ims, It is their 
word that vermiculite may be found from place to place throughout the area. 
The writer ha.s observed it across an area. aho\lt three miles long. 

Preliminary tests show that the vermiculite from different places exhibits 
somewhat different ability for expansion, howe�er m�terial of commercial grade 
is present. Material from the central part of the area (Horse Ridge) which 
weighed 86.6 pounds per cubic foot unexpanded yielded an expanded material 
weighing ll.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 size, had a weight of betvreen 60 to 70 pounds per qubic foot before 
expansion, and about 15 pGunds per cubic foot after expansion. 

Before operation, thorough sampling and testing for quality should be 
made from place to place throughout the area• and tonnages of ninable material 
should be determined. It is probable that success o� any large-scale operat­
ion will require milling of the run-of�mine material to remove rock or assoc­
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 inelined shafts in the Bearpaw Mountl\i�s 25 miles east of Boxelder 
on the Rocky Boy Indian Reservation. (See fig\lre 6) Boxelder, a town of about 
300 population, is on a branch line of the Qreat Northern Railway 23 miles 
southwest of Havre which is county seat cif 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 to 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 Creek, 
is about 4,000 feet. 

Hav:re., the principal city in this part of Montana, has a populaticm of 
about 7,000, Principal industries in this region are stock raising and grain 
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farming. No extensive minging has been carried on, although coal is present 
in this part of Montana. Natural gas occurs near Havre. 

The Bearpaw 1i.ountains, essentially a pile of lava and associated in­
trusives on and in relatively flat-lying upper Cretaceous strata, stand out
island-like at the western margin of the Great Plains which stretch out as a
level floor for many miles in all directions. Rapidly eroding streams have
cut deep valleys into the plains. 

Fit;ure 6. ··-i :ap showing location rf verr·.iculi te 
deposit i:-� the BearJJEW Lountains, Hill !;ou:,ty. 

The Bearpaw l�ountains 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). In plates the strata 
have been bent into folds and domes ,. and la-ccolithic structure occurs. Al­
though this area was a seat of volcanoes, the time is so remote that erosion 
has removed topographic evidence of their existence, and now in the heart of 
the mountains only the "roots" of these eruptions are present. 

The 'deposits were first opened in 1929 when an air compressor and other 
machinery for mining operations were installed and cabins were built. Effort 
to market the material met with little success, and after a few years oper­
ations ceased and machinery was_ removed. Since the recent war interest has 
been revived, and during the summer of 1947 mine wori-:ings were being cleo.ned 
o�t, and put into condition for operation.

The vermiculite nay be observed in an open cut about 40 feet above creek 
level, and in an adit driven beneath tife cut. Several dike-like concentrat­
ions which stand nearly vertical are from two or three inches up to nearly 
four feet in width. These have been described as basic pecmatite dikes. Al­
tered rock, now essentially clay, separattls the micaceous material; but n.t the 
sides of the cut relatively fresh rock (syenite and momzonite) is present. 
The main mass of rock comprising the intrusive in which the vermiculite depos­
its lie is monzonite, a rock somewhat similar to granite but containing no 
free quartz� The deposit present in the open cuty may be traced up the steep 
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slope by means of pits for perhaps 200 to JOO feet. Another body of the mica­
like material has been opened 225 feet west of the cut by means of an inclined 
shaft. Still other' occurrences are opened by pits or adits JOO feet across 
the valley, but the amount of vermiculite at this location appears negligible. 
The material is in 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 ne�r the land surface, whereas 
that material farther underground has not been altered as much, and �onsequent­
ly does not expand as much when heated. This observation was not verified. 
In general the material does not meet the specif�cations given by Tyler (See 
page 23). Shovdngs in the present mine workings indicate that the d,eposi t is 
limited. in size, but it would seem probable that with selective mining much 
material can be produced. 

Ve:innicvlite deposits near Pony. 

The vermiculite deposits about 4 miles northwest of Pony (See figun 7) 
and other deposits reported in lviadison County (county seat, Virginia City), 
are quite different from those just described in that they are alterations of 
a bioti te or hornblende schist which is a unit within the pre-Cambrian meta­
morphic complex widespread in southweste:rn 1':ontana. No commercial product-
ion has been attempted frpm these deposits, but prospeit 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, population about JOO, is on a branch line of the Northern Pacific 
Railway. A good graded road extends to Pony from State Highway No. 1 at Har­
rison, a small town six miles distant from Pony. Dirt roads, which are rough 
but passable, extend north from Pony and ½est 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 boulder Creek .and three miles east of this 
creek. A field road easily traveled by autom0bile leads northward to the de­
posit. No prominent exposures of the vermiculite�bearing rock may be seen, 
although examination of the soil 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 5443 feet above sea level, and of "the de­
posits about 6500 feet. 

The metamorphic complex in this part of M4dison County, generally consid­
ered the fony series, consists essentially of light and dark-colored gneisses 
containing much quartz, hornblende, and biotite in addition to feldspar, Some 
zones in the gneiss contain so much hornblende that they may be considered 
amphibolite, and other zones are essentially biotite mica. many bodies of 
pegmatite cut the metamorphic complex, and small stringers of quartz-feldspar 
pegmatite are present in the area of bu11.:.dozer cuts. 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 Root bath­
olith lies about four miles southward, but small granitic masses occur within 
three miles south and west. The layers of the metamorphic rocks dip 80 to 85 
degrees northeast, and the pegmatite stringers commonly follow the layers, 
Folded quartzite, shale, and limestone of middle Cambrian age overlie the 



metamorphic rocks about half a mile north of tbe vermiculite deposits. 
The vermiculite-bearing rock is in a zone of tYJ:1ical medium-grain�d sch­

ist about one-fourth mile wide. The schist is well layered, and in open cuts 
shows gneissic bands of quartz and feldspar, these layers being from an inch 
or two to perhaps a foot in thickness. The vermiculite occurs in similar lay­
ers, but their thickness may reach several feet. However, in the purest ma­
terial grains of quartz and feldspar, and also garnet, may be disseminated 
through the vermiculite. All of the micaceous mineral does not show equsi.l ex­
pansion, apparently some not having quite reached the "vermiculite stage"of 
alteration. 
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Figure 7.--Map showing location of vermiculite deposits near Fony. 
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The Pony vermiculite is fine grained, average size rangjng from about 1/5 
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 operations could readily be carried on by open cut methods. The 
material mined would require concentration because of the large amount of un­
desirable minerals associated with the vermiculite, and this amount in some 
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material may be· half the volume. However, some zones of vermiculite are near­
ly pure. 

Other areas of vermiculite-bearing schist have been reported south of Har­
rison, near Ennis, near Virginia City, and southeast of Dillon. They have not 
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 lie in the extensive area of schists and gneisses·comprising the 
metamorphic complex of southwestern Montana. 

�: ica-t>earing 1Jike Sou th bf Boz,en:,ah 

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 hiver. (See fig. 8, p. 36). The dike is one 
mile up a small tributary of Squaw Cree� knovm as kica Creek at a point where 
the gulch forks. The country rock is pre-Cambrian gneiss and schist, but it 
i� cut in many places by light- and dark-colored dikes and sills, and by peg­
matite dikes. A �ark-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 along the surface. The width of the body 
is variable, but near its sou therrrn10st 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, 
and parts of the dike may be almost all micaceous; however dark-colored sili­
cate minerals are also present and locally are dominant. Pegmatitic action 
shows in the form of small stringers of quartz arrd feldspar cutting the dike 
rock. 1

1 

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 inch 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 lev�l, 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 lV1ontana .,
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PART IV� ASBESTOS 

General Considerations 

Amphibole asbestos has been produced in ilsontl:l,na on a cormnercial scale 
from deposits near Karst Resort south of Boieman. Serpentine asbestos 
occurs near Cliff Lake, but has not been ::,reduced on a cornrnercial scale. 
Occurrences of asbestos have been reported at Libby, and it is possible 
that unknown deposits of commercial size are present elewhere in L:ontana. 

The 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. 

Asbestos, a na:-,e applied to a gr cup of minerals, is broadly of the two 
different types, ampl1ibole and serpentine, the latter being valued at about 
ten times the former. The fibers of the amphibole variety, also known as 
"brittle asbestos", tend to break and hence cannot be woven into cloth; but 
mixed with a binder, such as plaster of Paris, this type is excellent for 
the manufacture of fire-proof wall-board and shingles, for steam pipe and 
ft,rnace coverings, and J11any other comJ:wdi ti:3s. 

Serpentine asbestos, also known as chryBotile, separ�tes into fine 
strong. silky fibers .,hich can be spun into thread and woven into a. flexible 
cloth. Such cloth is valuable for fire-proof clotJ1in6 and gloves, for fire­
proof curtains in theaters; but in particular for bra�rn linings, clutch 
facings, and gaskets in autonolliles for which J11ost of it is used. I lecause 
of these characteristics it is much r,iore valu&tle than ar.:phibole asbestos, 
but good deposits of it are not plentiful. Serpentine asbestos is a hydrous 
silicate of magnesium; amphibole asbestos is a na�nesium silicate containing 
some calcium, aluminum, or iron. A definite distinction must be made be­
tween the two kinds of asbestos� 

Asbestos is easy to recognize, As it occurs in the ground it is a. hard 
solid fibrous mineral commonly showing pearly luster. However, srna11 pieces 
can be pounded oo.sily into a fibrous mass resembling cotton-batting. Dis­

tinction between the tv,o typos can be made by fluffinr; the mineral and then 
rubbing between the fingers. Amphibole asbestos will cfo,:elop 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 deg;ree of metamorphism, in most- cases 
extreme. Serpentine asbestos r.ifly occur·in altered basic igneous rocks, such 
as dunite or peridotite, or in altered dolomitic marble or limestone. 
About 90 percent of the worlds supply is deri�ed from dunite or peridotite 
which have been altered first to serpentine. Amphibole asbestos may occur 
in altered basic ign0ous rocl:s, or in sedimor.tary roc::s converted to schist 
or gneiss. Both types orie;inate by deep-seated alteration of pre-existing 
rocks. 

Deposits of minable asbestos in the United States are limited in extent. 
Deposits of chryBotile have been worked or explored in seven or more states, 
and amphibole asbe::,tos in nine or more stLttes; hovirever, total United States 
production is only fron 1 to 2 percent of tho world supply, and this 
country is practically dependent on imports from othar countri0s. Canada 
produces about 60 percent of the world supply, southern Africa and Russio. 
being next in importance 0 Total world production normaly ranges from 400,000 
to 600,000 tons per year, of which the United States imports over 50 percent. 
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Price of chryEotile asbestos ranbes from 020 to $750 per ton, depending on grade, 
and of amphibolG asbestos from �no to C,40 per ton. Le::ngth of fiber, as well as 
type, is importunt in determining utiEtf and value. 

Asbastos deposits naar Karst 

Location and accessibilitys The amphibole 'type of c..sbcstos has been rn.im:d 
and marketed from a de:_Josit ,32 miles southm;st of Bozeman near Kurst Resort on 
Gallntip River. Mining has been carried on in only one pl�co, but asbestos shows 
at other places within 1500 feet both east and west. 

T. 
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S. 
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s 
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Figure 8.--Map showinr, locution of Mic.a Creek de­
posit and the Katst asbestos deposit. 

Karst is 22 miles south of Gallatin Gateway, u station on a branch lino of the 
Chicago, MilwaukE:e, St. Paul, and Pacific Railway, und tho nearest shippin[; point. 
U� s. Highway 191, which is oil surfaced, extends c.long Gallo.tin Rivet past Karst. 
Elevation of Gallatin G�teway is 4900 foot and of Karst about 5700 foot above 
sea level. The urea is mountainoue. The; tladison Ra�1ge lies on the west side of 
Galla tin River, and tho Galla tin Range on the east s ido. Gallatin Peak about 15 
miles vmstward h, .. s u.n al ti tud<;1 of 10, 9G7 f3ot

11 
Gallatin Ri vor in t:1is locality 

flows through a narrow steep-sided valley lrnScvily timL>o:-ed in n.ost places. 
The asbostos deposits lie 2000 to ':!:000 feet wost of the highway and ri vor on 

a steep m9untain slope. They are about 1000 foot higher in elevation than the 
river. A sido road crosses the river on a vwoden bridge, and continues about 800 
feet to a small mill and cabins. A bull-dozer road and a foot-trail l0ad up the 
slope to the mine, and a horse trail cont:i.11ucs on into the mountains. 

The deposits were discovorod ncJ.rly half a century ag;o by Poter F, Karst who 
noticed the unusual mineral while hunting for deer. It is stated that about 800 
ton3 of o.sbestos were hauled on horse b,:..ck do,m the mountain slope and then hauled 
to shipping points in the next few years. LarGer scale development did not proceed 
until 1935, nea,rly 40 years after discovery, when the Karstoli te Company reopened 
tho deposit by open-cut and bo;::;an development. They produced a product called 
Karstoli te used for wall and ceiling insulation, In 1938 the lfontana Asb�stos 
Company bogan an operation which continued for two years. An aerial tro.m was 
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construct0d, und tho asbestos was millud �nd Ooncentr�tod no�r river level, 
sc.cked, and then trcmsportod by truck to GilL.tin Gc.t-:-wc.y, from v,here it Vfr.s 
shipped by ruil to mark.:;ts. Thu prop0rty then r;_;md.irn,d idle until 1947 when 
tho Intcrst�tc Products Compc..ny cut the bull-dozor road up the steep mountnin 
slope, c�nd prq1r;rod for cor.nncrci:;..l dovelopm,mt. 

GGnerul Goology:. The rocks und,orlying the c..rea of c..sbcstos deposits, and 
for s0v0rc;l milos around this c..ro :,, a.re mo.inly a p,.rt of o. compL.;x series of 
bandui c1.nd contort0d gnuissus c..nd schists of oarly pre-Cambrian flgo. They c,re­
probably 8. pc.rt bf what is known in Mont:ma as tho Pony seri0s. Mota.morphism 
is sb far .:.;.dvzrnccd thu.t it is difficult t9 de:;tormine if those rocks wure origin­
ully scdim0nt:-..ry or igneous, but it is probo.blo thG.t th<;y Y,cro Li.rgcly sodi­
m,mt:,ry. Thl)SO rocks ru,vo buen intruded by dikes or sills, D-nd most of those 
intrusions in turn show alturation, :::..lthough not c.11 to tho same degree as thc.t 
of tho conttdning rocks. Somo dikes, w;1ich no doubt Ll.ro to bo ussoci.:..tcd with 
the Crc:Jt:,ccous-Tvrtio.ry intrusions of N;ontc..na, show no signs of :11 t:Jrution. 
Pegmc.:.tit0 dikes unultcr0d ,--..nd undoformGd c.lsp (,re prosont close to the c.sbcstos 
duposi ts. Appnrcntly th,;ro is more thc..n ono :?criod of dike intrusion, and some 
dikes mc..y o.ntod,�to tha intense m.uto.morphism. The Go.lL, tin Rc1.nge oast of tho 
ri v0r is composed 0ssontfr .. lly of .:, thick svrios of Crot:.i.coous- or T0rtic.ry 
undcsi to flows tmd brl;ccL.:..s ( volc ..... nic m,i.t,:..ric .. 1) mc.ny miles in oxtont. Lc.nd­
slides of a r1Jmoto di:: to h::.vu murrod thG steep slope botwoen thG ::-.. sbcstos mine 
o.nd tho ri v-.:,r obscuring tho undz;rlying rock. They c.pp0,,r :,s roughly torrn.d.od
::-.rcc.s 50 to 100 fout wido p·:..r�11leling the.: f,LCO of tho mountc'.in, ::..nd they aro
timb0rod vii th lc,rgu tre,0s.

G0ologic structure of tho gnoissic complex is obscure, but 3 to 4 miles 
north -nd south of Karst c,re mujor fc..ults tronding northw0st ·whoso dis­
plll.cemcmt m::..y bo m0c..surod in torms of milos, In thu immc,dL::c t-:: n.rec. of the 
-d.sbostos de;;posits smn.llor f'o.�lts cut tho rocks n.ppo.rently in o.n intrico.to pat­
tern. 

The ,,sbcstos occurs in srn·ill ::il t0rod bodies of poridoti to, o.pp.::i.rently dik0s 
composed essontb.lly of [�r;ipliibole, These bod.ios c;.nnot be tr.lced for c.ny con­
sidcro.)le dist:mce duo to soil :rnd slidu-rock cover on tho steep timbotod slop0s, 
o.nd also probc.bly duo to minor f�lul ting. Sinct, intrusion, ultcrn.tion of the 
originul rock hc.s cc,usco. thei d0vclopJJh;nt of numerous Vtiin-lik:.. or strinbor-liko 
ma.sses of fibrous maphibollj from :m inch to o. foot or moro in thickn0-ss which 
cut irregulc,rly throur;h the drtrk-colon,d igneous rock. Most "veins" st,md 
no:-.rly vvrtico.L, thoy strike from duo north to N. 70° Yf., und mc:ny c:,n bo trc..:.ced 
10 to 20 foot in the fa.co of thi mine pit. 

The pure E,sbostos ho.s grown with its fibers, which m:'..y be o. foot or more 
in length, pr,,ctico.lly :,t right angles to tho wr�lls of tho contuining rock. 
Tu:ost of the fiber is stro.ight but some is curved, po.rticul:..trly o..t ends, o.s 
though hent by uo.rth movumont, The cont<1.ining rock, n.lthoue;h supsrficially 
npp00.ring to contc;in no �--.sb0stos, is intc;rgrovm with disscmin:..tud fibers. In 
tho muin workings only :.sbcstos o.nd .:clturod rock w0ro obs�rvcd, but c.bout 350 
feet southw:'..rd clo� .. r slcmdor gi•,;s s-groon crys t:·.ls, prob::,bly :-.ctL1oli te, were 
observed with asbestos. 

Tho percent of asb..:,::itos in th0 .r.sb,,stos-b0:,ring rock v,hich wo.s mined vms 
not c.ccur:-..�tely dotormine;cl. Estim.Ltes by workm0n rc..rn;e from 30 to 50 pur cent. 
Also the c,mount of clov0lopm::.;nt ·work c:t tho time of visitc.tion did not purmit 
<:o.lculc.tion of totr,l reserves of :'.sbvstos-bu: .. ring rock, honov0r sovcr <J.l thous,:md 
tons wero a.ppc\rent at thut timo. Spoci.(ic gr �·:i ty of tho :.:.sb0stos rc..ngos from 
2.9 to 3.0, �md its w0ight per cubic foot of unbroken rock is ,.bout 185 pounds. 
An o.nalysis of th0 �-sbostos stu. tod in t.Jrms of oxidos of ol0m0nts is shown on 
the following t::-..bl,,, ::1 though of' coursv pr 1ctic .. lly :::i.11 of the so cons ti tuonts 
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are pr�sent in the form of a silicate minural. Optical properties of the asbestos 
show it to have parallel extinction, lo,v relief, and indices of refraction 1. 67 
or lc.:ss. These various properties indicate that the mi:r1eral is the orthorhombic 
amphibole known as anthophyllite, 

Chemical analyBis of Karst Asbestos (per cent) 
(Lewis and \;alker, Butte, Lantana) 

Sio2 5G.O 

Alz03 5.8 

FeO 8.9 

Cao 1.2 

MgO 26.0 

Ign. loss 2,0 
(H2o)

Devalopment: The asbestos mine is GSSfmtially an open cut or pit approx- ­ 
imately 50 by 100 feet in plan, but it has been cut into the stoop slope as a 
series oi' irregular benches, the workings having followed the better grade of 
asbestos-bearing rock. "Veins" of .asbestos show throughout all of the pit. 
About 30 feet bo low the level of tho pit floor, and 40 feet smithward a 100-
foot adit has boon driven so as to pass beneath the surface workings. The first 
30 feet were in pegmatite, the next 40 feet were in asbestos-bearing rock, and 
pegmatito is at tho northern end�' Two faults which converge downward appear to 
be between the asbestos rock and the northern and southern bodies of pegmatite. 
A shaftn non filled, connected the adit Q�d the pit, Sixty feet north of the 
pit is an unal tared vertical sycmi te dike trending nortl10astward, Irnmodia tely 
west and e·ast 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 mat0rial encountered showings of asbestos. 

Sixteen-hundred feet s. 75° \,. of the cut and a.t about tho same elevation "veins" 
of asbestos show in an area at least 40 feet by 75 feet, and short o.dits havo 
been driven. The accurronce and ,the appearance of the asbestos in those, adits 
and on the dumps in front of them is similar to t ut in the main pit, however-­
some material ts 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 and Milling: In mine operation the mixed asbestos and rock were 
blasted in the open cut, loaded by hand into cars, and trarnm0d about 60 feet 
to a bin. Some selccti vo mining Yms practiced. In one part of tho pit five vein­
like bodies of asbestos totalin6 about throe feet in thickness show in an eight­
foot working face o 1iore asbestos shows in other parts of the pit. A large dump 
of mixed asbestos and rock has devoloped in front of tho pit, and much of this 
material is of milling grade.·

An aerial tram, consisting of bucl:ets suspended on a moving cable, carried 
the material about 1650 feet from the bin to a small rnill situated 800 feet west 
of the river and 100 foot higher. Since the loaded buckets traveled dovm grade 
and tho empty buckets up gra.de, no power was n,0ded to oporato the tram, in fact 
l>rakel!I were needed. However, a gasoline motor was used to start tho operation. 
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At t1e mill the· material was crushed, and then passed through a hammer mill 
which caused the asbestos to fluff and the rock to crumble. The material was 
then introduced into an air classifier consisting of a rising column of air in 
a. cone-s�iaped container. Fluffed asbestos ready for shipr:1ent was C,ffried out
by the air, and crushed roe}: fr,:tpaents settled to thu bottom and were removed.
The asbestos was then sacked i!1 pa.per bags and truch;d -to the railroad at
Gallatin Gateway. In all, 1800 tons of as:1estos reported to have been valued
at :i;35 per ton f .o. b, Gallatin Gateway are said to have been marketed, Electric
power for the mill and for li 6htirg was generated by a small hydroelectric
power plant on Loose Creek on the east side of Gallatin River, about 1500 feet
northeast of the mill.

Serpentine Asbastos near Cliff Lake 

Location and devclopl'!l.ent: An occurrence of serpentine asbestos (chrysotile} 
abot,t 50 miles south of Ennis has been explored, and an attempt ,ms made to mine 
and mill tho mineral. The deposit is in section 25, T. 12 s., R. 2 E. nine 
miles by road southeaot of Cliff Lake Post Office in a deep rusged gulch 
tributary to IV:ile Creek. A craded dirt road leRves St::i.te Hi6lmay No.l near the 
Post Office, crosses Ladiso:, Riir,:,r on a wooc,en bridge, and continues across 
terraced and rolline; ·valley lands to about one mile of the mine where a mine 
road leads into the 6ulch. '.:.':,e deposit lbs on the flaDk of u hic;h rocky range 
facing La<lison River valley. 

goNTANA 

EXPLANATION 

Tertiary "Lakle beds" 

Tertiary and Cretaceous 
Volcanic rocks 

Paleozoic limestones 

I pr�.1 
PreCamb!'ian rocks 

Scale: l inch ·- 2 miles. 

Figure 9.--Map shcrnint, location of Cliff Lake, asbestoa deposit, ;.Jadison County, 
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The deposit ·was discovered by Israel A. Hutchens a 11out Hl90. Shortly after 
1900 the Idaho J.for.tana Asbestos Company prosp(:)cted it by driving an adi t over 
200 feet into the mountain. Commercial quantities of asbestos were not found. 
About 30 years later after reorganization and sone prospecting, tho Liontbestos 
Company was formed. Large substantial buildings ·were erected, heavy and elaboro.to 
machinery both for mining and for milling was installed, and a renewed effort 
was ma.de to find com.171ercial deposits, and to separate the asbestos from. the rock. 
The operation was unsuccessful, and in 1935 the machinery was taken away, and 
the property was abandoned. 

In all about 500 to 600 feet of underground adi ts have been dri vcn, _and three 
large surface excavations besides small pits were made into the steep mountain 
slope. 1'.:illing operations included crushing, wet screening, and cone classification, 
some by means of air. Total amount of rock put throu::;h the mill was small, 

Geology: The side of the mountain range in which the deposits lie is com­
posed of marble, gneiss, and schist, possibly a part of the Cherry Creek series 
of early pre-Cambrian a[_:,e. The _rocks of this 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 tl1ick marble mel'iber within 
which one- to•five-foot zones of yellow-green serpentine 11ere developed, apparently 
following along planes of shearini;. Bedding is steeply inclinod or vertical, 
and shearing planes are inclined at about 40 degre.es and cut bedding. A dark­
colored igneous rock (gabbro) was intruded into the marble, and although not 
observed in outcrop near the pits, it was encounter�d in mine workinis which ex­
tended into the mountain. No typical :Pegmati te dikes were observed. Much dirty­
white quartz, pegmati tic in character,,' ,is presE:nt :i,n the marble as thin irregular 
stringers roughly :_)arallel to the shea'.r;ir,ig. Otly3r rrtinerals, particularly a fibrous 
amphibole, arc abundant locally. Sane 9f1'. the I{,a: tble appears gray because of in­
cluded microscopic grains of magnetite. 

The asbestos occurs in narrow veinlet.s cutt,ing serpentine and marble. host 
of the veinlets are fron 1/16 to 1/2 inch ;i..n width, and they commonly extend four 
inches to a foot or two before pinching out. Hume,rous veinlets may occur in a 
zone of serpentine running roughly: parallel to each other and to the zone. Some 
veinlets appear to cut pure marble, but there rnayhave been massive serpentine 
present before the growth of asbestos. Th-3 fibers in 1�he asbestos lie at right 
angles to the vein ·walls, and extend cornplotely across tho vcinlets. 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 equally 
as small. The failure of tho mine appears to have been duo mainly to the snall 
amount of asbestos present; however, so far as known to the vvriter, no long fiber 
asbestos is presont. 

Asbestos near Libby 

Amphibcle asbestos occurs with vermiculite in altered dark-colored ir;neous 
rock (pyroxenite) near Libby. 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. Tho largest, as exposed by open cuts, appears to be 100 feet or more 
long and from a fow feet to 14 feet wide •••• Samples representing the different 
bodies show the amphibole to be mixed with 1 to 10 per cent of other minerals, 
chiefly vermiculi tE.: and unaltered pyroxene. In other places the country rock 
is particularly rich in amphibole. A sample across a width of 10 feet of tho 
rock as exposed by a short tunnel contains, in round figures

., 
75 per cent amphioole ., 

15 per cent of pyroxenite and apatite ., and 10 percent of vermiculite. A sample 
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representing anothe.t: body 50 fc,ct wj_d0 consists of 50 por cent an:phibolo, 30 
per cent pyroxenite, and 20 per cent VC'rmiculitc.'' 

The Libby amphibolu asbestos related to (tromolito) works up into a fluffy 
mass similur to tho general run of asbestos, although tho fibers are Ticak and 
inelastic and broak into short pieces. 1,'ior;.thcring seems to have produced a 
softer type of fiber. Milling would be necessary to obtain a comm(;rcial prod ... 
uct, and some trouble might be had in separating the vermiculite. No asbGstos 
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. T., and Larsen, i. s., Deposits of 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 Lantana and submitted to the Montana. School of Mines for ident­
ific�tion. Failure to expose large bodies of this material sugGests that the 
deposits v,ere small. 'iii th the lar�e amount of igneous intrusion and meta­
morphism in this region, it is possible that commercial bodies still remain 
undiscovered. However, in western Montana every gulch has been prospected for 
metalliferous minerals during the past 80 years, and it would seem unl,ikely 
that so conspicuous a mineral as asbestos could be exposed in commercial 
de�.osits, and yet the deposits not be made known. 

- 41 -

___________________________________________________





BIBLIOGnA.r'HY 

Talc 

Gillson, J. L., Talc ,. Industrial :Minerals and Rocks (a symposium), Am. Inst •. 
Min. Eng., pp. 873-892, 1937. 

Klinefelter, T. A., and others, Survey cf the suitability of domestic talcs 
for high-frequency insulators: U. S. Bur. Mines, Rept. of Invest. 3804, 
58 pp., 1945. 

U. S. Bur. Mines, Johnny Gulch talc deposits, Madison County, l\i1ontana: V;ar 
Minerals Report 178 amd 3'43, 1945. (See also U. s. Bureau of Mines, 
annual volumes of the Minerals Yearbook). 

Graphite 

Bastin, E.•s., The graphite deposits of Ceylon • • •  and a similar graphite de­
posit near Dillon, !viontana: Econ. Geology, vol. 7, pp. 419-443, 1912. 

Ferguson, H. G., Graphite in 1916: U. S. Geol. Survey, lviin. Hes,, 1916, pt. 
2, pp. 43-59, 1917. 

---------------- Graphite in 1917: U. S. Geol. Survey, Min. Res., 1917, pt. 
2, pp. 97-119, 1918. (See also anmal volumes of the Mineral Resources 
and Mineral Yearbook.) 

Rowe, J. P., Some economic geology of Montana: 1fotttana Univ., Bull. 50, Geol. 
ser. no. 3, pp. 66-67, 1908. 

Millier, B, L., Graphite, Industrial Minerals and Rocks (a symposium), Am. 
Inst. Min. Eng., PP• 333-346, 1937, 

Tyler, P. M., Graphite: u. S. Bur. lvJines Information Circul�.rs 6118, 6122, 
6123, and 6124, 1929. 

Winchell, A. N., A theory for the origin of graphite as exemplified in the 
graphite deposits near Dillon, Montana: Econ. Geology, vol. 6, pp. 218-
230, 1911. 

---------------- Graphite near Dillon, Montana: u. S. Geol. Survey, Bull. 
470, pp. 528-532, 1911. 

---------------- The mining districts of the Dillon quadrangle, Montana: u.

S. Geol. Survey, Bull. 574, pp. 105-110, 1914.

Vermiculite 

Hagner, A. F,, Viyoming vermiculite deposits: Viyoming Geo 1. Survey, Bull. 34, 
47 pp., 1944. 

Kujawa, R. J., Studies on the mineralbgy of the Libby vermiculite deposits, 
Montana, :Montana School of Mines, Thesis (B. S.), 32 pp., 1942. 

Kriegel, Yi. Yi., Summary of occurrence, properties, and uses of verrniculi te at 
Libby, Montana: Am. Cer. Soc., Bull, vol. 19, pp. 94-97, 1940. 

Larsen, E. S., and Hunt, Y,. F., Two vanadiferous aegiri tes from Libby, Montana: 
Am. Jour. Sci,, 4th ser., vol. 36, pp. 289-296, 1913. 

Pardee, J. T., and Larsen, 1. s., Deposits of vermiculite and other minerals 
in the Rainy Creek district near Libby, Montana: u. S. Geol. Survey, 
Bull. 805-B, PP• 17-28, 1929. 

Prindle, L. M., Kyanite and vermiculite deposits of Georgia: Georgia Geol. 
Survey Dept. Forestry and Geol. Devel., Bull. 46, 50 pp., 1935. 

Tyler, P. M., Minor nonmetals: U. s. Bur. lviines, Minerals Yearbook, 1936, 
p. 1072. (Also s,"e other annual volumes of the Minerals Yearbook).

(See also u. S. Bur. Mines
1 

Information Circulars 6205 (1929), 6720 (1933), 
7210 (1944), and 7388 (1946). 

·- 43 -



Asbe�tbs 

Bowles, O., Asbestos: U. S. Bur. Mines, Bull. 403, 1937. 
----------- Asbestos, domestic and foreign deposits: u. s. Bur. Mines, Inf. 

, Circ. 6790, 24 PP• 1934. 
----------- and Stoddard, B. H., U. S. Bur• Mines, N1inerals Yearbook, 1935, 

pp. 1115-1123, and Minerals Yearbook, 1936, pp. 989-995. (See also other 
annual volumes of the Iviinerals Ye.arbook). 

Ross, J. G., Asbestos (with bibliography), Industrial minerals and .Rocks (a 
symposium),. Am. Inst. min. Eng., pp. 75-96, 1937. 

Taber, S., The genesi� of asbestos and asbestiform minerals (with discussion)i 
Am, Inst. Min. Eng., Trans .• , vol. 57, PP• 62-98, 1916. 

- 44 -





MONTANA BUREAU OF MINES AND GEOLOGY 

Bulletin 1 

Bulletin 2 

Bulletin 3 

Memoir 3 

Memoir 13 

Memoir 14 

Memoir 17 

Memoir 20 

Memoir 22 

Memoir 23 

Memoir 24 

Memoir 25 

Memoir 26 

Memoir 27 

Misc. Cont. 3 

!\Use. Cont. 4 

Misc. Cont. 9 

Misc. Cont. 10 

Bulletin 4 

Bulletin 5 

Bulletin 6 

Memoir 1 

Memoir 2 

Memoir 4 

Memoir 5 

Memoir 6 

Memoir 7 

Memoir 8 

Memoir 9 

Memoir 10 

Memoir 11 

Memoir 12 

Memoir 15 

Memoir 16 

Memoir 18 

Memoir 19 

Memoir 21 

Reprint 1 

Misc. Cont. 1 

Misc. Cont. 2 

Misc. Cont. 5 

Misc. Cont. 6 

Misc. Cont. 7 

Misc. Cont. 8 

BUTTE, MONTANA 

Publications Available for Distribution 

The Montana State Bureau of Mines and Metallurgy. (Purposes and operation.) 1919. 15c. 

Directory of Montana metal and coal mines. 1919. 15c. 

Mechanical ore sampling in Montana. H. B. Pulsifer. 1920. 15c. 

Natural gas in Montana. E. s. Perry, 1937. 15c. 

Geology, Neihart mining district, Cascade County, Montana. P. A. Schafer. 1935. 15c. 

Geology and ground-water resources of southeastern Montana. E. S. Perry. 1935. 15c. 

Geology, Hog Heaven mining district, Flathead County, Mont. P. J. Shenon and A. V. Taylor, Jr., 1936. 15c. 

Directory of Montana mining properties. Compiled under direction of C. J. Trauerman and C.R. Waldron. 
1940. $1.00. 

Directory of Montana oil and gas industry. Compiled under direction of C. J. Trauerman, R. H. Earhart 
and E. B. Emrick. $1.00. 

Gold, arsenic, and tungsten, Jardine-Crevasse Mountain district, Montana. G. F. Seager. 1944. $1.00. 

Stratigraphic sections of upper Paleozoic and Mesozoic rocks in south-central Montana. L. S. Gardner, 
T. A. Hendricks, H. D. Hadley and C. P. Rogers, Jr. 1946. $1.00. 

Geology, Hecla mining district, Beaverhead County, Montana. T. N. v. Karlstrom. 1948. $1.00. 

The gold placers of Montana. C. J. Lyden. 1948. $1.00. 

Talc, graphite, vermiculite, and asbestos in Montana. .... S. Perry. 1948. $1.00, 

Shallow wells near Terry, Montana, as a source of irrigation water. E. S. Perry. 1923. 15c. 

Artesian wells as a source of water for municipal supply at Fort Benton, Montana. E. S. Perry. 1932. 15c. 

Dickite-clay deposit of Fergus County, Montana. C. W. Dougan. 1947. 15c. 

Sillimanite group of minerals south of Ennis, Mont. E. w. Heinrich. 1948. 15c. 

Publications Out of Print, But Available for Consultation in Libraries 

Geology and oil and gas prospects of central and eastern Montana. C. H. Clapp, A. Bevan, G. S. Lam­
bert. 1921, 

The location, representation, and patenting of mineral lands in Montana. A. E. Adami. 1923. 

Geology and ore deposits of Bannack and Argenta, Montana. P. J. Shenon. 1931. 

The Kevin-Sunburst and other oil and gas fields of the Sweetgrass arch. E. s. Perry, 1929. 

Ground-water in eastern and central Montana. E. S. Perry. 1931, 

Geology of a portion of the Rocky Mountains of northwestern Montana, C. H. Clapp. 1932. 

Placer-mining possibilities in Montana, 0. A. Dingman. 1932. 

Paleozoic formations of northwestern Montana. C. F. Deiss. 1933. 

Ground-water resources of Judith Basin, Montana. E. s. Perry. 1932. 

Geology and gold deposits of the North Moccasin Mountains, Fergus County, Montana. J. E. Blixt. 1933. 

Geological reconnaissance, Tobacco Root Mountains, Mont. W. Tansley, P.A. Schafer and L. H. Hart. 1933. 

Some gold deposits of Broadwater, Beave1·head, Phillips, and Fergus Counties, Montana. A. V. Corry. 1933. 

Geology and artesian water, Missouri and Milk rivers, northeastern Montana. E. s. Perry. 1934. 

Physiography and ground-water supply in the Big Hole Basin, Montana. E. S. Perry. 1934. 

Directory of Montana mining properties. Compiled under direction of F, C. Gilbert. 1935. 

The Montana earthquakes of 1935. H. W. Scott. 1936. 

Chromite deposits of Montana, P. A. Schafer. 1937. 

Geology and ore deposits, Rochester and adjacent mining districts, Montana. U. M. Sahinen. 1938. 

Bibliography of the geology and mineral resources of Montana. Compiled under direction of C. R. Wald• 
ron and R. H. Earhart. 

Correlation of Montana Algonkian formations. C. H. Clapp and C, F. Deiss. 1932. 

Artesian wells as a source of water for the Winnett irrigation project, Montana. E. S. Perry. 1932. 

Possibilities of ground-water supply for certain towns and cities of Montana. E. s. Perry. 1932. 

Shallow wells, sourc.i of irrigation water, Frenchtown and Camas Prairie Valleys, Mont. E. s. Perry. 1933. 

The Badger Pass mining district, Beaverhead County, Montana. U. M. Saninen. 1934. 

Stillwater igneous complex and associated occurrences of nickel and platinum group metals. A. L. How­
land, J. W. Peoples and E. Sampson. 1936. 

Distribution of sedimentary rocks in Montana and tha northwestern Great Plains. E. S. Perry. 1945. 


	Blank Page
	Blank Page



