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ECONOMIC TALC DEPOSITS OF MONTANA
AND RELATED FIRING PROBLEMS

INTRODUCTION
dontana is world famous for ite metalllc products,
howovorllittlo attention has been given to its many
non-metallic materials, some of which promise e profite-

produeing futures One of these non-motallic materials,

oBuHe

o
© 3

Location of lontana Tale Deposits

Figure le¢ The Hontans tale production is derived
from the deposits locsted on the map of liontans above:
(1) the Helens deposit, (2) the Lillon deposit, (35) the
Johnny Guleh (Ennls) deposits
recently being worked on an cconomic scale, is talos

This thesis hes to do with a study of the producw
tion of tale in lMontena, desoribing the local geology
of esch deposit, and a description of the laboratory
tests that were made on various grades of lontena tale
in en sttempt to determine why some grades of tale can
be burned in solid forms while others must be ground,

mixed with @& binder, and molded before they can be



burnede :

The areas of lontana that are now produning, or
have produced recently, talec on a commercial scale
are the Helena area, one mlle south of Helena, the
Johnny guleh area sbout three miles south of Ennls,
and an area about eight miles south-southeast of
Dillone Although there are other tale deposlts scat-
tered asbout the southwest portion of the state none
has produced talc on a commercial scalee

All three deposits have produced ceramic and cos-
metic tale and during World War II'tho Johnny Gulch
deposlts have produced some lava talce Thls lava talc
was produced at a vorﬁ small margin of profit due to
the cost of mining and hand sorting the lava grade tale
from the gangue and other grades of talece

The geology of these three deposits is in general
similare. They all appear to have been formed by the
alteration of dolomite of Cambrian or pre-Cambrian age
end in each area there is evidence of ligneous activity
which could have furnished the solutions for hydrother-
mal alteration of these dolomites.

Of the three deposits consldered the Dillon and
th-o Johnny Gulch areas are producing ceramic tale
at the present time. The Helena deposit has not been
'orked for several yearse :

The writer wishes to thank Dr. Ze Se¢ Perry of the
Geology uepartment of the School of iliines for his
guldance in preparing this thesls and for the great



volume of informastlion he has provided concerning the
tale deposits of lontanae

Professor Je Pe Splelman of the Hetallurgy Depart-
ment of the school was most accomodating in making
avaellable much of the equipment that made the research
possible end he also gave counslderable time and advice
in developing a workable burning technliques

Ure Ae Ee Koonig of the Chemistry Department of the
school gave much asslistance in interpreting the results

of some of the resesrche

GENEEAL CONSIDERATIONS OF TALC
| Ocecurrence
Ford* describes tale as an acld metasillcate of
magnesium having a chemical formula of Hpligs(si03)4
or lg0+*Sigl+451i0g« The thnorotical pe;centnse GOl
position is glven as follows:

Sllica 63+ 5%

Kagnesia . BleTh

Hater _4.8%
10040%

Tale is usually follated massive, but it 1s also
found as granuler massive, fibrous, compact, or
cryptocrystalliine.s It has & greasy feels. The hard-
ness of talc 1s between 1 and 1.5, and the specific
gravity ranges from 2.7 and 2.8

A8 presento& in the literature, talc is generally
consldered to have been formed by the hydrothermal



alteration of basic igneous rocks such as gabbro,
pyroxenite, peridotite and hormeblende,< "% or by
the hydrothermal alteration of limestone or dolomlte.< %
Spence® states that "The formation of tale on a
ms jor scale usually takes place either {(a) under condl=-
tions of intense dynamic disturbence, where the msgnesian
host rock has suffered severe deformation and squeezing
by tectonic agencles, with attendant heat and pressure
or (b) whers such rock has been subjected to contact
metemorphism thru the agency of igneous Intrusionse
"ghere the host rock 1s an older cryatallina dolomite,
or other similar carbonate rock, the first stage often
appesrs to have been the formation, by silicification,
of a lime-megnesia silicste, such as tremolite, which
finally alters to talce In such case, particularly
where alteration has remained incomplete, the talc may
contaln considerable residual silicate, as in the deposits
of fibrous tale of the Gouverneur district, Hew Yorke
The principal impurities in tales of such origin are
usually dolomite, quartz, and various residual silicate
mineralse :
"The finest and highest priced commercial tales
are found in deposits in younger bedded dolomites that
have suffered relatively little metamorphism, or re-
erystallizatione Recrystalllzation, especlally under
conditions of contact metamorphism, is usually attended
with the introduction of forelign mineral elements,
resulting in the formation of the varied range of
secondary silicates common in the older pre~Cambrian
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carbonate rocks and also in the tale deposits assoclated
with them. In the younger and less highly altered
dolomites, tale appears to have been formed by a direct
process of silicification of the magnesla constituent,
the lime being removed in solutione escerccss

"In the narrower minaraldgieal sense, the term
"steatite® is generally applied to massive, compact,
eryptoerystalline tale, without visible graln, and
i\a_ually of a galo yellow or cream colors Such tale is
generally derived from the alteration (silicification)
of carbonate rocks, such as dolomite or nagnesite;
having a negligible iron content.

"Steatite is a much rarer material then ordinary
tale, end commerclal deposits that will yleld sound
matericl suitable for sawing and forming into lava
articles are scarce."

Uses of Tale

Ladoo® 11sts over sixty uses for ground tale in-
eluding its use as & filler and pigment in p#ints,
filler in paper, kiln furanlture, duéting of rubber
vulcanizing molds and cosmetlcse

Altho the uses he lists represent consumption of
the majority of the tale produced, the steatite or
lava talec was so vital tc». the electricel and electronlc
industries that it was listed as a most critical
material during the ware

‘He Fo Carl? states: "Tale also occurs, altho
much less frequently, in massive, fine grained, falrly
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homogeneous bodles; the impure varietles are the famlllar
soapstones, and the purer form is frequently called
steatites Because of certaln properties, the purer
grades of this massive varlety have a monetary value
sbout twenty times that of ground talce

"One desirsble property of this massive talec 1s its
smenability to accurate cutting, machining, and working
in many ways, similar to e hard wood or a soft metul,
and then firing without warping or appreclable shrinkage
into a hard, refractory, ceramic body. Consequently, .
shapes that cennot be formed comvenlently by molding
and pressing can be produced readily with ordinary
machine tools. ®hen tale is fired to 1000°C. 1t 1is
converted to a ceramic body with cartain very deslrable
physical propertlies. This fired material has s hardness
and a toughness frequently superior to steel. It 1is
a refractory and an exceptionally good electrical
insulator. When formed from a high grade tsalc eéaantially
free tr;m iren, it has unusually low dielectric losses,
even al very high frequenciess

*Recently this use alone hss consumed about one
million dollars worth of finlshed products per years
4ltho substitutes are being developed and are used to
some extent, no ecompletely satisfactory one has been

made for certailn of the most eSSentlal uses,”



Tale Production of the World
In 1937, the lsst year for which complete data
is avallable, the world production of talc and soap=-
stone 1s tebulated as follows:®

< lietric Tons
Argentina 80
sustralla 1,570
Austria 1“'098
Canada 11,301
Egypt = A 2,266
Finland 881
France 56,300
Germany 7,790
Greece 1,838
India 13,249
Indo-China 428
Italy 45,714
Manchukuo 111,140
lorocco (French) 841
Horway 24,701
Roumanla 1,976
Spalin 3,021
Sweden 7,937
South ifrica ; 376
United States (sales) 208,650
Uruguay 437

Tale Production of the United States
Tale, pyrophyllite and ground soapstone sold in
the United States during 1941 are listed as rononzs

State Short Tons Value

California 59,203 $811,7903.00
Georgla 28,511 3546,550400
Maryland 15,628 105, 36500
Nevada 13,178 126,433.00
New York 153,560 1,917,732.00
Horth Carolina 64,785 567,921.00
Vermont . S7,248 6635,468000
Washington 6 2,426,000

 lontenu, Pennsylvania
and vx'r:%ﬁl‘ 24:2% § .%42:%96E00
carl” says that: "The present domestic production
of the high-grade "ecriticazl" block talc has been extremely
sporadic, amounting to only a few tons per year. s a



result, practically all hilgh grade talc of thls type has
to be importeds In 1943 the demsnd amounted to about
55 tons per monthe The price of imported material, in
rough lump form, has ranged from £100 to $150 per ton,
depending on size and grade, and the domestic rough

lump is valued at sbout {160 per ton. Sawed prisms

of acceptable size from any source bring {200 per ton."
Mieroscopic Character of Tale
In writing aebout the opticsal propertlies of tale

' Le He Berkelhamer® states that it is elther monoclinic

or orthorhombic, alpha = 1.539, beta = 1.589 and gam-
ma = 1l.589, blaxial negative with small axial angle
(av = 6-30°, 28 = 9-48°) sppeering almost unlaxlal at
times. The cleavage 1s perfect in one direction (001)
and the tale particles colorless to transparent green
under the microscopes Talc as observed microscoplcally
oceurs in plate, shred, or prismatic-aclicular forme
Saemples of masslive ceramic, cosmetlic, and lava
(steatite) tale were all prepered in thin section and
studied under a petrogrephic microscopee. as far as
could be determined by standard proceedure there was no
difference between m various types. Craln slze was
ldentical, and all three were of a platy structure. No
well-formed crystels were observede The largest grains
observed had a maximum dlameter of 029 inches and a
minimum dlameter of 010 inches. The average gralns
were 0015 inches long and «0005% inches wide.
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MONTANA TALC DEPOSITS
The Helensa Deposit

The tale deposit in the Helena area is about one
half mile southwest of the Helena elty limits, and
is in en erea that in past years has produced conslder-
able limestone for burning to limes. The talc deposit.
is exposed on the quarry faces and has been developed
by adits driven elong the long axis of the deposite.

The formations in the immedlate vicinity of the
deposit are all Paleozolc in age and the talec occurs
in the Cambrian Pllgrim dolomites '

The area is one of general folding and faulting
and the tale producing area is along the axls of a
northwest striking synecline. The tale carrying
formation is faulted just to the southwest of the
quarries by a right-throw faulte.

On the sccompaenying map of this distriet & north-
striking fsult is easily determined by aresl mapping,
but the system of faults that produced the sequence
of beds; Pilgrim, Dry Creek, Jefferson, lieagher, and
Flathead has not been worked out at present., For
convenlence a south-southessterly striking fault has
been postulated to branch from the main fsult in sbout
the center of sectlion 356.

The tale of this deposit was apparently produced by
the alteration of the Pilgrim dolomite, and was of the
massive pure white type that 1s required for use as
a filler for high grade paper and as & base for cosmetics.
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sndersonl? deseribes the main talc body as belng
roughly lenticular with the long axis orlented a llttle
west of southe It has a nesarly verticel dip, and does
not seem to follow any definite path such as & bedding
plane or a fault zone. '

The deposit has the general sappesarsnce of a flssure
vein, znd was probably developed by alteration spread-
ing laterally into the walls of a minor fissure through
which hydrothermal solutions passeds

The Dillon Deposlit

The talc deposit southeast of Dillon, Hontena,
produces & ceramic grade tslec end 1s operated by the
Iri-state dinersls Company, a California firme

This deposit was first developed by an open pit
and then by two underground levelss The upper level
1s a serles of drifts and crosscuts driven from &an
adite The lower level constitutes a drift with cross-
cuts driven from it at various intervals to block oub
the ores 7he lower level is serviced through a winze,
and is sixty feet below the upper level, track to
tracke

The talc occurs in & massive gray dolomite that
has been tenatlively identified as equivalent to the
Black Point dolomite of the Johnny Gulech area DYy Dre
Be Se Perrye The talc body has an irregular boundery
where 1t is in contact with the dolomite, and conforms
to the plane of & fault sepsrating the dolomite from
the gnelss, schist and quartzite, where the talc is
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in contact with the fault.

The portion of the tale deposit that has been devel=
oped measures approximately 300 feet long and 150 feet
wldee It has not been prospected below the lower levelj;
but on this levél, which is &t & maximum depth of about
170 fest, good ceramle tale has been blocked out along
the drift and most of the crosscuts. It is extimeted
that thils single deposit contained between one guarter
end one half a million tons of tale of various gradese

The tale 1s considered to be a product of hydrothermal
alteration, ss are the other kontsna depositses In the
tale there are sometimes found "horses®™ or bodles of
dolomlte, as large as twenty feet in diameter, that are
Probably unaltered portions of the country rocke.

The Johnny Gulch Deposits

The tsale deposits at Johnny Gulich, three miles
south of Ennls, ¥ontena, are zall found in dolomite that
has been identified as pre-Cambrisn Black Point dolomite.
Dre Ee Se Porry describes it as being very similar
over the entire area of the deposlt except for sugges-
tions of schistoslty and massiveness that does vary
from plaog to places On a fresh break 1t 1s of a light
to medlium gray color with a fine to medium grain. Its
surfaces weather to & chocolate brown coler and it is
suffliclently resistant to erosion to form ridges. The
"schistosity conforms to the bed.ding of the dolomite.

The strike of the bedding varies from N1O0OE to N350%
and the dip from NW70° to verticale.
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At present four main tale bodles have been developeds
There are possibly two other large bodies of tale yet
undeveloped, one northeast and one northwest of upper
Hos 5 pit. ’

The main talc bodles are lrregular, locally crushed
and broken, and may contain "ribs" of dolomite through
theme They are fifteen to thirty feet wide, and fifty
to one hundred feet long, with the long axls parsllel
to the bedding of the dolomite. This does not apply
to the body developed in upper Hoe 5 plt which strikes
at a slight angle to the strike of bedding.

The tale bodies pinch out sgainst the dolomite in
length, and along the sides and ends of the bodles there
are numerous stringers of talc in the dolomite.

Humerous small lenses and veln-like bodles of tale
are found scattered throughout the dolomites

During the recent war, plt Hoe 9 attracted much
of the attention of the Bureau of liines, because this
body produced about ninety per cent of the lava grade
tale mined at Johnny Gulche In this pit the talce
appears to have been subjected to conaiderablo HOVG=
ment #nd blocks of talec up to & foot in dlameter are
found in a matrix of clay and assoclated with inOg,

.anoa, and some brown and blue Jaspers

Pits No. 2 and 9 and an area of—jaapsr eleven
hundred feet southwest of Noe. 2 pit are apparently
related altho the connection between them 1s obscure.

The transition from dolomite to tale is not apparent
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in the fleld, the talc stopping abruptly agalnst clean
dolomite. The tale bodles commonly protrude into the
dolomite in bowl-like depreséiona'

Altho the contacts between the talc and the dolomite
appear to be clean cut the talec probably was produced
by hydrothermal alteration. In support of this contention
~are the rounded fingers of dolomite extending into the
tale in No. 5 pit and the occasional small fragments
of.partially altered calcareous rock that are found in
the talce .

liinerals such a barite, jasper and slderite which
occur with the talc in varying quantities also polnt
to the presence of hydrothermal solutions.

The United States Bureau of Minesl® in 1943 estimated
that there were 35,000 tons of ceramic grade talc developed
in Nos 5 pit alone. With a planned system of prospecting
and development it should be possibie to block out many
timeg this tonnage in the other pits and the potentlal

arcase

LABORATORY TESTS ON MONTANA TALC

As the problems of thils thesls were originally
laid out it was intended to try to determine why tale
coming from the same small area, and produced from
the same country rock would be of at least three dif-
ferent types. it was also hoped that it might be
possible to determine how massive ceramic or cosmetic
tale could be beneficated so that it comld be machined
and burned in solid blocks as is done with lava talce
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Due to the limitations of time, and eguipment
avalleble, it was only possible to work on one prob-
iem that seemed to stand out as belng the first probe
lem to be solved, namely:; why do some types of tale
have & 505 loss due to firing fallures (checks or
cracks)‘ while others have only a 5 - 6% loss?

The only reasons which seemed to partislly explain
the cracking were the loss of water and reduction of
volume, both of which may go on in such & way during
burning that intermal strains would result.

To determine where, during the burnings the water
was driven off and the volume of the blocks begen to
reduce the following tests were developed:

Prisms of massive ceramlic, cosmetic, and lava tale
about Ce.8 inch on each diinenslon were cubt out with a
dlamond sawe These blocks wsre thoroughly scrubbed
with water end then examined for crackss If satisfactory
they were drled for twenty-four hours in an electrie
furnace at 50°C. They were then wéighed and their
dlsplacement volume measured in & Russel vaimtex'.
The welghts were accurate to 1/10,000 grams snd the
volumes within 0,05~ CCe :

The blocks were then plsced on a bed of dried
bone ash, each in en individusl three inch scorifying
dish and then covered with bone ash to & minimum
depth of one-half inche This bone ash bed and cover
was found to be necessary because the type electric
furnace used had a loosely fitting door in front and a
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3/4" opening to the atmosphere at the back mseking 1t
impossible to maintsin sn even temperature over the
entire bottom surface of the muffel. By trial and
error it was found, by covering the blocks with bone
ash and keeping them in scorifying ciishes, reproducable
and consistant results could be obtalned.

The furnace used was a Hevi-Duty Elsciriec Furnace,
Type HD96 of the muffel typee Its temperature range is
2209C to 1050°C and the tempersture is controlled
in increments of 20°C.

for a full test burn, five blocks of each type of
tale to be tested were useds The capacity of the furnace
being fifteen amall scorifying dishes generally three
types were tested on each burne 4ll the blocks were
placed in the cold furnsce and the i‘z:u'naee heated to
220°C. This temperature was held for about twenty
hours and then the first blocks of each type of tale
nré removed and allowed to cool for tweniy~four hours.
After cooling the blocks were brushed well to remove
any sadhering bone ash and then welghed and dlsplacement
volume measurede As soon as the first set of blocks
were withdrawn the temperature was increased to 4200C
and this held for about twenty hours. The next set of
blocks were then removed, cooled, weighed and volume
takene. Thls was repeated st 620°C, 830°C and 10309C.

The data obtained from these tests was plotted
on seml~-logrithmic paper with the increass in tempersasture
on the arithmetlic scale plotted sgainst per cent reduce



tion of volume and per ceant reduction of weight on the
logrithmic scales Thls 1s shown on Plates I, II, and
IlXe

Plate 1V shows the relation of the three reduction
of volume curves and Plate V the relation of the three
reduction of weight curves to each othere.

: Study of these plates brings out two lnteresting
detalls, one 1s the decrease and then the increase
followed by another decrsase in weight of &ll three
types of tale as they pass from room temperature to
above 420°C. The first decresse in welght is explained
by Carl? as due to the removal of loosely held water
in excess of the one molecule present as part of the
tale structures The gradual increase of welght
between 220°C and 420°C 1s thought to be partlally
explalned by the chanie of ferrous to ferriec iron
which 1s sn lmpurity present in all these talc samples.
This oxidation of iron asccounts for about sixty per cent
of the incresse in weight'and at present the remaining
1ﬁcreaae is unexplalned.

The first reaction upon seeing these weighit-loss
curves ls to dismiss them as improbable, but éeveral
sets of blocks were run thru the temperature range
from room temperature to 520°C and within the limits

of accurscy used the curves obtaine® Were simllar.
Plate V shows & striking similarity of behavior of

all three types of talce.
The other interesting and, as far as this report is
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concerned, the most important fact that study of these
curves brings out is the erratlc shrinkage and swelling
of the blocgks as the temperature incressess This is
explaimed by Ure XoeniglV as probably being due to
resrrangement of the molecules of the iale as water is
driven off and by the molecules changed in physical
form by the heate

It is considered probable that the massive ceramic
talc and the nodular cosmetic tale have a much higher
frequency of breakage {about 50% according to Caxrd?!
than the lava-steatite tale (that had a frequency
of breakage of 6% when tested by the american Lava
Corporstionll) due to this erratic behavior. This
shrinking end swelling would set up stralns within
the bLlocks that as the hardening of the material pro-
gresses would result In crackinge The lava tale shows
the most nesarly regulsar curve of the three types tested

 while the poorest burning tale, the cosmetic tale,

shows the most Ilrregular curve.

aAltho Carl? states that the proper burning temperature

for tale is 1100°C the imerican Lava Corporation burms
their tale et 1010°C in a hydrogen atmosphere.ll with
the equipment that was available 1t was not possible

to burn the materlal in a hydrogen atmosphere. The
reason this is done commerclally is to prevent the
iron present from changing to ferric irom and staining
the blocke. -The e¢losest tewmperature that could be main»

talned, comparable to that used by the imerican Lava
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Corporation waes 1030°C and this was used as a final
tempersture in all the testse

The maximum rate of increase of temperature that
could be obtalned with the furnace used in these ex-
periments was sbout 80°C per hour ané.cracklng of all
types of talc except lava talc was observeds Carl?
states that in his tests a maximum rise of 150°C per
hour wes used thru the 500°C and 900°C phases of the
burning end an increase of S00°C per hour was used
from room temperature to 1100°C exclusive of the two
phases noted sbove. Hils experlments ylelded about
50% crack free speclmens. He considers these good
results and attributes them to the slow rise thru the
two critical temperatures. @®lth even a slower rise the
writer did not obtaln sven 507 crack free specimens

from non~lava taless

COHCLUSIONS

Of the three comercial deposits of tale that
have been developed in Honiéna up to this time the
Johnny Guleh and the Dilloq deposlits are still in
production while the Helens deposit has been exhausted
for several yearse

At JohnnyAGglch a good grade of ceramlc talc 1s
produced and some lava gréde tale 1s availeble although
1t 1s difficult to produce the latter st a profit due
to the high cost of mining and sorting. However, this
deposit still contains a considersble quantity of tale
that can be produced if the market for this materisl is
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meintainedes :

The Dillon deposlt stlll contains a large quantity
of proved, probadble, and possible ceramic grade tale
but no lava grade talc that can be produced commerciallye.

In the general Dillon-innls area there are many
smaller deposits of talc that are not definitely known
to be of sufficlent size to permit exploitation but
there may be other, yet undlscovered deposits in this
area that would rival any of the three discussed in
this papers ‘. ‘

The problem of producing sufficient lava grade tale
to satlsfy the radio and electronic industries during
times when foreign imports are sharply curtalled will
have to be sclved zlong one or more of three lines:

{1) develop & process to beneficste extruded tale so
thet 1t will have the desired minimum dielectric loss
and maximum resistance to heat, (2) perfect a.burning
technique that will permit burning of solid pieces of
ceramic grade tale that is machineable, or (3) produce
more lava grade talce

Since the last altermative is subject to the whims
of nature it appesrs that it ia up to industry to solve
its problems, and to do it before our supply of foreign
tale is agalin cut off.
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