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THE MINERAL TALC
CHEMICAL PROPERTIES

Composition, - The formula of tale is (OH)2 Mg5

(814010). It belongs to that group of silicate min-
erals which are characterized by 314010 structural

sheetsl. These sheets, which are hexagonal in aspect,

We L. Bragg, Atomic Structure of Minerals, Cornell
University Press, Ithaca, New York, pp. 203- 212, 1937.
are bound together into double sheets by the Mg atoms
and to some extent by the (OH)'s forming a comparatively
strong unit. These double sheet units, however, have
no linking atoms between them, hence the binding force is
weak. It is to this atomic arrangement that many of the
properties of tale, such as the excellent cleavage, the
softness, the leafy habit, the pseudohexagonal symmetry,
the greasy feel, the pearly luster, ete., are due.

The percentage chemical composition of the mineral
is silica 63.5%, magnesia 31.7%, and water 4.8%. There
are commonly present, however, small amounts of alumina,
iron, lime, and soda, and, in some cases, nickel, potash,

titanium, phosphorous, sulphur, and mangenese.



Characteristics., - Talc is very inert chemically.

It is not attacked under laboratory conditions by either
acids or alkalies, Clarke and Schneider! found it to
lClarke, F. W and Schneider, B, A.,, U. S. G. S. Bull.
78, 189%91.
be remarkably stable in the presence of HCl, both aqueous
and dry.

dihen decomposed by heat, talc gives up water and
silica and forms enstatite, according to the following
formula:

(OH)p Mgz(S1,010) — 3Mgs10y + S10, + HgO

The water is driven off in appreciable amounts at high
temperatures only. The results obtained by Clarke and

Schneider! are --

Temperature 105°¢ 250°-300°C Red heat White heat
Water driven off 0.07% 0.06% 4.43% 0.35%

While talc is not an end-product of weathering, it

is a very stable mineral under surface ceonditions.

PHYSICAL PROPERTIES
Talc crystallizes in the monoclinic system. It
rarely occurs as well-defined crystals, being commonly
foliated, massive, or fibrous, and in places globular

or stellate aggregates. DPseudomorphs after amphiboles,



pyroxenes, mica, sepiolite, spinel, topaz, chiastolite,
staurolite, dolomite, cyanite, garnet, vesuvianite,
olivine, chlorite, epidote, muscovite, calcite, magnesite,
and gehlenite are recorded.

The color of talc 1s typically apple green to white
or silvery white, although it way be pale green, dark
green, greenish gray, dark gray, btrownish, light yellow,
or reddish, depending on the impurities present. It
has a hardness of 1 to 1.5, a greasy or soapy feel, an
excellent slip, a wanite to light colored streak, a
pearly luster on the cleavage surfaces, a transluscent
to semi-transparent dianhaneity,; and a perfect basal
cleavage. It is sectile and flexible but not elastic.
Talc has a low heat and electric conductivity, and a
fusion point of over 1100°C.

Soapstone has a great dielectric strength, 30,000
to 40,000 volts being required to pierce a slab one-half
an inch thick. A very valuable property of soapstone
is the ease with which it can ve sawed into blocks, and
an equally valuable one of talc is the usual absence of
grit in high grade material.

According to Redlichl, the greenish color of talc

IRedlich, K. A., The Coloring Subjects in Talec, Centr.

Min. Geol., 1914, 65-66.
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may be caused by the presence of ferrous iron, the apple



green by nickel, the bluish to sap-green by copper, and
the bright sap-green by chromium. Although it is often
stated that chromium occurs only in association with
basic igneous rocks or their alteration products, Redlich
contends that such an association is not essential. Both
acid and basic rocks may contain chromium, which may

produce a green color in secondary minerals.

OPTICAL PROPERTIES
Tale is a biaxial, negative mineral with the optic
plane parallel to {100} and the acute bisectrix X nearly
normal to the cleavage laminae {001} . The optic angle
is variable, being 2V = 0° to 300 according to ﬁinchelll,
lWinchell, A, N., Elements of (Optical Mineralogy, Z2nd
ed., Pt. II, John Wiley & Soms, N.Y., 1927.

and 6° to 30° according to Rogers and Kerr—; whereas
lRogers, Austin ¥., and Kerr, Faul ¥,, Thin-section
Mineralogy, MeGraw-Hill Book Ce, Inc., N. Y., 1933.

2E = 6° to 40° according to Iddings™. It may, however,

lIddings, J. P., Rock Minerals, lst ed., John Wiley
& Sons, N. Y., 1906.



frequently seem to be 0° because of the superposition

of laminae of varying orientation. The dispersion is
noticeable, "r" being greater than "v", The indices of
refraction are fairly low, the double refraction high,

- Ng = 1,575 - 1.590, I'p = 7, Ny = 1.538 - 1.545, and

Ng - Np = 0.030 - 0.050. The maximum interference

colors are upper third order. The extinction is parallel
to the cleavage traces in most sections; in a few secions
the extinction is 2° 03°, hence talc is probably mono-

clinicl. Cleavage traces and shreds are length-slow.

1Rogers, Austin ¥, and Kerr, Paul T., Thin-section
Mineralogy, MecGraw -Hill Book Co., Inc., N. Y., 1933.
The mineral is colorless in thin section.

Talc differs from pyrophyllite and muscovite in
its smaller optic angle; from brucite in its biaxial
gharacter, its negative sign, and its birefringence..
It is not readily distinguished from any of these minerals
if they are fine grained or in shreds. Accurate deter-
mination of indices of refraction may be helpful, since
one index of talc is somewhat lower than those of the
other minerals.,

DISTINGUISHING CHARACTERISTICS
Talc may at times be confused with pyrophyllite,

white mica, chlorite, brucite, selenite, and other minerals;



but it is usually rather easily distinguished by one

or more of the following properties:

1.

2.
S
4.
O.
6e

8.
9.

10,

Extreme softness - easily
the finger nail,
Soapy or greasy feel,

Excellent slip.

scratched with

White to apple green color when pure.

Pearly luster.,

Foliated structure.

Laminae flexible, but not

Insolubility in acids and

Pink color developed when
on charcoal before the
moistening with cobalt

Optical properties, (See

VARIETIES

elastic,
alkalies.,

heated intensely
blowpipe after
nitrate solution.

preceding section.)

There are a great number of terms in use, many of

them local, describing varieties of tale. Most of thess

are based on some special characteristic of the material

under consideration.

Among the names which one fre-

guently encounters in the literature are talec, foliated

tale, talec schist, steatite, soapstone, rensselaerite,

pyrallolite, talcoid, potstone, hydrosteatite, agal-

matolite, pagodite, agalite, beaconite, peridosteatite,

massive tale, indurated talc, asbestine, freestone,



Freﬁéh chalk, talc clay, gavite, and pycrosmine. In
this work, only those terms Which have a more genersal
application and usuage will be discussed. It happens,
however, that these are the only terms which are in com-
mon use among talc and soapstone people in Virginia.
These terms are "tale", "talc schist™, "steatite", and
"soapstone™, They have been quite loosely used in the
past, but contact with the industry and a careful survey
of the literature indicates that the following limitations'
are those which are more desirable to apply to the re-
spective varieties.

Talec. - M"Tale™ is the term that is frequently used
to include all forms of the comparatively pure mineral,
but it seems better to restrict thié term to the foliatéd,
laminated, or micaceous variety of the mineral, It com-
monly occurs in sheets several inches in diameter, is
apple green to white when typically developed, and usually
exhibits all the other properties that one finds in miner-
alogical textbooks under the heading "Tale",

Talc schist. - "Tale schist™ is a rock composed

entirely or partly of talc flakes having a parallel
orientation. This variety is often of no commercial
value, although it may be ground, but it is frequently
associated with workable deposits.

Steatite.- "Steatite™ is the term more properly

applied to the massive, compact, eryptocrystalline to



finely granular variety. It is commonly light green,
gray, cream, or wiite in color and is the most sought-
after variety of the mineral, because of its suitability
for use in the manufacture of pencils, gas tips, and
other articles which require material of limited speci-
fications, and because of the readiness with which it
is ground into a fine, smooth powder. The name M"steatite"
is sometimes applied to soapstone.
Soapstone. - "Soapstone™ is the name applied to &
dark gray, bluish gray, or greenish rock composged essen-
tially of tale, but carrying verying amounts of chlorite,
serpentine, tremolite or other amphiboles, pyroxenes,
olivine, mica, magnetite, pyrite, pyrrhotite, quartz,
and carbonates of calcium, magnesium, and iron. This
rock is commonly partially foliated, has & soapy or
greasy feel, and is soft enough to be cut with a knife

or to be sawed into slabs.' The "hard" variety of soap-

stone, which is not soapstone in the restricted sense
of the term, is composed chiefly of amphibole and
chlorite with small percentages of carbonate, talc, and

agnetite, and manifests only to a limited extent the

properties stated. ThlS latter property together W1th

its resistance to heat, acids, and alkalies, and its
low electric conductivity are the chief reasons for its

widespread use. On prolonged exposure to the atmosphere,



the impurities commonly weather out leaving a mass of

porous, limonite-stained tale w.ich often has a partial

' parallel orientation. This weathered mass is frequently

ground &as "yellow tale" or "red tale". Many basic,

igneous rocks, rendered soft enough by weathering to

be cut with a knife, are erroneously called soapstone.
Gavite and pycrosmine, according to the experiments

1

of Foshag and Wherry—, are not separate mineral species,

lFoshag, We Fo and ‘Wherry, E. T., Notes on Composition

of Tale, Am., Min., Vol, 7, Oct. 1922, p. 168.

but are merely tale with avout 4% water held "loosely
bound" between the cleavage flakes by electrostatic forces,
It is the additional water that renders this talc sus-

ceptible to attack by acids.

CONDITIONS OF FORMATION

Talc is essentially an alteration product of other
minerals. 1Its formation has been assigned by various
writers to conditions of temperature and pressure
ranging all the way from rather intense conditions to
actual surface weathering. There seems to be little
doubt, however, that talc is formed under lower conditions
of temperature and pressure than the so-called anhydrous
silicates, such as olivine, enstatite, and tremolite,

and under higher éonditions of temperature and pressure
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than actual surface weathering. The fact that talc
alters from the so-called anhydrous silicates indicates
that it forms under conditions less intense than they
do. In support of the statement that talc forms under
conditions more intense than actual weathering, the
author has seen talc exposed to the elements which was
losing its luster and greasy feel and breaking down to
simpler compounds.

On this subject, Smyth1 says in regard to the talc
Smyth, C. H., Jr., Genesis of the Zinc Ores of the
Edwards District, St. Lawrence County, N. Y., N. Y.

St. ¥us. Bull. 201, p. 31, 1917.

and serpentine associated with the zinc of the Edwards
District, St. Lawrence County, N. ¥.: "On one hand,

it is argued that they (talc and serpentine) are
products of weathering; on the other, that they are due
to the action of magmatic waters on magnesian silicates.
As thus baldly stated, both views are rather extreme,
but the writer........is strongly in sympathy with the
latter. It seems highly probable that the formation of
talc and serpentine is a process that goes on below,
rather than in, the 'belt of weathering' within which
latter these two minerals, while relatively resistant,

are by nc means end products, but tend to break down
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into simpler compounds. There is no doubt that tale and
serpentine are formed below the belt of weathering by
both magmatic and meteoric waters. iihen once formed,
the minerals are stable and may be regardied as end
products, so far as these conditions are concernede.cees.

"If the varying intensity of the metamorphic pro-
cesses were represented by a curve, with a vertical
coordinate for intensity and horizontal coordinate for
time, its summit would indicate the formation of di-
opside, tremolite and calcite, this aggregation of
minerals constituting the typical products of meta-
morphism. WMinerals formed during the period represent-
ed by the ascending portion of the curve would tend to
be destrbyed or recrystallized at its summit, and might
or might not be present in the rock now.

"The minerals formed under maximum intensity of
metamorphism, at the summif of the curve, are, as a
rule, stable through a wide range of conditions and
thus persist to a large extent throughout the descending
portion of the curve., But even taese yield considerably to
the new conditions and, thus, the descending portion of
the curve represents the alteration of diopside and
tremolite into tale, serpentine, etec., which, though also
silicates, are evidently later than, and derived from,
the primary silicates first named.c.e.eeoess

"If the curve were continued down far endugh to

represent weathering conditions and their products, the
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gap between these and the hydrous silicate would, it
is thought, be much greater than between the latter and
the diopsid€ececcceccse

"As talc is less hydrated than serpentine, it might
be expected to form at a higher temperature, that is,
higher up on the descending portion of the curve of
metamorphism; and such is the fact, talc being distinectly
the older of the two minerals. This is shown by the way
in which serpentine eats into, or cuts squarely across,
tufts and plates of tale and, even more strikingly, by
crystals of tremolite or diopside, altered to tale,
traversed by a network of serpentine, In these cases,
serpentine has grown at the expense of, and replaced,
talc and, to this extent, talc has been an intermediate
stage in the production of serpentine. The same may be
true of the large nodules of talc surrounded by ser-
pPentin€eceeccscscse

"While, however, the alteration of diopside to ser-
pentine sometimes passes through the intermediate stage
tale, this is evidently not essential to the process as,
in nearly every section where the change can be seen,
the passage is direct from diopside fo serpentinecceecee
So far as rather limited data indicate, the latter min-
eral (serpentine) is formed very largely from diopside,
and the talc from tremolite.™

Further substantiation of the fact that talec is

formed under conditions of temperature and pressure more
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intense than serpentine yet less intense than the so-
called typical anhydrous silicates is offered by

S. G. Gordonl in his paper on the albitites along the

lGord.on, Se. G., Desilicated Granite Pegmatites, Proc.

Acad., Nat, Sci, of Philsas,, Pt. 1, 1921, pp. 176-180.

Pennsylvania-Maryland boundery line. These albitite
dikes cut a serpentiﬁe mass, and there are commonly
developed three distinet zones of minerals formed by
the reaction of the pegmatitic solutions with the
serpentine walls., In passing from the albitite to the
serpentine these zones are the vermiculite (a weathered
biotite) zone, the actinolite zone carrying more or less
tale, and the talc zone, Beyond the talc zone lies

the serpentine. The author velieves that pegmatitic
solutions of the composition which would normally form
quartz, microcline, albite or oligoclase, muscovite,
and biotite intruded the serpentine and lost in the
process all the constitueﬁts except those which went

to form the albite. These constituents, with the aid
of rising temperatures and pressures, converted the
serpentine to the minerals of the various zones. In
this process, talc was formed from serpentine by the

addition of silica and the subtraction of water, but
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it was also formed from serpentine by the intensifi-
cation of conditions of temperature and pressure.

Lgain it is to be noted that the actinolite formed under
8till more intense conditions than did the talec.
Gillsonl, in discussing Gordon's paper, suggests
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lGillson, Je L., Origin of the Vermont Talc Deposits,

Econ., Geol., XXII, No. 3, lay 1927, p. 281l.

that hydrothermal solutions from the pegmatite formed
the minerals in the serpentine at some time during the
introduction of the pegmatite or in its later stages
of albitization. He lists tale, chlorite, and amphi-
bole but says nothing of the paragenesis.

2

Larsen®, in his paper on the origin of albatite

2Larsen, Esper S., A Hydrothermal Origin of Corundum
and Albitite Bodies, Econ. Geol., ¥ol. XXIII, No. 4,
June - July, 1928,

and plumasite bodies, cites the almost invariable
alteration of the ultrabasic rock (not uncommonly
serpentinized) adjacent to the dikes. This alteration
typically is arranged in three zones consisting of
phlogopite, biotite, chlorite (probably derived from
biotite), and(or) vermiculite (alterqd biotite) ad-

joining the dikes; talc adjacent to the ultrabasic rock

or serpentine; and actinolite or anthophyllite as an



intermediate zone between the former two. The dikes
may be pegmatite composed of quartz, potesh feldépar,
and sodic plagioclase with borders of nearly pure sodic
plagioclase and in places an intermediate layer of
potash feldspar and sodic albite, or of nearly pure
plagioclase with borders rich in corundum; or they may
be entirely absent with mice or(and) its alteration
products comprising the center of the vein. Larsen
considers that these deposits ( the albite and the
minerals of the zones) were formed as high temperature
veins and replacements, probably approaching pegmatite
or hydrothermal contact metamorphic deposits in their
condition of temperature and concentration, although
he is uncertain of the concentration of these solutions.
The solutions moved along channels and deposited either
in the channels or in the adjoining wall rock a part
of their material and at the same time took up some
material from the wall rock and carried it away. The
dikes proper are concieved to have been intruded in
some cases before and in others after the formation of
the zones. It is to be noted that the tale is farthest
from the source of heat and, in some cases, derived from
the amphibole by alteration, and that it is also in part
apparently derived from the serpentine by intensification
of conditions. This further substantiates the contention

that talc is deposited under conditions lower than the
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amphiboles, ete., yet higher than serpentine.

Stuckeyl, in his recent description of the tale
lStuckey, Je L., Talc Deposits of North Carolina, Econ.
Geol., Vol., XXXII, No. 8, Dec., 1937.
deposits of North Carolina, finds tale replacing tremo-
lite through the action of hydrothermal solutions. His
geries of events are in part; (1) Silicification of
marble; (2) development of tremolite, hornblende,
actinolite, and chlorite; (3) deposition of tale by
replacement of tremolite and marble; (4) development
of pyrite and magnetite with or closely following tale.

Several authors suggest that dynamic pressure is
a factor in the formation of tale. Arnold Heim? in
2Heim, Arnold, Der Talk bergham von Disentis in Gray-
bunden, Zeit.f. prakt. Geol., Vol. 26, pp. 2-11l, 1918,
summarized by wilson, loc. cit.
describing some tale deposits of Disentis, Switzerland,
states that they were formed from serpentine by solutions
under intense horizontal pressure; Wilson® thinks that
dWilson, M. E., Talc Deposits of Canada, Dept. Mines,

Geol. Surv., Econ. Geol. Series 2, 19Z6.
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deformation may have been & factor in the formation of
the talc of Eastern Townships of Quebec; and Bonney,

in discussing Finlayson's paper on some rocks of New

Zealandl, gave his opinion that a tale rock is a con-
lFinlayson, A, M., Nephrite and Magnesian Rocks of
New Zealand, Quat. Jour. Geol. Soc. London, Vol. 69;
pp. 351-81, 1909,

dition to which a much crushed serpentine is reduced.

' Gillsonl, on the other hand, considers that the talc

--------------------------------------- -l GD G» a» a» a e a5 G5 " b Sy o

lGillson, J. L., Origin of the Vermont Tale Deposits,
Eecon, Geol.,, XXII, No. 3, May 1927, p. 246.

deposits of Vermont are a kind of contact metamar phic
deposit, formed by hot alkaline sclutions low in sil-
ica, and toward the last rich in magnesia and carbon
dioxide, but that dynamic metamorphism did not assist
in the process of tale formation. He finds tale fol-
lowing tourmaline, quartz, biotite, apatite, amphibole,
chlorite, titanite, and dolomite, and preceding magne-
tite and pyrrhotite in sequence of formation. After

a critical study of the literature and of numerous thin

sections of specimens from widely distributed locaslitites,

he states that, in most deposits, dynamic stress was

not active during tale formation, but that the mineral
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was formed through the agency of hot, alkaline solutions,
which were at first siliceous and carried iron and cal-
cium and some aluminum in addition to magnesium, and later
became less silfeous and rich in magnesium., These sol-
utions formed an amphibole, a serpentine, or a chlorite

before the deposition of talc. RHess! believes that talc

lHess, H. H., Hydrothermal Metamorphism of an ultrabasic
Intrusive at Schuyler, Virginia, Am. J. Sc., Vol. XXVI,
Qet., 1933.

lHess, H. H., The Troblem of Serpentinization and the
‘Origin of Certain Chrysotile Asbestos, Talc and Soap-
stone Deposits, Econ. Geol., Vol. XXV11ll, Nov., 1933.
is formed by dilute, hot, aqueous (hydrotherhal) sol-
utions usually bearing CO,, which are derived commonly
from acid intrusions but which may come from source
rocks of any composition. These solutions deposit tale
and carbonate with‘decreasing temperatures as the low
temperature end-members of the series hornblende, act-
inolite, chlorite, talc, and carbonate, In some cases,
olivine and pyroxene are the original minerals; in
others, serpentinized ultrgbasics are the original ma-
terial, In the latter case, enstatite is the first
hydrothermal mineral formed in some localitiesl; Under

{7 e
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lDresser, Jeo A,, Communication on The Problem of Ser-
pentinization, Econ. Geol., Vol. XXIX, No. 3, lMay, 1934.
lBain, George W., Communication on Serpentinization:
Origin of Certain Asbestos and Soépstone Deposits, Econ.
Geol., Vol. XXIX, No. 4, June - July, 1934.

lHess, H. H., Communication on The Problem of Serpentini-

zation, Econ. Geol., Vol, XXX, No. 3, May, 1935.

certain conditions, biotite, anthophyllite, tourmaline,
and(or) corundum may develop in addition to, or instead
of, the characteristic series. Stress had little or no
effect in the process of tale formation. Serpentine
derived from uitrabasics is ™ot only autometamorphic
but largely deuteric in the most restricted sense
(Sederholm's definition)",

.The writer, in &n earlier’publication on the origin
of the talc and soapstone of Virginia1; expressed the
Lgurfoot, J. D., Jr., The Origin of the Talec and Soap-
stone Deposits of Virginia, Econ, Geol., Vol. XXV, No. 8,
December, 19320,
opinion that these deposits were typically fecrmed by the
action of cooling hydrothermal solutions upon pyroxenites,
peridotites, and dunites formiﬁg in order amphibole,

biotite in some localities, chlorite, serpentine, mag-
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netite, and carbonate. The solutions were then re-
Juvenated followed by continued cooling with the form-
ation of tremolite, and then tale, magnetite, carbonate,
pyrite, and some little chrysotile. 1In one locality
gsecondary growth tremolite with slightly later specu-
larite were formed subsequent to the talc stage as a
secondary rejuvenation of solutions} The talec is
thought to have been deposited under deep or inter-
mediate vein zone conditions. Differential stress is

not necessary for its formation.

HISTORY

It is to be expected that a substance 8o resistant
to heat and to corrosion and so easily wrought as is
tale would have long been in use by mankind. This is
actually fhe case; for talc, in one fdrm or another,
but mainly as cooking utensils, ornaments, and pipes,
has been used for centuries by the Arabians, the Egyp-
tians, and the Chinese, as well as by the North American
Indians and the Eskimos. In fact, it is probable that
talc has been used by most of the aborigines of the
lands in which it occurs in any quantity. References
to it are found in the classic literature, in regard

to whieh Danal writes: "A white steatite of a silvery-

1Dana, Be Se, The System of Mineralogy of James Dwight

Dana; 6th ed.,; John Wiley & Sons, N. Y.; 1892,
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pearly luster was the 'Magnetis' of Theophrastus - a
stone, according to tihis author, of silvery luster, oc-
curring in large masses, and easily cut or wrought.
The word is the origin of the modern ‘magnesia', Agri-
cola, in his 'Interpretatio Rerum Metallicarum' appended
to his works (1546), gives as a German synonym of Mag-
netis, 'Talck'; and he adds, as other synonyms, 'Silber-
weiss' and 'Katzensilber', and also ‘'Glimmer', the
German now for 'mica', evidently confounding the two
minerals. He mentions its resistance to fire, and
speaks of it as 'lapis scissilis’'.

"Other later writers derive the word ‘talc' from
the Arabic 'talk'; and Aldrovandus (1648) states that
it is of Moorish introduction (into England), adding
'Hoc nomen apud Mauritanos stellam significare dici-
tur', 'Stella Terrae' - Star of the Earth - being one
old name of the mineral, given it because 'like a star
and with silvery luster it shines'. Caesium ('De
Mineralibus', 1636) writes the word in Latin, 'Talchus’,
but most other writers of that century, 'Talcum';

"The word 'steatlitis' occurs in Pliny as the name
of a stone resembling fat; but no further description

is given that can with certainty identify it."
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GEOGRAPHIC DISTRIBUTION

Tale is a mineral of very wide distribution. It
occurs in at least small amounts in most areas of meta-
morphic and igneous rocks, but is seldom found in gquan-
tities large enough to work.

In North America we find talc in the eastern area
of folded and metamorphic rocks, in the Cordilleran
Region, and in Laurentian Shield. 1In the United States)
the states which are producing talc or soapstone are
California, Georgia, Maryland, New York, North Carolina,
Pennsylvania, Vermont, Virginia, and Washington.
Massachusetts and New Jersey are at times producers,

In Canada, Ontario, Quebec, and British Columbia are
producers. Ontario is, however, by far the largest
producer, and the Madoc¢ Districet is the most important
distriet of Canada.

The foreign countries, other than Canada, which
produce tale and soapstone are Argentina, Australia,
Austria, Bulgaria, China, Egypt, Finland, France,
Germany, Greece, Ihdia, Indochina, Italy, Japasn, Lior-
occo, Norway, Rumania, Spain, Sweden, Union of South

Africa, United Kingdom, and Uruguay.
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GEOLOGIC OCCURREDNCE

Talc is commonly éssqciated with igneous and meta-
morphic rocks. Iﬁ is, therefore, found in regioms
where igneous rocks occur and where metamorphism has
taken place. The rocks with which it is associated are
usually old, being pre-Cambrian or lower Paleozoic in
age. In them the bodies‘of talc rock occur as lenses or
irregular-shaped masses, In‘addition vein télc is
commonly associated with and cuts these masses., The
dimensions of the workable bodies are usually to be
measured in secores of feet. They vary from few tens
of feet to hundreds of feet in length and breadth. The
two soapstone bodies most successfully worked in Vir-
ginia are about 1,200 and 2,000 feet in length and vary

up to 300 feet in width.

The recognized modes (or types)_ of occurrence arel--
lFollowing Wilson, M. E., Talc Deposits of Canade, Dept.
Mines, Geol. Surv., Econ. Geol. Series 2, 1926, modified
and expanded by the writer. |

1., White or light colored tale, frequently high
grade, associated with crystalline dolomite or limestone,
This talc occurs as lenses, pockets, and irregular

shaped masses, which tend to parallel the bedding or
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banding of the enclosing rock and are often separated
from it by silicate zones. The minerals commonly found
with these deposits are tremolite, enstatite, actino-
lite, diopside, serpentine, queartz, chlorite, magnetite,
pyrite, tourmaline, phlogopite, caleite, dolomite, and
probably ankerite. Igneous rocks thoﬁght to be of

about the same age as the talc are commonly found close
by. Ithere these are not actually found, it is in places
necessary to infer their presence to explain certain
conditions present in the country rocks.

Under this heading belong the deposits of Gouver-
neur, N. Y.; of eastern Pennsylvania and New Jersey;
of extreme southwestern North Carolina, and Fannin
and Gilmer couhties, Georgia; of California; of the
Madoc District, Ontario; and of Mt. Whymper and New
Chaumox, 3. C.

2. Gray or green talce, often impure, associated
with basic igneous rocks. This talec occurs as lenses,
pockets, and irregular-shaped masses in the igneous
rocks, being frequently located in the center or along
the edges of the bodies., |

The minerals frequently found associated with this
type of occurrence are mucih the same as those found
associated with the foregoing type and include enstatite,
tremolite, hornblende, hypersthene, actinolite, olivine,

biotite, white mica, phlogopite, tourmaline, apatite,
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titanite, quartz, serpentine, chlorite, magnetite,
pyrite, pyrrhotite, and the carbonates calcite, dolo-
mite, and ankerite.

To this class belong at least many of the deposits
of Vermont; those of the Piedmont District of the east-
ern U, S., including parts of Maryland, Virginia, North
Carolina, and Georgia; and numerous deposits in Canéda,
including several in British Columbia and in northwestern
and southeastern Ontario, and those of the Eastern Town-
ships of Qquebeos,

5+ Replacements in schists and gneisses, Three
areas are known to the writer which might possibly be
assigned to this mode of occurrence. They are the
depogits near Mautern in Styria, Austria; those of the
Eagle Claim, Vancouver Igland; and, according to Gillson,
some of the deposits of Vermont.

The deposits of Fegle Claim occur as lenticular
magses interbedded with argillite and schist almost on

1

the line of the Leech River fault. Vilson™ states that

lWilson, M. E., Talc Deposits of Canada, Dept. Mines,
Geol. Surv., %oon. Geol, Series 2, 1926,

these may be similar to the deposits of Mautern, Austria,
desoribed by Weinschenk as replacements in schist, but

recognizes the possibility of their being an alteration
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product of basic volecanies., Carbonate, magnetite, and
pyrrhotite are known to be associated with talc in
these deposits.

Gillsonl states that some of the talc deposits of
lGillson, Je L., Crigin of the Vermont Talc Deposits,
Econ., Geol., XXII, No. 3, May 1927, p. 246.

Vermont occur as replacements in quartz-muscovite-
chlorite schist and in quartz-mica-amphibole gneiss,
These deposits carry tourmaline, gquartz, biotite, apa-
tite, amphibole, chlorite, titanite, dolomite, talec,

magnetite, and pyrrhotite. Hess} on the other hand,

lHess, H. H., The Problem of Serpentinization and the
Origin of Certain Chrysotile Asbestos, Talec and Soap-~
stone Ceposits, Econ. Geol., Vol. XXVIII, Nov., 1933.
believes that "the overwhelming proportion of the talc
found (in Vermont) is a replacement of an ultrabasiec,
and, in the few cases where it is not, it is a replace~
ment of the intensely chloritized country rock within
a few feet or, more commonly, a few inches of the con-
tact of the ultrabasic. Tale deposits as replacements
of gneiss and schist entirely apart from ultrabasics do

not exist in Vermont."
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In all these cases, igneous rocks which are thought
to have furnished the active solutions are either found
outeropping in the vieinity of the deposits or their
presence at depth is strongly suspected.,

Definite evidence as to whether or not tale in
some places in Virginia occurs as replacements in schist
is lacking. Several occurrences were seen in which the
tale appeared to grade into the country schist in a
manner suggesting replacement, but the outerops were so
badly weathered that accurate megascopic or microscopic
evidence was unobtainable.

4, Foliated tale in veins, rarely over a few
inches in width, usually cutting serpentine or one of
the more massive or impure varieties of tale. This
type is very pure but is of little commercial import-
ance, It does, however, afford beautiful museum spec-
imens. Magnetite, pyrite, and the carbonates calcite,
dolomite, and ankerite are comnonly found in these
veins associated with the talc.

Reference is made to vein tale in North Carolina

by Keithl, in New York by Newlandz, in Canada Dby

Keith, Arthur, Talc Deposits of North Carolina, U.S. G.S.,
Bull, 213, pp. 435-38, 1903.

Zyewland, D. H., New York State Museum Bulletin No. 223-4,

Min. Res. of St. of N. Y., 283-295.
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Wilson, and in Switzerlend by Heim® The author has seen
lyilson, M. E., Talc Deposits of Canada, Dept. Mines,
Geol. Surv., Econ. Geol. Series 2, 1926,

2Heim, Arnold, Der Talk bergham von Disentis in Gray-
bunden, Zeit,f. prakt. Geol., Vol. 26, pp. 2-11, 1918,

summarized by Wilson, loc. cit.

dozens of veins of foliated tale associated with the
talc and soapstone deposits of Virginia. This variety
commonly occurs in or immediately associated with one
of the other types of occurrence.

5. Many of the older writers have stated that tale
is found as a weathering product of magnesium-bearing
minerals. The author is not familiar, however, with
any recent investigator of the geology 6f tale who

recognizes this mode of occurrence.
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THEORIES OF ORIGIN
CLASSIFICATION OF THEORIES

The following theories of origin have been assigned

to the varioué oceurrences of talcl:

lrollowing Wilson, M. E., Talc Deposits of Canada,
Dept. Mines,lGeol. surv., Econ. Geol. Series 2, 1926,
modified and expanded by the author. '

l. The transformation ofla erystalline limestone,
usually dolomitie, to talc either directly or with
the intermediate stage of the formation of tremolite
or other magnesian silicates.

2., The conversion of ultrabasic igneous rocks
to tale either directly or with the intermediéte stage
of the formation of an amphibole, chlorite, serpentine,
ete.

3. The replacement of schists and gneisses by tale
either directly or with the intermediate stage of the
formation of chlorite or an amphibole,

4, Deposition in veins.

5. Veathering of magnesium-bearing minerals.,

The several theories listed above will now be con-

gidered in more detail,
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1. The derivation of tale from magnesian lime-
stone is considered by the various authors to take
place in one of the four following ways:

a) The transformation of a dolomite, commonly
siliceous, to a silicate, usually tremolite, enstatite,
or actinolite, by regional metamorphism, and the alter-
ation of this siliecate to tale by surface waters carry-
ing COgy either at some depth or under surface weathering

conditions. This theory was applied by C. H. Smyth, Jr.t

lsmyth, C. H. Jr., Sch. of Min. Quat., XVII, No. 4,

333-341, 1896, Genesis of the Tale Deposits of St.

Lawrence County, N. Y.

lsmyth, ¢. H. Jr., Report on the Tale Industry of St.

Lawrence County, N. Y., ¥. Y. St. Mus., Ann. Rept.,

Vol. XLIX-2, 661-71, 1898,

lsmyth, C. H. Jr., Preliminary Examination of the Gen-
eral and Economic Geology of Four Townships in St.

Lawrence and Jefferson Counties, N. Y., N. Y. St. Mus.,

Ann. Rept., XLVII, 685-709, 1894,

in 1893, 1895, and 1896 to the talc deposits of New York;

apparently J. H. Pratt® in 1900 to some of the deposits

Pratt, J. H., Talc and Pyrophyllite Deposits in North

Carolina, N. C. Geol. Surv., Econ. Papers, No. 3, 1900,
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of North Carolina; and by O. B. Hopkinsl in 1914 to
lHopkins, O. B., Asbestos, Talc, and Soapstone Deposits
of Georgia, Geol. Surv. of Ga., Bull. 29, 1914.

- to those of Fannin and Gilmer Counties, Georgia.

Smyth assigns the formation of the talc from the
gilicates to deep circulation; whereas Hopkins thinks
that the tale of Georgia was formed from the silicates
in the belt of weathering. Pratt does not state the
conditions of talec formation.

b) Formed directly from a siliceous dolomite by
regional metamorphism.

Keith? in 1902 called upon this theory to explain
2Keith, Arthur, Talc Deposits of North Carolina, U. S.
Ge Se., Bull. 213, pp. 433-38, 1903.
the talc disseminated through marble in southwestern
North Carolina. He apparently applies this theory also
to the tale in lenses and sheets, but has difficulty in
understandiing the process by which it was concentrated
in these forms.

Hopkins® in 1914 applies this theory to the dis-

dHopkins, O. B., Asbestos, Talc, and Soapstone Deposits

of Georgia, Geol. Surv. of Ga., Bull., 29, 1914,
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seminated scales in talcose quartzite of the Fannin-
Gilmer County deposits of Georgia. The shreds and
foliae of talc wrap around and project into grains of
quartz. This relationship suggests to him that the
tale was formed directly from the siliceous material
without the intermediate product amphibole through

the agency of a probeble dolomitic material which
cemented the grains together. The position of the

tale in the quartz grains may be explained by the
crushing and recrystallization of the quartz, which is
clearly shown, and which appears to be subsequent to
the formation of the tale.

¢} Contact or high temperature hydrothermal meta-

morphism of a dolomitic limestone to magnesian sili-
cates such &s tremolite commonly through the agency of
a granite, and the subsequent alteration of these sili-
cates to talc by the somewhat cooled emanations from this
same intrusive or by regional metamorphism. This theory
was advanced by Peckl in 1905 to explain the occurrence
Peck, F. B., The Tale Deposits of thillipsburg, New
Jersey and Easton, Pa., N. J. Geol. Surv., Ann. Rept.
1904, pt. 3, p. 163-185, 1905.

of the deposits of eastern Pennsylvania and western New

Jersey, by Diller% in 1913 for those of California, by

b
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Diller, J. S., Tale and Soapstone, U. S. G. S. Min.
Res. of U, S., 1912, Pt., II, p. 1148, 1913; and 1913,
ppo 157-160, 19140

Miller and Knight, The Pre—Cambrian Geology of South-
eastern Ontario, Ann. Rept., Ont. Bureau Mines, Vol.

XI1I, p. 119,

Smyth, C. H., Jr., Genesis of the Zinec Ores of the
Edwards District, St. Lawrence Couaty, N. Y., N.Y.

St. Mus. Bull. 201, p. 31, 1917,

of St. Lawrence County, N. Y., and by Stuckej*in 1937
to account for those of southwestern North Carolina.

Peck thinks thet the phlogopite and tremolite of

the Pennsylvania-llew Jersey deposits were farmed by the
contact action of pegmatite dikes, but that the talc
was formed from these silicates during regional meta-

morphism. Gillson5‘éXamined e specimen from this
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locality and found that it was not at all schistose
but that the serpentine and talec had a random orien-
tation., From this and from a study of the literature,
he came to the conclugion that dynamic metamorphism
could not be held responsible for the formation of the
tale, but that it seemed very probable that the tale
and serpentine are connected with the process of con-
tact metamorphism that formed the tremolite,

Dillerl describes the talc deposits of Californis
lDiller, Je. S., Talc and Soapstone, U. S. G. S. Min.
Res, of U. S., 1922, Pt. II, p. 1148, 1913; and 1913,
pp. 157-160, 1914.
as irregular masses typically lying between diorite and
banded limestone. The diorite is thought to be later
than the limestone and may have been a factor in the
origin of the talc. 1In places a derivafion from trem-

olite and actinolite is indicated. Gillson? ef£ter—a

2gillson, J. L., Origin of the Vermont Talc Deposits,

Econ. Geol., XXII, No. 3, May 1927, p. 246,

after a study of specimens from La Moine in the Siskiyou

Mountains near the Oregon line, concluded that very pro-

bably some or all of the deposits are due to emanations
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from the dioritie rocks as suggested by Diller,

Miller and Knightl suggest that the solutions re-
Miller and Knight, The Pre-Cambrian Geology of South-
eastern Ontario, Ann. Rept., Ont. Bureau Mines, Vol.
XXII, p. 113,
sponsible for the Madoc, Ontario, tale deposits were
derived from a granite. They note the formation of
tale from tremolite.

Smyth? supposes the deposits of St. Lawrence County,
2Smyth, Ce Hey Jr., Genesis of the Zine Ores of the Edwards
District, St. Lawrence County, N. Y., N. Y. St. Mus.
Bull. 201, p. 31, 1917,

New York to be formed by the action of magmatic sol-
utions from granite upon crystallihe dolomite starting
with contact metamorphism and cooling to conditions
normal to depth, and, in doing so, depositing diopside,
tremolite, pyrite, sphalerite, galena, talc, and ser-
pentine in this order and under control of decreasing
temperature. In the talec deposits proper, the ores are
mainly missing. It is &lso probable that Newland in
1919 intended to assign this method of origin to the

formation of these deposits, for he states that the tale
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was formed from the alteration of tremolite schist by
deepseated circulation. He shows limestone, tremolite
schist, tale, and a granite in a section presented but
makes no reference to contact action.

Gillson' in 1927 studied the literature relative to
the tale deposits associated with the Murphy Marble
in southwestern North Carolina and the adjacent portion
of Georgia and arrived at the conclusion that they were
probably formed by the contact metamorphic action of a
granitic intrusion instead of by the process described
in the foregoing section which was used by Hopkins
and intimated by Pratt. Recently these deposits in
North Carolina have been described by StuckeyX™ (in 1937)
q%tuckey, Jo L., Talec Deposits of North Carolina, Econ.
Geol., Vol. XXXII, No. 8, Dec., 1l937.
as having been formed by the action of solutions from
quartz diorite dikes upon the Murphy crystalline
dolomite producing in order: (1) silicification of the
marble; (2) tremolite, hornblende, actinolite, and chlo-
rite by replacement of quartz and marble; (3) talc by
replacement of tremolite and marble; (4) pyrite and

- magnetite with or closely following talc. Moneymakerz
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2Moneymaker, Berlen C., Communication of the Talec
Deposits of North Carolina, Econ. Geol., Vol. XXXIII,
No. 4, June-July, 1938, pp. 461-463.

tekes exception to the statement that the active s01-
utions are derived from quartz diorite dikes, citing
Keith and Ross and expressing himself as being of the
opinion that the quartz diorite bodies are in reality
pseudodiorite formed by metamorphism and not of igneous
origin-at all.

d) TFormed directly from a dolomitie limestone by
the emanationtfrom a granite.

Wilsonl in 1926 suggests this mode of origin for
lWilson, M., E., Talc Deposits of Canade, Dept. Mines,
Geol., Surv., Econ. Geol. Series 2, 1926.
the talc deposits of the Madoc district of Ontario.

He is inclined to omit the usual intermediate amphibole
stage, because of lack of evidence of the transform-
atioﬁ of tremolite to talec and because of the preser-
vation of what he asgumes to be the bedding of the
original dolomite.

Stuckey2 found some of the talec of southwestern
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lStuckey, J. L., Talc Depésits of North Carolina, Econ.

Geol., V¥>1l. XXXII, No. 8, Dec., 1937.

North Carolina replacing the dolomitic marble directly.
2. The second general type of theory falls into

the three following subdivisions:

a) The transformation of an ultrézbasic igneous rock

difectly to talc by regional metamorphism. This theory

was apparently intended by Keithl in 1902 in reference

Keith, Arthur, Talc Deposits of North Carolina, U. S.
G'o ' So ’ Bullo 2].’:‘), pl)o 433"58’ 1905.

e ———— e " - S W - — e A o - —— e = - e B e e — . o - — e = - - —

zJacobs, E. C., Reports of Vermont State Geoclogist,
1913-14, pp. 382-4:9, and 1915-16, pp. £32-£80.
19814 and 1916 to explain the occurrence of talc in
Vermont.

Keith states that the soapstcne and talc are de-
rived from the metamorphism (alteration) of a very
basic intrusive rock, which, in most cases, also forms

other silicates containing megnesia, such as tremolite,
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that dynamic metamorphism did not assist in the process
of talc formation. It is thought possible that a gran-
ite magma may have given rise to the active solutions.
Hessl agrees with Gillson's conclusions with two ex-
Hess, H. H., The Problem of Serpentinization and the
Origin of Certain Chrysotile Asbestos, Talc and So& p-
stone Deposits, Econ. Geol., Vol. XXVIII, Nov. 1933.
ceptions: (1) He believes that the overwhelming pro-
portion of the tale found is a replacement of an ultra-
basic, and, in the few cases where it is not, it is
a replacement of the intensely chloritized country rock
within a few feet or, more commonly, a few inches of
the contact of the ultrsbasic. Talc deposits as re-
placements of gneiss and scehist entirely apart from
ultrabasics do not exist in Vermont. (2) He would have
the s lutions hot, dilute, and aqueous usually carbonate-
bearing, and cooling. In view of the first exception,
Hess' concept of the origin of these deposits would
embody with the modifications that of Gillson's stated
above plus that of his included in the following section
"The replacement of schists and gneisses®,
The talc associated with the albitites along the

Pennsylvania-Maryland boundary line, as described by

Gordonr, Gillson®, and Larsend belongs here. The origin



44

Gordon, S. G., Desilicated Granite Pegmatites, Proc.

Acad. Nat. Sci., of Phila., Pt. 1, 1921, pp. 176-180.

Gillson, J. L., Origin of the ¥ermont Talc Deposits,
Econ. Geol., XXII, No. 3, May 1927, p. 246,

zLarsen, Esper S., 4 Hydrothermal Origin of Corundum
and Albitite Bodies, Econ. Geol., Vol. XXIII, No. 4,
June-July, 1928.

of this talec is discussed in the section entitled "Con-
ditions of Formation®.

4

The writer® has expressed the opinion that the Ztake

4Bur:foot, Jo. D., Jr., The Origin of the Talc and Soap-
stone Deposits of Virginia, Econ. Geol.,'Vol. XXV,

No. 8, December, 1930.

talc and soapstone deposits of Virginia were fypically
formed by the action of cooling hya}othermal solutions,
whlch\;tarted at apprOX1mate contact métamorohlc in-".
tensity, uyon pyroxenltes, perlootltes, and dunites
foxming in oxder amphibole, biotite in some" localltles,

chlofipe serpentine, masnetite, and carbonate. The

solutions were then rejuvenated followed by cnntlnued
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The—writer-{81)has expressed the opinion that the tale,
soapstone, and steatite and the associated metagebbros and
metapyroxenites of Virginia were formed by the action of
hydrothermal solutlions upon gabbros, pyroxenites, and
peridotites., These solutions started at approximately contact
metamorphic intensity and cooled to the temperature of the
surrounding country rocks, following which there was a second
invasion of hydrothermal solutions.

In the gabbro% group, the following mineral changes took
place: Pyroxene was altered to amphibole. Basic plagloclase
was changed to albite, albite-oligoclase, epidote, and clino-
zoisite. Ilmenite was reworked. Ilmenlte was altered to
titanite. Amphibole was replaced by chlorite. Probably after
the second invasion of solutions, amphibole and chlorite were
replaced by talc and magnetite, Secondary quartz was deposited.

In the pyroxenlte-peridotite group, the following transe
formations occurred: Pyroxene was altered to amphlbole in some
cases preserving the external form of the pyroxene. Biotite was
introduced in some locallties. Amphlibole and biotite were re-
placed by chlorite. In the former reaction, the lnterstitial,
alumlnous amphibole was apparently more susceptible to the
chlorlite replacement than the pyroxene-shaped bodies. Olivine
was changed to serpentine and magnetite, and the pyroxene-shaped
amphibole bodlss were serpentinized wlith the cleavage of the
amphlbole and the external form of the pyroxene being preserved.

The lnterstitial chlorlte was but slightly affected by tals
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replacement. Some magnetite and carbonate were probably re=
leased during the serpentinization of the amphiboie. At this
stage there was a rejuvenation of solutions with the water
becoming hotter and the conditions more intense, followed by
continued cooling. Tremolite developed around the edges of
the serpentinized uralite bodies, replacing serpentine and %o
Bome extent chlorite. Talc, magnetite, carbonate, pyrite, and
a little chrysotile were developed. In the rocks which previously
bore olivine, the talc worked in along and spread out from the
0ld olivine cracks, replacing the serpentine; in those which
bore pyroxene, the talc replaced tremolite, serpentine, chlorite,
and uralite. In one locality, secondary growth tremolite with
slightly later specufafite were formed subsequent to the talc
stage as a secondary rejuvenation of solutions.

The active solutions are thought to have carried carbon
dioxide and locally oxygen with silica, lime, and possibly
magnesia released from mineral alterations. The sources of
these solutions were conceived to be the magmas of some of the
lgneous rocks in the region, even the magma that gave rise to
the basic rocks themselves being recognized as a possibility.
The presence or absence of talc was dependéﬁt in part at least
upon the occurrence of the correct segregation product, the
presence of feeding channels leading to these rocks, and the
invasion of solutions of the necessary chemical character with
the requisite temperature and pressure. This study suggests

the following conclusions relative to the conditions of forma-
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tion of tale: (1) Differentlial stress 1s not necessary for
talc formation; (2) The mineral is formed under deep to

Intermediate veln zone conditions of temperature and pressure.
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oling with the fbrmation of tremo

te, and then\talc,
magnetite, carbonate,\pyrlte, and some

tile. «Q\ane locality secondary growth tr \?llte with
1

slightly ter sPecularite were formed subseﬁu@nt to
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the tale stagq as a secondary rejuvenation of SSIQtlons.

The active solﬁ%@ons are thouvht to have carried cag
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bon dioxide and looally oxygen with sillca, lime, and -

ossibly magnesia releqsed from mineralaalterations.
« N
sources of these solutions were the magmas of some

KN

of th Aigneous rocks in the-region. Differéntial stress

Hess, H. H., Hydrothermal Metamorphism of an Ultrabasic
Intrusive at Schuyler Virginia, Am. J. Sc., Vol. XXVI,
Oct,.,, 1933,

lHess, H. H.,'The Problem of Serpentinization and the
Origin of Certéin Chrysotile Asbestos, Talc and Soap-
stone Deposits, Econ. Geol., Vol. XXVIII, Nov., 1933,
Schuyler, Virginias were formed by the action of dilute
hydrothermal solutions bearing CO; on basic igneous
rocks, which were intruded as sheets and differentiated

in situ to gabbro, picrite, basic pegmatite, and acid
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pegmatite, The mineral sequence is pyroxene, olivine,
and plagioclase; hornblende, actinolite, and tremo-
lite; two chlorites; and talc and carbonate, with mag-
netite accompanying the formation of the chlorites,
talc and carbonate, There is considerable overlapping
of these minerals with the development of chlorite ac-
companying the progression of hornblende toward tremo-
lite, and tale and carbonate overlapping chlorite and
to a limited extent tremolite., However, Hess lays
stress on rock facies changes rather than on mineral
changes and finds the following transformations:
pierite to hornblende amphibolite to actinolite am-
phibolite to steatite. During these changes, so-
called poikilitiec texture is thought to have been de-
veloped by pyroxene crystals with inclusions of olivine
being altered to single crystals of hornblende with
slightly different compositions in areas which were
olivine from those which were pyroxene., This horn-
blende was in turn replaced by two chlorites,- one

in olivine areas and one in pyroxene areas. Talc and
carbonate then replaced the chlorite in olivine areas
rather completely and the chlorite in pyroxene areas
slightly. These changes took place under conditions
of decreasing temperature with tale being formed as the

low temperature end-members of the series. The evidence
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indicates that the active solutions were derived from
acid intrusions. The formation of talc was not de-
pendent on conditions of differential stress.

5. This theory was used by Weinschenkl in 1900
lieinschenk, E., Abhandl, Beyer. Akad. d. Wiss., Vol.
21, pt. 2, p. 270, 1901,

Quoted by Lindgren, W., Min. Deps., p. 394, 1919,

to account for the talc deposits near lautern, Austria;

2

by Wilson® in 1926 to account for those of the Eagle

BWilson, M. E., Talc Deposits of Canada, Dept. Mines,

Geol. Surv., Econ. Geol. Series 2, 1926.

5Gillson, Je L., Origin of the Vermont Talc Deposits,

Econ. Geol., ¥XXII, No. 3, May, 1927, p. 246.

1927 to account for some of those of Vermont.

Weinschenk4 holds that talec near Mautern, Austrisa
4yeinschenk, E., Abhandl,, Beyer. ikad. d. Wiss., Vol.
21, pt. 2, pp. 870-78, 1901, summarized by Gillson,
loc. cit, and Wilson, loec. cit.
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developed by the replacement of schist composed of
quartz, chlorite, chloritoid, and graphite along its
contact with limestone and believes that this trans-
Tormation is the result of the action of waters carry-
ing magnesia following the intrusion of large igneous
bodies., The source of the emanations was‘possibly a
granite., Redlich and Cornul cite evidence opposed to
lRedlich and Cornu, Zeitschrift fur Praktische Geologie,
Vol, XVI, p. 152, 1908.

viIew
this,and suggest that the basic intrusives of the region

A
are the source of the magnesia.

The tale deposits of Eagle Claim, Vancouver Island,
Canada occur, according to wilson citing MacKenzie, as
lenticular masses interbedded with argillites and
schists situated almost on the line of the Leech River
Fault. From this association, he sees the probability
of the tale being formed by magnesia-bearing solutions
percolating along the fault plane in a manner somewhat
similar to that suggested by Weinschenk for the de-
posits near lMautern, Austria. He believes that the so-
lutions probably came from the basic intrusives that
oceur in the region. Nevertheless, he recognizes the
possibility of the talc forming as an alteration pro-

duct from basic volcanics which occur in the district.
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Gillson finds the talc occurring in a quartz-
musceovite-chlorite sbhist and in a quartz-mica-amphi-
bole gneiss. He states that it never replaced these
schists or gneisses directly, but that the tale form-
ation was preceded by the replacement of the country
rock by a chlorite or an amphibole. The sequence of
mineral formation in this process was: tourmaline, -
quartz, biotite, apatite, amphibole, chlorite, titanite,
dolomite, talec, magnetite, and pyrrhotite. He considers
that the talc lenses are a kind of contact metamorphic
deposit formed by hot, alkaline solutions, low in sil-
ica, and toward the last rich in magnesia and carbon
dioxide. The random orientation of all the minerals
in the talc lenses indicates that dynamic metemorphism
did not assist in the process of tale formation. He
also suggests that granite was possibly the source of
the active emanations.

4, Vith talc being formed by the action of solu-
tions on certain rocks, it is quite natural to expect
that some of this talec will be teken into solution and
deposited in hearby cracks-and fissures. This actually
happens, and we find every gradation between the talc
that is deposited in situ and that which is transported
some distance and deposited in veins. This vein ma-
teriel is found around taslc deposits of all types, but

in only few instances has it been worked. Reference
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is made to vein talec by Keithl in 1902 in his deseription
lKeith, Arthur, Tale Deposits of Horth Carolina, U. S.
Gs S., Bull. 215, pp. 433-38, 1903.

- e . - - - - S - D s e e e D e G D G D D G e e e e - - e - -

of the tale of North Carolina and by Newlend® in 1921
Newland, D. H., New York State Museum Bulletin, XNo,
223~4, Min., Res, of St. of N.Y., 283-295.

in his account of that of New York. The writer has seen
dozens of veins associated with the tale and soapstone
deposits of Virginia.

3

Heim® in 1918 describes veins of pure, translucent,

3Heim, Arnold, Der Talk bergham von Disentis in Gray-
bunden, Zeit f. prakt. Geol., Vol. 26, pp. 2-11, 1918,
summarized by #&ilson, loc. dit.

iceberg-blue-green secretion tale in Switzerland. This
has been segregated from talcose rock and, like veins
of dolomite, etc., is secondary in origin. It occurs
either in coarse flskes or in fibres, the latter stand-
ing at right angles to the wall of the fracture,

Wilson? in 1926 describes two veins in Canada, one
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4Wilson, M. E., Tale Deposits of Canada, Dept. liines,
Geol. Surv., Econ. Geol. Series 2, 1l926.
up to a foot and the other up to eighteen inches in width
occurring with cerbonate and cutting respectively soap-
stone and serpentine. He states that its occurrence in
a vein cutting soapstone indicates that it is a sec-
ondary form resembling the columnar graphite that oc-
curs in veins cutting deposits of disseminated flake
graphite., Like the columns of the grapnite, the mic-
aceous structure of the vein talc generally stands at
right angles to the vein wall.

5. A number of geological writers have held the
view that taelc is formed extensively by the weathering
of magnesium-bearing minerals. Thus, Van Hisel in 1904
lyan Hise, C. R., & Treatise on Metamorphism, U. S. G. S.
Mono. XLVII, 351, 1904.
stated that talc "is especially likely to form under con-
ditions of weathering", while Hallg in 1918 made a similar
ZHall, A, L., The Geology of the Barberton Gold Mining
Distriet, U. S. Africe, Geol. Surv., Mem. Fo. 9, pp. 310-

12, 1918.
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statement. Hopkinsl in 1914 stated that "the change
lHopkins, 0. B., Asbestos, Tale, and Soapstone Deposits
of Georgia, Geol. Surv. of Ga., Bull. 29, 1914,
(from other silicates’such as tremolite, to tale) is
thus characteristic of the belt of weathering". And
Emmons®, in his table published in 1908 giving the
zEmmons, W. Hoe, A Genetic Classification of Minerals,
Econ. Geol., Vol. III, p. 611, 1908.
conditions under which certain minerals mey be formed,
lists talc and steatite as forming under conditions of
"surface alteration" and "surface weathering",

There is, however, considerable opposition to this

- point of view. Thus Juliend in 1914 pointed out that

dJulien, 4. A., Ann. New York acad. of Sci., Vol. 24,
p. 25, 1914,

"in the decay of olivine, for example, on weathered
outecrops of dunite or other peridotite,cececeeceenot a
trace of newly formed talc has ever been distinguished

amohg the products of decay", and Smyth% in 1918 states
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Smyth, C. H., Jr., Genesis of the Zinc Ores of the
Edwards Distriect, St. Lawrence County, N. Y., N. Y.
St. Mus. Bull. 201, p. 31, 1917.

that "it seems highly probable that the formation of
talc and serpentine is & process that goes on below,
rather than in, the 'belt of weathering' within which
latter these two minerals, while relatively resistant,
are by no means end-products, but tend to break down
into simpler compounds. There is no doubt that tale
and serpentine are formed below the belt of weathering
by both magmatic and meteoric waters", Newlandl in
lyewland, D. H., New York State iluseum Bulletin No.
223-4, Llino RGS. Of St. Of H‘o Yo, 283-2950

1921 holds that "it is certain that the talc (of New
York State) is not a product of surface weathering”,
and again, Hilsonz in 1926 states that "it would be
2Wilson, M, E., Talc Deposits of Canads, Dept. Mines,
Geol. Surv., Econ. Geol. Series 2, 1926,

difficult to prove that talc does not form by weathering,

but in the case of most extensive deposits at least,
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there is ample evidence that the talc has been formed
ag an gccompaniment of either igneous intrusion or
deformation, or of both these agencies". 1In substanti-
ation of these statements, the writer has seen talc
exposed to the elements which was losing its luster

and greasy feel and apparently breaking down to simpler
compounds. This weathered talc grades downward into

1

fresh talc of normal luster and slip., Jacobs™, also,

lJacobs, E. C., Reports of Vermont State Geologist,
1923-14, pp. 382-429, and 1915-16, pp. 232-280,

in 1914 states that "this 'massive tale' near the
surface appears tougher and harder than deeper down

in the earth”. In fact, no recent investigator of the
geology of tale, known to the writer, supports this
mode of origin in his publications.

The reader may note that the works of many of the
older writers are not included in this classification.
The reason for these omissions ig that, in many cases,
the statements of the mode of origin are not suffi-
ciently complete to be amenable to inclusion in this

scheme.
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DISCUSSION OF THECRIES

It should be remembered in considering the above
theories that if no material is added from the outside
except in some cases Hp0 and COs, & dolomite with only
silica &as an impurity would tend, under proper envir-
onmental conditions, to metamorphose to tremolite,
diopside, or some other iron and alumina-free silicate,
which in turn would alter to pure talc. Likewise, an
enstatitite or other magnesian igneous rock free from
iron and alumina would tend to go to nure talc. On
the other hand, if the dolomite is very impure, carry-
ing cansiderable argillaceous and ferruginous material,
or if the igneous rock is composed of iron-rich and
alumina-rich minerals, such as augite or hornblende,
the final result will tend to be a chlorite rather than
tale. If, however, the composition of the original
rock is between the two conditions outlined above, the
final result will be an impure talcose rock, or soap-
stone, the amount of chlorite developed depending on
the amount of alumina and iron in the original rock.

Another significant thing to be noticed in relation
to these theories is the trend of the modern writers
away from regional metamorphism, meteoric waters, or

surface conditions and toward magmatic waters and con-
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ditions of some depth as factors in the formation of
talc. Several points that might be advanced in favor

of this change are:

1. The presence of such minerals as magnetite,

pyrite, titanite, and pyrrhotite either accompanying

the formation of the tale or subsequent to it points

to the fact that talec was formed under conditions of
rather high temperature and pressure and probably by
magmatic waters.,

2. The presence of veins of tale, magnetite,

pyrite, and carbonates in the more massive varieties

of tale and, therefore, contemporaneous with or later
than the massive varieties indicates again that con-
ditions of some temperature prevailed during and slight-
ly subsequent to the formation of the tale, Also, for
the tale to be deposited in veins, it must have been

in solution. But talc is a very inert mineral. It is
very stable in the presence of both acids and saslkdlies
and under aqueous, surface conditions. It seems, there-
fore, that the conditions under which tale would go into
and remain in solution are more nearly the intense con-
ditions of temperature and pressure with the existence
of strong mineralizers which accompany igneocus intrusions
than the less intense conditions which accompany the
movements of meteoric waters sither at the surface or at

depth.
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3+ There is some doubt as to whether or not
meteoric water can reach the depths necessary for
tale formation in sufficient quantitiés to form tale
and to transport and deposit it in veins.

4, The random orientation of the fibers and flakes
commonly seen in talc deposits indicates strongly that
dynamic metamorphism is not necessary in the process of
tale formation. If, however, the minerals have a paral-
lel orientation, magmatic waters may have been the
agent directly responsible for the tale formation,
_while regional pressure may have been responsible for
this parallel arrangement,

5. The presence of diopside, tremolite, phlogo-
pite, biotite, tourmaline, and apatite as minerals
formed secondarily in the original rock yet prior to
the formation of the tale indicates that the first step
in the formation of tale took place under conditions of
high temperature and pressure. This assemblage also
strongly indicates magmatic waters under conditions of
cnntact metamorphism as the agent of their formation.

6. The frequent presence of igneous rocks of the
same age as the talc in the vieinity of the deposits
or the presence of conditions strongly indicating that
such rocks are close by not only offers a source for
magmatic solutions but also indicates that these sol-

utions were the active agents in tale formation,
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Chemistry of Changes.- Below are given some of

the equations which have been used to account for the
changes that go on in the formation of talc. These
equations are not to be taken as showing precisely or
completel;izhanges involved. For it is possible that,
were no water involved, the substances would not pass
through the molecular state. Yet, in this case, the
reactions would indicate the percentage ccmpositional
changes. Also, these reactions do not show the volume
changes involved. Thege voiume changes vary somewhat
with each locality and are dependent dn the relative
amounts of material added and removed and on the relative
densities of the minerals involved. Neither do they

show the part played by temperature, pressure, or other
substances in solution., In these equations, only the
simplest and purest materials are considered. The ever-
present impurities are not taken into account. Regardless
of all this, however, they do serve to give us a general
idea of what goes on during the changes in mineral com-

position in a manner that nothing else can,
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Ca Mg (003)2 + 2 8102 — Ca Mg (8105)2 -+ 2 CO2

Dolomite Diopside
Ca Mg(003)2-+ blOz — Mg SiO5 + CaCO3 + coz

Dolomite Enstatite

Reactions # 1 & # 2 take place with decrease volume.
o . .
a Mg:5 (8105)4 + 002 + Hzo - Hz Mg5 (3103)4 + CaCO5

Tremolite Tale

CaCOB may be carried away in solutioh,
6 Ca Mg Fe(Si0 4H O 6 C0O, + 3 0 —

g, ( 3)4+ 20 + 5
Actinolite
4H2 Mg5 (8105)4 + 6 Ca CO5 + 5Fe205 + 8 8102

CaCOZ and Fezo:5 may go to form ankerite or ferrocalcite.
4 Ng SiO5 + coz + Hzo —> Hpllgy (8105)4 + MgCOZ

Enstatite Tale

— 1 -+

3 Ca Mg(3105)2 + H20 + 5C02 > H2Mg5(3105)4

Diopside Tale

5CaC0O, + 2 Sio
) 2

3 Ca Mg(SiOz)z + 2 Hzo + 3 C02 —%-H4Mg5 51209-+

Diopside Serpentine

% CaCO, + 4 Sio
3 2

4 MgFe SiO3 + H20 + C02 —> Hyllg, (3105)4

Hypersthene Talec

+ Mg Fe COZ

4 Mgzsio4 + HZO + 5 002-—»-H2 Mg5(8103)4 + 5 Mg COB

Forsterite Talc

10. 12(Mg,Fe), 510, + 3 Hy,0 + 5 (o] —> BH,Me, (5105) ,

Qlivine Talc

+.5F9504
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. ‘«‘I i —> i
11 3Ig2 Sio4 + 2CaCO5 + 58102 2 Ca Mg3(8103)4-+ 2 COp
Forsterite Calcite Tremolite
. &y 1 -“‘
12, 2 Mgz SlO4 + 002+ 4H20—>H4I.Ig5 81209 + Mg 003
Forsterite Serpentine Magnetite
i i i T g
13, 3 ng SlO4 + 5102 + 4 HZO - 2 H4 IJIg:5 81209
Forsterite
4, it i 1
1 Mgz SiO4 + Mg SlO5 + hzo —a-H4 Mg5 81209
Forsterite Enstatite Serpentine
15, 3 Mg, Fe(SiO4)2 + 6H0+ 0 —>3EH, Mg, 81,04 + Fe,0,
Fe-bearing Serpentine Magnetite
forsterite
[} II O ]ﬁ
16, 3 Mg Si 3 + 2 Hzo —+-H4 ng 81209 + 3102
Enstati te Serpentine
17, H2Mg5 (8105)4 + Hzo-—+ H4 Mg5 51209 + 2 8102
Talc Serpentine
R i 2 Si0_ — H_ Mg (S5i0 HO
18, H, Mgz 81209 + 10, 5 gB( i 5)4 + H,
Serpentine Tale
T‘J ]
19. 2 H4 Mg, 51209 + 3 co,, —>H2Mg5(8105)4
Serpentine Tale
+ 3 MgCoO_, + 3 H,O

3 2
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In general, when the minerals involved change from
a lower to a higher silica ratio, there must be either an
addition of silica or a subtraction of basé or both.
This means that there must be available free quartz or
aqueous solutions carrying silica in the first case,
or solutions bearing carbon dioxide or in some cases
oxygen in the second to take care of the base removed
where all the base removed is not hydrogen. These
solutions may be of eithér meteoric or magmatic source.

If there is a mineral of a higher silica ratio
changing to a mineral'of a lower silica ratio, either
silica must be freed or base added or both. In the first
case, plain water to act as a medium of interchange is
all the reaction calls for, although CO2 and other sub-
stances are usually present. In the second case, if
hydrogen is the sole base added, water ;s sufficient
to effect the change. If, however, some other base is
added, a solution carrying that base is necessary.
Either meteoric or magmatic waters may effect these
changes.

If the same silica ratio is retained, as in the
formation of tale from a metasilicate, either silica
must be added or base subtracted, because, in the form-
ation of tale, hydrogen must be added. 0f course,

where bases other than magnesia are i esent, they must



be subtracted in the process of tale and serpentine
formation.
To be more specific, if enstatite (MgSiOs) were

to change to talc (H2Mg581 ), water must be added

4012
to supply the hydrogen of the talc. This frees one

atom of magnesium (really one molecule of magnesia).
To satisfy this, silica must be added, in which case

talce will probably form, or carbon dioxide to form
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magnesium carbonate., The active solution must, there-

fore, cnntain silica or carbon dioxide.

In the case of tremolite altering to talec, H2
replaces one Ca, wnich usually goes to form calcium
carbonate. Therefore, an aqueous solution carrying
CO2 is necegsary for this reaction.

In a like manner, all these equations can be

- analyzed.
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