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Tale, when it can be isolated as a pure
mineral, has a composition of 63.36% SiO,,
31.89% MgO, and 4.75% H,0. However,
as an industrial commodity, talc rarely ap-
proaches theoretical purity. Nevertheless, the
jmpure talc products of commerce find a
multitude of uses and few substitutes in many

- ;ndustrial applications,
s Minerals commonly associated with and
_ sold together in talcose mixtures are tremo-
« lite, chlorite, dolomite, mica, and magnesite.
& Steatite was originally a mineralogical name
< applied to pure tale. In today’s commerce stea-
tite generally refers to the massive variety of
talc suitable for electrical insulator manu-
facture. Block steatite ore can be machined
into various shapes. Impure varieties of mas-
sive or block talc are still commonly referred
 to as soapstone. Soft massive talc, suitable
- for crayon manufacture, has been referred to
%, as French chalk.

" It has been common practice to discuss
- tale, soapstone, and pyrophyllite under the
¥ same general heading. In the case of soap-
% gone and talc, this is a natural thing since
% many different types of platy, soft minerals
¥ exhibiting a high degree of lubricity (com-
§ monly referred to as “slip”) have been grouped
together and called soapstone or talc.

' Further, there is a mineralogical relation-
ship of pyrophyllite to montmorillonite and
tale to hectorite. Thus, talc and pyrophyllite
are sometimes referred to as clay minerals.
£ When finely divided talc or pyrophyllite are

combined with water in proportions to make a
‘slurry, the end product does have the appear-
ance of a clay-water mixture.

Soapstone for utensils and ornaments was
% mined by prehistoric Indians on Santa Cata-
&,_lina Island, CA. In the mid-1800s, soapstone
" from deposits along the western foothills of the
Sierra Nevada mountains was used by white
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settlers for building and ornamental stone and
in the linings and foundations of furnaces
(Anon. 1956). Previous to 1916, the annual
recorded production in California did not ex-
ceed 2000 tons. In the period 1912 to 1918,
output rose sharply when the Talc City, West-
ern, and Silver Lake mines were put into op-
eration. From 1916 to 1935, the state’s annual
output of talc was in the range of 9,000 to
20,000 tons. In the mid-1930s, the use of talc
in wall tile grew rapidly. In California, the
production of talc grew to 63,000 stpy in 1943.
The post-war building boom helped California
production to grow to 120,000 toms in 1951.
In 1968, production was 165,000 tons, 1969
was 145,000 tons, 1970 was 185,000 tons, and
1972 was 155,000 tons.

Talc mining in New York state dates to
about 1878 when a Colonel Palmer and as-
sociates opened the first commercial talc mine
on the Nelson Freeman farm near Taleville,
New York. In 1893, this operation was sold
to the International Pulp Co. which changed
its name to the International Talc Co. in
1944. The company was acquired by R.T.
Vanderbilt Co., Inc. in 1974.

A new talc operation, the Gouverneur Tale
Co. owned by the R.T. Vanderbilt Co., began
operations near Balmat, NY, in 1948. The
initial capacity of the processing plant was
200 stpd (Gillingham, 1950). Subsequent
expansions have increased capacity to over
600 stpd.

The Vermont talc industry began just after
the start of the 20th century. Talc was dis-
covered in the area of the present Johnson,
VT, talc mine in 1902. The American Min-
erals Co. initiated plant operations at John-
son in 1904. The Magnesia Talc Co. opened
a plant at Waterbury, VT, in 1913 (Bur-
meister, 1963; Trauffer, 1964) and acquired
American Minerals Co. in 1923. The Water-
bury mine has a long history as a producer of
talc crayons.

The Eastern Magnesia Talc Co. was formed
in 1924 by a merger of the Eastern Talc Co.
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and Magnesia Tale Co. In 1956, the Vermont
Mineral Co., with a talc mine at Ham-
mondsville was also acquired. A new plant
was then built at Gassetts to produce roofing
products.

In order to produce high-grade products

Industrial Minerals and Rocks

steatite grades, hand-picked platy cosmetic
talcs, and a few products from wet processing
plants, the industrial products are really mix-
tures of many minerals. For example, much of
the talc used by the ceramic industry is a mix-
ture of platy talc and tremolite; most of the

agencies ha
product qua
Table 2 |
which, are
industries.

for several markets, the Eastern Magnesia Talc  filler-grade talc sold to the paper, plastics, and Talc in Pai
Co. began operating a modern froth flotation ~ rubber industry is, at best, about 90% talc
plant at West Windsor, VT, in 1964. The ore  mineral with the balance being dolomite, cal- Tn 1979,
is provided by the Hammondsville mine. As  ¢ite, chert, clays, serpentine, chlorite, actino-. were used :
of 1972, this operation is known as Windsor lite, iron and manganese-containing minerals, the paint in
Minerals, Inc., a totally owned subsidiary of  and carbonaceous material. US talc pro
the Johnson and Johnson Co. Table 1 lists chemical analyses of typical that year.
The Texas talc deposits were first mined  talc ores and products. nage was ex
commercially in 1952 and by 1970 ranked Talc, along with many of the fillertype - Some of

fourth in US production behind New York,
California, and Vermont. Principal use of this

industrial minerals, is subject to steadily in-
creasing demands for higher purity and better

used in pair
tion, chemi

talc is in the ceramics industry. Lundquist quality control. A good example is the talc cosity, The
(1970) reports on a process for acid treatment, sold to the cosmetic and toilet goods industry. important.
calcination, and grinding Texas talc and talc- Prior to the end of 1960, a wide variety of ASTM Met
kaolin mixtures, By his process, Lundquist talc and talcose products were accepted for the number
increased the brightness value from 65 to cosmetic use if they met rather loose and un- tequired to
over 94. complicated specifications. A good cosmetic parts of talc
tale had to be reasonably light-colored, have Talc help:

End Uses

Talc is an extremely versatile mineral. In
spite of the relatively low purity of most ores
mined, talc has found a steadily increasing
number of uses. With the exception of pure

good “slip,” be free of gritty or hard min-
eral particles, and measure up to a certain
fragrance-retention standard. Now, the cos:
metic talc market is a demanding ome, Not
only has the industry itself set higher and
new standards, but new rulings from federal

vents saggin
tling of solic
tainer. Talc
minimal ab:
aquipment.

and solvent
gloss contro

of sheen or
determined
TABLE 1-Typical Chemical Analyses of Tale Ores and Products, % inclipation.
the same m
Pure Tale clinati
{Thearetical) 1 2 3 4 5 6 1nation.
—_— A very w
$i0 63.36 35.98 59.15 47.92 62.66 50.80 5492 for testing t
Mg0 31.89 32.95 31.34 26.00 30.23 27.45 27.20 sion of pair
Fe, Oy — 0.65 3.36 6.82 1.61 0.05 0.46 . .
Ti® _ 0.02 ~ 0.15 _ _ N nvolves use
ALY, - 0.43 0.26 7.35 0.31 057 - can also be
Ca0 - 0.00 0.15 4,14 trace 6.80 5.76 (Anon., 19°
K,Q - 0.00 - 0.00 0.05 - -
N3, 0 - 0.00 - 0.00 0.15 - - smooth, flat
co — 20.45 1.76 - 0.27 118 - or two groo
H,0 4.75 2.73 4.30 0.05 487 - - and % in.
MnO - 041 - 0.00 - 0.39 - from 1004
lsﬂiO - gg? - 0_09 - {50,) %07 - zero depth :
Cr,0, - 018 - _ _ - - is the secon
Cog - 0.01 - - - 615 .- (on talc pr
Fe - 5.96 - - -~ . - o
Less O for S - 0.05 - - - = - 4f talc and
P,O, - 0.01 - 0.00 - — = parts of o
Lol - Z - 751 - 475 10.76 the groove.
100.00 100.10 100,32 100.03 100.04 101.21 99.10 toward the -
— the stainless
Source: 1-5, Chidester, 1964; 6, Pence, 1955, determined

. Average Vermont carbonate ore.

. Flotation talc, Johnson Mine, Vermont.

. Rooting grenules, Cohutta Talc Co., Gaorgia.
. Steatite, Yellowstone mine, Montana, between the
. Average tale ore, Talcville, Gouvarnaur District, New York. vision shoul

— . Texas Talc. than 20°. 1

light source
coarse parti
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Talc

agencies have made heavy demands on talc
product quality.

Table 2 lists the various properties of talc
which, are important in specific markets or
industries.

Talc in Paint

In 1979, an estimated 237,000 tons of talc
were used as extender and filler pigments in
the paint industry. This is 24.7% of the total
US talc production of about 960,000 tons for
that year. This paint pigment extender ton-
nage was exceeded only by calcium carbonate.

Some of the important properties of talc
used in paint are color, fineness, oil absorp-
tion, chemical inertness, and optimum Vis-
cosity. The measurement of oil absorption is
important. This property is measured by
ASTM Method D 281-31 which measures
the number of parts of acid-refined linseed oil

¢ required to produce a coherent paste with 100
' parts of talc pigment.

Talc helps reinforce paint films and also pre-
vents sagging of paint films. It prevenis set-
tling of solids to the bottom of the paint con-
tainer. Talc is very soft and thus contributes
minimal abrasion to process and application
equipment. It disperses easily in both aqueous
and solvent-based paints. Talc is used for

" gloss control in paints where an exact degree
* of sheen or luster is required. Gloss is usually
“ determined with a reflectance meter at 60°
% jinclination, Sheen values are determined with

' the same meter and with the film at 85° in-

% clination.

A very useful, uncomplicated method used
for testing the fineness and degree of disper-

- sion of paint and other wet ground products

involves use of the Hegman gage. This gage
" can also be called a “fineness of grind” gage
. (Anon., 1970). It is a precision-machined,
smooth, flat, hardened steel block with one
- or two grooves or “‘paths™ about 5% in. long
and %% in. wide. The groove depth ranges
from 100x (about 4 mils) at one end to
zero depth at the other end. A scraper blade
' is the second component of the gage. In use
(on talc products), an aliquot of a mixture

_ * of talc and linseed oil (about 1 part talc to

4 parts of oil) is placed in the tapered part of
the groove. Then the mixture is wiped down
' toward the *“zero” depth end of the gage with

. the stainless steel wiper blade. The fineness is
- determined by holding the gage to a familiar
% light source and observing the area where the
- coarse particles begin to appear. The angle

i between the face of the gage and the line of

“vision should be not more than 30° nor less
than 20°. The fineness readings can be given

TABLE 2-Talc Properties
Important to Specific ¥ndustries

Paint Industry
Color {whiteness)
Particle shape
Packing quality
il absorption
Fine particle size {Hegman gage rating)
Opacity
Paper Industry
Free of grit (low Valley Abrasion value)
Color {with MgO as 100, prefer 90 or higher)
Opacity
Particle size (less than 5p)
Low alkali content
Effective in controlling pitch, oil, or
oleoresinous substances
Tale pigment gives lower wax pick values than clay
pigments
Talc gives lower ink receptivity than clay
Ceramic Industry
Uniform chemical composition
Constant amount of shrinkage on firing
Fired color
Particle size distribution
Cosmetic Industry
Contain only traces of dolomite, tremolite, quartz,
or any harsh minerals
Some chlorite may be acceptable
No color change after heating
Odorless; have good fragrance retention when
compounded
100% through 100 mesh and 98% minimum through
200 mesh; finer grades as specified by buyer
Neutral to litmus paper
Water-soluble substances, 0.1% maximum
Acid-soluble substances, 2.0% maximum
Loss on ignition, 5.0% maximum
Arsenic (as As); 3 ppm maxirnum
Lead {(as Pb), 20 ppm maximum
Total aerobic plate count including yeast and mold,
100 per g maximum
Gram negative bacterial plate count, fess than 10 per

other

a
Good “slip” and “unctuosity’” when applied to
human body, also the white color should disappear
as the ta)c is rubbed into the skin
Good deodorizing ability
Plastics Industry
Low iron content
Particle shape
Reinforcing ability
Compatibility with resins and other components
(talc is inert)
Superfine particles
Resistivity
Roofing Industry—Asphalt Backing and Surfacing
Minimum oil absorption
Color
Particle size consist
Brightness
Particle shape
Petroleum and Automotive Industries—Lubricants,
Body Putty, Asphalt Undercoating
Free from grit (pure platy talc for lubricants)
Chemically inert
Nonwicking (undercoating)
Rubber I ndustry
Good lubricity
Free of grit
Color (only in white rubber and latex)
Resistivity
Must be chemically compatible when used as
tatex filler
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in microns or mils. A reading of 6 on the
gage is about equal to 25u.

Tale in Paper

One of the fastest growing uses for talc has
been in the coating and filling of paper. As a
filler it is effective as an inexpensive titanium
dioxide extender and is outstanding as a pitch
control additive. Talc also assists in improve-
ment of gloss, opacity, and brightness. Its
retention in the paper fibrils usually approaches
1009%. In 1970 (Cooper and Hartwell, 1970),
a forecast of 2 3.75% annual increase in de-
mand for talc paper filler was made. Present
indications are that this is a conservative esti-
mate and the annual increase may reach as
much as 5%.

The main reason for the rapid growth of
talc consumption in paper is the availability
of high-quality micronized talc manufactured
to exacting specifications. Talc filler should
not contain more than 2 to 5% calcium car-
bonate, or similar minerals which react with
the alum used in paper formulations. Particle
size ranges from 3u to less than Y2u with
surface areas from 4 to 25 m?/g. Generally,
the Valley Abrasion * number will be very low,
from 2 to 6; thus, abrasion of paper making
equipment and printing equipment is mini-
mized.

When talc is used as a titanium dioxide ex-
tender in paper, it has a distinct weight ad-
vantage (talc specific gravity 2.8 vs. 4.2 for
TiO,). This feature grows in importance as
postal rates increase.

High-purity talc products are finding a
good market in competition with titanium
dioxide fillers. Considerable history has al-
ready been made in the paper industry where
talc fillers have found an excellent market for
use as titanium dioxide extender agents. In
1979, titanium dioxide (anatase) sold for about
53¢ per pound in slurry shipments and 57¢ per
pound in bags.

The best grades of talc sold, in 1979, for
only 5 to 10¢ per lb. This indicates that talc,
when it can be substituted, even partially, will
continue to be a formidable competitor for
substantial titanium dioxide markets.

* The Valley Abrasion tester measures wear (in
milligrams), of a wire cloth specimen, caused by
a circulating suspension of the talc and the rubbing
action of an oscillating Micarta block. After 6000
cycles, the wire cloth is washed, dried, and
weighed, The loss in milligrams is the Valley
Abrasion number.

The unique property of preferentially wet-
ting oily materials in the presence of water
makes talc extremely effective in “pitch con-
trol.” Pitch and other oleoresinous com-

ponents of paper pulps cause serious manu-

facturing problems if they are not controlled.
Tale absorbs the pitch and helps prevent ac-
cumulations which would otherwise deposit
on the rolls, wire, and other parts of the paper
machine. Competitive materials such as dia-
tomaceous earth and clay usually are either
too abrasive or much less effective in the pres-
ence of water.

The ultrafine particle size talc products
(maximum particle size of 5u) now finding
use in paper coating colors have similar ranges
of particle size distribution as coating clays
and precipitated calcium carbonate. The talc
products can be used to pigment latex, starch,
or alpha protein coating colors. The ultrafine
talc products can be used along with clay, cal-
cium c.rbonate, and titanium dioxide pig-
ments to control rheological properties, cal-
endering, gloss, ink holdout, opacity, and
brightness.

Talc in Ceramics

Talc finds use in many ceramic products. It
is a versatile component having beneficial ef-
fects relating to the control of thermal ex-
pansion of ceramic bodies. Talcs low in ac-
cessory carbonate minerals exhibit low igni-
tion losses, A typical New York talc will have
an ignition loss, at 2100°F, of 5 to 6%. In
comparison, many Texas and California talcs
lose 8 to 13% of their weight when fired.

Talc is used in cordierite (tale-clay mix-

tare fired to Cone 12) bodies such as devel-
oped for use in electrical insulators. Cordier-
ite has a very low thermal expansion. New
York and Texas talcs are used in the semi-
vitreous whiteware field, especially wall tile and
in dinnerware bodies. These have been found
to be ideal raw materials for the following
reasons:

1) The formation of enstatite produces high
thermal expansion bodies resulting in glazes
being put in compression which in turn tends
to prevent crazing (hairlike cracking in 2
glaze).

2) Low moisture expansion bodies are pro-
duced, resulting in good resistance to delaye
crazing.

3) The hard, massive nature of the ores
aids in either dry-pressing or in the making of
good casting slips.

4) Low fir
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4) Low firing temperatures are possible,

5) Fast firing schedules are possible—as
fast as 1 hr cold to cold.

6) Shrinkage and absorption of bodies are
fairly constant over a long temperature range.

7) Good white-fired bodies are possible.

8) Glazes of unusual brilliance and attrac-
tiveness can be fitted readily to high talc
bodies.

As far back as 1930 reports began to appear
praising the improved craze. resistance of semi-
vitreous bodies when New York talc was used.

A minor use of talc is as an addition to the
clay-flint-feldspar type of dinnerware bodies.
Tale is added up to 6% of the body and re-
sults in greatly improved craze resistance.

Tale is used as a glaze ingredient as it pro-
vides a low-cost source of MgO.

Talc is used as a mold dusting compound
to help the release of large castware pieces.

Synthetic lava talc is made from ground
steatite-grade talcs. In these applications, as
much as 80% talc is used in the mixtures.
When steatite-grade talcs are used for the
manufacture of high-frequency insulators,
limits of 1.5% CaO, 4% Al,O; and 1.5%
iron oxides are usually imposed. This extrap-
olates to a maximum of about 5 to 10%
nontalc minerals. Preferably, this should be
only 1 to 2% nontalc components.

" Tale can be used to replace clay in many
ceramic bodies, It promotes translucency of
the finished ware and makes it more durable.

Specifications for talc used in the ceramic
industry are increasingly more demanding.
The uniformity of most ceramic talcs supplied
by producers using hand-sorting or other prim-

. itive beneficiation methods is only fair at

best. As more sophisticated ore processing

. -methods are applied to tale ores, the ceramic
" industry is beginning to receive higher quality

falcs with very uniform chemical and physical
properties.

The use'of talc in ceramic tile has not
even approached the increases in residential
and commercial construction. For example,

$ 2 50% increase in housing starts in 1970 to
- 1971 gave only a 10% increase in tile com-
. sumption (Perry, 1972). New grades, sizes,

and colors of tile are being developed to help
The Tile Council of
America forecasts replacement of portland
cement as a setting material in the future
(Bennett, 1972). Also, increased use of edge-
bonded panels and colored grouts is predicted,

Pence (1955) gave an early report om
white-firing talc for ceramic use from west

Texas. The talc described was from claims
located in Hudspeth County about 23 miles
west of Van Horn, Texas. The ore analysis
was 54.92% Si0Q,, 27.20% MgO, 5.76%
Ca0Q, 1.36% Al,Q,, 046% Fe,0,, and
10.76% ignition loss. By firing standard 4Vx
4Y3x%-in. hand-pressed tile, Pence obtained
satisfactory results in color, density, glaze fit,
and other properties required in ceramic wall
tile.

At 750° to 900°C talc loses its one mole-
cule of combined water; at 900° to 1000°C it
dissociates into the metasilicate 3 MgO-'S8iQ,
and silica. At 1200° to 1300°C it converts to
clinoenstatite, MgO-8i0Q.. The final products
of the thermal decomposition of talc are
clinoenstatite and cristobalite.

In pottery, talc may constitute 40% of the
body composition, The thickness of the ob-
ject being made, the texture, porosity re-
quired, and the firing conditions all influence
the amount of talc used. Tableware often con-
tains 15% talc.

Talc in Plastics

Talc is an important filler material for
plastics. It improves chemical and heat re-
sistance, impact strength, dimensional stabil-
ity, stiffness, hardness, thermal conductivity,
tensile strength, creep resistance, and electrical
insulation properties, In some cases, the pro-
cessability, especially faster molding cycles,
of the plastic is also improved. Talc can be
used in both thermoplastics and thermosets.

Talc is used as a reinforcing extender filler
in many thermoplastics. It controls melt
flow, reduces creep in molded parts, increases
molding cycles, increases heat deflection tem-
perature, and dimensional stability. When
platy varieties of talc are used, a beneficial
lubricating effect is noted on molding machine
parts. And perhaps most important of all, the
use of talc decreases the overall cost of the
plastic product. Talc can be used as a filler in
quantities from 1 up to 50% by weight when
polyolefin compositions are involved (Poppe
et al., 1972). In a rare case, up to 70% talc
has been used in a cellulose ether that is
both thermoplastic and water soluble,

In all filler applications, where talc is added
to an organic component, a new dirmension is
rapidly developing. This is the chemical bond-
ing of the talc filler to the resin matrix (in the
case of plastic composites). The technology
involved is old since initial successes in bonding
glass fibers to various plastics were reported in
the early 1950s.
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The development of processes for the chemi-
cal coating of talc fillers is now reaching a
considerable degree of sophistication. Silane
coupling agents are used to improve perform-
ance of talc fillers in plastic materials. Ran-
ney, et al. (1972) report that the tensile
strength of a 50% (by weight) loaded poly-
ethylene plastic can be increased 25 to 30%
over the non-silane-containing standard.

In both rubber and plastics, the use of
filler minerals was originally for the soie pur-
pose of reducing cost. Thus such minerals
were called extenders or extender pigments.
With the advent of products such as silane-
coated clays in the rubber industry, it became
evident that filler minerals could be functional
as well as reduce overall cost.

Silane coupling agents are used with clays,
tale, and other mineral fillers. These agents
are a chemical family of organosilicon mono-
mers which characteristically possess two dif-
ferent kinds of chemical functionality. The
general formula for the molecule is: R—>Si
(0X), where R is the organofunctional group
attached to the silicon atom in a. thermally
and hydrolytically stable manner. In this
formula, OX designates hydrolyzable groups
upon silicon, These groups are generally be-
lieved to be the means whereby the silane
coupling agents interact with the siliceous in-
organic surfaces (e.g., tale) to form a more
durable bond with the filler mineral. With the
increased bonding, it is often possible to in-
crease the filler loading without sacrificing the

properties required in the polymer system.

Talc in Roofing Products

Talc is used both as a filler and as a surfac-
ing material in the manufacture of roofing.
When used as a filler, the tale acts as a stabil-
izer for the melted asphalt constituents. It
helps increase stability and weather resistance.
When talc is sprinkled on the surface of
either asphalt shingles or roll roofing, it pre-
vents the roofing from sticking during manu-
facture and storage before use.

Typical size specifications for talc used for
stabilizing roofing products are:

Tyler Mesh Range, % Wit.
+ 3% mesh none
-+ 65 mesh 10-20
- 65, 4+ 100 mesh 15-30
— 100, 4+ 200 mesh i 25-35
— 200 mesh 20-25

The market for low-grade talc used for sur-
facing, filler, and backing for smooth surface

roofings and for filler and backing of asphalt
roofing shingles is growing rapidly, When used
for surface coatings, the color and staiping
properties of the product are important,. When
talc is used as backing, the primary qualifica-
tions are particle size range, particle shape,
absorbency, and above all, low cost,

Miscellaneous Uses of Talc

Talc is used in a wide variety of textile
materials. Textile sizing compositions include
binders and mineral fillers. Some textiles use
sizings for temporary stiffeners and appearance
for sales appeal. The degree of whiteness is
often very important and thus favors tale or
other extremely white minerals. Where ex-
treme whiteness of color is important, tak
often competes with titanium dioxide at a
considerable cost advantage.

A relatively new market for talc and
pyrophyllite fillers is in the integral foamed
latex rubber backing for carpets, rugs, and
parquet hardwood floor panels. When used
with fabric, the main purpose of the latex is
‘to provide a flexible backing for the fabric and,
at the same time, lock the pile material to its
own backing. Impurities in the filler such as
calcium, magnesium, iron, and manganes¢
which can chelate with the latex are undesir-
able. Specially coated fillers with additional
latex reinforcement properties are under de-
velopment.

Upholstery fabric backing also uses sub-
stantial tonnages of mineral fillers. The filler
loadings run about 75 to 100 parts per 100
parts of latex. Major fillers are clay, tale,
pyrophyllite, and calcium carbonate. Similar
back coatings are used in drapery materials,
but the filler loadings are lower than for up-
holstery. Talc is a favored material because
of its ability to meet the demand for whiteness
of color. . .

‘The lubrication properties of talc are uniqué
and found in very few minerals. The history
of talc as a component in extreme tempera-
ture range greases is extensive and significant.
The dispersion characteristics so important 10
lubricants which operate over a wide tempera-
ture range without freezing or running off the
bearing surface are assisted by use of tale. A
representative grease capable of use over an
extreme temperature range might include a
silicone oil, colloidal silica thickener, molyb-
denum disulfide, talc, and several chemicel
additives to prevent corrosion of the bearng
surface or decomposition of the Jubricant
(Elstron, 1961).
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Both platy and nodular talc powders are
covered by US Patents for use in corrosion
proofing compositions such as those used in
automotive undercoating (Miller and Holtz-
apfel, 1970). The talc is about 50% by
weight finer than 10z and no more than 3%
coarser than 325 mesh, Talc plays an im-
portant part in the prevention of “wicking”
action in the composition. Undercoating prod-
ucts containing fillers such as asbestos are
often subject to failure resulting from a wick-
ing action which causes moisture to travel
through the corrosion proofing coatings.

The use of talc in dry fire-extinguishing
powders has been patented (Cawood, 1962).
Talc is used in quantities ranging from 10 to
15 parts per 100 parts of product. The talc
is used primarily to maintain the desired
free-flowing condition so essential in dry
powders used in fire extinguishers.

Talc is used in the textile industry both for
loading and “bleaching” materials such as

- cotton sacks, cordage, rope, and string. For
- such purposes, a good grade of low-abrasive

white talc is required. Tale used for back-
filling textiles can be of lower quality,

Other uses for talc include:

Cereal polishing (rice, corn, barley)
Bleaching agents

¥ Odor absorption from foods

Floor wax
Water filtration
Leather treatment (oil absorption)
Joint fillers and grouts
Insecticides
Textiles
Shoe polishes
Welding rod coatings
. Printing inks
t Encapsulant for acceleration testing artillery
. -- shellsup to 50,000 g
= Coating for iron ore pellets in direct reduc-
' tion processes
" Source of magnesium in plant foods

Mineralogy

Talc is a hydrated magnesium silicate with
L the theoretical formula M3g,[Siz020](OH),. The
chemical composition of talc found in nature,

% however, is quite variable. It is an extremely

;. Soft mineral and is rated No. 1 in Mohs’ scale
. of hardness. It varies in color from snow-white

¥ lo greenish gray and various shades of green.

3 Its specific gravity ranges from 2.58 to 2.83.
i Talc usually derives as a secondary mineral by

k.

alteration of other magnesium silicates such
as serpentine, pyroxene, or siliceous dolomite.
In industry the word tale covers a broad
variety of rocks and rock products,
Tale deposits can be classified into four
major categories:

1) Steatite—compact, massive, crypto-
crystalline, can be sawed, drilled, or machined
to required shapes. Steatite converts on firing
at 1800°F for 6 hr to interlocking crystals of
clinoenstatite——then called “lava.” This has
good electrical insulating properties.

2) Soft platy talc—is an alteration product
of sedimentary magnesium carbonate rocks.
Chlorite is a common accessory mineral. This
is the most important type of tale. It possibly
has more uses and more potential than any
other talcose material.

3) Tremolite talc—sometimes called “hard”
talc. It is massive or laminated rock com-
posed of varying percentages of tremolite,
anthophyllite, calcite, dolomite, serpentine,
and true soft tale. It is characterized by cal-
cium oxide contents of 6 to 10%.

4) Mixed tale ores—includes the so-called
“soft talc,” a friable, white schistose rock
composed of platy talc, dolomite, calcite,
serpentine, and many other trace minerals.
In some low-grade deposits, mixtures of talc,
chlorite, and dolomite are common.

Talc is a mineral that meets the criteria of
a “sheet silicate” mineral. Its structure is like
that of pyrophyllite except that the octahedral
sites in the layers or “sheets” are occupied by
magnesium instead of aluminum. Also, none
of the octahedral sites are vacant (which is
not the case with pyrophyllite). Chemically
pure talc is rarely found in nature in com-
mercial quantities, Practically all of the talc
produced is an impure product. Even the
hand-sorted, selectively mined cosmetic talcs
contain many extraneous mineral components.

When the major tale products in world
trade are examined, it becomes obvious that
only a miniscule percentage of world reserves
are “pure” tale. When impure talc products
are reprocessed by froth flotation, or similar
selective separatory methods, very high pur-
ity talc mineral can be produced. It would
seem objective to call a talc “pure” if it con-
tains upward of 95% Mg,[Si;0,,](OH),.

Table 3 lists the approximate composition
of the minerals present in talc ores,

The main isomorphous components of the
tremolite group are ferric iron, manganese,
and aluminum. Tremolite can contain 2 to
3% sodium. Tremolite includes three varieties
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TABLE 3--Approximate Composition of Minerals Present in Talc Ores, %

Si0, M0 Ca® CO,

Fe AlLO, K,0 Na,0 H,0 TiO,

Tale 63 32
Serpentine (antigorite) 44 43
Chiorite ) 33 36
Anthophyllite 58 30 2
Tremolite 57 23 13
Actinolite 52 8 9
Diopside 56 18 26
Feldspar 65

Magnesite 48
Dolomite 22 30
Calcite 56
Quartz 100

Muscovite 46 0.1

Magnetite (Fe, Q.)

limenite (FeTiQ,)

Pyrite (FeS,-)‘

Tourmaline 36 1 05
Graphite (100% C)

288

3-7
8-13
18 5-14
165-2.2
15-2.3
34 3
18 17
39 10 0.6 4.3
72
33 430
47
33 0.6 23 38 0.2

“ 10% B,0,

~ —iron tremolite, manganese tremolite (hexa-
~ ponite), and fluorine tremolite. Tremolite,
which has the theoretical composition 2Ca0Q-
5MgO-88i0Q,H,0, is commonly the major com-
ponent in talc ores, at the expense of the min-
eral tale itself. This relationship may hold
throughout large talc-mining districts, e.g., the
New York and California-Nevada districts.
Other talclike minerals which may constitute
various proportions of talc ores are antho-
phyllite, antigorite, chlorite, pyrophyllite, and
serpentine.

Povarennykh (1972) includes pyrophyllite,
talc, minnesotaite, and willemseite in the pyro-
phyllite group of minerals. In his description
of the group varieties, he includes Mg-pyro-
phyllite, Fe-pyrophyllite, Fe?*-tale, Fe?*Fe-

tale, Ni-talc, and Mg-willemseite, Talc can
[contain up to 1% nickel and pyrophyllite can

contain up to 9% magnesium. These chemi-
cal variations of thc pyrophyllite group show
the wide variety and possibilitiecs of the oc-
currence of ‘“talclike” pyrophyllite,

Barnes (1958) reported weak to medium
infrared luminescence of talc minerals from
various parts of the world. Steatitic talc from
Manhattan, NV, showed medium lumines-
cence, Tremolite from Kragero, Norway, and
Qutokumpu, Finland, also exhibited medium
reaction.

At the Jatoba talc mine near Ponta Grossa,
Brazil, a claylike antigorite has found com-
mercial acceptance .as a diluent for insecticides
and as “talc” for pharmaceutical uses (Brind-
ley and Santos, 1971). This is another exam-
ple of a taiclike mineral finding commercial
acceptance as “tale.”

Faust and Fahey (1962) provide a good
review of extensive studies by others relating
to the distribution of minor elements in mag-
nesium-rich minerals and rocks. There is good
agreement by the scientists that “the rocks of
the ultrabasic suite and their hydrothermally
altered forms rich in serpentine contain an
unusually high concentration of nickel, chro-
mium, cobalt, and scandium. Moreover, some
of the investigators have observed that the
carbonate-rich rocks, in contrast, contain very
small to practically negligible concentrations
of these elements.” This is in agreement with
the high nickel content of some Vermont talcs
and its complete absence in some western car-
bonate-talc ore bodies. '

Differential thermal analysis (DTA) and
X-ray diffraction both provide good analyti-
cal methods for identification of talc and alsu
many of the impurities associated with tale
ores. A large endothermic peak at 965°C is
typical of relatively pure talc mineral analyzed
by DTA methods.

It is of considerable geological significance
that tremolite from some metamorphosed car-
bonate rocks contains fluorine, On the basis
of fluorine analyses of 22 tales from world-
wide deposits, it was noted talc from meta-
morphosed sedimentary rocks contained from
0.11 to 0.48% fluorine. Talcs derived from
ultramafic rocks contained less fluorine (Ross
and Smith, 1968). o

Later work by Troll and Gilbéit (1972) on
fluorine-bearing tremolites points out that the
theoretical value for pure fluoro-tremolite 1$
4.65% fluorine. One sample of tremolite used

in this work from Richvill, NY, contained
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1.51% fluorine. Analysis of a sample of
lavender-colored tremolite showed 0.30% fluo-
rine. The US Bureau of Mines (USBM) and
the National Institute of Environmental Health
Sciences (NIEHS) have reported on the char-
acterization data of fine mineral test samples,
including nonfibrous tremolite (Campbell, et al.,
1980).

Occurrence and Reserves

Talc deposits are found in many countries.
Good quality talc ores are found in Africa, the
Americas, Australia, Republic of China, Fin-
land, France, Greece, India, Italy, North and
South Korea, Manchuria, Norway, Romania,
Sardinia, and the USSR.

Table 4 is a summary of geologic and ¢com-
mercial data for the principal talc districts of
'~ the United States (Chidester, et al., 1964).

As governmental regulations concerning ex-
posure to mineral dusts increase in frequency
and severity, those talc deposits containing
asbestiform minerals may decrease in im-
portance. The filler industry shows preference
for very high-purity platy talc which has
-~ minimal health hazards upon exposure to its
*  dust.

Wtﬁﬁy'#ff\’f

Geology

Talc deposits occur on every continent and
£ the geology of these deposits is roughly similar
. to those of the United States. The most com-
2 mon host rocks for the formation of talc are
£ dolomite and ultramafic rocks. Chidester et al.
¥ (1964) consider that there are three major
K types of talc deposits in the United States:
§. deposits associated with sedimentary rocks; de-
k. posits associated with ultramafic igneous rocks;
¥ and deposits associated with mafic igneous
. Tocks,

Good examples of talc deposits associated
$ with sedimentary rocks are those of the
¥ Californja-Nevada, Montana, New York, and
¥ Texas districts.

B Good examples of talc deposits associated
& with ultramafic igneous rocks are those of the
:E Vermont district.

Talc deposits associated with mafic igneous
.- Tocks occur in the central Appalachian Moun-
» tains and are the source of most of the soap-

& stone quarried in the United States. These -

. rocks, which contain relatively minor amounts
_, of the mineral talc, were probably formed by
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the hydrothermal alteration of gabbroic rocks.
As they are not a source of taic products, they
will not be discussed here. The first two types
of talc deposits, however, are important as a
source of talc products.

The easiest method of forming pure or rela-
tively pure talc deposits is shown in the follow-
ing reaction as presented by Winkler (1974):

3 dolomite + 4 quartz 4+ H,O
= talc + 3 calcite + 3 CO,.

The geological settings of US talc deposits
are as varied and diverse as would be expected
for any naturally occurring mineral cornmodity
of secondary origin, but there are nevertheless
some broad similarities. First, talc is invariably
a secondary mineral formed in preexisting rocks
either directly from those rocks, or through the
introduction of new material. Second, all eco-
nomically important deposits have been formed
under conditions of low-grade regional meta-
morphism. Third, commercial bodies are gen-
erally tabular and concordant, being molded
after the shape of the parent material, which is
most commonly a sedimentary or metasedi-
mentary tock unit. Fourth, most of these talc
ore bodies occur within Precambrian rock
units; the few which do not are found within
rock units whose age is no younger than Early
Paleozoic. Finally, in almost every instance
where the conditions of genesis can be either
firmly established or confidently inferred, the
time of the talc formation is Precambrian as
well.

The reasons for this almost total restriction
of talc to the Precambrian in both space and
time are presently unclear. It may be easier to
comprehend in the case of ultramafic rocks, for
these may indeed be much more abundant in
the Precambrian than in younger geological
systems. It is, however, somewhat more diffi-
cult to understand with regard to dolomitic
rocks, for these are certainly much more com-
mon in the Cambrian and younger geological
systems than they are in the Precambrian. It
may be that deep burial and the consequent
conditions of dynamic metamorphism could
have attained sufficient intensities only during
Precambrian time; such a theory would perhaps
explain the formation of talc in Montana and
New York, for instance, but would probably
not be applicable to some of the other districts,
which admittedly have undergone deep burial
but do not show conditions of extreme dynamic
metamorphism and isoclinal structure, such as
California-Nevada. It seems safe to say, how-




1284

Industrial Minerals and Rocks

TABLE 4-§

y of Geolagic and C ial

State and Distriet

Form and Size of Talc Body

Country Rock and Parent Rock

Paragenetic-Sequence in Altera-
tion of Parent Rock to Tale

California:

Sitver Lake—Yucea

Grove

Lenses, mainly of massive trem-
olite rocks, as much as 800 ft
lang, 20 ft thick, and 200-300
ft deep; schistose/tale rock
forms layers and lenses 1 ftor
more thick, mostly along the
footwall.

Southern Death Valley, | Tabular to lenticular bodies as

Kingston Range,

Inyo Range—Northern
Panamint Range.

Georgia:
Chatsworth

Maryland

Montana:
Dillan-Ennis

Nevada:

Palmetto-Oasis

New Mexico:

Hembrillo Canyon—S8an
Andres Mountains.

New York

North Carolina:

Murphy

much as 5000 ft long, 80 ft
thick, and 400 ft downdip;
most are of schistose to mas-
sive talc rock, but some con-
tain  interlayered tremolite
rock in various proportions,
and some are entirely of trem-
olite rock.

Small pods to lenses and tabular
bodies as much as 500 ft long,
60 ft wide, and 400 ft down-
dip. Some bodies show large-
scale variations related to dif-
ferences in parent rock,
permitting selective mining,

Lenticular bodies as much as
5000 ft long, 150 ft thick, and
300 ft downdip. Lenticular
and spindieshaped bodies of
massive talc rock (crayon talc)
gre dispersed through talc-
carbonate rock that shows
large-scale variations in color,
texture, and mineral composi-
tion,

Irreqular tabular masses adjacent
to pegmatite dikes in serpen-
tinite; irregular envelopes sur-
rounding a serpentinite core;
and lenticular masses.

Small veins and pods 1o lenses as
much as 700 ft long, 100 ft
thick, and more than 200 ft in
vertical extent.

Elangate zones of discontinuous
pods and lenses to tabular
masses more than 5-500 ft
long; generally 1-15 ft, but as
much as 50 ft thick; and 140
fr downdip.

Lenses as much as 300 ft long,
25 ft thick, and of undeter-
mined depth,

Sheetlike to lenticular zones as
much as several miles long and
300 fr wide,

Small pods 1o lenses as much as
700 ft long, 50 ft thick, and
200 ft downdip. Many de-
posits exhibit large-scale varia-
tions in color, texture, and
distribution of impurities, per-
mitting selective mining.

F el dspar-quartz-diopside-carbonate
hornfels, commonly separated
from the tal¢ body by phlagopite-
feldspar-tremolite schist a few
inches to several feet thick. Trem-
olite and talc apparently derived
from beds of sedimentary dolo-
mite 5-20 ft thick that form parts
of pendants in bodies of granitic
rock.

Cherty and noncherty dolomite, di-
abase, and argillite, commonly sil-
icated at the contact. In most de-
posits, one kind of rock forms the
hanging wall, another the foot-
wall. Tale and tremolite derived
from generally massive and com-
monly cherty or siliceous beds of
dolomite.

Principally dolomite and quartzita,
in a few places granitic rock and
limestone. Talc derived pringi-
polly from massive beds of dolo-
mite and quartzite, locally from
granite or diorite,

Schist, slate, granite, and granite
gnaiss. Mode of origin doubtful;
parent rock aither sedimentary
carbonate rock, mafic igneous or
voleanic rock, or uitramafic ig-
neous rock.

Schist, gneiss, pegmatite, and ser-
pentinite, Talc derived by replace-
ment of parts or the whole of ser-
pentinite bodies that vary widely
in size,

Dolomite and quartz-mica schist.
Tale derived from beds of dolo-
mitie marble that range widely in
size,

Chiefly dalomitic marble, hornfels,
and diabase; locally granitic rock,
phyllite, and schist, commonly
one kind of rock forms the hang-
ing wall, another kind the foot-
wall, Talc derived chiefly from
extensive beds of dolomitic
matble and hornfels, but locally
from phyllite, schist, and granitie
rock; commanly occurs at fauit
contacts.

Chiefly argillite; locally carbonate
rock and silica-carbonate rock,
Tale probably derived from ex-
tensive sedimentary units of argil-
fite.

Dolomitic and caleitic marble, diop-
sidic marble, and thin quartz-
diopside layers, Talc derived
chiefly from beds of dolomite
and silicaous dolomite that form
units as much as 5000 ft thick
and several miles long; some talc
derived from granite, syenite,
quartzite, and amphibolite,

Calcite marble, locally highly sili-
ceous and commonly tremolitic
at the borders of the taic de-
posits,

Dolomite -
tremolite
tale.

Carbonatetchart -
tremolite -
serpentine -+
tale.
Intermediate steps in the process
did not take place in many de-
pasits.

Dolomite and quartzite -
wale; also granite and diorite
—tala.

Probably:
dolomite —
serpenting  —
(chlorite) —
e,
Possibly:
uttramafic or mafic
igneous rock
serpentine  —
(Chlorite) =
talctcarbonate.
Dunite and peridotite —
serpentine -
talctcarbonate.

Dolomite  —talc; also
dolomite -
tremolite —
tale.

Chiefly: dolomite  — tale.
Lacally: harnfels, granite, schist,
and phyllite  —tlc. -

Not determined

Dolomite + quartz -+
diopside —
tremolite —
anthophyllite -
serpentine  —
talc.

One or more mingrals may be
omitted in the sequence.

Dolomitetquartz  —silicated
rock  —talc.

4_—#
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and lmpur:

Chiefly tremolite a
minor forsterite,
and carbonate. ir
clude phlogopit
quartz, carbonate
dike rocks.

Principally tale;
mostly-subording’
places  predom.
purities  chiefly
iron oxida stains
rock inclusions.

Chiefly talc; tremo
purities generally
chiefly chiarite,
quartz, pyrite, an

Ta!: rock princ
n.inor magnetite:
ate rock chiefly
bonate with min.
pyrite, chlorite, -
spar, actinolite,

Tale rock chiefly
ties, ¢hiefly eblo-
Tale-carbonate
tially tale and car
chlarite, magne-
tine, and other ir
Essentially tale
amounts of impu
chlorite, graphit
manganese and
and inclusions
rock.

Chiefly talc with m

and carbonate,
tremaolite, Much
terial is nearly pu

Chigfly talc with

ite; locally stair
oxide,

The proportion

anthophyllite, t
pentine varies
may predominat
lite rock is m
Quartz, carbon:
manganese and
and gypsum ar
purities,

Essentially tale.

chiefly minor
quartz, carbona-
stain, and rarely




1286

TABLE 4—Continued

Industrial Minerals and Rocks

State and District

Form and Size of Talc Body

Country Rock and Parent Rock

Paragenetic-Sequence in Altara-
tion of Parent Rock to Tale

Texas:
Allamgore

Liano

Vermont

Virginia:
Schuvler

Largely unknown, but some tab-
ular masses are several thou-
sand feet long and several hun-
dred feet wide, with tabular
and irregular inclusions of car-
bonate rock, phyllite, and
masses of chert that range
widely in size.

Mastly small lenses and pods in
schist or along margins of ser-
pentinite masses as much as 4
miles long and 1 mile wide.

Shell of talc rock 1-3 ft thick
surrounds a zone of talc-
carbonate rock that ranges in
size from a shell 1-20 ft thick
arpund a serpentinita core to
the entire mass of the original
serpentinite body.

Lenticular bodies of the same
extent as the original igneous
rock body.

Cherty dolomite; some conglomer-
ate, phyllite, and diabase. Talc
probably derived from extensive
beds of sedimentary ' or pyro-
clastic rock such as dolomiti¢
marl ar magnesium-rich tuff.

Schist, gneiss, and serpentinite. Talc
derived from lenticular bodies of
sarpentinite and from tabuler and
lenticular units of schist, gneiss,
mafic volcanic rogk, and carbon-
ate rock.

Schist, greenstone, and serpentinite.
Talc rock and talc-carbonate rock
derived almost wholly from ser-
pentinite bodies that range in size
from small pads to lenses several
miles long and a mile wide; 2
small proportion of the tale roek
is derived from schist.

Gneiss, schist, and amphibolite, The
tale {s0apstone) was derived from
lenticular bodies, probably orig-
inally hypersthene gabbro, as
much as 180 #t thick and 1500 ft
long,

Not determined

Details unknown, Serpentinite
and metamorphosed sedimen-
tary and volcanic rock aitered
variously to ona or mare of
tale, carbonate, tremolite, and
anthophyllite,

Dunite and peridotite  —rser-
pentinite.

Serpentinite+CO,  —talct
carbonate.

Serpentinite+3i0, —talc.
Schist or greanstone  —mlck
chlorite.

Hypersthene gabbro  —am-
phibole+chlorite  —tale+
carbonate.

Source: Chidester et al., 1964.

ever, that even though conditions of extreme
dynamic metamorphism have not necessarily
been attained in all six talc-mining districts of
the United States, conditions of burial beneath
miles of rock cover have been attained in every
one of them.

The six major tale-mining districts in the
United States are New York, Vermont, the
southern Appalachians, Texas, California-
Nevada, and Montana.

New York

All of the known commercial talc here oc-
curs within the Balmat-Edwards or Gouverneur
mining district. A comprehensive study of talc
in the United States by the US Geological Sur-
vey (Chidester, et al,, 1964) indicates that
New York had at that time almost 75% of the
United States’ “measured and indicated” tale
ore and about 40% of its “inferred” talc ore.
With only relatively minor exceptions, all
known talc in this district lies within a narrow
belt, which probably averages only 500 ft or so
wide and is only about eight miles long.

The New York talc district was long the most
important in the United States in terms of total
annual production, being rivaled or surpassed
only by Vermont. Over the past couple of
decades, however, both Montana and Texas

have also pulled ahead of New York. It is most
peculiar, therefore. that the New York district,
although dominant in production for so much
of the past century, and even more dominant
in terms of proven and potential ore reserves,
is geographically the smallest in area of all six
tale-mining districts in the United States.

The bedrock complex of the Gouverneur
mining district consists exclusively of metamor-
phic rocks of Precambrian age (the Grenville
Series), but two specific lithologic types, gneiss
and marble, dominate. The gneiss is thought to
be the older unit and is about 3,000 ft thick;
the marble, thought to be the younger unit, has
a maximum known thickness of about 2,000 ft.
Thin sheets and lenses of amphibolite occuf
within both the marble and the gneiss, but are
relatively minor in total volume. Brown and
Engel (1956) subdivided the marble sequence
into 15 units, of which only Unit 13, the “talc
unit,” is known to contain commercial deposits
of tale, tremolite, or zinc minerals. Unpub-
lished geological investigations indicate that the
composition of most of the marble within this
mining district is relatively simple and prob-
ably does not and did not originally differ
greatly along strike. The talc unit, a dolomitic
marble, shows evidence of being only 250 ft of
so .thick in its least contorted areas: greatel
thicknesses are probably due to structural
flowage. ' .
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Bodies of ultramafic rock have been intruded
into a sequence of phyllite, schist, gneiss, green-
stone, and amphibolite rocks. These ultramafic
bodies subsequently have been locally serpen-
tinized and partly converted into talc. The talc
deposits are commonly associated with dunite,
peridotite, and serpentinite, which were prob-
ably their parent rock.

These ultramafic ro¢ks form part of a belt
more than 2,000 miles long, which extends
from Alabama to Newfoundland (Chidester,
et al., 1951). The talc ore itself is more of
a tale-carbonate complex, which locally grades
into a carbonate complex commonly rich in
magnesite. The talc ore is relatively dark-
colored, has schistose structure, and is rela-
tively high in iron content, particularly at the
curface where the iron has been enriched by
weathering processes. Although the mineral
talc itself is a relatively major constituent, the
grade of Vermont talc ores generally is con-
siderably lower than those of the other districts
in the United States.

The ultramafic bodies are as much as 1 mile
wide and as much as 3.5 miles long (Chidester,
et al., 1951). The commercial talc bodies,
which occur in those ultramafic bodies known
as the verde antique type, are zoned around
cores of serpentinite. The talc-containing zone
(steatite zone) forms the outer shell or zone of
the body: between it and the serpentinite core
is the grit zone, which is commonly several feet
to several tens of feet thick. Grit is the miners’
term for rock which is composed of talc and
carbonate minerals only.

There are few masses of high-purity talc in
the Vermont district large enough to mine as
such. Tremolite is not known and talc itself
is the only talclike mineral contained within
the ultramafic bodies.

In northern Vermont, entire ultramafic bod-
ijes have been converted into grit and have
widths on the order of 100 ft or so.. In south-
ern Vermont one similar body has a width of
about 175 ft. At least 145 talc occurrences are
known in Vermont within an area having a
strike length of about 150 miles and a width
ranging from five to 25 miles. Homoclinal
folding is the regional structure; isoclinal fold-
ing is thought to be uncommon, for little repe-
tition due to folding has been noted.

Few workers have attempted to date either
the host rocks of the Vermont talc-mining dis-
trict or the time of steatization, but studies by
Christman (1959) and Christman and Secor
(1961) suggest that the age of the parent rocks
is Early Paleozoic, probably Ordovician.

Open-pit mining is relatively minor, with
most of the production coming from under-
ground workings, some of which extend to
vertical depths of more than 1,000 ft.

The ore reserve situation in the Vermont dis-
trict has never been seriously investigated by
anyone who would be at liberty to disclose the
results of such a study. Judging from the geo-
graphical distribution of the known talc bodies,
however, the total ore reserves must be ex-
tremely large.

Producers historically have had the choice of
grinding the talc ore as mined and simply size-
classifying it for relatively low-priced dusting
compounds and fillers or of beneficiating it by
flotation or other means in order to derive high-
value products containing major amounts of
the mineral tale. To manufacture the most
profitable product line in this district, an op-~
erator must employ wet-processing beneficia-
tion techniques. The Eastern Magnesia Talc
Co., Inc. (now Engelhard Minerals and Chemi-
cal Corp.) has been using wet-beneficiation
methods on ores near Johnson, VT since 1937.
The ore is subjected to froth flotation, then de-
watered in a rotary vacuum drum filter. The
filter cake is then dried, pulverized, and air-
classified (Harrah, 1956). Eastern Magnesia
Tale Co., Inc. established another, more mod-
ern froth flotation plant at West Windsor, vT
in 1964; since 1972 this operation has been
known as Windsor Minerals, Inc., a wholly
owned subsidiary of Johnson & Johmson Co.
(Trauffer, 1964).

Vermont’s talc production in 1979, accord-
ing to the US Bureau of Mines, was 346,000
tons with a value of $2,755,000.

Southern Appalachians

Although numerous deposits of talc and soap-
stone are known in the Appalachian Mountain
province between Vermont and western North
Carolina, none of them have such a history of
past or present production, nor in the writer’s
opinion the future potential, to even suggest the
possibility of their becoming major talc-mining
districts. These occurrences in Massachusetts,
Connecticut, Rhode Island, New Jersey, Penn-
sylvania, Maryland, and Virginia are described
by Chidester, et al. (1964).

Several more attractive talc occurrences and
ore deposits, however, are known between
Murphy in western North Carolina and Dade-
ville in eastern Alabama. Compared with those
of the other five major talc-mining districts in
the US, these are relatively small deposits, but
some of them are quite important in that they
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noted in 1873, are present in Tallapoosa and
Chambers Counties, Alabama, where they are
associated with ultramafic bodies (Neathery,
1968). The tale content ranges from 3 to
26% , probably averaging 209 for the better
deposits; annual production has been about
5,000 tons (Neathery, 1970). Neathery, et al.
(1967) describe flotation-concentration feasi-
bility studies, which show that good-grade talc
concentrates can be made from these ores, but
the economics of such an operation have yet to
be proven.

Texas

Texas has two talc districts—the Llano
district in the central part of the state and
the Allamoore district to the northwest of
Van Horn in the western part of the state. The
latter district is the one most recently put into
production and is now the only one of any
importance.

The Allamoore district extends about 20
miles east-west and is as much as 5 miles
wide. Its ore deposits are in the Allamoore
Formation, of Precambrian age, which con-
sists of thousands of feet of carbonate rocks,
volcanic¢ rocks, and phyllite (King and Flawn,
1953). The talc appears to the writer to be

associated with dolomite, but it also appears-

to interfinger with phyllite in certain parts of
the district. Edwards (1980) feels that phyllite
is invariably the host rock, but Bourbon
(1981) believes that the talc formed in Pre-
cambrian time by the replacement of primary
sedimentary magnesite. Field relationships in-
dicate that carbonate rock other than calcite is
the host rock for these talc deposits.

The ore-bearing strata, which are in the
lower plate below a large overthrust fault (the
upper plate having been almost entirely eroded),
dip either vertically or steeply to the south. No
ore body of which the writer is aware has ever
been bottomed-out by either drilling or mining.
Large iron-oxide-stained “horses” of either
carbonate or volcanic rock are common within
the talc zones, but generally are easily elimi-
nated by the use of selective mining methods.
Talc is commonly found from the grass roots
down and the soil cover is generally less than
1 ft thick. Caliche is abundant in the upper-
most 5 ft or so of these dark-colored ore bod-
ies, but seldom causes any problems at greater
depths.

Initial but far from complete petrographic
and X-ray studies of the ores indicate that
tremolite is not present to any significant de-

gree. Dolomite, however, is so finely admixed
with the talc as to render it extremely unlikely
that pure talc can ever be produced in signifi-
cant quantities from known ore bodies by pres-
ently known beneficiation techniques. There is
little indication of a hydrothermal origin for
these ores,

The talc ore (ceramic-type) is generally
strongly foliated, with the individual foliae
ranging from paper-thin to as thick as 14 in.
This dark Texas crude looks little like tale ore,
even to the trained observer, when one first
visits the district. The first impression is to
identify it as black shale or perlite or some
other similar nontale-bearing rock. However,
despite its dark—or indeed even black—color

" and its striking untalclike appearance, this tale

ore is a superior ceramic crude with superb
pressing qualities and excellent firing charac-
teristics.

Flawn (1958) describes the district in a stage
of infancy and King and Flawn (1953) de-
scribe in detail the overall geology of the dis-
trict and surrounding areas.

All of the production has been from large
open pits, with the exception of minor amounts
of light-colored (generally pink to white) tale
which have been mined in small underground
workings and then finely ground into filler and
extender products. Almost all of the talc ore
produced in the Allamoore district is shipped
out of the district to the east, and even into
Mexico, for use in the ceramic industry, par-
ticularly for the manufacture of wall tile.

Mining costs probably are the lowest any-
where for talc ores. Flawn (1958) gave the
costs of mining, transportation, and loading
into cars as ranging from $1.75 to $3.00 per
ton.

This is by far the youngest of all the major
US talc-mining districts for production com-
menced only in 1952. The US Bureau of Mines
credits Texas with the production of 207,000
tons of talc ore in 1979, but this is sharply
down from immediately prior years.

California-Nevada

Of the major tale-mining districts in the
United States, the one which combines the
largest geographical area with the greatest num-
ber of productive commercial deposits is that
of southeastern California, which barely ex-
tends northward into Nevada. It is about 200
miles long and has an average width of 30
miles, but is locally as much as 75 miles wide.
Engel and Wright (1960) divide this long belt
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done during the 1940s by Henry Mulryan, then
with Sierra Tale Co., and Walter K. Skeoch,
then with Southern California Minerals Co.
The earliest significant work in the geological
literature is that of Perry (1948), an excellent
field study which was compiled in the very
early days of the Montana tale industry. Sub-
sequent works worthy of consultation for fur-
ther and more timely details on this district are
Olson (1976), whose work mainly concerns the
Ruby Range, and Berg (1979), whose work

covers the remainder of the district.

High-purity tale deposits in southwestern
Montana are totally restricted in their occur-
rence to dolomitic marble in the Prebeitian
Cherry Creek Series. The talc, which is gen-
erally white to pale green. commonly occurs as
conformable lenses and stringers within the
marble; if the talc is anywhere discordant, such
a relationship is usually at low angles to the
foliation of the bedrock. Structural control in
the strictest sense has not been widely recog-
nized, but there is an apparent restriction of
talc mineralization to that part of the dolomitic
marble which is spatially close to large bodies
of the Dillon Granite Gneiss.

The following reaction is thought to account
for the formation of these talc deposits:

3 dolomite + 4 quartz + H,Q
= tale + 3 caleite + 3 CQO,.

Inasmuch as the host dolomite normally is not
notably siliceous adjacent to the tale, it is likely
most of the silica required for formation of the
talc was metasomatically introduced. Although
this is merely the writer’s opinion, it is in part
substantiated by Garihan (1973).

All of the pre-Cherry Creek rocks, the rocks
of the Cherry Creek Series, and most of the
rock types of the Dillon Granite Gneiss have
been subjected to upper amphibolite grades of
metamorphism, part of a long-lived metamor-
phic event in Prebeltian time, which included
the development of intense isoclinal deforma-
tion. It is the writer’s opinion that the talc most
likely was formed during the period of re-
gional metamorphism of greenschist grade.
which postdated the amphibolite period and
predated the intrusion of the diabase dikes.
These vertical or near-vertical dikes, which are
now best referred to as metadjabase, have a
consistent northwesterly strike which coincides
with the main direction of high-angle faulting.

Precambrian structural deformation was ex-
treme and is characterized by isoclinal folding
and refolding and the flowage of less compe-

tent rocks, rather than by faulting. Post-

Industrial Minerals and Rocks

Precambrian folding has been negligible. The
characteristic Laramide structure is high-angle
block-faulting along northwest trends.

The talc was almost certainly formed in Pre-
cambrian time. Evidence is the relationship of
the talc to the metadiabase and the fact that no
talc whatsoever is known to have been formed
in the thick dolomite units of the Cambrian and
Devonian systems in the northern third of the
Ruby Range, even though some of these dolo-
mite units are within only a mile or so of talc
deposits in the Precambrian dolomitic marble.
Garihan (1973) feels that this lack of talc
formation in the Paleozoic dolomites, plus the
fact that the Paleozoic rocks are completely

unmetamorphosed, speaks strongly for the talc -

having been formed in Precambrian time.
Okuma (1971) also feels that the most likely
age of the talc mineralization is Precambrian.

Several major talc deposits are known in the
Ruby Range and one major deposit is known in
the Gravelly Range. One relatively small de-
posit and several minor occurrences are known

in the Greenhorn Range; several minor occur-

rences are also known in the Tobacco Root
Mountains. Virtually all of Montana’s talc
production comes from three large mines—two
in the Ruby Range and one in the Gravelly
Range.

Ross, et al. (1955) have mapped the unit in
which all of the known commercial talc de-
posits occur as covering an area about 180
miles long in an east-west direction (from Red
Lodge to Bannack) and 85 miles wide (from
Three Forks south to the Idaho border). The
dolomitic marble which is the only host rock
for the formation of the talc, however, does
not occur over the entire extent of this unit.
As known today, admittedly from still incom-
plete and extremely fragmental information, the
dolomitic marble is probably significant only in
the Ruby Range, the Gravelly Range, the
Greenhorn Range, the Tobacco Root Mout-
tains, and possibly in small areas of the Madi-
son Range.

The mechanism of the formation of Montana
talc bodies was probably similar to that posty-
lated by Van Horn (1948) for the MurphY.
NC talc ores. The geology of the southwestert
Montana tale district s similar in many ways
to that of the Murphy area and many Of
Van Horn's conclusions concerning the genests
of the Murphy talc ores also appear to apply
to the genesis of Montana talc ores. .
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The larger California talc mines are being
converted to open pit mining.

Processing

Talc milling has traditionally involved dry-
processing operations. Since much of the
talc market is supplied with a relatively im-
pure talc product, beneficiation is not usually
carried out. The talc milling industry is slowly
changing from uncomplicated grinding plants
to sophisticated processing operations.

The new generation of talc mills includes
complex froth flotation, sedimentation, hydro-
cycloning, dry and wet magnetic separation,
centrifugal sizing, spray drying, and new grind-
ing techniques. It should be noted that grind-
ing is required both to prepare the ore for
processing as well as to finish off the final
product which must usually meet stringent
particle size demands.

The processing of talc ores is complicated
by the fact that extreme white color is a very
desirable feature, Therefore, the grinding
equipment used should not discolor the talc in
any way. This generally rules out conventional
rod and ball milling with steel grinding media.
Fortunately, most talc ores are very soft and

reasonably good grinding rates can be ob-
tained with ceramic grinding media. )

Some very sophisticated grinding facilities
are often required for final preparation of pro-
cessed talc sold to specific markets. For exam-
ple, when tale is sold for paper filler and coat-
ing applications, it is generally designed to
meet an average particle size of less than 5p.
in some special products this may be Jowered
to less than 1u. This ultrafine grinding re-
quirement is met with vertical-shaft pulvenz-
ing mills (3500 rpm) and jet-milling equip-
ment. The latter utilizes the fluid energy prin-
ciple with either compressed air or steam Pro-
viding the energy. Fig. 2 is a sketch of a fluid
energy type grinding mill,

In pioneer plants talc was ground in flour-
grinding mills equipped with buhrstones and
then sized on silk bolting reels (Parsons
1948). The operation of such a mill grinding
both wheat and talc was recorded as late a8
1922,

Porcelain-lined flint-pebble mills were used
at Gouverneur, NY, as early as 1885. In
Vermont, where softer talc ore was grout{d-
vertical emery mills, disintegrators, pulveriz-
ers, and roller mills were used. Cosmetic-grade
talcs were sized by bolting throuzh cloth.
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At present, little information has been pub-
lished on wet grinding of talc ores. A perti-
nent reference to the subject appeared in
Russian literature in 1971 (Karmazin, et al.,
1972). The authors found that grinding in rod
and ball mills did not result in “opening” of
the mineral intergrowths even when grind-
ing to a 5 to 10 particle size. Jet mill grind-
ing did accomnplish intramineral grinding with-
out the overgrinding resulting from impact
mill grinding.

Windsor Minerals, Inc., a totally owned sub-
sidiary of the Johnson and Johnson Co., op-
erates two talc mines in Vermont. The Ches-

- ter mine and the Hammondsville mine are
. both in Windsor County. The two talc pro-
. cessing plants serving these mines are located

at Gassetts and West Windsor, VT, The plant

| at West Windsor utilizes sophisticated wet-
- process technology and has contributed toward
. better understanding of the basic problems in-
. volved in the beneficiation of talc ores.

Ore is delivered by trucks to the flotation

"~ plant where several high-grade talc products
' are manufactured. Fig. 3 is a flowsheet of the
- plant as reported in 1964 (Trauffer, 1964).

A Canadian talc processing facility using
modern wet-processing equipment is operated
by Baker Talc Ltd, Ore is produced from an
underground operation at the Van Reet mine,
“in Potton Township about 80 miles southeast
of Montreal. Talc was first mined here in
1871 (Anon., 1969).

The Baker talc plant utilizes froth flotation
and  high-intensity magnetic separation to
produce high quality talc products. This ore
could not be sufficiently beneficiated by froth
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flotation alone due to the presence of iron-
bearing minerals which discolored the prod-
ucts. The magnetic separator in use is 2
modified high-intensity Jones wet magnetic
separator which is now also finding major ap-
plication in the beneficiation of many indus-
trial minerals.

Eastern Magnesia Tale Co., Inc. (mow
Engelhard Minerals and Chemicals Corp.),
was a pioneer in the Vermont talc industry.
After a 1902 discovery of an ore body, a dry
mill was constructed in 1904 to process 25
stpd (Harrah, 1956). This plant operated until
1920 when a 100-stpd dry plant was placed
in operation. In 1932, wet methods of bene-
ficiation were investigated. This work, along
with US Bureau of Mines and the Missouri
School of Mines development work, led to
installation of a flotation pilot plant in 1937.
Modification and enlargement of the pilot
plant in 1938 resulted in commercial applica-
tion of the froth flotation process. The ore
is ground to 72 to 77% —200 mesh in dry
pebble mills prior to flotation and shaking
table concentration. The tables remove a
high-gravity product containing a small quan-
tity of nickel, iron, and cobalt minerals, A
talc-magnesite mixture is floated at 18 to 21%
solids in 21 Fahrenwald-type flotation cells.
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The talc froth product contains talc particles
of sufficiently coarse size that a rotary vacuum
drum filter can be used for dewatering to 18%
moisture. The filter cake is flash dried, pul-
verized, and air classified prior to shipping.
Fig. 4 is a mill flowsheet as of 1962.

Naturally hydrophobic minerals such as
talc, sulfur, graphite, and molybdenite will
often respond positively to froth flotation
without the addition of collector reagents.
Lepetic (1972) has reported on the flotation
of copper and molybdenum sulfides without
collector reagents. Klassen and Mokrousov
(1963) point out the striking similarity of
talc and molybdenite as regards water wetta-
bility of the cleavage planes and the faces of
these layered minerals.

A detailed report on a laboratory test pro-
gram involving a Dadeville, AL, talc-asbestos
deposit was issued in 1967 by Neathery, et al.
(1967). The report concludes, “it is tech-
nically feasible to obtain good grade talc con-
centrates by flotation concentration of each
of the five samples examined.” Pine oil was
the favored flotation reagent, and at least
four flotation cleaning stages were necessary
for optimum results. It was not considered
feasible to produce a commercial anthophyl-
lite concentrate for use as an asbestos product.
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The Johnson and Johnson Co. is an im-
portant producer and consumer of cosmetic-
grade talc. In 1963, they were issued two
patents (Brown and Macdonald, 1963; Chase,
1963), which constitute a good review of the
art of flotation of platy talc ores. While platy
talc is easily floated, many problems are en-
countered when the process is applied com-
mercially. For good selectivity, when finely
pulverized ores are used, the flotation cell pulp
density is usually around 6 to 10% solids.
This results in very low capacity per unit of
cell volume. Further, when a major portion
of the flotation froth concentrate product con-
sists of particles finer than 325 mesh (44u),
it is difficult to dewater prior to the drying
step. The platy talc particles effectively blind
even the finest mesh filler fabrics. Centrifugal
dewatering methods have proved effective when
all conventional filtration methods fail.

There is no publication of commercial ap-
plications of the froth flotation process to
tremolitic-talc ores. Norman, et al.,, (1939)
published results of a detailed laboratory in-
vestigation on the flotation of talc ores from
Gouverneur, NY, in 1939. These data indicate
that a clean separation of soft, platy talc from
tremolite is difficult, With a feed containing
36% tremolite, a cleaner concentrate contain-
ing 13.2% tremolite was floated. The under-
flow, or rougher tailing from this test, contained
47.3% tremolite.

Fig. 5 is a flowsheet showing typical dry-
processing of New York tremolitic-talc ores.

Adaptation of a noncomplicated sedimenta-
tion process to the beneficiation of certain
soft, platy talc ores was announced by Roe
in 1972. A pilot plant operation on a talc-
dolomite ore from the Death Valley-Kingston
Range district, California, was successful in
decreasing the carbonate mineral content from
over 40% to less than 4%. The beneficiated
product had a Valley Abrasion number of 4, 2
G.E. brightness of 93 to 95, 3.3% acid solubles,
and 1.6% carbon dioxide. This, and similar
processes, hold promise of the future develop-
ment of similar low-grade talc ores and other
filler minerals. .

As wet processing is accepted by talc pro-
ducers, the interest in specialized delamina-
tion equipment increases. Some talc deposits
include a small percentage of naturally occur-
ting, discrete, thin plates. . For the most part,
talc is in the form of booklets of plates which
require physical effort to split into sheets for
greater utility in paint, paper, plastics, and
cosmetics.
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FIG. 5—Flowsheet for Gouverneur Talc Co.,
Inc., New York.

The mica industry has a long history of
evaluating delamination processes. Mica used
in joint cement (for wallboard, etc.) should
have a low bulk density; the degree of de-
lamination is generally directly proportional to
the bulk density. A good mica will have a
bulk density of less than 10 1b per cu ft.
Several types of high-shear wet process equip-
ment for delamination have been tested on
mica and talc. In general, the processing
usually involves the use of high-pressure
pumps, such as those used on mineral-slurry
pipelines, to force the mica or talc through
a restricted orifice thus causing delamination.
The same process is also used for size re-
duction of sulfur particles. It is reported that
a pressure homogenizer can produce sulfur
dispersions containing 99% of the particles
in the 1x range, with none larger than 3u
(Anon., 1966).

Ashton and Russell (1972) describe a useful
method for study of delaminated talc platelets
in two dimensions, area and thickness. In this
method a thin film of talc particles is dusted
onto the surface of distilled water and a section
of the monolayer is picked up on a microscope
glass slide. A precisely trimmed 10 cm?® area
of the talc film is examined photographically.
By subtracting the void areas a total area of talc
is determined on a projected image. The
weight of the talc film is determined to 0.10

-et:wr-rmmw"' LR
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mg on a microbalance. The average thick-
ness of the talc particles was calculated from
the foregoing data as follows:

weight (w)
density (d)
Volume (V) =thickness () X area (a)

Volume (V) =

= w
“ad
t % 10~* =thickness (¢) in microns

where d is density of talc in graras per cubic
centimeters=2.7, w is weight of talc on slide
in grams, e is actual area covered by talc in
square centimeters, and ¢ is average thickness
of talc in centimeters. By using the described
technique, talc platelet thicknesses of 1.4 to
10.1p were measured.

Quality control in many talc plants consists
of uncomplicated test procedures. For exam-
ple, the former Eastern Magnesia Talc Co.
reported (Burmeister, 1963), “Quality con-
trol is largely based on percentage of con-
tained talc (insolubility test in hydrochloric
acid) and particle size and brightness or
color.”

In larger talc plants (100,000 stpy produc-
tion) very sophisticated laboratory procedures
are used to control product quality. Those talc
plants supplying the larger segments of the talc
market, such as paint, paper, and cosmetics,
will have facilities for chemical and instru-
mental analysis, surface area determination,
color, oil absorption, abrasivity, particle size
and shape determination, packing quality, re-
sistivity, Iubricity, bacterial count, melting
point, vitrification range, and fired shrinkage.

Production and Markets

The total world production figures for talc,
soapstone, and pyrophyllite have generally
been compounded. This addition of quanti-
ties results from lack of both mineralogical
and definitive production data.

As the talc industry grows, uses more so-
phisticated beneficiation methods, and meets
stringent product specifications, there is evolv-
ing a more logical statistical reporting system.
Production statistics should list, for example,
figures for paper filler grade talc, cosmetic
talc for face and body powders, cosmetic talc
for use in aerosol applications, talc used in
many types of lubricants, and talc used in
agricultural applications.




1298

US mine production of talc exceeded 1 mil-
lion tons for the first time in 1969. World
production averaged 1.7 million tons for the
period 1945-1960 but by 1969 world pro-
duction rose to 5 million tons.

Many of the important large tonnage uses
for talc are closely related to the degree of
sophistication of industrialization of a given
country. Over the 15-year period 1945 to
1960, the United States produced about 38%
of the tota] world production of talc, soap-
stone, and pyrophyllite; by 1962, this had
dropped to 26%. For the ten years preced-
ing 1973, US production stabilized to average
about 22% of the total worid production.

In 1980, talc was produced by 21 companies
from mines in 12 states. Vermont, Montana,
New York, and Texas were the top producing
states, accounting for 90% of the year’s out-
put. Georgia, North Carolina, Arkansas, Ne-
vada, Oregon, Virginia, and California pro-
duced the remaining tonnage. Iowa is listed as
a producer but actually, it has only a grinding
facility processing ores from other areas. The
1979 US production of talc was 1,268,000 tons.

Table 5 shows tonnages of ground talc sold
or used by US producers in 1978, 1979, and
1980.

Future Trends

The uses for talc in putties, caulks, and
many types of sealants and adhesives are

TABLE 5—End Uses for Ground Talc

Thousand short tons

Use 1978 1979 1980
Ceramics 257 260 282
Cosmetics* 69 74 69
Insecticides 13 13 1
Paint 192 237 197
Paper 87 108 102
Plastics 147 112 110
Refractories 6 6 2
Roofing 18 19 20
Rubber 36 39 37
Other uses™ 92 a5 a3
Total? 917 960 - 203

Source: Clifton, 1980, 1981.

*Incomplete data. Some cosmetic talc known to be
included in “Qther uses.”

*Includes art sculpture, asphalt filler, crayons, floor
tile, foundry facings, rice polishing, stucco, and
other uses not specified. :

*Data may not add to totals shown because of inde-
pendent rounding.

Industrial Minerals and Rocks

rapidly increasing. This is especially true in
those products requiring close control of
color (white and tinted) and dependence on
high quality through adherence to strict con-
trol of tale specifications.

Talc has several competitive minerals which
are sold for similar uses. Feldspar, wolla-
stonite, and nepheline syenite compete in
ceramics, Mica competes in the roofing mar-
kets. Titanium dioxide is losing ground as a
competitive filler in some markets due to its
high cost. Specially purified, calcined, and com-
pounded clays compete with talc in paint,
paper, and plastics.

One important factor to consider in future
competition for the talc filler markets in
paint, paper, and plastics is the rapid penetra-
tion of these markets by limestone and dolo-
mite-filler products, Calcium carbonate - is
often considered to be the most versatile com-
mercially produced mineral filler. The United
States market for calcium carbonate fillers and
extenders exceeds the total domestic market
for talc and pyrophyllite." The world market
for carbonate fillers is growing at a faster rate
than any other mineral filler. The widespread
availability of large carbonate deposits stra-
tegically located for low-cost transportation
will encourage continuing competition in the
white-mineral filler market. A detailed com-
parison of calcium carbonate and talc fillers is
presented by Roe (1980).

As more industrial minerals operations
change over to wet beneficiation methods, es-
pecially flotation, there may be considerable
amounts of byproduet talc produced. The very
successful introduction of wet high-intensity
magnetic separation in the beneficiation of
kaolin clays and other industrial minerals has
added another dimension to the options in talc
ore processing.
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