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NOTES ON INDUSTRIAL MINERALS
INTRODUCTION
The materials produced from the earth by the
mining industry can be divided into three groups: fuels,
metallic ores, and industrial minerals. The fuels are
materials used primarily to produce energy through combustion. The metallic ores are broken down to produce
elemental substances which we know as metals. The industrial minerals include all mineral materials not
covered by the two previous classifications plus, in
special cases, some materials used as sources of metals.
The variety of industrial minerals (or nonmetallics) is large, their properties vary greatly, their
uses and the specifications for each use differ tremendously, their unit values may be anything from a few
cents to many dollars, and the methods used in preparing
them for market range from simple to complex. For these
reasons general statements cannot adequately cover the
class as a whole, nevertheless, some generalizations may
prove useful.
NATURE OF INDUSTRIAL MINERALS AND THEIR DEPOSITS
Industrial minerals may be simple chemical
compounds but more frequently they are complex compounds
or even whole rocks containing several different minerals.
The value of the material may be due to its chemical content, or, as is more commonly the case, it may depend on
one or more physical properties such as colour, structure,
strength, weight, or hardness.
No two deposits of a given industrial mineral
produce material with exactly the same properties and
normally it is impossible to make them identical. The
differences may be due to various factors including
amounts and types of impurities, degree of crystallization,
degree of alteration, or effects of metamorphism. Often
several different grades of material suitable for different uses can be produced from a single deposit.
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PREPA.RATION FOR MARKET
Industrial minerals are mined, crushed, and
concentrated by the same methods that are used for
metallic ores. Open pits or quarries are more common,
however, than underground mines. Some industrial
minerals are used just as they come from the ground;
others must be broken down and screened to meet definite
size specifications; some require washing and concentration; and still others must have special heat or
chemical treatments.
MARKETING
Many industrial minerals, particularly those
used in construction work, are heavy low-priced commodities that are used in large quantities. The markets
for these are very local and tend to be concentrated
near large centres of population and industry. To be
economic deposits of such materials must be near transportation and close to potential markets. Other industrial minerals command moderate to high prices and can
move to more distant and even world-wide markets. The
distance any mineral can be moved economically depends
chiefly on the relationship of value to transportation
cost. Sometimes it is cheaper to beneficiate a lowgrade deposit near a market than to bring in high-grade
material from a more distant location.
Numerous factors complicate the marketing of
industrial minerals. In British Columbia most of the
large markets are captive ones--that is, the consumers
have their own sources from which they produce their
required raw materials and they are not interested in
other supplies. As previously mentioned, no two deposits
of the same mineral yield identical products, hence consumers are reluctant to change from familiar material
from an established source to unknown material from a
new source. Also, consumers accustomed to a source of
proved uniformity and continuous supply are unwilling
to risk trying a nm~r source of unproved uniformi i1y and
continuity of supply. The increasing rigidity of specifications for industrial minerals tends to eliminate
many deposits formerly usable and makes it difficult

- 3 for small operators who cannot afford the scientific
control necessary to meet consumer specifications.

UNIT VALUES
The unit value of industrial minerals varies
widely among the different minerals, it varies greatly
among different varieties or grades of the same mineral,
and it varies markedly from place to place. Some prices
are quoted regularly in such publications as the "Engineering and Mining JournaL 11 Hovrever, the materials
concerned are few in number and the prices should be
considered more as guides than as set figures. Most
prices are established after negotiations between buyer
and seller and must be re-established for each new contract. These negotiated prices are generally tttrade
secretslt· and are not available to anyone but the parties
concerned.
Place value and marketability of industrial
mineral deposits are strongly affected by changes such
as transportation development and expa.ns ion, freight
rate adjustments, industrial and population expansion
and migration, world political changes, and technological development and changes. Deposits valueless at
one time may become valuable, and deposits once valuable
may lose their value.

BRITISH COLUMBIA DEPOSITS
Deposits of most of the commoner industrial
minerals have been found in British Columbia. However,
many are too low grade 7 too small, or too remote to be
of present interest. There has been production in the
past from numerous deposits that are no longer being
operated.
Of recent years the only important raw materials
exported have been asbestos, barite~ crushed stone (mainly
limestone), gypsum, and sulphur. Manufactured industrial
mineral exports include building brick, cement, fertilizer, fire brick, and lime, During the same period
major imports included asbestos, special clays (china~
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rock, pumice, salts, silica sand, special monumental
stone, sulphur, talc, vermiculite, and whiting. Manufactured industrial mineral imports included asbestos
products, brick (refractory), cement (water lime), chinaware, granules, grinding wheels and abrasives, glass,
lime, plaster, porcelain, stoneware, and tiles. It is
to be noted that some items appear in both export and
import lists--this is accounted for by differences in
types or grades of materials, transportation costs, or
some such factors.
The following pages contain brief notes of
the more common industrial minerals. For anyone interested in more detailed information on these and other
industrial minerals the following references are suggested:
(l)

The Canadian lVIineral Industry (yearly publication), Department of Mines and Technical
Surveys, Ottawa.

(2)

Nonmetallic Minerals, Ladoo and Myers,
Second Edition, 1951, McGraw-Hill Book Company.

(3)

Industrial Minerals and Rocks, Second Edition,

1949, The American Institute of Mining and

Metallurgical Engineers.

(4)

Industrial Minerals of Colorado, Quarterly of
the Colorado School of Mines, Vol. 44, No. 2,
April 1949.

(5)

Mineral Commodities of California, Bulletin 176,
1957, Division of Mines, Department of Natural
Resources, State of California.

(6)

Minerals Yearbook, Bureau of Mines, U. S.
Department of the Interior, Washington, D.C.
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ASBESTOS
The fibrous forms of several minerals are
called asbestos. The only type of interest in British
Columbia, however, is the cross-fibre variety of the
mineral chrysotile. This mineral is always found in ·
veins in serpentine rock. The fibres run across the
veins nearly at right angles to the walls. Veins are
normally less than 2 or 3 inches wide and most of the
fibre produced is shorter than one-half inch. In the
vein chrysotile is usually some shade of green but may
be yellow, brownish to grey, or white. The vein material
is easily pulled apart into fine, silky, white fibres
that are soft but strong and flexible and can easily
be twisted or spun into threads. 1.rThen twisted, rubbed,
or gently pounded the fibres separate but do not disintegrate into powder.
Asbestos has an infinite number of uses mostly
dependent on the fact that it can be readily separated
into fine, strong, flexible, and incombustible fibres.
The main uses fall into the following groups:
(1) yarns
for textile products; (2) paper, sheets, and blocks;
(3) asbestos cement shingles, boards, pipes, and tiles;
(4) heat insulating cements; (5) boiler and pipe coverings;
(6) paints and roofing cements; (7) as a filter and packing
agent. No satisfactory substitute has yet been found for
most of these uses.
Commercial deposits of asbestos contain 2~ to

15 per cent fibre and ore reserves should be large, at

least several million tons. In British Columbia a high
proportion of spinning grade fibre (over 3/8 inch long)
would be required.
Asbestos is sold according to a complicated
grading system based chiefly on fibre length. November,
1958, price quotations for short tons of fibre, F.O.B.,
Vane ouver were:
( l) Crude No. 1 (over 3/4 inch) = $1522;
(2) Spinning (over 3/8 inch) = $325 to $682; (3) Shingle
Stock = $220.
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Barite (barytes, heavy spar) is barium sulphate
CBaS04). The mineral is recognized chiefly by its heaviness (G. ~ 4.3-4.6), two perfect cleavages at right angles, lack of effervescence in acid, and green colouration of a blowpipe flame. It is normally white but may
be grey, buff, or other colours, has a white streak and
vitreous to pearly lustre, is brittle, and has a hardness of 2.5 to 3.5.
In British Columbia barite is found in vein
and replacement deposits either alone or as a gangue
mineral with lead, zinc, or copper mineralization.
The chief use of barite is as an ingredient
of oil well drilling mud where its function is to increase the weight of the mud. It is also important as
a filler in such things as paper, rubber, linoleum, and
oilcloth; in the manufacture of paint, glass, lithopone,
and barium chemicals; and as heavy aggregate for concrete, especially for atomic reactor shields.
For drilling mud and heavy aggregate a. high
specific gravity is the most important property but for
most other uses a white colour is essential. Usually
the product must contain not less than 95 per cent BaS04
and be ground to minus 325-mesh size. To be of interest
in this province a deposit would need to be moderately
large, on or very near transportation, and preferably
near Alberta or tidewater.
November, 1958, price quotations for Canadian
barite were: (1) Crude in bulk, F.O.B. 1 shipping point
$11 per long ton, (2) Ground in bags ~ ~16.50 per short
ton.
BENTONITE
The name 11 bentonite 11 is used for peculiar
unctuous clays composed principally of the mineral
montmorillonite. These clays have a somewhat greasy
or waxy feel when dry and are very sticky when wet.

~
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Wyoming (western 5 swelling 5 high colloidal 5 or sodium)
type that absorbs up to 5 times its weight of water and
swells to nearly 15 times its dry bulk volume in so
doing. This type remains in suspension when dispersed
in water and sets to a gel-like mass. (2) The Mountain
(southern? non-swelling, non-colloidal? or calcium) type
that does not absorb much water, does not swell greatly 9
and does not remain in suspension but is useful for decolourizing and bleaching purposes. Both are characterized by a high base-exchange capacity--sodium for the
former and calcium for the latter.
Bentonite varies in colour from creamy white
to grey, blue, yellow, brown, red, and green. It is
extremely fine-grained 5 quite brittle when dry, and
exhibits a good conchoidal fracture. The usual occurrence is in Cretaceous or Tertiary bedded deposits often
closely associated with coal seams or volcanic ash. The
bentonite is believed to have formed by the devitrification and partial decomposition of volcanic ash. Outcrops are characteristically bare of vegetation and
usually exhibit a peculiar crinkled coral-like appearance
when dry.
The chief uses for bentonite are in rotary
drilling muds, in foundry sands 5 and as a decolourizer
and catalyst in oil refining. It is also used for deinking newsprint, in firebrick, in cements and plasters,
in soaps and cosmetics, and other products.
Price quotations for bentonite for October,
1958, were~
(1) Minus-200-mesh, F.O.B. Wyoming, per
ton in carload lots = $12.50; (2) Oil Well Grade, packed
in 100-pound paper bags, F.O.B. Wyoming, per ton = $14.00.
CLA.Y A.ND SHALE

Clay is a common fine-grained earthy mineral
material that becomes plastic when wet and can be molded
into a definite shape which it retains on drying. When
properly heat treated or 11 burnedll the material hardens
to a stony mass. Shale, the rock formed by the compaction of clay, can be ground to a powder and used
similarly.
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properties and many different uses for the different
kinds depending on the properties. The greatest use
is in the ceramic industry for the manufacture of
bricks~ blocks? tile? and pipe~ etc.
For ceramics the
value or specific use for which the clay is best adapted
cannot be determined by inspection or chemical analysis
but must be decided after detailed ceramic tests by an
experienced technician. The higher grade clays are
generally refractory (have a melting point of at least
3000°F.) or burn white. Lower grade clays burn to some
desired colour (usually red or buff) and do not crack
or warp on drying and firing.
For other than ceramic uses, tests and specifications vary widely, and in general the value of the
clay is decided by the judgment of, or plant trials by,
the potential consumer. Firing tests indicate whether
or not a shale or clay will bloat to make lightweight
aggregate. Chemical analyses are required to check.the
alumina and silica content of clay used in the manufacture of cement. Degree of whiteness is tested for
clays used in the paper industry. Foundries ha.ve a
standard procedure to test clays for bonding molding
sands. Decolourizing and bleaching clays are cheeked
against standard samples. Filler clays for paint?
rubber, linoleum, and such ma.terials must be very fine
grained, free of grit, and of suitable colour.
The value of clay varies from a few cents
per ton for common clay to $35 or more per ton for topgrade white paper-coating types.
DIATOMITE
Diatomite (diatomaceous earth, kieselguhr)
consists of the siliceous remains of tiny one-celled
aquatic plants called diatoms. Normally it contains
variable amounts of organic matter and inorganic impurities such as sand, clay, volcanic ash, calcium
carbonate, and soluble salts.
Diatomite is a friable, porous, chalky
looking lightweight materiaL When pure it is white
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green, or grey to black due to impurities. Dry blocks
will float on water until saturated. It has a dry,
harsh feel when rubbed between the fingers, will not
effervesce in acid, and sticks to the tongue if dry.
Individual diatoms are instantly recognizable under a
high-powered microscope.
Bedded deposits of diatomite are found in
fresh- and salt-water sedimentary rocks ranging from
Cretaceous to Recent age.
The chief uses are:
(l) as a filter aid,
(2) as heat, cold, and sound insulation, (3) as a
catalyst and insecticide carrier, (4) as an absorbent
and filler, (5) as an abrasive, (6) as a silica source,
(7) as an admixture for concrete, mortar, and cement.
Purity is important for most uses. For filter
aid the type, size, and shape of the diatoms are important. For insulation the important properties are
low thermal conductivity, low water content, low apparent
density, and strong physical structure. Particle size
and freedom from grit are the important factors for
abrasive and filler uses. Usually the consumer must
test the product under his own conditions to see if it
will suit his needs.
Prices vary with grades and have been rising
in recent years. The average value of diatomite brought
into British Columbia in 1958 was about $40 per ton.
Highly purified and special grades sell for $100 or more
per ton.
DOLOMITE
Dolomite (pearl spar) is calcium-magnesium
carbonate (CaC03.MgC03). It usually occurs as a massive,
finely to coarsely granular, grey or white rock that
looks like limestone. In cold dilute acid limestone
(calcite) will effervesce freely whereas pieces of
dolomite show little or no reaction. However, if powdered or put in warm acid, dolomite will effervesce.
Weathered outcrops of dolomite commonly have a brownish
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tinge and are rough and angular as Ol)lJOSed to limestone outcrops lvhich are normally grey and smooth and
rounded. Dolomite has a pearly to vitreous non-metallic
lustre, a hardness of 3.5 to 4, perfect rhombohedral
cleavage (three not at right angles), and is brittle.
Dolomite is found as bedded deposits with
other sedimentary rocks, particularly limestone, as
replacement deposits in limestone, with serpentine,
and as a vein ganeue mineral.
The main use of dolomite is for the manufacture of refractories, used chiefly in the iron and
steel indus try, and for the ms.nufacture of 11 magnesia 11
pipe and boiler insv.la.tion materials. Other uses include~
as a. source of metallic magnesium, as a metallurgical flux, for lime, in agriculture, as a filler,
for crushed and building stone, and for making mineral
wool.
Being a common rock, dolomite is not shipped
far. Specifications and prices are not published
regularly.
FELDSPAR
Feldspar is the name given to a group of
closelv related minerals of which the commercial ones
are al~min~-silicates of potassium, sodium, and calcium.
They are recognized by their pearly lustre, hardness of
6 to 6.5, and two perfect cleavaGes nearly at right
2ngles. Comuon colours are salmon, pink, ltJ"hi te, grey,
green, and bluish.
The feldspars are the most common rock-forming
minerals and are particularly abundant in igneous rocks.
Commercial production h."J.s been chiefly from pegmatites
with more recently some from such rocks as alaskite, a
pegmatitic granite. The different types of feldspar
are rarely found segrec9.ted in p-..ue deposits and most
commercial material consists of intergrowths or mixtures of more than one type.
Feldspar is used mainly in the glass and
pottery industries with minor amount.s used in enamel
and other ceramics, in soaps, and in scouring powders.

- ll There is apparently no generally accepted
set of specifications for feldspar--rather, each consumer has his own. Normally the iron content must be
low (less than 0.1 per cent), calcium should be low,
sodium and potassium should be high (with preference
for highest potassium), and the alumina-silica ratio
should be constant. For cleansers and scouring powders
freedom from quartz is essential.
November, 1958, Engineering and Mining Journal
prices were: F.O.B. loading point, North Carolina, $10
to $22.50 per ton depending on purity, fineness of grind,
and packaging.
Feldspar is being replaced to a considerable
extent in ceramics by nepheline-syenite and aplite.
FLUORITE
Fluorite (fluorspar) is calcium fluoride
(CaF2). It can be identified by its hardness of 4,
perfect octahedral cleavage (indicated on flat faces
by cracks forming triangles), and lack of effervescence
in acid. It has a vitreous lustre and may be green,
purple, blue, yellow, pink, white, or other colours.
Fluorite occurs in vein and replacement deposits
either as the chief constituent or as a gangue with
metallic ores, especially of silver, lead, and zinc.
The most common host rocks are limestone and acid igneous types such as rhyolite, syenite, and granite.
The largest consumer of fluorite is the
metallurgical industry where it serves as a flux,
chiefly for iron and steel. Next, is the chemical
industry where fluorite is first made into hydrofluoric
acid from which the various fluorine compounds such as
artificial cryolite, for the aluminum industry, are
made. The third important use is in ceramics where it
goes into glass and enamels.
Metallurgical grade fluorspar must contain
less than 0.3 per cent sulphur and the size must be
minus l inch with less than 20 per cent minus 20-mesh.
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CaF2 and a maximum of 1 per cent each of Si02 and
CaC03 with lead~ zinc~ and barite unwanted. Ceramic
grade requires a minimum of 95 per cent CaF2, maximum
of 2.5 per cent Si02 and 0.12 per cent Fe203, and no
lead, zinc, or sulphur. A small amount of fluorite is
used in optics. It must be absolutely clear; free of
cloudiness, inclusions, cracks, or cleavage; and
large enough to allow a clear piece one-ahlf inch in
diameter to be cut from it.
In November, 1958, Engineering and Mining
Journal quotations for fluorite were: (l) Domestic,
$33 per ton for low-grade metallurgical to $55 per ton
for acid grade; (2) European, $30 to $52 per ton C.I.F.,
U.S. ports, duty paid; (3) Mexican, $25 per ton for
high-grade metallurgical, F.O.B. border.
GRANULES
The term granules, generally applied only to
the chips that coat asphalt roofing, is here used for
all small commercial rock chips.
The weather surface of asphalt roofing is
covered with small chips of rock, burned clay products,
or slag. The purpose of these chips is to protect the
roof against external fire hazard, to protect the asphalt
from the sun's actinic rays which would cause it to deteriorate, and to colour the roof. Although both natural
and artificially coloured granules a.re used, most are
now of the latter type. Rock suitable for granules must
be opaque, hard, tough, resistant to weather, uniform,
crush to a flat or wedge shape, have good adherence to
asphalt and low porosity, and be able to take and retain
a synthetic colour. Most of these properties can only
be determined by extensive laboratory tests. Granule
plants involve comparatively high capital investment
and today 3 or 4 large companies supply most of the
American market.
The material used for stucco dash is usually
white or brilliantly coloured. It is crushed and screened
to sizes ranging from 1/8 to 3/8 inch. The rock should
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be tough and weather resistant. Commonly used rocks
are limestone, marble, dolomite, serpentine, and quartz.
Crushed glass, shell, and slag are competitive materials.
Terrazzo consists of chips 1/8 to 3/4 inch in
diameter that are used ~ith Portland cement in making
slab floors which are smoothed and polished when the
cement hardens. The rock used must be of pleasing
colour, tough, and durable but not so hard as to make
polishinG difficult. Limestone, marble, dolomite, and
serpentine are commonly used.
Grits are mal.u:t"actured in "Jarious sizes for
canaries, chickens, ducks, turkeys, and other domestic
birds to ensure proper functioning of their digestive
systems. Limestone, dolomite, marble, quartz, and
granite are used for this purpose.
Small granite, quartz, and marble chips are
used to pave garden paths and in cemeteries.
Regular price quotations are not published
for granules.
GYPSUM
Gypsum (alabaster, satin spar, selenite) is
hydrous calcium sulphate (CaS04.2H 2 0). It is distinguished by its softness (H = l.5-2J and lack of effervescence with acid. It hos a dry dusty feel as opposed
to talc and pyrophyllite which are slippery. The colour
is usually white or grey bu·c may be brown, black, or
reddish due to impurities. In crystals it shows good
micaceous cleavage. Gypsum is frequently found with
anhydrite (CaS04) which is very similar but harder
(H

= 3-3. 5) .

Gyps1.un forms ext8cl::;ive beds associated with
various marine .sc:;dimentan· rocks? especially limestone
and sh&les. It also is found in mineral veins and
replacement deposits along shears. Impure, earthy
unconsolidated gypsum, known as gypsite, forms surface
derosits.

- 14 The bulk of the gypsum mined is calcined to
make npla.ster of Paristt which is used for various
building products such as wall plaster, wallboard,
lath, tiles~ and blocks; special cements; molding and
casting plasters; dental plasters; and orthopedic
plasters. Uncalcined gypsum is used as a retarder in
Portland cement and as 11 land plaster' 1 for soil conditioning, particularly for leguminous plants.
General specifications for raw gypsum are
not laid down but each consumer has his own. Normally
high purity is required and for plasters a. white or
light colour is desired. Most board manufacturers
mine their own raw gypsum.
The nominal price of crude gypsum for Canada
is about $3 to $5 a ton F.O.B. quarry. Large contracts
are at lower prices.
KYANITE
7.':yanite (cyanite 9 disthene) is aluminum
silicate (Al2Si05). It is characterized by its longbladed crystal form, common blue colour, variable
hardness (4-5 along and 6-7 across the crystal), and
cleavages (2 good and a third not so good). It may
be green, white, and other colours and often forms
fibrous radial masses and aggregates.
Kyanita is a metamorphic mineral and is
found in schists and gneisses and in pegmatites associated with these rocks.
Upon heating (calcination) kyanite is converted to mullite which is a valuable refractory of
special use in the metallurgical industry. Kyanite is
also important as a source of alumina for ceramics,
particularly for electrical porcelain, glass, enamel,
and whitewareo
Specifications for the mineral are usually
established by the purchaser to meet his own particular needs. High alumina and lm·J iron are essential
requirements.
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per cent kyanite in the raw ore. Indian deposits
are much purer.
The Engineering and Mining Journal prices
for November~ 1958, were as follows:
(1) Domestic,
F.O.B., Virginia= $29-$40 per ton depending on crushed
size and packaging; (2) Imported 2 C.I.F., Atlantic
ports, 60 per cent grade = $76-$bl per ton.
LIMESTONE
Limestone is a sedimentary rock composed
essentially of the mineral calcite (CaC03). The colour
is most commonly grey or white but may be bluish to
black. It is recognized by its hardness of 3, vigorous
effervescence in cold dilute acid, and rhombohedral
cleavage (3 not at right angles). It can be distinguished from dolomite and magnesite because it effervesces with cold dilute acid and they do not. Common
impurities include magnesia, silica, alumina, iron?
and organic matter. High-calcium limestone contains a
minimum of 95 per cent CaC03 and a maximum of 2 per
cent MgC03 and calcium limestone may contain as much
as 10 per cent MgC03.
Limestone forms beds and lenses associated
with other sedimentary rocks and with volcanic rocks.
Porous surface deposits formed around springs and in
creek beds are called calcareous tufa or travertine.
Earthy unconsolidated calcium carbonate deposited in
lake beds is called marl. Crystalline limestone is
known as marble.
In British Columbia the chief uses for limestone are in the manufacture of cement and lime, in
the pulp and paper industry, as metallurgical flux,
as soil conditioner, in stock feed, and for granules.
It is also used for coal mine dusting, putty, in the
chemical industry, in sugar and oil refining, as a
filler and insecticide carrier, as dimension and monumental stone, and for numerous other purposes.

- 16 Specifications vary greatly with the different
uses. For this province only a large high-calcium deposit near tidewater would be of much interest.
Crude rock might be expected to be worth between 50 cents and 3 dollars per ton at the quarry.
MAGNESITE
Magnesite is magnesium carbonate (MgC03). It
occurs in coarsely crystalline and dense cryptocrystalline forms. The crystalline type is white, yellow,
brown, red, or black; has a hardness of 3.5-4; and shows
rhombohedral cleavage. The cryptocrystalline variety
is generally white but can be ligbt yellow, brown, or
pink; is extremely fine grained and compact; and has
a hardness of 3.5-5. Magnesite resembles calcite and
dolomite. It does not effervesce in cold dilute acid
as calcite does. It can be distinguished from dolomite
by boiling a fragment in dilute sulphuric acid. Both
magnesite and dolomite will slowly dissolve but magnesite gives a clear solution while dolomite will leave
a white precipitate.
Crystalline magnesite is found as beds with
and replacement deposits in calcareous sedimentary rocks.
The cryptocrystalline type is found as veins, lenses,
and nodules in serpentine and other related magnesiarich rocks.
The largest use for magnesite is in the production of refractories, chiefly for the iron and steel
industry. For this purpose it is calcined to remove
the co 2 and forms 11 dead burned 11 magnesite. It is also
used in oxychloride cement, as fertilizer, in rubber,
in the pulp industry, to make various magnesium chemicals,
and as a source of metallic magnesium.
Specifications vary for different uses. Refractory grade calls for at least 43 per cent MgO, 4-7
per cent Fe203, silica as silicate, and less than 2.5
per cent alumina. For most other uses it must be purer.
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quotations vlere: F.O.B. Chewelah~ Washington, crude =
$27.50 per ton, dead burned = $46-$54 per ton.
MICA.
Mica is the name of a family of alumino-silicate minerals with close physical similarities. All are
characterized by having perfect basal cleavage which
yields very thin, tough, elastic sheets. The three
commonest types of mica are biotite, muscovite, and
phlogopite. The last two are the most important for
industrial use. Muscovite is usually colourless, green,
or reddish, and phlogopite is usually brown, yellow, or
bronze. Both are useful because of their high dielectric
strength, high heat resistance, cleavability, toughness,
flexibility, and chemical stability.
Commercial sheet muscovite is found in acid
pegmatites with quartz and feldspar. Fine-grained muscovite is common in schists and gneisses. Phlogopite
occurs in crystalline limestone and dolomite, serpentine, and basic dykes.
Sheet mica, the most valuable form, is used
as electrical insulation, especially in radio capacitors and tubes 9 aircraft spa.rlr plugs, high voltage lamps,
and in household appliances such as irons and toasters.
Some is also used for stove and furnace windows and
unbreakable lenses for gas maslrs, divers 1 helmets, and
gauge fronts. Ground mica is used in the paint and
wallpaper trade, for decorations, as rubber filler and
duster, for dusting roofing materials, and in drilling
muds.
Sheet mica is classified and graded according
to a complicated system based on colour 9 clarity, and
sheet size. Lines, ribboning, crenulations, wedging,
and crystal intergrowths spoil mica for sheet use.
Ground mica 1s made from sheet scrap and waste, from
schist, and from by-product material from the processing
of other minerals such as the washing of clay and flotation of kyanite.
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November, 1958, ranged from 70¢ per pound for 1~- by
2-inch sheet to $8 per pound for 6- by 8-inch sheet,
F.O.B., North Carolina. In British Columbia there is
a small demand for high-grade schist for grinding at
$10 to $15 per ton loaded.
PERLITE
Perlite is a siliceous volcanic glass containing 2 to 5 per cent water. It is opaque to subtranslucent and ranges in colour from white through
greys, greens, browns, and reds to black. Usually it
has a more or less concentric shelly 11 perli tic 11 or
It onion-skin" fracture but may be splintery, columnar,
or bladed.
Normally perlite is found in beds associated
with geologically young volcanic rocks such as obsidian,
glassy tuffs, rhyolite, dacite, and andesite.
The value of perlite lies in the fact that
when heated it expands greatly to form a lighweight
fireproof material with excellent insulation properties. It is used chiefly as a partial replacement for
sand in wall plaster where it saves weight, increases
the ease of application, and gives greater heat insulation value. It is also used in lightweight concrete
and brick, ceramics, gypsum wallboard, acoustic plaster
and tile, as loose fill insulation, for porous catalyst
and chemical supports, as a filter aid, and as a horticultural bedding medium.
To be economic a perlite deposit should be
large, have little overburden, contain less than about
5 per cent unexpandable impurities, and be near good
transportation and not too far from markets. The raw
material must expand satisfactorily at a relatively
low temperature (about 1800° F.) to produce a white
product of acceptable strength and weight.
1\'orld Hining 11 quoted the price for perlite
for October, 1958, as:
(l) Crude, F.O.B. mine = $3 to
11
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plants ~ $7 to $9 per ton.
PHOSPHATE ROCK
Phosphate rock or phosphorite is a general
term used for rocks of diverse origin and occurrence
that are composed of mixtures of microcrystalline phosphate m~inerals and various impurities. The rock is
usually dark grey to brown or black on fresh surfaces,
often has a petroliferous odour when freshly broken,
and is frequently characterized by an oolitic texture.
A bluish-white 1tbloom11 is commonly found on weathered
surfaces.
Phosphate rock is found in layers interbedded
with marine sedimentary rocks such as limestone, shale,
and sandstone.
The chief uses for phosphate rock are in the
manufacture of fertilizers, as a source of elemtal phosphorus, and in the manufacture of phosphoric acid and
phosphorous chemicals.
For fertilizer grade the usual requirement
is a content of at least 32 per cent P205 which is
equivalent to 70 per cent B.P.L. (bone phosphate of
lime~ Ca3(P04)2).
Rock containing as low as 25 per
cent P205 can be used to make phosphorus.
Phosphate rock imported into British Columbia
in 1958 had an average reported value of about $7 per
ton.
PUMICE AND PUMICITE (VOLCANIC ASH)
Pumice
volcanic glass.
colour and has a
lite or granite.
than 1 and lumps
or volcanic ash,

is a fragmental, highly cellular
It is white through grey to buff in
chemical composition similar to rhyoThe apparent specific gravity is less
will float readily on water. Pumicite,
consists of the same material as pumice
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being minus 100-mesh. Both are formed by the explosive
eruption of volcanoes.
Pumice is found in irregular beds near active
or geologically young volcanoes. Pumicite forms beds
and irregular lenses in bedded deposits which may be
close to or far from the volcanic source. Often variable
amounts of sand, clay, silt, and diatomite are mixed with
pumicite.
The chief use for pumice is in the lump form as
an aggregate for concrete, its value being in its light
weight and insulating properties. Other uses, mainly for
pulverized material, include: as an ingredient in cleaning,
scouring, and polishing compounds, as an abrasive, as a
concrete and cement additive for pozzuolanic properties,
as an absorbent and loose fill insulation, as a filter
aid, as filler, and as a catalyst and insecticide carrier.
Pumicite can be used for the same purposes as fine-ground
pumice and is e s pee ia lly good as a pozzuolan.
Specifications vary according to use and are
chiefly concerned with purity and grain size.
Set prices for pumice and pumicite are hard
to obtain. The price obtainable in British Columbia
would probably be well under $10 per cubic yard at the
source.
PYROPHYLLITE
Pyrophyllite is a hydrous aluminum silicate.
It is a soft (H = l-2) mineral with a slippery feel
that closely resembles talc. The colour is generally
pale green or white but may be grey, pink, yellowish,
or buff. It is found in compact or foliated masses and
in radial fibrous aggregates. Variable amounts of
sericite and quartz are usually associated with it.
Pyrophyllite is found in metamorphic rocks
and as irregular replacement bodies along alteration
zones in volcanic and sedimentary rocks.

- 21 This mineral can be used in much the same
ways as talc. Most of the present production is used
by the insecticide, rubber 3 and ceramic industries~
in paint 7 and for various miscellaneous processes.
Specifications are variable according to
use. For most purposes the pyrophyllite must be uniform in particle size and chemical composition. In
some cases it must be free from quartz and sericite.
In the Canadian Government publications the
values for talc and pyrophyllite are consolidated. For
1957 the average declared value of Canadian material
was slightly more than $12 per ton F.O.B. quarry.
QUARTZ AND SILICA SAND
Quartz is pure silicon dioxide or silica
(Si02). It is one of the commonest minerals and occurs
in crystalline, microcrystalline, cryptocrystalline,
and amorphous forms. These forms include varieties
known as rock crystal~ amethyst, chalcedony, agate 7
numerous other semi-precious stones 7 silica sand, sandstone~ quartzite, and diatomite.
Normally quartz can
be recognized by its hardness of 7, conchoidal fracture,
lack of cleavage, and glassy or vitreous lustre. Crystals
consist of six-sided prisms with pyramid ends. It can
be nearly any colour.
Massive crystalline quartz and crystals are
found in veins and pegmatites. Flint forms nodules
in chalk. Sand, sandstone, and quartzite are found in
bedded deposits. Chalcedony and agate are found in
nodules and veins in volcanic rocks and serpentine.
The more important uses for quartz include:
(l) crushed quartz, sand, or flint--as an ingredient
of ceramic ware, abrasive 3 scouring agent 7 or refractory; (2) finely pulverized quartz--as filler or pigment; (3) silica sand--main ingredient in glass and
foundry sand; (4-) lump quartz--in acid tovJers, to make
ferro-silicon and silicon carbidG? as metallurgical
flux; (5) various types--as a source of silicon and its
chemicals; (6) fine clear crystals--important in elec-
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chalcedony, etc.--semi-precious gems.
For most purposes a high degree of purity
and lack of iron is essential. For electronics and
optics clarity, fair size, and lack of twinning and
impurities are required.
Recent price quotations run from $1.50 per
ton F.O.B. source for silica sand to $50 per pound
for electronic grade crystal .
.SAND AND GRAVEL
Common sand and gravel consist of unconsolidated rock and mineral fragments, usually rounded by
water action. They are found widely distributed in
surface and near surface bedded deposits.
These materials are used in the construction
industry and for road building. .Specifications vary
but depend chiefly on particle size, strength, and
freedom from clay, silt, and organic matter.
Prices received for sand and gravel range
from about 25¢ to $2 per yard at the pit .
.SLATE
.Slate is a metamorphic rock with the ability
to break or 11 cleave 11 into thin, flat sheets. Colours 5
hardness, and perfection of cleavage vary.
In British Columbia the chief use for slate
is in slab form for patio and hallway flooring and for
fireplace facings. Other uses elsewhere are for roofing,
for blackboards and noticeboards, for billiard table
tops, for grave vaults and tops, for electrical panels,
and for roofing granules. Pulverized slate is used as a
filler.
Demand in this province is limited and prices
depend on slab size and contract negotiations.
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STONE
Broken and cut stone of various types is
used in the constructirm and monumental industry.
Attractive colours, workability, durability, and availability of unfractured pieces of reasonable size are the
chief requirements for cut stone.
Most of the stone produced in British Columbia
is used for jetty-rock, rip-rap, aggregate, and fill.
When required granitic and andesite dimension stone is
quarried. Most monumental stone is imported.
TALC
Talc (soapstone, steatite) is hydrous magnesium silicate. It is identified by its softness
(H = l) and slippery feel. The usual colours are green,
grey, and white but impurities can produce other colours.
In form it may be massive, granular, or foliated.
Talc is usually a secondary mineral formed
by the alteration of other magnesia-bearing minerals.
It is common in schists, altered dolomite, and with
serpentine and other altered ultrabasic rocks.
The uses are similar to those for pyrophyllite
and are chiefly the following~ in paint, rubber, roofing,
insecticides, ceramics, pape~, toilet preparations, and
foundry facings. Block or lava talc can be machined
to close tolerances and then fired without shrinking
to a hard stone-like material. This type is important
for electronic equipment and gas-burner tips.
Specifications vary for the diff.erent uses
and usually must suit the consumer's special needs.
Important properties include: colour, pH value, fineness, freedom from gri~ and iro11, particle shape, slip
rating, and oil absorption,
Prices vary according to colour, purity,
fineness of grind, method of grind, and other fqctors.
The 1957 average declared value for talc produced in
Canada was about $12 per ton F.O.B. quarry.
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Vermiculite is a hydrous mica which has the
unique property of exfoliating or expanding to marry
times its original vblume if heated above 150° centigrade.
It is usually considered to have formed by alteration
from biotite or phlogopite and looks much like these
minerals but has a slippery feel and is less elastic
than they are. It is generally yellowish brown, brown,
greenish, or black.
Vermiculite is found with basic rocks such as
pyroxenites, hornblendites~ dunites, and serpentine.
Most of the uses of vermiculite depend on its
expendability which makes it a good thermal and sound
insulator. The main uses are as loose fill insulation
for houses, hot water tanks, deep freeze units, safes,
and fireless cookers; as aggregate for lightweight
plaster and roof decks; as filler; in gold, bronze,
silver, and aluminum paints; as an absorbent; and as
a horticultural medium and soil corrective.
To be commercial a vermiculite deposit needs
to be large, easily and cheaply mineable, and contain
material of acceptable screen size and expendability.
The largest deposit in North A.merica, at Libbey, Hontana,
averages about 40 per cent vermiculite.
Engineering and Mining Journal price quotations
for November, 1958, for vermiculite were $9.50-$18 per
ton F.O.B., Montana.

