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PREFACE

This volume of the Proceedings of the Eleventh Forum on Geology of Industrial Minerals is,
as were the Proceedings of the ten previous Forums, a masquerade dictated by convention,
necessity, and mature judgment. The real proceedings were spoken words, less organized than
these, and bright screens in a dark room—above all, flesh and blood, Ideas were broached.
Concerns were shared. Friendships were bonded, often by liquids barred from our lexicon of
cementitious materials. But the sights and sounds of June 18-20, 1975, in the Outlaw Inn of
Kalispell, Montana, are gone, and just as well. That is why mature judgment endorses convention
and necessity. In these papers are all that the speakers meant to say, if they had had time, the
qualifications they would have made, and perhaps a few afterthoughts. The authors of these
papers were the heart of the live proceedings. Their words deserve to be its final mask.

Other acknowledgments are due, however, and we are happy to make them. Part of the
cost of printing these Proceedings was paid by a grant of five hundred dollars from the Society
of Economic Geologists’ Foundation. Mr. Ray Kajawa of the Zonalite Division of W. R. Grace
Company conducted a field trip through the vermiculite mine near Libby, and Capt. Parker
of the U.S. Army Corps of Engineers conducted a field trip to Libby Dam.

L. F. Rooney
U.S. Geological Survey
Reston, Virginia

R. B. Berg

Montana Bureau of Mines and Geology
Butte, Montana
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WHAT HAPPENED ON THE WAY TO THE FORUM
Robert L. Bates*

This is a brief account of one man’s infatuation with the industrial minerals, together with a
few reflections on the field as a whole. When I came to Ohio State in 1951, my primary assignment
was to teach petroleumgeology,and this I have been doing ever since. Within a month of my arrival,
however, a colleague in the department yielded to the siren song of administration and decided to
forego any further teaching. Before departing for the dean’s office, he asked me if I would take
over his course in geology of nonmetallic mineral deposits. Though I knew scarcely anything about
the subject, I accepted. It was love at first acquaintance; I haven’t had a geologically dull moment
since.

Let me comment on a few aspects of my good fortune. First, to have as a subject of study
such a diverse and wide-ranging field is ideal for a person like myself, who has a short attention span.
It is a matter of scientific life style. I happen to prefer to accumulate moderate learning about a
wide range of subjects rather than to learn more and more about less and less. The industrial min-
erals are a “natural” to those of us who can think about more than one thing at a time. Second,
teaching about this subject, as about any other, is a fine way in which to learn. It has prompted
me to roam through a vast literature, to make the acquaintance of specialists in many fields, and to
visit mines, pits, and quarries at every opportunity. Teaching has even granted me a license to write
a book. Best of all, I can occupy an ivy-covered tower, above the tough daily grind of earning a
living from a mineral deposit. I can assure you that it beats working.

Another attractive feature of the industrial minerals is their close relationship to the real
world. Thisisno news to you, but remember, I’'m speaking as a professor. Being involved with this
practical field has spared me the necessity of doing only the useless research that occupies the time
and efforts of so many of my academic brethren. To be related geologically to life as it really is,
no matter at what a distance, is very satisfying. Finally, applied geology leads directly to extraction,
processing, bulk handling, transportation, and the whole array of ultimate uses. As every one of
these fields is fascinating in its own right, they constitute another aspect of the variety and diversity
that I find irresistible.

On the other hand, I am not so enraptured with this field that I can think of nothing that I
would like to see changed. It annoys me, for example, that we in the industrial minerals continue
to be the victims of what a Canadian colleague has termed the “metallic mentality” -- the assumption,
by people who ought to know better, that mineral deposits is synonymous with metallic ore deposits.
A recent issue of Economic Geology, for example, is devoted to “Canadian mineral deposits”, but
theseturnout toinclude only porphyry copper, massive sulfides, and the like. Our image, or rather
our lack of one, isapparently one of those things that we just have to live with. At any rate, it gives

us a chance to exercise saintly forbearance with our metallically minded friends. Another fact that
makes meunhappy is the placement picture. Geology graduates who want to work in the industrial
minerals do not at present have any ready means of learning about available openings. A third matter
of concern s that, over thelast 20 years or so, courses in mineral deposits have actually become fewer
in our university departments, instead of more numerous. With the likelihood of mineral shortages
staring us in the face, discontinuing courses in the geology and economics of mineral resources seems
a myopic policy indeed.

In a field so varied and so geographically dispersed, communication is of the greatest impor-
tance. Here we have come a long way in the last couple of decades. A new and comprehensive

*Ohio State University
ix



edition of Industrial Minerals and Rocks is forthcoming. Annual reviews of the field appear in
Mining Engineering and in Geotimes. We have salt symposia, clay conferences, and international
congresses — all with volumes of authoritative proceedings. Since 1967 we have had the indispen-
sable magazine Industrial Minerals. And ladies and gentlemen, we have the Forum.

I think we should count our blessings — first on being involved in this wonderful and
dynamic field, and second on meeting in pine-scented Montana to hear papers on the industrial
minerals of the Pacific Northwest of the United States and the Pacific Southwest of Canada. I am
now pleased to yield the podium, so that our technical program can get under way.



MINING TRONA FOR SODA ASH IN WYOMING

Lawrence E. Mannion*

ABSTRACT

Wyoming trona has rapidly assumed a dominant role in the United States as raw material for
soda ash. The Green River ancient lake deposits are economically unique among the known sodium
carbonate concentrations in the world. Their size is huge. The tens of billions of tons of mineable
Wyoming trona is greater than the stripping coal reserves of the state.

Favorable mining conditions that have aided mine developments include moderate depth, simple
horizontal structure, and readily workable thickness. The individual trona beds are of high grade,
notable uniformity, and great extent. Even the smaller ones contain hundreds of millions of tons.

Modified coal mining machinery and methods have proved economical and effective in trona
mining. Expansion of the field appears certain to continue. Principal challenges are development of
deeper trona beds, improvement of extraction and costs, and coping with waste materials.

INTRODUCTION

At a time when various minerals are or soon will be
in short supply, it is pleasing to discuss a commodity that
seems adequate to support any likely demands upon it.
Wyoming trona is the world’s largest resource of natural
sodium carbonate and source of commercial soda ash.
Other natural sodium carbonate deposits contain solid

salts and brines and support soda ash operations but they
are much smaller than the Wyoming sources. Such depos-
its include Searles Lake (Flint and Gale, 1958; Smith and
Haines, 1964) in southern California, Lake Magadi (Baker,
1958) in Kenya, and alkaline lakes in northern China and
southern Siberia.

SODA ASH PRODUCTION

Soda ash is a bulk chemical, which is sold as a very
pure, uniform product containing 99.8 percent Na,; CO;.
It is a free-flowing, white, granular material and has a
bulk density of 55 to 65 Ib. per cu. ft. Its major use is in
glass manufacture, where more than half the production
is consumed. Much of the rest is used in detergent formu-
lations, including soda ash itself, and phosphates and sili-
cates derived from soda ash. Other uses spread over a wide
spectrum of industrial and consumer products.

Soda ash has been long manufactured by the am-
monia soda or solvay process, which uses limestone, salt,
and ammonia. On a world scale, this process is still the
principal method of production, but in the United States
it has recently been surpassed by soda ash from naturally
occurring sodium carbonate. In the last 40 years no new
solvay plant has been built in this country. The age of
solvay plants, deteriorating economics, and environmen-
tal considerations attendant on disposal of byproduct cal-
cium chloride virtually assure the demise, in the United

*Stauffer Chemical Company, Richmond, California.

States, of ammonia soda production in favor of “natural”
soda ash.

In the United States there are six ammonia soda
plants, three Wyoming trona-based plants,and two Searles
Lake brine-based plants; their total capacity is about 8.6
million tons of soda ash. In 1974, soda ash production in
the United States was about 8 million tons, of which Wyo-
ming trona accounted for more than 50 percent. Expan-
sion of Wyoming trona-based soda ash facilities in the last
fifteen years has been rapid, and more is to come. Addi-
tional Wyoming capacity announced and under construc-
tion amounts to approximately 2.75 million tons. Because
soda ash demand increases at only about 3 percent per
year, it is evident that much of the growth of Wyoming
soda ash has come and will come at the expense of the
older ammonia soda plants. A major soda ash expansion
has also been announced for Searles Lake, California.

In Wyoming several other products are produced,
including sodium bicarbonate in a plant operated by
Church and Dwight. Some sodium tripolyphosphate is
also produced in trona-related plants.
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WYOMING TRONA DEPOSIT

Trona was discovered in 1938 (Lindeman, 1954) in
southwest Wyoming in an oil and gas exploration hole,
the John Hay No.1, located about 20 miles west of Green
River. A bed 10 ft. thick was identified by the U. S. Geo-
logical Survey in core from a depth of about 1,600 ft.
Additional drilling confirmed the existence of a wide-
spread workable layer, which was opened by Westvaco
(FMC) in the 1940’s and 1950’s. Further exploration,
which accelerated in the early 1960’s, determined the
existence of many trona beds over a wide area (Parker,
R. B., ed., 1971).

Wyoming trona occurs in the central part of the
Green River Basin as more than forty beds found at
depths of 400 to 3,500 ft. (Figure 1-1). The beds are dis-
tributed through the Wilkins Peak Member of the Green
River Formation. The Wilkins Peak consists predomi-
nantly of lake beds containing saline minerals. These lake
beds are most recently believed to be derived in major
part from carbonate playa lake muds associated with an
alkaline saline lake. They contain almost ubiquitous
shortite, which is a double carbonate of sodium and cal-
cium. The trona layers were deposited in alkaline lakes

and, of the more than forty beds known, at least twenty-
five beds have a minimum thickness of 3 feet and reach a
maximum of 40 feet. These twenty-five beds have been
designated by Culbertson (1966) as major beds and num-
bered consecutively from oldest to youngest.

The Wilkins Peak Member is an extensive complex
lens of saline lake beds overlain and underlain by oil-shale-
bearing lake deposits, which are nonsaline. These are all
enclosed by fluviatile deposits of the Wasatch and Bridger
Formations. Most of the trona (more than half the beds)
was deposited during the first half of Wilkins Peak time
and confined to an area now bounded by the Uinta Moun-
tains, U. S. Highway 80, the Green River, and the Uinta-
Sweetwater County line. These early trona beds make up
nearly half the vertical section of the lower part of the
Wilkins Peak, are roughly coextensive, and underlie an
area of 400 to 600 square miles. Many of these earlier
beds also contain considerable halite (sodium chloride).
Later, trona deposition shifted northward, and the last
beds are notably smaller and more scattered although of
good grade and thickness.

TRONA RESOURCES

The forty known beds contain perhaps a hundred
billion tons of trona. Of this, perhaps a relatively small
part would be regarded as potentially mineable under
present conditions, but even that part would amount to
tens of billions of tons. Current practice would seem to
require a mining thickness of at least 6 feet for competi-
tive extraction. All or parts of a dozen or more beds
would qualify under this requirement.

Other important considerations involved in assess-
ing a trona bed for mining include:

(1) The presence or absence of water-bearing strata
closely adjacent to trona beds. Inadvertently breaking
into water flows is obviously undesirable in mine work-
ings in, and supported by, water-soluble material.

(2) The presence or absence of salt (sodium chloride).
Sodium chloride is a significant hindrance to process-
ing because there is at present no efficient or cheap
method of separating it from the sodium carbonate.

(3) Finally, the depth to the trona. Strength limita-
tions, not so much of trona but of the strata making
up the roof and floor, are of great significance. Floor
heaving and roof buckling can become serious in deep
mines where overburden weight and minor structures
give rise to significant problems.

Considering the above, it is not fortuitous that, so
far, the operating mines are in the younger, salt-free trona
beds in the northern part of the district and are less than
1,700 feet deep.

MINING CONDITIONS

Trona is mined underground in Wyoming at depths
between 850 and 1,700 ft. below the surface. Mining
conditions are generally good and adapted to large-scale,
efficient, mechanized operations. The trona beds are gen-
erally nearly flat, of large extent, and uniform in grade,
character, and thickness. Working heights in most places
exceed 7 feet, and the grade is 88 to 92 percent trona
over areas of tens of square miles. Waste matter consists

of shortite, mudstone, and oil shale and lesser amounts
of organic matter, iron sulfides, and rare mineral species.
These have little or no effect on mining operations such
as drilling, breaking, and transporting ore.

Because the strata above all trona beds are particu-
larly weak and subject to air slacking, mine practice in-
volves leaving 2 or 3 feet of the upper part of the trona



MILES
r \\A .
g7 T¥Proximar, S —
o Slhey T T T —-—-—= =5
{ [ <~ timy
~ - -Th_extent of wiki .
N ! “--”-“Di_Ee_q;L
\ -
|
! \
! \
\ ! Maximum extent \
b of frona) Green i
OKEMMERER | | \\\t River ;
N L\ ]
’, ! e \ Island |
o & !
. - —
! L\\ ‘-,\_/‘(O—Fm)cx SPRINGS
I B2 0 ; p

S e
f J

I
i
3 I
\ GREEN RIVER ]
| I
i 1

|
i /
H

~=
~

WYOMING

Map Area

"~ Sweetwater CounTyi

|
)
|
|
-
7 i

- ""™MiIEmr—

——

Figure 1-1.—Map of southwest Wyoming showing approximate maximum extent of the Green River Formation and

the Wilkins Peak Member of the Green River Formation, and the area underlain by trona.

TS __C7 CcoLoRADO

NOINNVIN "d "T-ONINOAM NI HSV VAdOS dO0d VNOUL HNININ



4 ELEVENTH INDUSTRIAL MINERALS FORUM

to ensure the best possible roof. This trona is commonly
somewhat lower in grade than the main body of the bed
and is thus suited to the purpose. In the Big Island beds,
the trona below the mineable unit is interbedded with
layers of oil shale and marlstone, and the floor is placed
at the top of the first substantial bed of waste rock. Pres-
ent economics do not permit recovery of these thin trona
layers below the floor, which thicken and thin irregularly
and include much waste. Trona beds tend to undulate

somewhat, so marker beds consisting of thin shale seams
within the main trona unit are helpful in maintaining the
development and mining openings within the high-grade
section.

Because the overlying oil shales commonly contain
methane gas, the trona mines are classified as gassy. “Per-
missible” underground equipment must be used, and ven-
tilation is of prime concern.

MINING METHOD

Circular, concrete-lined shafts have become stand-
ard as access to trona beds, and modified coal-mining
techniques are extensively employed. Most trona is mined
by the room-and-pillar method; a seven-entry system has
been designed to permit production units to be employed
in driving accessways with no loss in trona production.

In the past, solution mining through wells has been
attempted, although without success. Also utilized has
been nearly complete extraction through robbing of pil-
lars after mining the rooms. More recently, longwall min-
ing has been introduced with a view toward more nearly
complete extraction and more effective methods of roof
control.

At the Big Island Mine, large coal-mining machinery,
adapted to the heavier, tougher, and more abrasive trona,
is employed. A production unit consists of about ten men
who advance several parallel entries and connecting cross
cuts. The typical mining sequence involves:

(1) Top cutting to produce a flat, unshattered roof,
using specially modified heavy-duty cutting machines.

(2) Dirilling the face with auger drills to a depth of 10
feet, with as many as 17 holes per face.

(3) Loading and shooting the face with an ammonium
nitrate—fuel oil—coal dust mixture.

(4) Moving the ore from the face with modified coal
loaders into shuttle cars, which may be electric or
diesel.

(5) Roof bolting to ensure integrity of the roof.
After leaving the face, the ore is

(1) discharged to crusher-feeders that supply minus-12
inch ore to a belt conveyor system to the hoisting sta-
tion, then

(2) crushed to minus-6 inches at the hoist and hoisted
to surface.

The Big Island Mine operates around the clock,
seven days a week. Maintenance is, of course, a prime
requisite for effective continuous operation. Each pro-
duction shift has a crew of maintenance mechanics as-
signed to production maintenance. Once a week a shift is
set aside for routine checks and major maintenance items.
Adequate spare parts permit major maintenance to be
carried on Monday through Friday.

THE FUTURE

Wyoming trona provides a very large, high-grade
raw material for manufacturing soda ash. The depos-
its lend themselves to safe and efficient extraction
in large-scale operations, and multimillion ton mines
are the rule. The southwest Wyoming district seems
destined to dominate the soda ash production in the
United States for many years to come. Among the

challenges are (1) coping with large quantities of
waste water and waste solids, (2) improving mine and
plant recoveries and holding down costs as the mines
become older, and (3) developing for the future the
deeper trona beds economically and safely so as to
make use of the vast resources that lie at those
greater depths.
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SODIUM SULPHATE DEPOSITS OF SASKATCHEWAN AND ALBERTA

Paul L. Broughton*®

ABSTRACT

Commercial deposits of sodium sulphate and associated salts are harvested from alkaline lakes,
which are widespread throughout semiarid southern Saskatchewan and adjacent southeastern Alberta.
This sodium sulphate chemical, commercially known as salt cake, is extracted from several of the larger
lakes and prepared for industrial markets. It ranks second only to potash in central-western Canada’s
nonmetallic mineral production. This salt is recovered directly from surface brines, from intermittent
salt beds, and by solution mining from the shallow subsurface. At present sodium sulphate chemical is
extracted from eight alkaline lakes and salt flats in Saskatchewan and one in Alberta. Commercial
reserves are estimated at 30 to 40 million tons, and annual production is approximately a half million
tons. The manufacture of kraft paper is the most significant market for salt cake, but additional quan-
tities are used in the glass and detergent manufacturing industries.

INTRODUCTION

Sodium and magnesium sulphates are the principal
deposits in the widespread alkaline lakes of southern Sas-
katchewan (Fig. 2-1) and adjacent southeastern Alberta.
These sulphates form permanent to intermittent crystal-
line beds along lake margin mud flats and are the major
salt constituents of the lake brine. The salts from several
of the larger alkaline lakes are commercially harvested for
sodium sulphate chemical, and this industry ranks second
only to potash in central-western Canada’s nonmetallic
mineral industry. Most of the sodium sulphate chemical

is utilized in the manufacture of kraft paper, the coarse
brown paper of paper bags and cardboard.

Sodium sulphate occurs naturally in the alkaline
lakes of southern Saskatchewan and southeastern Alberta
as the mineral mirabilite, Na; SO,4°10 H, O, commonly
known as Glauber’s salt. When kiln dried for commercial
shipping, this hydrated sodium sulphate is converted to
the mineral thenardite,Na,SO,,a white, dry, free-flowing
crystalline material referred to as salt cake.

THE PRAIRIE SODIUM SULPHATE DEPOSITS

Surficial sodium sulphate deposits are distributed
throughout southeastern Alberta and southern Saskatche-
wan and in adjacent semiarid regions of northeastern Mon-
tana and northwestern North Dakota. This broad district
is more than 400 miles long and 100 to 300 miles wide.
These northern Great Plains deposits are lacustrine and
lie within areas covered by Pleistocene glacial drift. Most
of the commercial production is limited to southern Sas-
katchewan, where the deposits occupy dissected river
valley basins that have impervious clay bottoms and little
or no drainage. Spring water and runoff water containing
as much as 1,000 ppm dissolved salts contribute to the
brine in the closed basins, and when the evaporation rate
sufficiently exceeds the rate of water influx, the salts pre-
cipitate to form crystalline beds.

One of the largest known deposits contains more
than nine million tons of sodium sulphate, computed on

*Saskatchewan Geological Survey, Regina, Saskatchewan, Canada.

a water-free basis, and more than a dozen other deposits
are estimated to contain more than a million tons each.
The thickness of the salt bed deposits ranges from a foot
or less to a hundred feet and shows great lateral variation.

The genesis of the sodium sulphate deposits in the
northern Great Plains has been investigated for more than
a half century. Grabau (1920) attributed some of the
southern Saskatchewan deposits to decomposed igneous
rocks and to connate salts from older buried salt beds.
One of the more generally accepted theories (Cole, 1926)
suggests that the deposits were generated by cation ex-
change reactions between gypsum and alkali silicates in
bentonite, which is common in the glacial till of the
region. Many of the springs around southern Saskatche-
wan’s alkaline lakes contain more than 1,000 ppm dis-
solved salts, which would be sufficient to generate the
deposits since the Pleistocene. The genesis of the sodium
sulphate is also attributed to recycling of the deeply
buried Prairie Evaporite (Devonian), which underlies a



large part of the northern Great Plains (Grossman, 1968).
Regional ground water from the Rocky Mountain area
presumably circulated eastward into the large structural
basin, the Williston Basin, underlying southern Saskatche-
wan, eastern Alberta, western North Dakota, and eastern
Montana, dissolving the Prairie Evaporite strata at depth
from late Devonian time onward.

This solution process was persistent from the late
Paleozoic through the Tertiary and produced much of
the subsurface structural relief of southern Saskatchewan,
superimposed upon the regional structure of the Williston
Basin. The surficial sodium sulphate deposits lie almost
entirely within the area underlain by this Devonian for-
mation. It is proposed that in the late Pleistocene ascend-
ing mineralized ground water discharged into melt-water
channels in the stratified drift overlying buried bedrock
valleys (Fig. 2-2). Meromictic conditions (chemical strati-
fication and poor circulation) developed in the deeper
lakes in valley troughs protected from the mixing action
of winds. The persistence of such a stagnant layer of lake
water at depth would permit the accumulation of crys-
talline salts and permanent salt layers on the lake bot-
tom, particularly with the onset of aridity in the post-
Pleistocene. The low-saline supernatant drainage systems
subsequently disintegrated, and brine was concentrated
by evaporation. Freezing conditions that prevail through-
out a large part of the year impel the mirabilite to crys-
tallize (Fig. 2-3), precipitate, and concentrate on the lake
bottom. Spring floods flushed some of the lakes, but
more importantly, deposited silt layers that protected
the established salt beds from solution during the next
inundation.

The natural sodium sulphate reserves occur in three
forms: in solution as brine; as intermittent crystalline
beds, which deposit from the brine or go back into solu-
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Figure 2-1.— Alkaline lakes in southern Saskatchewan having com-
mercial deposits of sodium sulphate.

tion depending upon climatic conditions; and as perma-
nent beds of mirabilite intermixed with other salts and
contaminated with clay and silt laminae. Some lakes in-
clude all three forms, but in most lakes the total reserve
is in the form of brine.

COMMERCIAL DEPOSITS IN SASKATCHEWAN AND ALBERTA

During the First World War, efforts expanded to
locate a new source of potash, as German imports had
ceased. An erroneous report of potash concentrations in
southern Saskatchewan lakes led to a 1918 claim-staking
rush at several alkali flats. Failure to find potassium min-
erals, however, resulted in the lapse of the claims and in
loss of general interest in the area. Nevertheless, the lakes
were found to contain large quantities of Epsom and
Glauber’s salts, the hydrated forms of magnesium and
sodium sulphate. The first salts were produced from the
alkali lakes late in 1918 by the Canadian Salts and Potash
Company of Canada, Ltd., at Muskiki Lake.

Most estimates of total reserves of sodium sulphate
in Saskatchewan alkali lakes range between 60 and 200

million tons (Bartley, 1966; DeWolf, 1960; Tomkins,
1954). A more recent evaluation (Anonymous, 1967)
places the total anhydrous sodium sulphate reserve at 60
to 70 million tons and evaluated commercial reserves at
30 to 40 million tons.

Sodium sulphate is being produced commercially
from eight alkaline lakes in Saskatchewan (Fig. 2-1 and
Table 2-1) and one in adjacent Alberta. The major Sas-
katchewan reserves are: Whiteshore Lake, 6.5 million
tons; Horseshoe Lake, 3.7 million tons; Frederick Lake,
2.4 million tons; Chaplin Lake, 3.0 million tons; Inge-
bright Lake, 9.0 million tons; Alsask Lake, 2.6 million
tons; Sybouts Lake, 3.5 million tons; and Snakehole Lake,
1.7 million tons. Five additional Saskatchewan lakes have
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Table 2-1.—Saskatchewan alkaline lakes from which sodium sulphate is being produced.

Lake Company
. Alsask Lake Francana Minerals
. Chaplin Lake Saskatchewan Minerals

. Frederick Lake Saskatchewan Minerals
. Horseshoe Lake
. Ingebright Lake
Snakehole Lake
Sybouts Lake

Whiteshore Lake

Ormiston Mining and Smelting
Saskatchewan Minerals

Francana Minerals

Sybouts Sodium Sulphate Company
Midwest Chemicals

Initial Initial reserves Maximum capacity
production (millions of tons) (tons per year)
1967 2.6 50,000
1948 3.0 150,000
1921 24 50,000
1930 3.7 100,000
1967 9.0 150,000
1967 1.7 100,000
1941 3.5 50,000
1934 6.5 100,000

Previous commercial production at Muskiki Lake, 1918-1938, Fusilier Lake (North), 1920-1938, Oban Lake, 1935-1937,

Regina Beach (South), 1933-1934, Ceylon Lake, 1935-1954.

had relatively minor production in the past: Muskiki
Lake, Fusilier Lake, Oban Lake, Regina Lake South, and
Ceylon Lake. The largest single reserve of sodium sul-
phate, 11 million tons, occurs as brine in Big Quill Lake,
but is not sufficiently concentrated to permit commer-
cial recovery by existing technology. Tomkins (1954)

noted that the salinity of Big Quill Lake increased by
natural evaporation between 1939 and 1952, but there
is no certainty that concentration will eventually be suf-
ficient to permit commercial exploitation. Metiskow
Lake is the single site of present commercial production
for Alberta.

RECOVERY OF THE SODIUM SULPHATE

The traditional method of recovering sodium sul-
phate in Saskatchewan consists of pumping surface brine
from the lake into storage reservoirs during the summer
for the onset of winter freezing (Fig. 24). The steep de-
cline of daily temperatures in late autumn and early

melt-water channel

occasional
stream inflow

-

Mirabilite crystals_ Meromichic lake

settiing fo bottom AN
\ N

bedrock

Figure 2-2.—Genesis of the sodium sulphate crystalline beds in a
buried bedrock valley. Ascending ground water containing salts
dissolved from the Prairie Evaporite (Devonian) at depth pro-
motes chemically stratified brine and crystalline precipitation.

winter cools the brine reservoirs sufficiently for the mir-
abilite to precipitate and form a crust on the bottom. The
remaining liquor, which retains some sodium sulphate as
well as the associated salts, is either diverted back to the
original brine lake or to a subsurface disposal well. Dur-
ing the winter the salt that cakes the reservoir bottom is
bulldozed into furrows to allow for drainage; it is subse-
quently loaded onto trucks by a backhoe, shovel, dragline,

Figure 2-3.—Crystalline sodium sulphate (mirabilite).
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or similar equipment and transported to storage piles ad-
jacent to the processing plant. This procedure, as used at
Chaplin Lake, is representative and is utilized in most of
the Saskatchewan production. Another recovery method,
used at Ingebright Lake, is the direct mining of the per-

manent salt bed. Subsurface solutional mining of thick
salt beds is also being used at Ingebright Lake, Saskatche-
wan, and at Metiskow Lake, Alberta. These three recov-
ery approaches are examined at each of the appropriate
alkaline lakes.

CHAPLIN LAKE (SASKATCHEWAN)

Chaplin Lake is south of the village of Chaplin, ad-
jacent to the Trans-Canada Highway, one hundred miles
west of Regina. Commercial production at Chaplin Lake
started in 1947 after a 1944 geological survey by a gov-
ernment of Saskatchewan crown corporation indicated
that the lake would support commercial production. The
lake area is roughly 18 square miles and the brine depth
is 2 to 5 feet, so the lake contains approximately 3 mil-
lion tons of recoverable sodium sulphate salt.

Chaplin Lake has only a thin bed of permanent crys-
talline precipitate, normally less than one foot thick. The
brine is the commercial source. The gradual return to
greater annual rainfall, after the arid 1930’s, produced as
much as 5 feet of brine on the west side of Chaplin Lake,
but not of sufficient concentration for effective harvest-
ing. The lake has been sectioned by a dam, and most of
the brine in the east portion (5 square miles) is being
pumped into the west portion (12 square miles) to allow
the remaining shallow brine to increase in concentration.
A constant and ample supply of water is necessary to
regulate the process, and this has been assured by the

creation of an artificial lake supplied by a 10-mile canal
with a series of locks from Old Wives Lake and the Wood
River. In the autumn months the brine is pumped into
three 1,000-foot-square reservoirs, each approximately 10
feet deep (Fig. 2-5). The ensuing freezing conditions pro-
mote the deposition of approximately 5 feet of crystal-
lized Glauber’s salt. This hydrated sodium sulphate is
windrowed to facilitate drainage and later to allow frost
to penetrate the underlying bed. It is subsequently re-
moved to a central stockpile area by conventional earth-
moving equipment (Fig. 2-6).

All sodium sulphate deposits in Saskatchewan occur
in semiarid regions almost completely free of natural
windbreaks. Hence, windborne topsoil contamination is
serious. The brine pumping method permits the drawing
off of dense brine relatively free from settled dirt and also
reduces chemical impurities to a minimum. When drain-
ing is begun in the autumn, the sodium sulphate is the
first of the major salts to precipitate, and others, particu-
larly magnesium sulphates and carbonates, are retained
in the brine and recycled back to Chaplin Lake.

INGEBRIGHT LAKE (SASKATCHEWAN)

Ingebright Lake (South) is twelve miles from the
village of Fox Valley. The lake covers approximately 700
acres in the center of a small drainage basin. Springs near
the lake carry small amounts of dissolved salts, and brine
seeps are found in the crystalline beds at the south end

Figure 2-4.—Pumping brine from Chaplin Lake into reservoir ponds.

of the lake. In early summer there is usually 3 feet more
brine at the north end than at the south. By the time the
brine reaches its maximum concentration in late summer,
there is but 1 foot remaining at the north end, and a dry
alkaline flat covers most of the southern part.

Figure 2-5.—The three Chaplin Lake reservoirs, which have a 300~
million-gallon brine storage capacity.
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Figure 2-6.—At Chaplin Lake a dragline is utilized to harvest the
salt bed that has precipitated in each of the 1,000-foot square
Teservoirs.

The area of the salt bed is approximately 680 acres;
the average thickness is 22 feet, but locally the thickness
is as much as 100 feet. It is the thickest permanent salt
bed in the province, and calculated reserves exceed 9 mil-
lion tons of sodium sulphate. At the northern end of the
lake, the upper 25-foot section of the salt bed contains
innumerable mud laminae, but the southern part is rela-
tively free from such contamination. According to Tom-
kins (1954), analyses (dry)of the upper 25 feet show the
following average compositions: insoluble, 12.5 percent;
sodium sulphate, 72 percent; calcium sulphate, 6.5 per-
cent; magnesium sulphate, 3 percent; sodium chloride, 2
percent; and minor sodium bicarbonate and sodium car-
bonate. This average quality persists generally to a depth
of about 40 feet, but the quality improves to about 80
percent sodium sulphate down to the depths of 100 feet
or more in the restricted areas towards the southern end
of the lake.

Commercialdevelopments at the lake did not begin
until recently, although mineral leases have been valid
since 1920. In 1967 the Saskatchewan Minerals Corpora-
tion started production by a newly designed method of
in situ solution mining and by direct mining of the per-
manent salt beds. During the dry summer months, the
southern end of the “lake”, which is a shallow salt-
encrusted basin about % mile in diameter, is directly
mined by earth-moving equipment (Fig. 2-7), and the salt

T

Figure 2-7.—Direct mining of the permanent crystalline bed in the shallow basin at the south end of Ingebright Lake.
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cake is trucked to the processing plant for separation of
the various salts in crystallizers, melters, centrifuges, etc.
At an adjacent area of the salt flat, a shallow subsurface
in situ mining method is operational. Thirty holes, spaced
20 feet apart in a grid pattern, are drilled into the salt

bed, and a 1.5-inch pipe is emplaced in each hole to intro-
duce water at 120°F. The generated brine is then pumped
through a pipeline from the surface of the brine pool to
the plant, where cooling towers separate out the sodium
sulphate.

METISKOW LAKE (ALBERTA)

The Metiskow Lake deposit is approximately 2 miles
long, and the commercial area covers 408 acres. The
thickness of the salt bed at the north end is only 30 feet,
but the bed thickens southward to a maximum of 57
feet at the southern margin. The surface brine is only 2
to 3 feet deep, and in most years it is completely evapor-
ated during the arid summer season. Mud stratified in the
deposit ranges from 15 to 50 percent, but the deposit
contains 3.5 million tons of sodium sulphate (dry), more
than 200,000 tons of sodium carbonate, and only trace
amounts of magnesium salts.

The Alberta Sulphate Company’s approach to ex-
tracting the salts from this deposit has been shallow sub-
surface solution mining (Fig. 2-8), which was developed
in an effort to overcome the two major defects of this de-
posit: lack of surface brine and the ubiquitous mud con-
tamination. Normal subsurface solution mining tends to

follow the horizontal bedding planes. The company has
developed a method of forced vertical solution to separ-
ate the mud and allow it to settle to the bottom of the
solution cavity. This action permits a relatively clear and
concentrated brine to be decanted and pumped from the
upper layers (MacWilliams and Reynolds, 1974).

At temperatures above 91°F, hydrated sodium sul-
phate will melt and dissolve in its own water of crystalli-
zation (55.9 percent water). Given a small amount of
additional hot water, a brine solution of 28 to 30 percent
sodium sulphate is formed. The process is commercially
efficient: the silt contamination is eliminated, the need
for voluminous quantities of fresh water is significantly
reduced, and a uniform product quality is achieved.

The high quality standards for this plant’s market
requires that any accompanying salts and fine silt must

Feed to
Plant

Heater

Clay and Sand Bottom

Figure 2-8.—Schematic diagram of subsurface solution mining at Metiskow Lake. Heated water is pumped into the salt beds
to ensure vertical doming during solution. The mud settles, and the relatively clear brine is decanted.
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be virtually eliminated. To achieve this purity, the Metis-
kow Lake plant incorporates a process whereby the brine
is pumped from the subsurface and then cooled until the
sodium sulphaterecrystallizes separately from the mother
brine, which retains the unwanted salts and silt impuri-
ties. This control is achieved in a modified cooling tower
instead of winter precipitation reservoirs as at Chaplin
Lake. The crystallizer is similar to an open-ended wind

tunnel in which the brine is circulated from a bottom
tank onto spray plates overhead. Cold air is circulated
across the cascading brine, and the cooling permitted is
only sufficient to precipitate the required amount of salt
for the plant intake. Most of the sodium carbonate and
other impurities remain with the solution to be wasted.
The minor amount of clay contamination is separated by
centrifuging.

THE MANUFACTURING PROCESS: ANHYDROUS SODIUM SULPHATE

A crucial step in the recovery of industrial sodium
sulphate is a manufacturing process, which is essentially
dehydration rather than refining. All the water of crystal-
lization, which is almost 60 percent of the compound, is
removed to reduce the Na; SO4°10 H, O to Na, SO, .

There are several methods of removing the water
from hydrous sodium sulphate, but the most popular
method being used in Saskatchewan is the Holland evap-
orator. From the stockpiles, the raw bulk salt is trans-
ported by conveyor belt (Fig. 2-9) to the processing
plant’s evaporators. At Chaplin there are five Holland
evaporators with gas burners; at the Ingebright plant,
there are six (Fig. 2-10).

The evaporator (Fig. 2-11) is essentially a rectangu-
lar chamber. On one side large ducts provide the entry of
hot gases, and on the top are vents for the exhaust. The
salt is fed directly into the evaporator, in which it melts
in its own water of crystallization. The slurry is spewed
into a hot gas stream by rotating paddles. Evaporation
ensues, and the partly dehydrated salt collects on a con-

Figure 2-9.—From the stockpiles adjacent to the plant, the
crushed raw salt is transported by conveyor belt to the evap-
orators.

veyor belt. These evaporators utilize the heated exhaust
gases from the final drying Kilns. The slurry has been re-
duced to about 30 percent H,O before it enters the rotary
kilns 60 to 80 feet long (Fig. 2-12), which remove the re-
maining moisture at 2,000°F. Several of the smaller
sodium sulphate plants in Saskatchewan by-pass the Hol-
land evaporator circuit and feed directly into rotary kilns
(Fig. 2-13).

The submerged combustion process (Fig. 2-14) is
used for the dehydration at the Metiskow Lake, Alberta,
plant. This process involves the maintenance of a natural-
gas flame below the brine surface, and the resultant water
vapor and combustion gases are evacuated. This provides
very effective heat transfer and is undoubtedly the most
efficient process where a relatively inexpensive natural-
gas supply is available. By recycling and recrystallizing
this slurry, the remaining minor impurities can be quickly
eliminated, if desired.

The dry salt cake produced contains 97.5 to 99.0
percent sodium sulphate, Na,SO,.

Figure 2-10.—Flow diagram of the Ingebright Lake plant, from
stockpile, through melters and evaporators, centrifuges, and
final drying kilns.
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Figure 2-11.—Schematic diagram of the Holland evaporator
system at Chaplin Lake, which produces a slurry feed into
rotary kilns.

PRODUCTION AND CONSUMPTION OF

Annual Canadian production is about 500,000 tons;
domestic markets use about 400,000 tons and the rest
is exported to the United States. For comparison, the
United States produces about 1,400,000 tons by several
means: byproducts of rayon manufacture, hydrochloric
acid manufacture from sodium chloride, and from the
manufacture of chromium salts from sodium dichromate,
as well as from natural crystalline beds or brines in Cali-
fornia, Texas, and Utah.

More than 90 percent of the sodium sulphate pro-
duction of Saskatchewan for the domestic market is con-
sumed in the paper industry for the manufacture of
coarser brown “kraft” papers that are used in paper bags
and cardboard. Sold under the name “Saltcake’, it is an
ingredient in the digestion of pulp to cellulose fiber, con-
tributing a means of extending the fiber length and there-
by increasing the strength of the finished paper product.
The “kraft” brown paper process requires sodium sul-
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Figure 2-13.—Smaller sodium sulphate plants in southern Sas-
katchewan feed the bulk salt directly into the rotary kiln
systems.

Figure 2-12.-The interior of one of Chaplin Lake’s 60-foot
rotary Kkilns.

WESTERN CANADIAN SODIUM SULPHATE

phate that is between 97 and 98 percent pure, and this is
satisfied by most of the Saskatchewan production. Never-
theless, a greater purity, 99+ percent, is required by a
relatively small portion of the market for use in the manu-
facture of detergents, and production from the Metiskow
Lake, Alberta, plant is designed specifically for this spe-
cialized market. Minor uses for Canadian sodium sulphate
include glass manufacture (where it is added to the melt
to prevent scumming), leather tanning, manufacture of
blue pigments, fertilizers, textile dyes, and pharmaceuti-
cals, smelting of nonferrous metals, and fillers in animal
feed.

Stock

Liquid

N
Feed \ Level

Inlet

Product
Outlet

Figure 2-14.—Schematic diagram of the Metiskow Lake sub-
merged combustion process, where a natural-gas flime below
the brine surface evaporates the water.
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CONCLUSIONS

It is probable that all of the alkaline lakes that
would be commercial sources under present market
conditions are being exploited. Considering this, initial
reserves of these nine Saskatchewan and Alberta de-
posits are between 30 and 40 million tons, of which
approximately a fifth has been extracted to date.
Value of sodium sulphate production in Saskatchewan
has fluctuated widely over the last several decades,
despite -the fact that there has been a steady year
by year increase in production tonnage. It may be

concluded that the known reserves may be near ex-
haustion in a few decades, and certainly by the early
years of the next century. The new Rapson process,
now slowly being introduced into the kraft paper
industry, effectively eliminates the need for sodium
sulphate. If its adoption becomes widespread, it could
seriously affect the market. New uses for sodium sul-
phate, such as the manufacture of potassium sulphate
fertilizer, may counterbalance its influence to some
degree.
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INDUSTRIAL MINERALS: ALBERTA’S UNCELEBRATED ENDOWMENT
Wylie N. Hamilton*

ABSTRACT

Alberta’s identity as a mineral-rich province is based essentially on the oil and gas resources, latterly
also on the much-publicized Athabasca Oil Sands, and on the vast coal reserves of the province. In
addition, Alberta possesses a rich variety of industrial minerals, but comparatively little recognition
attains to these resources. The more important industrial minerals—those being exploited at present or
having potential for near-future development—include deposits of bentonite, clay and shale, dimension
stone, dolomite, formation brines, gypsum, limestone and marl, peat moss, salt, sand and gravel, silica
(industrial) sand, and sodium sulfate; and in addition, industrial byproducts of oil sands processing
(accessory “heavy” minerals, silica sand, clay), coal or coke combustion (fly ash), sour gas production
(sulfur), and phosphate fertilizer manufacture (phospho-gypsum). Others of little known significance
at present but which deserve brief mention for possible future importance include quartzite and phos-
phate rock.

INTRODUCTION

Alberta was abundantly endowed with mineral wealth
and since 1971 has led all the provinces of Canada in
value of mineral production. Most of this wealth is derived
from oil and gas resources, and until recently Alberta sus-
tained the identity as the oil province of Canada. With
development of the much publicized Alberta Oil Sands
deposits (now in its early stages) and with the upsurge
in importance of the province’s vast coal resources, this
identity has broadened to embrace the energy resources
sector in general, and Alberta now is known far and wide
as the energy province.

Not so widely known is the fact that Alberta has plenty
of other minerals, mainly industrial minerals. They exist
in variety and quantity, but because Alberta is not a highly
industrialized region the development of these resources
has been, by comparison, slow and unheralded. Figure 3-1
shows the value of production of these industrial minerals
inrelation to the energy minerals, and explains, probably
better than any other presentation, why this mineral
endowment has gone uncelebrated.

In 1974, the value of production of industrial minerals
(including sulfur’) was $125 million—only about 1 per-
cent of the province’s total mineral production. Readers
will recognize, however, that this figure is not a true
measure of value in the case of industrial minerals, for it
does not reflect the value of the industries they support.
Table 3-1 lists those industries in Alberta (i.e., those based
essentially on industrial minerals) and their estimated
values in gross production—clearly, a significant contri-
bution to Alberta’s economy. Yet some, perhaps most
of these could not exist or would have difficulty existing
without the local availability of the minerals.

Industrial minerals are especially important for the
future of Alberta. Although energy resources will con-
tinue indefinitely as the principal source of mineral
wealth, plans are now afoot to diversify the province’s
industrial base, and for example, to develop a world-scale
petrochemicals industry. These and related developments
will place a heavy demand on industrial mineral resources;
indeed, such that they may finally achieve recognition as
an important part of Alberta’s mineral heritage.

GEOLOGICAL FRAMEWORK OF ALBERTA’S MINERALS

Except for its extreme northeast corner, the province
of Albertaforms part of the vast Western Canada sedimen-
tary basin, an area extending from the southern margin
of the Prairie Provinces (the Canada-U.S.A. border) north-
ward to the Mackenzie River delta bordering the Arctic
Ocean. The region is underlain by assorted sedimentary
rock types largely of Paleozoic and Mesozoic ages, essen-
tially flatlying and uncomplicated in structure except
along the western margin of the basin where, in Tertiary

*Alberta Research Council, Edmonton, Alberta, Canada

time, the basin sediments underwent a major orogenic
disturbance that formed the Rocky Mountains and Foot-
hills (Green, 1972). Subsequently, from early Tertiary
time to the present, the geologic history of the basin has
involved erosion rather than deposition, except for the
brief period of glaciation during the Pleistocene epoch

when unconsolidated glacial sediments of various types
were deposited on the bedrock surface.

1 . . . .
Sulfur production is shown separately in Figure 3-1 because
of its singular importance and its occurrence as a byproduct
mainly of natural gas production.



Table 3-1.—Values of Alberta industries’ based on industrial minerals.

CONSTRUCTION MATERIALS CHEMICAL & METALLURGICAL
INDUSTRIES INDUSTRIES
CEMENT ($26 million) PULP PROCESSING ($150 million)
Limestone and marl Salt (caustic soda, chlorine)
Shale Salteake
Gypswn* Sulfur
Fly ash (pozzolan) Limestone
CERAMICS ($5 million) FERTILIZERS ($80 million)
Clay Sulfur
Silica sand* Phosphate rock*
Fly ash Potash*
LIME, LIMESTONE & DOLOMITE
GLASS (316 million) ($4 million)
Silica sand* Limestone
Dolomite

BUILDING PRODUCTS

($11 million) MISCELLANEQUS ($1 million)
Gypsun* (wallboard) Bentonite
Dimension stone Formation brines (CaCZZ)

Industrial (silica) sand
A GGREGATES ($20 million)

Sand and gravel
Expandable clay

*No Alberta production.

1 . . efe_s s . .
Several industries utilizing industrial minerals, but not based
essentially on these resources, are not included.

OTHERS
AGRICULTURE-RELATED ($1 million)

Marl and coquina
Peat moss-

SULFUR EXPORTS ($53 million)

SALT ($4 million)

8T

NNYOJ STVHIANIN TVIHLSNANI INIATTH



INDUSTRIAL MINERALS: ALBERTA’S UNCELEBRATED ENDOWMENT—W. N. HAMILTON

3.0
CRUDE OIL 2:5
5 NATURAL GAS & DERIVATIVES
B coaL
SULFUR
B INDUSTRIAL MINERALS
2.0
$ BILLIONS
1.5
1.0
0.5

1965 1966 1967 1968

Figure 3-1.—Alberta mineral production 1965-1974.

19



20 ELEVENTH INDUSTRIAL MINERALS FORUM

PHYSIOGRAPHY AND BEDROCK GEOLOGY

Alberta is divisible into three broad physiographic re-
gions, each distinctive in bedrock geology and topographic
features (Fig. 3-2). These are:

(1)  the Canadian Shield

(2) the Interior Plains

(3) the Cordillera, comprising the Rocky Moun-
tains and Foothills.

The Canadian Shield occupies 6,000 square miles of
the northeast corner, where it consists of Precambrian
granite, gneiss, and schist. In other regions of Canada
these Shield rocks contain important metallic mineral
deposits; but in Alberta no commercial deposits have yet
been discovered, except, ironically, for a nonmetallic
deposit of possible value—namely, a granite rock that
has good dimension stone qualities.

Most of Alberta lies within the Interior Plains, a region
underlain by undisturbed, nearly flatlying strata, which
have a slight regional dip to the southwest, such that
successively younger strata form the bedrock toward the
Rocky Mountains (Fig. 3-3). In the northeast, Devonian
carbonate and evaporite beds underlie the lowlands mar-
ginal to the Canadian Shield, and dip gently beneath the
Cretaceous cover toward the southwest. The Devonian
rocks of this region contain large deposits of limestone,
gypsum, and salt, the salt deposits continuing downdip to
underlie much of eastern and central Alberta at greater
depths. Also downdip, the projected Devonian carbon-
ate strata contain much of the province’s oil and gas
reserves, which in turn give rise to mineral byproducts
such as sulfur.

Over most of the Plains, the bedrock is formed of Cre-
taceous and Tertiary strata, a succession of nonmarine

sandstone and shale formations alternating with marine
shale units. Much of Alberta’s mineral wealth is contained
in these strata: the Alberta Oil Sands deposits, the subbi-
tuminous coal deposits, and a goodly portion of the prov-
ince’s conventional oil and gas reserves. They also con-
tain important deposits of bentonite, ceramic clay, and
silica sand, and as well, a very large deposit of iron.

The Rocky Mountains and Foothills form a relatively
narrow belt of highly deformed strata along the south-
western margin of the province. In general, the Foothills
consist of sandstone and shale beds of Jurassic and Cre-
taceous ages, the Rocky Mountains of carbonate and
quartzite beds ranging in age from Precambrian to Triassic.
In the Foothills, sour gas and high-grade bituminous coal
are the principal resources, along with some clay deposits.
In the Rocky Mountains, limestone and dolomite are
found in great abundance along with scattered deposits of
gypsum, quartzite, and phosphate.

GLACIAL DEPOSITS

Except for some of the higher ridges in the Rocky
Mountains and for the Cypress Hills in the southeast, the
province was covered by thick ice sheets during the
Pleistocene epoch. Consequently, much of the land sur-
face is mantled by unconsolidated glacial sediments—
generally only a few tens of feet thick but in places several
hundred feet thick. The deposifs vary widely in com-
position, from fine lake clay to coarse outwash gravel,
and to unsorted mixtures of various materials (till).
Although glacial deposits obscure or otherwise hinder de-
velopment of underlying bedrock minerals they also pro-
vide an important source of sand and gravel, clay, and
lower grades of silica sand.

THE INDUSTRIAL MINERALS

Known deposits of the more important industrial min-
erals in Alberta—those being exploited now or having
potential for development in the near future—are de-
scribed briefly below. For convenience and order in
presentation, the minerals are grouped into categories
based on geologic mode of origin.

CHEMICAL AND BIOGENIC DEPOSITS
LIMESTONE
Limestone exists in vast quantities in Alberta (Fig. 3-4),

in formations of Cambrian, Devonian, and Mississippian
ages exposed almost continuously along the Rocky Moun-

tains in western Alberta and in Upper Devonian strata
exposed on the margin of the Shield in northeastern
Alberta (Holter, 1973; this volume). Limestone also exists
in the subsurface throughout the province (Fig. 3-3), but
its shallowest depth near any major industrial area is below
3,000 feet—too deep for consideration as a raw material
source.

The industrial potential is greatest for the western
deposits that lie adjacent to railway lines. Quarries are
operated in several of these deposits, the two largest
quarries producing limestone for cement making. At
Cadomin, 180 miles west of Edmonton, the quarried
limestone is hauled by unit train to a cement plant in
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Edmonton. The limestone deposit is in the Palliser For-
mation, of Late Devonian age, and has a stratal thickness
of 500 feet and proved reserves in excess of 20 million
tons. Production is about 600,000 tons annually. At
Exshaw in the Bow Valley, 160 miles southeast of
Cadomin, a cement plant uses limestone of the same for-
mation, quarried on the plant site, in roughly the same
quantities as at Cadomin.

Other quarries in the mountains produce limestone
mainly for lime manufacture. In the Crowsnest Pass,
limestone from the Rundle Group (Mississippian) is pro-
duced near the site of a lime plant west of Crowsnest Lake.
In the Bow Valley, limestone also from the Rundle Group
is produced for usein alime plant near Kananaskis, from
quarries 9 miles west of the plant site. Production from
these two quarrying areas is about 250,000 to 300,000
tons annually.

MARL AND COQUINA

Marl and coquina, potential substitutes for limestone
in certain applications, form few deposits of significant
size in Alberta (Fig. 3-4). Marl deposits—of Recent
lacustrine origin—have indications of being widespread
(Govett and Byrne, 1958), but many are thin, lensy, and of
inappreciable extent. One deposit near Clyde, 40 miles
north of Edmonton, is worked for use in a local cement
plant. Others in the Peace River and Hand Hills areas
have sizable indicated reserves (Holter, 1974a, 1974b).

The best known coquina deposit is found in south-
western Alberta, near Hillspring, where an oyster shell
bed as much as 15 feet thick is exposed along the Belly
River (Crockford, 1947). This bed has been quarried
from time to time for agricultural purposes, but this
and other known coquina deposits are too small to
warrant any major exploitation.

DOLOMITE

Dolomite is extensive in the mountains of Alberta, its
distribution closely paralleling that of limestone (Fig. 3-4).
A small amount of dolomite is quarried in the Crowsnest
Pass area, from strata in the Fairholme Group (Upper
Devonian) and also from strata in the Rundle Croup
(Mississippian) for use as flux stone in British Columbia
smelters. Dolomite is found also in northeastern Alberta
in the Methy Formation (Middle Devonian), a reef rock
unit that crops out on the Clearwater River and lies near
the surface along the lower stretch of the Athabasca
River (Hamilton and Mellon, 1973).

PHOSPHATE

Phosphate showings are fairly widespread in the Rocky
Mountains (Fig. 3-4). The phosphate zones are found at
four distinct stratigraphic horizons(Telfer, 1934):

(1)  at the base of the Mississippian strata (Exshaw
Formation).

(2) near the top of the Permian-Pennsylvanian
succession (Rocky Mountain Group), in strata that
correlate with the Phosphoria Formation of Mon-
tana and Idaho, where phosphate rock deposits are
commercially exploited.

(3) at the base of the Jurassic strata (Fernie
Formation).

(4) in a belemnite zone near the middle of the
Fernie Formation.

None of the showings has indicated significant econom-
ic potential. The phosphate-bearing zones found thus far
have all tended to be thin, discontinuous, and of low grade
(when considered over a minimal thickness for mining).
Moreover, the showings are all found in rugged terrain
and most are in steeply dipping beds, making mining
conditions less than favorable.

Despite all these negative aspects, it would be perhaps
unwise to write off the economic possibilities of Alberta
phosphate. In the present light of changing economics
and predicted shortages for phosphate, it is conceivable
that deposits subsequently found in Alberta could have
potential. Phosphate rock was in fact mined in the Crows-
nest Pass area prior to 1930, at a site just across the
British Columbia border.

FORMATION BRINES

The formation brine fields indicated in Figure 3-4 out-
line areas under which formation waters of subsurface
Devonian reservoirs contain high concentrations of cal-
cium and magnesium; specifically, more than 60,000 mg/1
for Ca and more than 9,000 mg/1 for Mg (Hitchon and
Holter, 1971). These brines are similar in composition
to brines being commercially exploited in Michigan for
calcium chloride. They could also be a potential source
of magnesium metal, inasmuch as the Mg concentrations
are several times that of sea water—the main commercial
source of the metal.

EVAPORITES
Salt (halite) deposits underlie almost half of the prov-

ince as shown in Figure 3-5. The salt beds, belonging to a
group of strata of Middle Devonian age called the Elk
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Point Group, dip southwesterly from a depth of 700 feet
at Fort McMurray to about 6,000 feet at Edmonton and
reach an aggregate thickness of nearly 1,400 feet at some
point about 100 miles east-northeast of Edmonton
(Hamilton, 1971). From here, the beds become thinner
in all directions, but the salt (which is generally of excel-
lent quality) retains brinable thicknesses sufficient to sup-
port a major brining operation almost anywhere within
the salt-bearing area.

Two distinct types of salt deposits are represented in
the Elk Point Group, as distinguished in Figure 3-5. The
younger, shallower Upper Elk Point salt is a more or less
“normal”, first-cycle marine evaporite deposit, known as
the Prairie Evaporite Salt, and it is of very great extent,
continuing in a broad belt southeastward right across
southern Saskatchewan where it contains extensive de-
posits of potash. Only in one small area of eastern Alberta,
however, is the potash inferred to extend across the
border, and here the potash deposit is subeconomic in
terms of grade, thickness, and depth.

The older, deeper Lower Elk Point salt is more
restricted in distribution, although it too is very thick and
extensive. This salt is unusual in that it does not seem to
be a normal marine evaporite. Instead, it has a complex
history of solution and redeposition that resulted in ex-
traordinarily pure deposits of sodium chloride in these
beds.

Salt is produced at two localities in Alberta. At Fort
Saskatchewan, a few miles northeast of Edmonton, salt
is brined from beds as deep as 6,100 feet for the manu-
facture of chloralkali chemicals. At Lindbergh, about
120 miles east of Edmonton, salt for domestic and indus-
trial use is brined from beds 3,600 feet below the surface.
Total production isabout 360,000 tons annually, of which
250,000 tons is for chemical use.

Salt beds are used also in an indirect way at three local-
ities in the province for underground storage of petroleum
products (in artificially created caverns).

GYPSUM

Several deposits of gypsum are known in Alberta.
None is developed at the present time, owing to their re-
mote locations and difficult accessibility. Deposits judged
to have potential for future development are indicated in
Figure 3-5.

The southernmost (and least remote) deposit liesin the
vicinity of Kananaskis Lakes, in the Rocky Mountain
front ranges, 80 miles southwest of Calgary. The deposit

crops out high up a mountainside, where an 80-foot thick-
ness of good grade gypsum is exposed in Middle Devonian
strata (Halferdahl, 1969a). Grab samples assayed 90 to
92 percent purity, but the average grade and extent of
the deposit are undetermined. The gypsum beds dip
steeply into the mountain and would require under-
ground mining methods for recovery. The Kananaskis
Lakes region is one of great scenic attraction and high
recreational and wildlife values, so any mineral develop-
ment has been virtually ruled out for this sensitive area.

Another deposit straddles the Continental Divide on
the Alberta-British Columbia border, about 270 miles due
west of Edmonton (Govett, 1961). Its remote location is
offset somewhat by proximity to the Alberta Resources
Railway, passing 40 miles to the east. The deposit, in
Triassicstrata, seems to containseveralmillion tons of ore,
but estimation of reserves is hampered by structural com-
plexities. The grade also is uncertain, owing to a discrep-
ancy in assays reported for outcrop (95 percent) and test
hole samples (75 to 80 percent); thus, development of this
deposit is unlikely in the near future.

Large deposits of gypsum are present also in north-
eastern Alberta (Hamilton and Mellon, 1973). These are
the updip, near-surface projections of anhydrite beds in
the Prairie Evaporite Salt: along the evaporite subcrop
the salt has been leached back, leaving the anhydrite beds,
which were subsequently transformed to gypsum where
the thick Cretaceous overburden is eroded, as along major
river valleys. One such deposit 30 to 50 feet thick under-
lies the Clearwater River valley at depths ranging from
near-surface to 300 feet over a distance of 18 miles; the
average grade of the gypsum measured 84 percent
(Hamilton, 1969). A similar deposit but of higher grade
is postulated to lie beneath the Athabasca River valley 60
miles north of Fort McMurray.

Farther north, stratigraphically similar deposits of gyp-
sum crop out over very extensive areas of Wood Buffalo
National Park, where the Cretaceous cover also is absent.
Best known are the deposits at Gypsum Cliffs on the Peace
River, where cliffs about 80 feet high of almost solid gyp-
sum are exposed along a 14-mile stretch of the river
(Govett, 1961). Being in a National Park, these deposits
are interdicted from exploitation, and in any case, are
situated in an extremely remote part of the province.
Nevertheless, they are professed to rank among the larg-
est and highest grade of any in the world.

SODIUM SULFATE

Sodium sulfate deposits are found at many localities
in eastern Alberta and Saskatchewan and are the source
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of most Canadian salt cake production (Broughton, this
volume). Only one deposit is worked in Alberta, at
Metisko Lake 140 miles southeast of Edmonton (Fig. 3-5).
This deposit contains reserves of 1.5 million tons, and
annual production is about 75,000 tons. Several other
known deposits in Alberta seem too small for economic
development (Govett, 1958).

TERRIGENOUS CLASTICS - BEDROCK
CLAY AND SHALE

Clay or shale is found in virtually all the bedrock for-
mations of the Alberta Plains, and shale is the dominant
rock type in Mesozoic strata of the mountains. As ceram-
ic materials, most of the clay beds are the low-grade type,
suitable at best for low-value ware such as brick; a few
deposits of intermediate grade stoneware clay and fire-
clay are known, but high-grade clay is unknown (Hamilton
and Babet, 1975).

In general, the better grades and the best quality of all
grades of clay are found in the nonmarine bedrock forma-
tions, which crop out within an area indicated accord-
ingly in Figure 3-6. Outside this area the bedrock is mainly
marine shale, which has little potential ceramic use. The
deposits located in Figure 3-6 are those that have tested
favorably for use, either as low-grade ‘“brick™ clay or
intermediate-grade (stoneware or refractory) clay.

The better grades of clay are found especially in the
Cypress Hills region of southeastern Alberta, in a distinc-
tive stratigraphic unit known as the Whitemud Formation,
of Late Cretaceous age. The Whitemud, undoubtedly the
most important source of clay in Western Canada, is a thin
but widespread unit that extends well into Saskatchewan
where it yields high-grade ball clay and fireclay, although
in Alberta it provides only stoneware clay (Crockford,
1951; Lindoe, 1965).

Other deposits of the better grade clay are found at
Wabamun, 40 miles west of Edmonton, and at Fort
McMurray in northeastern Alberta.

At Wabamun, good quality fireclay is found in exten-
sive partings as much as 2 feet thick within coal measures
that are being strip mined for electric power generation.
The clay is potentially recoverable as a byproduct of this
stripping operation,; it is basically kaolinite, white burning,
and shows promise for ceramic use. At present, this clay
isbeing wasted as backfill at a rate of 200,000 tons yearly.

At Fort McMurray, deposits of stoneware clay grading
to fireclay are found in places underlying the Athabasca

Oil Sands and resting on eroded Devonian limestone
(Halferdahl, 1969b). Thisis the so-called “oil sands under-
clay”, not everywhere present beneath the oil sands and
not everywhere of the same quality, but in some places
it has interesting possibilities.

Clay and shale that exhibit bloating properties suitable
for lightweight (expanded clay) aggregate production are
fairly widespread in the province (Matthews, 1952). Good
bloating materials are found most consistently in the
marine shale formations (notably, the Bearpaw Forma-
tion), but outcrops of these formations are far from pres-
ent markets. Closer in, some nonmarine shale units have
also proven favorable: a plant in Calgary uses shale from
the uppermost Tertiary beds of the Paskapoo Formation,
quarried a few miles south of the city; formerly, this
plant used shale from the Belly River Formation (Creta-
ceous) in the Foothills.

SILICA SAND

A few sources of good quality silica sand are known in
Alberta, but are poorly situated with respect to transpor-
tation and markets, and are undeveloped. The only bed-
rock deposit of proven significance is found in north-
western Alberta, in a Cretaceous marine sandstone unit
exposed along the Peace River (Fig. 3-6). The deposit is
a friable zone 40 to 60 feet thick at the top of the
sandstone unit, consists of relatively pure quartz sand of
variable texture, easily upgradable to glass sand quality
(Crockford, 1949). The remote location of the deposit
has prevented development to date.

QUARTZITE

Quartzite deposits in Alberta have not been thoroughly
evaluated as a potential source of silica. From an accessi-
bility standpoint the Permian quartzite beds of the Rocky
Mountain Group offer the best prospects, specifically,
the exposures opposite Canmore in the Bow Valley, 50
miles west of Calgary (Fig. 3-6). Other quartzite forma-
tions of Cambrian and Precambrian ages in the moun-
tains and the Athabasca Formation (Precambrian) in
northeastern Alberta are too remote or access is too diffi-
cult for these to merit consideration.

Some of Alberta’s river gravel deposits contain large
percentages of quartzite, present as pebbles and cobbles
that have been derived from Lower Paleozoic quartzite
formations in the Rocky Mountains. These alluvial
quartzite deposits have been evaluated favorably as a po-
tential source of industrial silica (Halferdahl, 1969c).
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TERRIGENOUS CLASTICS - SURFICIAL
CLAY

Surficial clay of potential ceramic use is found mainly
in glacial lake sediments, which cover extensive areas of
the province as shown in Figure 3-7 (Hamilton and Babet,
1975). These clay deposits are the low-grade type and not
generally the best of quality, but being on the surface
they are easily won; for this reason, surficial clay has been
an important source of raw material in Alberta—mainly
for brick making, latterly also for expanded clay aggre-
gate and cement production.

INDUSTRIAL (SILICA) SAND

The best quality surficial sand deposits in Alberta are
the dune sand deposits scattered over many parts of the
province (Fig. 3-7). The sand of these deposits in general is
too low grade to properly be called “silica sand’’; the term
“industrial sand” may be preferable, because the sand
does have consistent, controllable properties that are
sought for certain industrial applications (McLaws, 1971).
The sand responds reasonably well to simple beneficiation
treatment and can be upgraded for use in lower grades of
glassware (Carrigy, 1970; Holter, 1971, 1972). Dune de-
posits near Edmonton are in fact now used for production
of glass fiber products.

SAND AND GRAVEL

Plentiful supplies of sand and gravel in Alberta are
found in three main geologic types of deposits: preglacial,
glacial, and Recent, shown schematically in Figure 3-8.

GEOLOGY
% GLACIOLACUSTRINE

[__—] TILL
BEDROCK

Preglacial deposits include semiconsolidated gravel of
late Tertiary age that caps several prominent bedrock
highs (Cypress Hills, Hand Hills), and as well, the gravel
that occupies preglacial bedrock channels. The latter
type, although normally buried under glacial drift, is the
more common commercial source. The quality of these
gravel deposits is excellent, but economic deposits are few
because of overburden. Edmonton is supplied principally
from preglacial channel deposits (MacPherson and Kathol,
1973).

The most widespread are the glacial outwash gravel de-
posits, which supply most of the gravel needs of the prov-
ince. Recent gravel generally is of poor quality and is
used in areas deficient in the other types.

Annual production of sand and gravel in Alberta is
about 20 million tons.

MISCELLANEOUS UNCLASSIFIED DEPOSITS

BENTONITE

Bentonite is very common in Alberta, distributed
throughout the sedimentary rocks of Late Cretaceous age
in the Plains region. Relatively pure seams are found at
several localities (Fig. 3-6), but only two have the quality
and extent sufficient to warrant exploitation (Scafe,
1975)—near Rosalind along the Battle River about 70
miles southeast of Edmonton, and at Onoway about 30
miles northwest of Edmonton.

The best bentonite comes from the deposit at Rosalind,
some of it comparing in quality and yield values to the

SAND AND GRAVEL DEPOSITS

RECENT ALLUVIAL

Figure 3-8.—Schematic cross section of Alberta sand and gravel deposits.
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Wyoming bentonites (Babet, 1966; Scafe, 1975). Total
production at Rosalind is approximately 12,000 tons a
year and most is sold as foundry clay. The Onoway
deposit has not been mined since 1968, but stockpiles
are being processed at the rate of about 2,000 tons a
year, mainly for use in drilling muds.

Another deposit which has excited investigators in
the past is one at a place called Dorothy, 75 miles
east of Calgary. The bentonite here is 33 feet thick,
the thickest and most extensive seam found in Alberta,
but the yield is low and the overburden prohibitive
to development.

DIMENSION STONE

The only rock material currently produced as dimen-
sion stone in Alberfa is a dolomitic siltstone from the
Spray River Formation (Triassic), quarried in the Rocky
Mountains near Canmore (Fig. 3-6). The rock is a hard,
flaggy, medium-grey material known as “‘Rundle Stone”’;
it is used as rough building and decorative stone in
houses, buildings, monuments, and so on. Annual pro-
duction is only about 1,000 tons.

Potential may exist for granite found in north-
eastern Alberta in plutonic masses that crop out on the
Precambrian Shield near Fort Chipewyan (Hamilton and
Mellon, 1973). The red granite has all the properties of
high-quality ornamental-building stone (Godfrey, 1971,
1972), its remote location being the main deterrent
to development.

heavy solids
water

OIL Initial
SAND Processing

TAILINGS

clay

CLAY

BITUMEN FROTH .‘ Separ‘ator’
/ [raw oil :| \

[sand ]
"2terl SILICA SAND

PEAT MOSS

Peat moss bogs are widespread throughout the north-
ern two-thirds of Alberta, one-quarter to one-third of this
region being bog covered to an extent greater than 60
percent. For most of the region, individual bogs are
unclassified as to depth and plant colonies (only the
sphagnum mosses are marketable), so that the commercial
potential of the peat moss isundetermined. Undoubtedly,
the potential is considerable.

Peat moss is commercially harvested at four localities
(Fig. 3-6), the largest production coming from a plant
near Evansburg, 50 miles west of Edmonton. Annual
production for the province is about 9,000 tons.

INDUSTRIAL BYPRODUCT MINERALS

Most of the minerals included in this category (viz.,
accessory “heavy” minerals, silica sand, clay, sulfur, and
fly ash) are byproducts of processing oil sands (Fig. 3-9);
except for sulfur none is recovered commercially as yet,
although all seem to have excellent potential. Additional
byproducts are fly ash from coal combustion in power
plants, sulfur from sour natural gas production (the
principal source), and gypsum from phosphoric acid
manufacture, all indicated by plant site locations in
Figure 3-10.

ACCESSORY “HEAVY” MINERALS

The McMurray Formation sandstone, principal host
rock of the Athabasca Oil Sands, contains about 0.3

SYNTHETIC CRUDE

BITUMEN === Refinery SULFUR
/ COKE
FLY ASH
(Vanadium, Nickel)
TAILINGS
[szr =]

HEAVY MINERALS
(Titanium, Zirconium)

Figure 3-9. —Flow diagram of oil sands extraction process and byproduct minerals evolved.
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weight percent of accessory, or “heavy” minerals in its
petrologic make-up (Carrigy, 1962). These “heavies”
(S.G. greater than 2.95) are rich in titaniferous minerals
and zircon, and they show a tendency to become concen-
trated in the bitumen froth during the flotation process
for bitumen extraction (Hamilton and Mellon, 1973).
Results of studies to date have indicated that the heavies
form 30 percent or more of the mineral solids in the froth,
an increase of 100-fold from their concentration in the
original sand. The heavies fraction in turn assays as much
as 25 percent titanjum and 10 to 20 percent zirconium,
thus constituting a potential source for these metals and
their oxides.

Although the percentage of heavies in the raw sand
seems practically negligible, the net amount becomes signi-
ficant because of the enormous tonnages of sand handled
in the extraction process. For example, a 100,000-barrels-
per-day plant? would process 200,000 to 250,000 tons of
raw oil sand, which would include about 600 tons of
heavies also put through the process each day. How much
of this amount of heavies would collect in the bitumen
froth (and hence, be recoverable for beneficiation and
treatment) remains to be determined; present operating
experience suggests that most of it would.

SILICA SAND

The tailings sand from the oil extraction process grades
98 percent silica without any treatment (Hamilton and
Mellon, 1973), and is probably the best potential source
of high-grade silica sand in Alberta. Despite its high silica
and very low iron content, the tailings sand would require
beneficiation for use as glass sand, to eliminate “fines”,
mica flakes, and residual oil film, but this seems feasible
on the basis of studies currently in progress.

It is useful to bear in mind the enormous tonnage of
silica sand potentially available from this source. By way
of illustration, a single day’s production of tailings from
the existing oil sands plant, approximately 100,000 tons,
couldsupply Alberta’s current silica requirements for one
entire year.

CLAY

The clay fraction of the oil sands tailings may have
some ceramic potential if ceramic tests currently under-
way show the clay to be worth recovering. No conclusive
test results are available, but the mineralogy of the clay

2Thoughf; to be the average economic plant size for future
plants,

fraction of McMurray Formation sand suggests possibil-
ities for a good grade of ceramic clay (Hamilton and
Mellon, 1973).

FLY ASH

Fly ash is also an oil sands byproduct, although the
main accumulations of fly ash in the province are from
coal-fired power plants (Fig. 3-10). The fly ash from oil
sands processing results from combustion of residual
bitumen coke, which is burned for boiler fuel at the oil
sands plant; this ash is particularly important for its high
vanadium and nickel concentrations (Hamilton and
Mellon, 1973).

In the oil extraction process, one of the basic steps in-
volves thermal coking of the separated bitumen to pro-
duce an upgraded distillate crude, leaving a residual pro-
duct of bitumen coke. Virtually all of the mineral solids
and most of the trace metals present in the bitumen accu-
mulate in the residual coke and constitute 3 percent of the
coke by weight. These solids accumulate as fly ash and
bottom ash containing vanadium and nickel concentra-
tions of 3.5 and 1.2 percent, making the ash a potential
source for these metals in the future—when oil sands devel-
opment reaches a more mature stage. At present, with
just one plant operating, the amount of ash produced is
small—less than 100 tons daily.

Other fly ash in the province has found limited use as
pozzolans and as an additive in ceramic clay bodies.

SULFUR

Alberta has the world’s largest production of sulfur
from hydrocarbon sources, and accordingly has become
amajor world producer and exporter of this commodity.
Sulfur happens to be another byproduct of oil sands pro-
cessing (Fig. 3-9), a smaller percentage being recoverable
from the synthetic crude oil, but most of the sulfurisa by-
product or coproduct of sour natural gas production.
Sulfur-recovery plants are scattered throughout the prov-
ince asindicated in Figure 3-10. In some of these sour gas
fields the hydrogen sulfide concentration exceeds 50 per-
cent, although in most it is between 3 and 20 percent. As
arule, the H,S percentage increases to the southwest, with
the increasing depth and formation temperature.

Annual sulfur production in Alberta is about 7 million
tons, of which about two-thirds currently finds markets.
Unsold production is stockpiled. Proved recoverable
reserves of sulfur from Alberta’s sour gas fields total
170 million long tons.
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PHOSPHO-GYPSUM

Gypsum originates as a byproduct of phosphoric acid
manufacture in four fertilizer plants in Alberta (Fig. 3-10),
located at Redwater and at Fort Saskatchewan, both a
few miles northeast of Edmonton, at Calgary, and at
Medicine Hat, 160 miles southeast of Calgary. The
amount produced is not reported but can be estimated to

be on the order of 1.5 million tons annually. No commer-
cial use is made of the phospho-gypsum at present, the
material being wasted in disposal ponds at the plant sites.

Investigations of two of the sources, however, indicate
that the material has potential as a substitute for natural

gypsum in the manufacture of gypsum products (Collings,
1972).

REFERENCES

BABET, P. H., 1966, Some characteristics of bentonite
in Alberta: Alberta Res. Coun. Prelim. Rept. 66-2, 25 p.

BROUGHTON, P. L., (this volume), Sodium sulphate de-
posits of Saskatchewan and Alberta.

CARRIGY, M. A., 1962, Effect of texture on the distri-
bution of oil in the Athabasca Oil Sands, Alberta
Canada: Jour. Sed. Petrology, v. 32, no. 2, p. 312-325.

1970, Silica sand in the vicinity of Edmonton,
Alberta: Alberta Res. Coun. Rept. 70-1, 30 p.

COLLINGS,R. K., 1972, Evaluation of phospho-gypsum
for gypsum products manufacture: Canadian Inst.
Mining Metall. Trans., v. 75, p. 143-153.

CROCKFORD, M. B. B., 1947, A geological report on
the Hillspring Shell Beds: Alberta Res. Coun. Econ.
Min. File unpub. rept., 10 p.

1949, Geology of the Peace River glass sand
deposit: Alberta Res. Coun. Mim. Circ. 7, 20 p.

1951, Clay deposits of Elkwater Lake area,
Alberta: Alberta Res. Coun. Rept. 61, 102 p.

GODFREY, J. D.,1971, Ornamental and building stones,
Fort Chipewyan, Alberta: Alberta Res. Coun. Econ.
Min. File unpub. rept., 24 p.

_1972,Fort Chipewyan ornamental-buildingstone
project, Chipewyan red granite: Alberta Res. Coun.
Econ. Min. File unpub. rept., 22 p.

GOVETT, G. J. S, 1958, Sodium sulfate deposits in
Alberta: Alberta Res. Coun.Prelim. Rept. 58-5, 34 p.

1961, Occurrence and stratigraphy of some gyp-
sum and anhydrite deposits in Alberta: Alberta Res.
Coun. Bull. 7, 62 p.

GOVETT,G.J. S.,and BYRNE, P. J. S., 1958, Industrial
minerals of Alberta: Alberta Res. Coun. Prelim. Rept.
58-2, 112 p.

GREEN, R., 1972, Geological map of Alberta: Alberta
Res. Coun. Map 35, scale 1 inch to 20 miles.

HALFERDAHL, L. B., 1969a, Kananaskis gypsum deposit:
Alberta Res. Coun. Econ. Min. File unpub. rept.,3 p.

1969b, Composition and ceramic properties of
some clays from northeastern Alberta: Alberta Res.
Coun. Rept. 69-3, 24 p.

1969c, Alluvial quartzite pebbles as a source of
industrial silica: Alberta Res. Coun. Rept. 69-2, 22 p.

HAMILTON, W. N., 1969, Subsurface gypsum deposits
near Fort McMurray, Alberta: Canadian Inst. Mining
Metall. Bull., v. 62, no. 691, p. 1193-1202.

1971, Salt in east-central Alberta: Alberta Res.
Coun. Bull. 29, 53 p.

HAMILTON, W. N., and BABET, P. H.,, 1975, Alberta
clays and shales: summary of ceramic properties:
Alberta Res. Coun. Econ. Geol. Rept. 3, 73 p.

HAMILTON,W.N., and MELLON, G. B., 1973, Industrial
mineral resources of the Fort McMurray area, in Guide
to Athabasca Oil Sands area: Alberta Res. Coun. Inf.
Ser. 65, p. 123-162.

HITCHON, BRIAN, and HOLTER, M. E., 1971, Calcium
and magnesium in Alberta brines: Alberta Res. Coun.
Econ. Geol. Rept. 1, 39 p.

HOLTER, M. E., 1971, Silica (dune) sand from the Medi-
cine Hat area, Alberta: Alberta Res. Coun. Rept.
71-5, 19 p.



INDUSTRIAL MINERALS: ALBERTA’S UNCELEBRATED ENDOWMENT—W. ' N. HAMILTON 35

1972, Silica(dune) sand from the Red Deer area, McLAWS, I. J., 1971, Uses and specifications of silica
Alberta: Alberta Res. Coun. Rept. 72-4, 19 p. sand: Alberta Res. Coun. Rept. 71-4, 64 p.

1973, Limestone resources of Alberta: Canadian

—EMining Metall. Trans., v. 76, p. 40-51. McPHERSON, R. A., and KATHOL, C. P., 1973, Sand

and gravel resources of the Edmonton area, Alberta:

1974a, Marl resources of the Peace River area: Alberta Res. Coun. Rept. 73-2, 11 p.

Alberta Res. Coun. Econ. Min. File unpub. rept.,

10 p. MATTHEWS, J. G., 1952, Preliminary report on coated

lightweight concrete aggregate from Canadian clays

__1974b, Marl resources of the Hand Hills area: and shales—Part 1, Alberta: Canada Dept. Mines Tech.
Alberta Res. Coun. Econ. Min. File unpub. rept., 3 p. Surveys, Mines Branch, Memo. Ser. 117, 68 p.

(this volume), Limestone resources of Alberta. SCAFE, D. W., 1975, Alberta bentonites: Alberta Res.

LINDOE, L. O., 1965, Ceramic clays of the Cypress Hills, Coun. Econ. Geol. Rept. 2, 19 p.

in Cypress Hills Plateau, Alberta and Saskatchewan:
Alberta Soc. Petroleum Geologists Guidebook, Part 1, TELFER, L., 1934, Phosphate in the Canadian Rockies:
15th Ann. Field Conf., 1956, p. 210-225. Canadian Inst. Mining Metall. Trans., v. 36, p. 566-605.



36

ELEVENTH INDUSTRIAL MINERALS FORUM



LIMESTONE RESOURCES OF ALBERTA

M. E. Holter*

ABSTRACT

Limestone-bearing strata are exposed in seven areas of Alberta, each situated adjacent to rail and
road facilities. Six of these centers are along the eastern edge of the Foothills and Front Ranges of the
Rocky Mountains in western Alberta. The other is in northeastern Alberta, along the eastern margin of
the Alberta Basin.

High-grade limestone is present in Middle Cambrian, Upper Devonian, and Mississippian strata.
Eldon Formation limestone has been exploited only in the Exshaw area west of Calgary, where it for-
merly was used for lime production. Limestone beds of the Palliser Formation are exploited at Exshaw
and at Cadomin in west-central Alberta for the manufacture of cement. Reserves of high-grade lime-
stone also are available in the Palliser Formation near Crowsnest Lake in southwestern Alberta and
near Brille, west of Edmonton. Upper Devonian limestone of the Waterways Formation is widespread
in the Fort McMurray area of northeastern Alberta, but available data indicate that its quality is inferior
to that of the limestone deposits of the Rocky Mountains regions. The Livingstone Formation contains
large reserves of high-grade limestone at several localities in the Rocky Mountains and Foothills. Com-
mercial development of the unit is now under way at Crowsnest Lake and at Exshaw for lime produc-
tion, and future exploitation of the beds is feasible at Blairmore and Nordegg.

INTRODUCTION

In 1974, more than 1.5 million tons of lime-
stone was quarried in Alberta. During the same year
approximately 1 million tons of cement and 150,000
tons of lime were manufactured, representing a total
production value of more than $27 million. The bulk
of these commodities is consigned to local markets
in Alberta, and the projected economic growth of

the province indicates that the limestone and depend-
ent industries will continue to expand to meet the
requirements of Alberta’s construction and manufac-
turing industries. For this reason, it is timely to review
the existing sources of limestone in Alberta and also
limestone resources that are available for future devel-
opment.

SOURCE OF DATA

The data upon which this review is based were ob-
tained from detailed field investigations carried out for
the Research Council of Alberta in 1971 (Holter, 1976).
Limestone-bearing formations were measured and sam-
pled in seven areas of the province located near centers
serviced by rail and road facilities. Six of these areas are
along the Foothills and Front Ranges of the Rocky Moun-
tains in southern and central Alberta, and the other is
near Fort McMurray in northeastern Alberta (Fig. 4-1).

Standard field procedures were used to measure,
describe, and sample selected limestone-bearing strata in
each of the seven areas shown in Figure 4-1. More than
700 spot samples were obtained in the field, from which

*Research Council of Alberta, Edmonton, Alberta, Canada.

115 composite samples were analyzed by standard wet-
chemical methods. Also, each of the spot samples was
subjected to x-ray fluorescence analysis. The thickness of
sampled section ranges from 5 to 100 feet, depending on
rock quality, bedding consistency, and availability of out-
crop. About 6,000 feet of stratigraphic section is avail-
able for study in the Rocky Mountains and Foothills,
and this thickness of section is repeated locally by thrust
faulting as many as four times. Such stratigraphic and
structural complexities, together with incompleteness of
outcrop and difficult access in some areas, present prob-
lems in evaluating limestone resources.

Several sources of published and open-file material
have been utilized to supplement recent investigations.
Especially worthy of note is the work of Goudge (1945),
Matthews (1960, 1961), and Halferdahl (1967).
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GEOLOGIC SETTING

Limestone-bearing formations crop out extensively
within the Rocky Mountains and Foothills of western
Alberta and around the margin of the Canadian Shield in
the northeast part of the province. In the Rocky Moun-
tains, dominantly carbonate strata range in age from Pre-
cambrian to Triassic, but rock units containing potentially
commercial limestone resources are restricted to Cam-
brian, Devonian, and Mississippian strata (Fig. 4-2). The
rocks are folded and faulted to varying degrees, forming
a series of northwest-trending “en echelon’ outcrop belts
in which repetition of rock-units by low-angle west-
dipping thrust faults is common.

East of the Foothills, Paleozoic strata extend
beneath the cover of younger Mesozoic formations,
intersecting the surface in northeastern Alberta in
the lowlands adjacent to the lower Peace and Atha-
basca Rivers. In this region only Devonian strata
are exposed (Fig. 4-2), generally along the valleys
of the larger rivers and streams. The beds are nearly
flat lying, the regional dip being only a few feet
per mile to the southwest, but solution of under-
lying salt deposits has induced local structures in
some of the limestone exposed along the Athabasca
River.

DESCRIPTION OF DEPOSITS

CROWSNEST LAKE AREA

The Crowsnest Lake area, situated in the Crows-
nest Pass region of southwestern Alberta, is traversed by
the main line of the Canadian Pacific Railway and Alberta
Highway No. 3 (Fig. 4-1). The bedrock geology has been
mapped by several investigators, the most recent of whom
was Price (1961).

Quarrying operations have been maintained for
more than 30 years by Summit Lime Works Limited near
Crowsnest Lake just east of the Alberta-British Columbia
border. The present production rate is approximately 50
tons of limestone per day. At this locality Paleozoic strata
are thrust over Upper Cretaceous beds along the trace of
the west-dipping Lewis fault. Paleozoic strata, which in-
clude a thick succession of Devonian and Mississippian

MILES

Figure 4-1.—Location map.
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carbonate formations, strike north and dip west 30 to 70
degrees (Fig. 4-3).

Quarrying of limestone is under way in beds of the
Livingstone Formation and the basal part of the Mount
Head Formation. In addition, a small amount of dolomite
is quarried from the Fairholme Group south of Crowsnest
Lake. Sections were sampled along the north side of
Crowsnest Lake adjacent to the railway, west to Island
Lake (including the quarries of Summit Lime Works Lim-
ited). Exposures along Highway No. 3 to the south also
were tested. The sampling complements the earlier work
of Goudge (1945).

The Palliser Formation is approximately 1,000 feet
thick and contains high-calcium limestone grading as
much as 96 percent CaCO3, which warrants further inves-
tigation. Potential reserves are very large, although quar-
rying may be difficult because of rugged topography.
Samples from the Alexo Formation and Fairholme Group

proved to be very dolomitic and not suitable for indus-
trial use.

BLAIRMORE AREA

The Blairmore area is located in the Crowsnest Pass
region 10 miles east of Crowsnest Lake, on the main
Canadian Pacific Railway line and Highway No. 3 (Fig.
4-1). Mississippian strata are exposed within a doubly
plunging anticline, which forms an outlier of the main
ranges of the Rocky Mountains to the west (Norris, 1963).
Beds exposed along the railway on the west flank of the
anticline strike north and dip west as much as 60 degrees
(Fig. 44).

Two quarries have operated within beds of the Liv-
ingstone Formation—one south of the railway to supply
a cement plant, and another north of the railway for pro-
ducing lime. The former was described in some detail by
Goudge (1945).
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Sections of the Banff and Livingstone Formations
were sampled along the railway. The Banff Formation
contains numerous argillaceous, cherty and dolomitic
beds and is therefore of no interest for exploitation.
Approximately 400 feet of the Livingstone Formation is
exposed, and the limestone is generally of high grade, but
interbeds of siliceous and dolomitic strata tend to make
definition of high-calcium limestone deposits difficult.
Medium-sized reserves of limestone are available in posi-
tions that are relatively easy to quarry.

EXSHAW AREA

The Bow River valley between the eastern margin
of the Rocky Mountains Front Ranges and Banff Na-
tional Park is the major limestone-producing area of
Alberta, and undeveloped deposits extend across the
strike of the Front Ranges for a distance of 15 miles (Fig.
4-5). Exshaw is situated near the eastern margin of the
Front Ranges, adjacent to the main transcontinental line
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of the Canadian Pacific Railway and to Highways 1 and
1A (Fig. 4-1).

Near Exshaw, the FrontRange of the Rocky Moun-
tains exposes a thick succession of Paleozoic carbonate
strata ranging in age from Cambrian to Mississippian (Fig.
4-5). The strata lie above the McConnell Fault, strike
northwest, and dip 30°to 60°southwest. To the west the
succession is repeated by three major thrust faults. The
most recent bedrock geology compilation was by Price
(1970).

Quarries now are operating at Exshaw (Canada Ce-
ment Lafarge Limited) in Palliser beds and on Grotto
Mountain 4 miles east of Canmore (Steel Brothers Lim-
ited, Lime Division) in Livingstone strata. Quarries for
supplying lime plants formerly were located in beds of
the Eldon Formation east of Exshaw and within the
Livingstone Formation on Grotto Mountain. Canada Ce-
ment Lafarge Limited quarries approximately 2,400 tons
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Figure 4-3.—Crowsnest Lake area.
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of limestone per day for cement manufacturing, and Steel
Brothers Limited produces about 1,000 tons per day for
lime-making and aggregate.

Sections through the major limestone-bearing for-
mations exposed along Highways 1 and 1 A were measured
and sampled (Fig. 4-5). The total stratigraphic thickness
of section involved is approximately 6,500 feet, of which
approximately 2,000 feet contains potential commercial
limestone beds. In addition, samples were obtained from
the quarries listed above and from the Eldon Formation
north of Kananaskis (Sec. 12, T. 25, R. 9) and Mississip-
pian strata exposed in Cougar Canyon east of Canmore
(Sec. 34, T. 24, R. 10). These data supplement previous
work by Goudge (1945) and by Matthews (1960), who
sampled the Livingstone Formation on Heart Mountain
(Sec. 13 and 24, T. 24, R. 9).

The Eldon Formation is nearly 1,000 feet thick in
the Exshaw area. Considerable amounts of dolomitic
mottling are found throughout the section, thus resulting
in reduced grades in many places. Reserves of good qual-
ity rock, free of dolomitization effects, are large, but
easily quarriable localities are not common.

The entire succession of the Alexo Formation and
Fairholme Group exceeds 2,000 feet. Less than 25 per-
cent of the section was studied, and no limestone beds
were delineated.

The Palliser Formation is about 700 feet thick and
ranges in grade from 68 to 97 percent CaCQOj3. Both dolo-
mitic and calcareous sections tend to be thick and con-
sistent in chemical composition. Therefore, where high-
calcium limestone successions can be verified, little con-
tamination by dolomitic strata is likely. There is scope
for much further study of the Palliser Formation to de-
fine reserves more fully.

The Banff Formation, approximately 700 feet thick,
is generally thin bedded. Content of CaCOQj is variable,
and although selected beds of limestone are of very high
grade, they do not constitute meaningful reserves.

The Livingstone Formation is approximately 1,200
feet thick, and sections as much as 100 feet thick contain
high-calcium limestone, particularly near the top of the
formation. The limestone strata are medium to thin bed-
ded and containsiliceous and magnesian interbeds. Large
reserves of readily quarriable limestone have been out-
lined west of Gap Lake, east of Exshaw, and on Heart
Mountain.

The Mount Head and Etherington Formations (500
feet and 300 feet thick, respectively) were sampled at

Cougar Canyon, west of Canmore. X-ray fluorescence
analyses of individual samples verify CaCO; contents of
as much as 98 percent in the Mount Head Formation,
but no prospective quarry sites were noted. The Ether-
ington Formation contains large amounts of chert, which
greatly diminishes the grades.

NORDEGG AREA

The Nordegg area is situated in the central Alberta
Foothills about 100 miles east of the city of Red Deer.
The area is crossed by Highway 11 (David Thompson
Highway) and also can be reached by a local Canadian
National Railway line, which extends west from Rocky
Mountain House (Fig. 4-1). Since closure of the Brazeau
Colljeries at Nordegg in the 1950’s there has been no reg-
ular rail service.

Devonian and Mississippian carbonate strata are ex-
posed in the core of the northwest-trending Brazeau Anti-
cline, a Paleozoic outlier, which marks the inner Foot-
hills boundary (Fig. 4-6). Beds on the northeast flank of
the structure are faulted out along the Coliseum Fault
and overturned at steep angles. The southwest limb gen-
erally dips at angles less than 20 degrees (Douglas, 1956,
1958; Erdman, 1950).

Two quarries are located within the area, and both
have served as sources of railway ballast. The smaller of
the two is in the Palliser Formation at Mile 147 on the
railway (Fig. 4-7), and the larger, which is close to Nor-
degg, is located in strata of the Pekisko Formation.

Good exposures are found adjacent to the railway,
and a few small outcrops are present along Highway 11
(Fig. 4-7). Goudge (1945) obtained samples for analysis
along the railway and within the quarry near Nordegg.
Matthews (1960) also carried out detailed studies on the
quarry. Samples were obtained for the present study to
complement existing data.

Devonian rock units have little potential for eco-
nomic development. Uppermost strata of the Mount
Hawk Formation were sampled along Highway 11, but
the rocks are extremely dolomitic. The Alexo Formation,
overlying the Mount Hawk Formation and sampled at
the same location, is also of very low grade. The Palliser
Formation exceeds 800 feet in thickness and is well ex-
posed along the railway on both flanks of the Brazeau
Anticline. No beds of high-calcium limestone were delin-
eated within the formation.

More than 700 feet of Banff Formation carbonate
and shale is present in the area. Representative beds were
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Faernie F

Figure 4-7.—Quarries and intervals sampled in the Nordegg area.

sampled along the railway, but the analyses indicate con-
sistently low calcite contents.

The Pekisko Formation, which is less than 200 feet
thick in the Nordegg area, is of good to excellent grade
(normally greater than 95 percent CaCOj3). Good expo-
sures are present in readily quarriable positions. Approxi-
mately 200 feet of the Shunda Formation is present in
the area, but only one exposure was observed along the
railway. The samples graded 98 percent CaCO3, indicating
that the formation deserves further investigation.

Upper strata of the Rundle Group crop out along
the railway east of Nordegg, but because of high magnesia
content, none of the beds tested are of economic impor-
tance.

CADOMIN AREA

The Cadomin area lies within the inner Foothills
of west-central Alberta about 190 miles southwest of
Edmonton (Fig. 4-1). Part of the so-called “Coal Branch”,
the area is served by a local line of the Canadian National
Railways and by Highway 47, which extends southwest
from the town of Edson on the main transcontinental
line of the CNR.

At Cadomin, Paleozoic carbonate-bearing strata
are exposed along the crest of the Nikanassin Range, a
southeast-plunging anticlinal structure thrust northeast-
ward over complexly folded and faulted Cretaceous strata.
The Paleozoic strata dip southwesterly at attitudes aver-
aging about 40 degrees, and the section is repeated in
part by a secondary thrust fault lying to the south of the
trace of the main Nikanassin fault (MacKay, 1929b).

In the past a small quarry operated in the Palliser
Formation, adjacent to the railway about 1 mile south
of Cadomin, to supply a local lime plant. Currently, the
Inland Cement Company operates a much expanded
quarry on the same site. Formerly, the company opened
a smaller quarry in Palliser beds south of the existing
quarry in the “southern” thrust block, but this no longer
is utilized. Inland Cement now mines approximately
2,000 tons of highgrade limestone per day at its Cadomin
operation, transporting it to Edmonton for processing in
the company’s cement plant.

The two Inland Cement Company quarries de-
scribed above present an almost complete succession of
the Palliser Formation and therefore were sampled in
some detail (Fig. 4-8). Additional sections of this forma-
tion were sampled on the opposite side of the McLeod
River valley. Halferdahl (1967) also sampled exposures
of the Palliser Formation on Leyland Mountain 2 miles
west of the Inland Cement quarry. Mississippian carbon-
ate strata are accessible south of the existing quarries
along the railway and also on the opposite side of the
valley.

The Palliser Formation is about 600 feet thick in
the Cadomin area. Beds in the quarries contain as much
as 96 percent CaCO; within 50- to 100-foot sections of
composite sampling. Some problems are encountered with
dolomite in the form of scattered mottling in limestone
successions ranging from 20 to 100 feet thick. Sections
sampled across the valley show lower CaCOj; content
(less than 92 percent). The Palliser beds studied by Half-
erdahl are of good to excellent grade (mainly 95 percent
or greater CaCO3). Reserves of limestone in the Palliser

.10
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Formation are large, but future quarry sites are scarce
owing to rugged topography.

The Banff Formation is very argillaceous and thin
bedded and is not recommended for evaluation. Rundle
Group strata proved to be consistently low in CaCO3 in
sections sampled on both sides of the McLeod River.

BRULE AREA

Brile, a former coal-mining area, is on the main
transcontinental line of the Canadian National Railway,
about 190 miles west of Edmonton near the eastern
boundary of Jasper National Park (Fig. 4-1). The region
is also adjacent to Highway 16 (Yellowhead Highway),

which extends along the south side of the Athabasca
River valley.

Devonian and Mississippian limestone and dolomite
beds are exposed along the Front Ranges of the Rocky
Mountains and in the core of the Folding Mountain Anti-
cline, a Paleozoic outlier 2 miles east of the Jasper Park
boundary on Highway 16 (Fig. 4-9). The regional strike
of the beds is northwest, and dips range between 30 and
60 degrees southwest. There is much structural complex-
ity in the form of small-scale folding and thrusting. Car-
bonate strata along the mountain front are bounded to
the east by the Brile Thrust Fault, and the adjacent
Perdrix Fault has resulted in repetition of some of the
section (Lang, 1947; Mountjoy, 1959).
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A small quarry, just east of the Jasper Park bound-
ary on Highway 16, has been developed in the Palliser
Formation as a source of riprap for local construction.
There has been no large-scale quarrying of limestone for
industrial uses, although the carbonate strata of the area
have been investigated for this purpose (Goudge, 1945).

Rugged topography and heavy vegetation cover
limit the access to sections in the area. Among the forma-
tions successfully sampled are beds of the Mount Hawk
Formation adjacent to the railway and the Palliser For-
mation limestone west of the railway, at Folding Moun-
tain, and within the quarry near Highway 16.

The Mount Hawk Formation, 300 feet thick, con-
tains limestone that analyzes 90 percent CaCO3 over a 50-
foot section. Although grades are low, there is some merit
in further evaluation of the formation. The Brille area
seems to be the only area in western Alberta in which
Devonian beds stratigraphically lower than the Palliser
Formation have economic potential.

The Palliser Formation, approximately 700 feet
thick, contains medium- to high-calcium limestone in sec-
tions sampled at the southwest end of Briile Lake (92 to
96 percent CaCO5) and the quarry near Highway 16 (97
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percent CaCOj3). Although reserves are large, some diffi-
culty may be posed in establishing quarry sites west of
Brille Lake. Samples from Folding Mountain indicate
low-calcium rock, and beds containing chert nodules are
common.

FORT McMURRAY AREA

The Fort McMurray area is situated in northeastern
Alberta at the junction of the Athabasca and Clearwater
Rivers, about 300 miles northeast of Edmonton (Fig. 4-1).
The area is renowned for its large reserves of oil sands
found in the McMurray Formation of Early Cretaceous
age.The area can be reached by the Northern Alberta Rail-
way, which extends from Edmonton to Fort McMurray,
and by Highway 63 (Fig. 4-10).

The limestone resources of northeastern Alberta
are found in Devonian carbonate strata, which underlie
the Cretaceous oil sands throughout the Fort McMurray
region. These strata (Waterways Formation) are exposed
in the major river and stream valleys wherever erosion
has cut through the mantle of Pleistocene drift and Cre-
taceous bedrock, for example, along the Athabasca and
Clearwater Rivers. Outcrops of the Waterways Formation
(Calumet, Christina, and Moberly Members) are within
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Figure 4-10.—Fort McMurray area.
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easy reach of Fort McMurray. The beds are nearly flat
lying except for minor local flexures induced by solution
of underlying salt deposits, and they dip southwest be-
neath the cover of Cretaceous strata. Downstream from
Fort McMurray on the Athabasca River and about 40
miles upstream on the Clearwater River, the Waterways
Formation is succeeded at the surface by older Middle
Devonian strata—mainly dolomite, gypsum, and some cal-
careous beds. Norris (1963) presented the most recent
and detailed study of the Devonian geology of the area.

The limestone deposits of the Fort McMurray area
remain undeveloped, and only a few analytical data con-
cerning their composition and properties have been pub-
lished (Carrigy, 1959). Samples for the present study
were collected from Devonian strata exposed along the
Athabasca River near Fort McMurray and along the Clear-
water River upstream from Fort McMurray to a point
just beyond the mouth of Christina River (Fig. 4-10).
Outcrops in this area are generally low (less than 20 feet),
discontinuous shelves or benches of hard calcareous beds,
which provide only partial successions of strata for meas-
urement. Limestone of the Waterways Formation ex-
posed along the Athabasca River downstream from Fort
McMurray has not been sampled or analyzed.

The Calumet Member of the Waterways Formation
is about 100 feet thick. One sample obtained from strata
near the middle of the formation, 10 miles east of the
mouth of the Christina River, contains 93 percent CaCO3
(Carrigy, 1959). A sample obtained by the writer near
the top of the formation 2 miles east of the mouth of the
Christina River is of very low grade (79 percent CaCO3).

The Christina Member, 100 feet in thickness, was
sampled on the Christina River, but analyses indicate
low-quality rock (66 percent CaCOj ). Although analyses
of spot samples grade as high as 91 percent CaCQOj3, thin
beds containing excessive iron and silica reduce the over-
all grade.

The Moberly Member is nearly 200 feet thick in
the Fort McMurray area. The lower part of the formation
was sampled at outcrops along the Clearwater River.
Stratigraphically higher beds were sampled at good ex-
posures along the Athabasca River near the mouth of the
Clearwater. The analyses show 86 to 95 percent CaCOs;.
Magnesia content is moderate (less than 5 percent
MgCO3), and the relatively low amounts of CaCO5 are
due in part to high silica contents (2 to 5 percent). Large
reserves of limestone are available, and quarrying condi-
tions are favorable.

CONCLUSION

Alberta has abundant reserves of high-calcium lime-
stone, and future development is feasible in seven areas
of the province. In the Crowsnest and Exshaw areas, large
reserves are exploitable in the Livingstone and Mount
Head Formations, and in the Palliser Formation. At Blair-

The writer acknowledges personnel of Summit Lime Works
Limited, Crowsnest Pass; Steel Brothers Canada Limited, Lime
Division, Exshaw; the Canada Cement Lafarge Company, Ex-

shaw; and the Inland Cement Company, Cadomin, for their co-
operation during investigations of quarries.

more and Nordegg, high-grade beds are confined to strata
equivalent to the Livingstone Formation. The Cadomin
and Brille areas have large reserves of good-quality lime-
stone in the Palliser Formation. In the Fort McMurray
area, within the Moberly Member of the Waterways For-
mation, limestone of good to moderate quality can be
developed. The variability of the rock in each area, how-
ever, necessitates detailed evaluation to define the quality
and extent of actual reserves.
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SASKATCHEWAN POTASH IN 1975—AN UPDATE ON OUR KNOWLEDGE
Colin E. Dunn¥*

ABSTRACT

Since the discovery in 1943 that Saskatchewan has potash deposits within the Prairie Evaporite
(Middle Devonian), three potash-rich seams have been exploited. Sylvite is the desired mineral, but a
small quantity of carnallite can be tolerated. Other potassium and magnesium svaporites are absent. Al-
though the basic geology is understood, details are still being unraveled as more holes are drilled, more
seismic work is carried out, and the nine conventional mines and one solution mine continue to expand.

Geological problems include (1) the significance of the underlying carbonate banks—are they
potential hazards if acting as hydrocarbon reservoirs? (2) the proximity of overlying clay seams and
water-bearing strata; (3) the distribution of solution ‘sinks’ and ‘salt-horses’; (4) the significance of Rb
and Br distributions through the evaporites; (5) rates of subsidence over the mines.

The estimated recoverable 74 billion short tons K,0 represents, at the current rate of extraction,
guaranteed income for the Province for thousands of years. A Crown Corporation, the Potash Corpora-
tion of Saskatchewan, has recently been established, and the government is giving consideration to
participating in the potash industry.

INTRODUCTION

It was an oil exploration drill hole in 1943 that first Parry, about 50 miles south of Regina (Fig. 5-1), at a
chanced upon potash ore in Saskatchewan. This was near depth of 7,500 feet. Although too deep for commercial
*Saskatchewan Geological Survey, Regina, Saskatchewan. exploitation, it did spark interest farther to the north
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Figure 5-1.—Isopach map of the Prairie Evaporite in the Elk Point Basin.
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where the same stratigraphic unit occurs at shallower
depths. Three years later, core grading 21.6 percent K, O
over an 11-foot section was encountered at about 3,500
feet near Unity, 100 miles west of Saskatoon. At this
depth commercial development became a distinct possi-
bility, and in 1951 the Western Potash Corporation
attempted to set up a solution mine in the Unity dis-
trict. The technique employed proved unsuccessful, so
the next year a shaft was begun. The operation was be-
set with problems and was finally abandoned eight years
later when the shaft was inundated by water from the
overlying Blairmore sands of the Cretaceous. Mean-
while extensive exploration was taking place in the

Saskatoon area, and the Potash Company of America
succeeded in sinking a shaft from which the first com-
mercial potash was brought to the surface at the end of
1958.

Canadian, American, and European companies have
commenced more conventional mining operations in the
Saskatoon District, and close to the Manitoba border
(near Esterhazy) where the International Minerals and
Chemical Corporation (Canada) Limited operates the
world’s largest potash mine. Solution mining is being
successfully carried out just to the west of Regina at
Belle Plaine.

STRATIGRAPHY AND SEDIMENTOLOGY

Potash salts occur within the Prairie Evaporite (Mid-
dle Devonian) (Fig. 5-2). This formation is a major part
of the Elk Point Group of sediments, which were deposi-
ted in a basin that extended over a thousand miles [from
northernmost Alberta southeastwards into North Dakota
(Fig. 5-1)]. Locally, the Prairie Evaporite exceeds 700

SOCONY SOHIO

feet in thickness, and in Saskatchewan it lies at a depth
of 1,300 feet at its northernmost subcrop and about 9,000
feet in the southeast (Fig. 5-3). These evaporite beds
rest conformably upon carbonate rocks of the Winni-
pegosis Formation (Fig. 5-4) and locally they are draped
over banks, which may extend several hundred feet above
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Figure 5-2.—Columnar section showing Middle Devonian evaporite cycles.
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the laminated carbonate beds that characterize the Winni-
pegosis. Resting upon these laminated carbonate beds are
laminated anhydrite beds, which contain abundant dis-
seminated bituminous or argillaceous material.

The sediments of the Prairie Evaporite are domi-
nated by halite, with®%hich minor amounts of anhydrite

1no*

and carbonate are associated. The potash salts occur in
the upper part at three levels (Fig. 54) (in ascending
order: the Esterhazy Member, as much as 103 feet thick;
the Belle Plaine Member, as much as 151 feet thick; and
the Patience Lake Member, as much as 88 feet thick).
Figure 54 shows that these beds are eroded in the east
and taper out to the west.
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Figure 5-3.—Depth of burial of the Prairie Evaporite in Saskatchewan.
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The salts of the Prairie Evaporite generally have an
irregular but sharp contact with the overlying red beds,
which constitute the basal 20 to 30 feet of the Dawson
Bay Formation (Fig. 5-5a). Locally the contact is diffuse
(Fig. 5-5b), suggesting mixing of the uppermost salts dur-
ing deposition of the superposed terrigenous material.

The nature of the beds that overlie and underlie the
Prairie Evaporite is of prime concern in a discussion of
Saskatchewan’s potash, because the economics and safety
of a potash mine are considerably dependent upon the
fluid content of these confining strata. These problems
will be discussed later.

DEPOSITIONAL HISTORY

The Prairie Evaporite is thought by many to repre-
sent the closing stage of a major cycle of deposition. Most
interpretations suggest that the cycle commenced with
red-bed deposition (the Ashern Formation) followed by
a marine incursion and the deposition of Winnipegosis
Formation carbonate. Toward the end of “Winnipegosis”
times the Presqu’ile barrier reef developed across the
northern entrance to the Elk Point Basin (Fig. 5-1), greatly
restricting access of marine water to the basin. Large
carbonate banks within the basin further restricted water
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Figure 5-4.—Diagrammatic cross section of the Prairie Evaporite
and adjacent formations in the commercial potash area of
Saskatchewan (modified after Christopher and others, 1971).

circulation. Figure 5-6 is a hand-smoothed computer-
plotted version of an isopach map of the Winnipegosis
Formation, which serves to emphasize the positive fea-
tures (i.e., banks), and thus gives some impression of the
topography at the end of “Winnipegosis” times, hence
the sort of local features that inhibited water circulation
during “Prairie Evaporite” time. Sulphate precipitation
took place followed by the deposition of a considerable
thickness of halite that probably rapidly infilled the relief,
accumulating in what was by then a huge hypersaline in-
land sea. The last stages of evaporation are represented
by the highly soluble salts of potassium and magnesium,
which precipitated at the southeastern end of the basin.
Alternation of evaporite strata is an indication that brine
was periodically freshened by incursions, or by circula-
tion, of less salty water. Small-scale cycles are indicated
by the periodic appearance of veneers of clay minerals
and anhydrite in cored sections of halite (Fig. 5-5c¢).

After evaporite deposition there was probably emer-
gence and some erosion before the evaporite beds were
sealed by the argillaceous deposits of the basal part of
the Dawson Bay Formation. These red beds are generally
thought to represent the start of a new cycle of sedimen-
tation, but a case can be made for treating them as the
final stage of the sedimentary cycle, the new cycle com-
mencing at the marine transgression over the red beds.

MINERALOGY AND GEOCHEMISTRY

The Prairie Evaporite comprises, in ascending order,
anhydrite (much of it mixed with carbonate), halite, and
sylvite. Mixtures of these minerals result in interbedded
dolomite and anhydrite, lenses of anhydrite in halite, and
‘sylvinite’—a mixture of sylvite and halite. Carnallite is
locally present forming ‘carnallitite’ where mixed with
halite. Clay minerals are disseminated throughout, but
become increasingly common in the upper part of the
formation, appearing as seams and beds and interstitially
between salt crystals.

Unlike most other potash deposits of the world,
the mineralogy of the Saskatchewan deposits is simple.
Only halite, sylvite, and carnallite are present, and the
potassium and magnesium sulphates typical of the classic
German Stassfurt deposits are apparently absent.

The halite may be transparent, translucent, brown-
ish, grayish, or reddish where associated with traces of
iron oxides. Chevron crystals are present, and patches of
blue or violet halite locally occur. The blue coloration is
due, not to the incorporation of trace impurities, but to
slight distortion of the crystal lattice (Przibram, 1954).

Sylvite is the desired mineral, as it is almost pure
KCI. It occurs mainly as cloudy white or pinkish anhedral
crystals as large as 1% inches. Its lustre is vitreous, and
many crystals have reddish rims owing to the incorpora-
tion of fine-grained iron oxides.

Carnallite (KMgCl; ‘6H, O) in Saskatchewan ranges
from white to yellow to red to translucent black. It is
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deliquescent and may leave traces of its former presence
in the form of a pinkish somewhat metalliclooking insol-
uble residue. Mine operators try to avoid ore combining
abundant carnallite and insoluble residues, because of
their detrimental effects on mine stability, ore grades,
and refining processes. Carnallite can contain 8.7 percent
(by weight) magnesium, however, so it has economic
potential in its own right.

Greatest developments of carnallite occur toward
the northern limits of the potash subcrop, at depths of a
little below 3,000 feet. The uppermost two potash mem-

bers are the richest sources, which are well developed in
a belt 15 to 30 miles wide by 150 miles long, extending
southeast from the area around Saskatoon. Lateral and
vertical changes from carnallitite to sylvinite are abrupt,
and there are local pods of carnallite in the sylvite. Petro-
graphic and geochemical studies (e.g., Schwerdtner, 1964;
Streeton, 1967; MacIntosh, 1967; Wardlaw, 1968) suggest
that the sylvite is secondary after carnallite, and locally
there has been nucleation of sylvite into lenses or pods,
owing to magnesium chloride dewatering of the carnallite.
The net effect is considerable variation in the distribution
of magnesium over short distances.

Figure 5-5.—Photographs of drill cores. (a) Sharp contact between the “Second Red Beds” of the Dawson Bay Formation and under-
lying halite of the Prairie Evaporite; (b) Transitional contact between the Dawson Bay Formation and the Prairie Evaporite;
(c) Breccia of carbonate fragments set in a red mudstone matrix, basal part of Dawson Bay Formation (4-inch core); (d) Halite

‘cycles’ in the Prairie Evaporite (2-inch core).
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Geochemical affinities permit the substitution of
bromine for some chlorine, and rubidium for some potas-
sium in the potash minerals. Studies of bromine and rubid-
ium distributions in minerals have thrown useful light
upon the origins of evaporite deposits, because the quan-
tities of the two elements retained in the salts bear a defi-
nite relationship to the Br and Rb in the original brine
(Braitsch, 1962). The bromine/chlorine ratio in crystals
increases with increasing salinity, so in theory the acmes
of salinity can be deduced by determining the points of
maximum bromine/chlorine ratios. Whereas the relation-

ship follows the theory in some natural deposits, such is
not the case with the Prairie Evaporite (e.g., Van der
Plank, 1962; Schwerdtner, 1964; Wardlaw, 1964, 1968;
Streeton, 1967). In both sylvite and carnallite the bro-
mine values are lower than they would be in primary pre-
cipitates; rubidium values are too high in sylvite and
about right in carnallite. The conclusion reached has
been that nearly all crystals must be secondary in
order to account for the present trace-element distribu-

tions. Petrofabric studies support this interpretation
(Clark, 1964).

WINNIPEGOSIS BANKS

In recent years attention has been drawn to the
possible hazards connected with Winnipegosis carbonate
banks (Baar, 1974), because they are porous and extend
upwards into the Prairie Evaporite, attaining heights of
350 feet above the inter-bank evaporites. Winnipegosis
interbank sedimentary rocks are organic rich and locally
contain oil in small quantities, hence the banks would
seem to be ideal hosts for oil and gas accumulation. In

1o°

view of the fact that the banks locally lie only a short
distance beneath the potash ore zones, it is fortunate for
the potash operations that no significant hydrocarbon
shows have been found in bank sections. The potential
dangers of these banks are controversial—some believe
that the risk of hydrocarbon and hydrogen sulphide bursts
is great, whereas others take the opposite view. A study
by Wardlaw and Reinson (1971) showed that the Winni-
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Figure 5-6. —Isopach map of Winnipegosis Formation, Saskatchewan.
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pegosis hydrocarbons are immature, perhaps explaining
the absence of producing reservoirs. Kendall (pers. comm.)
is currently investigating the problem, and is of the opin-
ion that hydrocarbons have not accumulated in the car-
bonate banks simply because of a lack of escape routes

for the hydrocarbons from the laminated bituminous car-
bonate into the banks. Evidently, in any potash mine
development, consideration should be given to the possi-
bility that Winnipegosis banks may contain hydrocarbons,
hence they are best avoided.

SALT SOLUTIONING

There are areas where it appears that salt was once
present but has been dissolved, to the extent of locally re-
moving several hundred feet of salt. Overlying strata have
foundered to fill the cavity created, forming breccias (Fig.
5-5d) composed of fragments of the Dawson Bay and
Souris River carbonate rocks. These are set within a red-
dish matrix derived from the insoluble residues of the
Prairie Evaporite and from the overlying red beds. The
geographic extent of these solution ‘hollows’ is gradually
being delineated as more wells are being drilled. Taking,
for example, the potash production area that is centered
upon Saskatoon, the structure contour map of the Prairie
Evaporite surface (Fig. 5-7) can be subjected to a trend
surface analysis in order to clearly separate the ‘highs’
from the ‘lows’. Figure 5-8 shows the third-degree trend-
surface residuals and reveals several extensive topographic
depressions, which are interpreted as salt solution ‘sinks’.
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The map is a mathematical expression of the possible
extent of the salt solutioning—more detailed seismic work
and drilling are necessary in order to verify details and to
delineate the depressions more precisely.

Major areas of salt solutioning can be avoided when
selecting a mine site, but small-scale features are, as yet,
unpredictable. These take the form of washouts or ‘salt
horses’ (bodies of barren halite within the potash beds).
They are an expensive nuisance to the mine operators,
because there are only the choices of ploughing through
in the hope that a halite body is only a few feet thick or
moving off in another direction to circumvent it. In re-
cent years underground seismic work has met with suc-
cess in predicting the lateral extent of such barren bodies
once encountered, thereby helping to relieve the mine
operator of one of his worries.
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Figure 5-7.—Computer-plotted structure contours on top of the Prairie Evaporite.
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MINING OPERATIONS

The vast underground workings are being extended
by machines making cuts 7 to 11 feet high and 18 to 24
feet wide. About 65 percent of the ore is left in the ground
to provide support, and room and pillar, modified room
and pillar, or gallery methods of mining are employed.

One consideration when mining potash is the prox-
imity of overlying clay seams, because they act as planes
of weakness in the salt body, from which roof falls may
occur. A thickness of 30 to 50 feet of ‘salt-back’ above
the ore is desirable—particularly under the poorly con-
solidated mudstone of the Dawson Bay red beds.

Another concern is the proximity to water-bearing
zones, because the mines must remain absolutely dry.
The greatest potential water hazard is the Blairmore For-
mation (Cretaceous), which consists mainly of sand con-
taining water at pressure as great as 800 psi. This prob-
lem has been overcome during shaft sinking by freezing
or grouting, then installing watertight shaft linings. The
Dawson Bay carbonate beds are locally fluid-free because
pore spaces have been plugged with halite deposited by
ground water. Figure 5-9 illustrates an interpretation,
based upon available drill-stem-test data, of the areas
around Saskatoon that do, or are thought likely to, con-
tain water within the Dawson Bay Formation. All potash

108°00 107°00'
52°30" . z

s2°00

5oz

B > 200FEET BELOW AVERAGE SURFACE

> WOOFEET ABOVE AVERAGE SURFACE

> IOOFEET BELOW AVERAGE SURFACE

mines in the area are situated in areas of ‘dry’ Dawson
Bay, but some are not far removed from water-bearing
Dawson Bay beds. If water should get into a mine it pre-
sents a real problem; there is nowhere for it to drain be-
cause of the effective seal of the salt itself. If more than
a trickle of water enters, it must either be pumped out or
a permanent barrier must be constructed at considerable
cost.

Subsidence over potash mines was originally thought
unlikely to be transmitted as far as the ground surface
(about 3,500 feet above). It was thought that if only 35
percent of the ore was removed, the gradual collapse of
the mine galleries would be taken up by the salt and by
unconsolidated sand in the Cretaceous strata. Recent
measurements at the surface have shown this not to be
the case. Over a period of five years, subsidence at the
surface has amounted to only a few inches (Fig. 5-10),
but the maximum possible subsidence could reach 4 feet
(as there is usually 35 percent removal and 11-foot-high
corridors). The question now arising is will all this subsi-
dence be transmitted to the surface, or will part be ab-
sorbed by the poorly consolidated Cretaceous sand? The
current consensus is that the maximum subsidence will
be about 1 foot.
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Figure 5-8.—Trend surface third degree residuals on top of the Prairie Evaporite.
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Figure 5-9.—Conjectured distribution of water-bearing Dawson Bay strata.

There is a slightly elevated rim to the depression
(Fig. 5-10), giving it a crater-like morphology, for which
no satisfactory explanation has yet been offered. Current
investigations are trying to determine the angle between
the rim at the surface and underground operations. Is it
acute, as drawn, or obtuse? This is of importance for cal-
culating the size of boundary pillars between mines. It is
also of importance to know this angle for planning the
location of shaft pillars. If the angle is acute, then a shaft
sunk at the outer limit of workings will not be susceptible
to the kinking resulting from differential transmission
of subsidence through strata exhibiting diverse physical
properties.

Additional features of interest that have been ob-
served in the mines are minor puffs of gas and migrating
‘weeps’ of water, which periodically occur. The latter
may be pockets of connate brine or seeps from overlying
strata. Fortunately, they seem to exhaust themselves rap-
idly, either because of their small magnitude or because
the fractures through which they pass heal rapidly.

The author thanks the Saskatchewan Department of Min-
eral Resources for permission to publish this paper. Dr. D. F.
Paterson, Dr. W. Potts, Dr. A. C. Kendall, and Mrs. A. Fuzesy of
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Figure 5-10.—Diagrammatic representation of surface subsidence
over potash mines.

the Department supplied much useful advice and information,
and Dr. Kendall kindly reviewed the manuscript. Thanks are also
extended to the drafting division for preparation of the figures.
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PRESENT AND FUTURE

Today nine conventional mines and one solution
mine are in operation. In 1974 Saskatchewan’s produc-
tion of six million tons K,O represented about 25
percent of the world’s production. Total recoverable
reserves in Saskatchewan have been estimated to be
about 74 billion short tons K, O (Holter, 1969), which
gives a supply at the present rate of production that
would last for 12,000 years. This vast reserve is being
viewed by the Saskatchewan government with an eye
to investing in any new mine development, either on

a shared basis with a private company or starting its
own mine. Late in 1974 a Crown Corporation was set
up, and in February of 1975 the Minister of Mineral
Resources stated that “...the people of the Province can
anticipate significant developments in the near future”.
At the time of writing (August 1975) the Crown Cor-
poration has recently submitted a feasibility report for
a potash production unit, and it is now up to the gov-
ernment to decide on its future involvement in the
potash industry.
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REVIEW OF THE WESTERN PHOSPHATE FIELD

James A. Rhodes*

ABSTRACT

The Western Phosphate Field constitutes one of the major phosphate deposits of the world.
Mining and processing of phosphate rock from the western field are important factors in the mineral
economy of the northwest.

High-grade phosphorite deposits, composed principally of fluorapatite, occur in the Phosphoria
Formation (Permian) and its lateral equivaients, the Park City and Shedhorn Formations. These strata,
of marine origin, underlie about 130,000 square miles in Montana, Idaho, Wyoming, and Utah, and
contain vast phosphate reserves. Exposures of phosphorite occur principally in the folded and faulted

' ranges in the western part of the field. The lithologic character and thickness of the Phosphoria Forma-
tion vary significantly over the field. The thickest and highest-quality phosphoriie is in the Meade Peak
Member of the Phosphoria Formation in southeastern Idaho; and this area is the center of the western
phosphate industry.

Most of the phosphate ore is recovered by surface mining methods. Mining and ore-handling
techniques vary to meet local needs and conditions. Production from the western field in 1974 is esti-
mated at 6,000,000 tons of phosphate rock (24% P,0s+). Most of this was converted into fertilizer
and elemental phosphorus.

INTRODUCTION

The Phosphoria Formation of the Western Phos-
phate Field contains reserves of high-grade phosphate
rock estimated in the billions of tons. These vast reserves
are the largest in North America and rank with the major
phosphate deposits of the world. In the last thirty years
the mining and processing of the western phosphate rock
have become important factors in the mineral economy
of the Northwest.

The Western Field ranks behind Florida and North

Carolina in domestic phosphate production, accounting
for about 14 percent of the total national phosphate out-
put. The 1974 U. S. Bureau of Mines statistics list the
Western Field production at 6.3 million tons of high-
grade phosphate rock having a market value of about 80
million dollars. The large part of the production was
from southeast Idaho. About 50 percent of the western
phosphate is utilized by the fertilizer industry and
50 percent is used in manufacturing elemental phos-
phorus.

GEOLOGIC SETTING

The phosphatic strata in the Phosphoria For-
mation underlie about 130,000 square miles in Mon-
tana, Idaho, Wyoming, and Utah (Fig. 6-1). They
are marine in origin and were deposited over both
the platform and miogeosynclinal portions of the Cor-
dilleran structural belt. The region is geologically di-
verse; it includes parts of the Northern Rocky Moun-
tains, the Basin-and-Range, and the Wyoming Basin
Provinces.

*Stauffer Chemical Company, Richmond, California.

The eastern part of the field conforms closely
to the ancient platform area and is characterized
by gentle dips around broad domes and basin struc-
ture. Faulting is far less common than in the west-
ern part of the field, and large unfaulted areas of
nearly horizontal strata are present. By contrast the
western part of the field is situated in the old geo-
synclinal belt and is structurally complex. The area
is characterized by steep dips, sharp closely spaced
folds, and abundant faults of diverse types and mag-
nitudes. The western part of the field also contains
the thicker phosphate section and is the locale of
most of the phosphate mining.
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Figure 6-1.—Areal extent of Western Phosphate Field.
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STRATIGRAPHY

The Middle and Upper Permian strata of the West-
ern Phosphate Field are assigned to the Phosphoria, the
Park City, and the Shedhorn Formations (McKelvey and
others, 1959, p. 2-5). The three formations are regarded
as end-member types, which interfinger and whose lithic
character can be recognized over much of the Western
Phosphate Field. The Phosphoria Formation, composed
of phosphate rock, carbonaceous mudstone, and cherty
rocks, 1 best developed in eastern Idaho and adjacent
areas. The Park City Formation, consisting of carbonate
rocks and subordinate sandstone, is best developed in
northern Utah and western Wyoming. The Shedhorn

Sandstone is best developed in southwestern Montana
and northwestern Wyoming.

The Phosphoria Formation in the vicinity of its type
locality in southeastern Idaho is between 250 and 450
feet thick (McKelvey and others, 1959, p. 20). It is sub-
divided into five members: (1) the Meade Peak Phosphatic
Shale, (2) the Rex Chert, (3) the Cherty Shale, (4) the
Retort, and (5) the Tosi. Phosphate rock is mined from
the Meade Peak Member in Idaho, Wyoming, and Utah,
and from the stratigraphically higher Retort Member in
Montana. The thickness and quality of phosphate rock
in these units vary considerably over the Western Field.

LITHOLOGY AND MINERALOGY

The most distinctive visual characteristic of the
western phosphate rock is a fine- to medium-pelletal tex-
ture. The pellets are composed principally of apatite and
are cemented with apatite. The pellets are typically
rounded and slightly elongate, though some are nearly
spherical. They commonly range between 0.1 and 1 mm
and are typically internally structureless, but some are
oolitic.

The composition of sixty phosphorite samples from
the Phosphoria Formation is shown in Table 6-1. The
samples used by Gulbrandsen (1966) in compiling this
table constitute high-grade phosphate ore. All samples
contain more than 60 percent apatite and average about
80 percent. In addition, quartz, muscovite-illite, feldspar,

Table 6-1.—Chemical composition of 60 samples of phosphorites
from the Phosphoria Formation, by weight percent (from
Gulbrandsen, 1966).

SiO2 11.9 K,0 0.5
Al,03 1.7 H,0 2.2
F8203 1.1 P205 30.5
MgO 0.3 CO, 2.2
CaO3 44.0 SO3 1.8
NaO 0.6 F 3.1

Organic matter 2.1

Oil 0.2

iron oxide, and organic matter are nearly ubiquitous com-
ponents that compose the rest of the phosphate rock.

ORE CLASSIFICATION

Industry has tended to classify phosphate rock into
three general ore categories depending upon P, Os con-
tent:

(1) Acid-grade rock, 30%+ P,0s content, to be used
without beneficiation for the manufacture of phos-
phoric acid and superphosphate fertilizer.

(2) Furnace-grade rock, 24 to 30% P,0s, to be used
directly in electric furnaces for the manufacture of
elemental phosphorus.

(3) Beneficiable grade rock, 18 to 24% P, Os, com-
monly stockpiled or beneficiated and upgraded to
furnace or acid grade.

The Idaho Meade Peak section is characterized by
sharp vertical changes in the P,Os content of the rock
layers. This permits the mining of either acid- or furnace-
grade rock without the mining of low-grade shale, and
makes for efficient mining and optimum utilization of
the ore body.

MINING AREAS

Mining is being carried out in three widely separ-
ated localities in the Western Field:

(1) Southeastern Idaho and the adjacent part of Wyo-
ming and Utah,

(2) Garrison, Montana, area north of Butte,

(3) Northeastern Utah on the southeastern edge of the
Uinta Mountains.
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These localities, situated near the center, the north,
and the southeast edges of the Western Field, are charac-
terized by different ore sections and structural conditions
and accordingly utilize different mining methods.

Southeastern Idaho, the location of thickest and
richest phosphorite deposition, is the area of greatest
activity. The area contains five large active surface mines
having an estimated 1974 production of 5 million tons
of combined furnace- and acid-grade phosphate rock.

The Gay Mine, on the Fort Hall Indian Reservation,
25 miles northeast of Pocatello, is the largest phosphate
rock producer in the Western Field and had an estimated
1974 production of 2 million tons.

The acid-grade rock, about one-third of the produc-
tion, is utilized by the Simplot Company for the manu-
facturing of fertilizer. The rest, consisting of furnace-
grade rock, is utilized by FMC in their Pocatello furnace
operation for manufacturing elemental phosphorus.

DINWOODY
FORMATION

CHERTY SHALE

MEMBER /
100" - 150' /

E g 4
= 50 - 150" s

=

== /

MEADE PEAK
PHOSPHATIC
SHALE MEMBER

125" - 225'
Stk

WELLS S
FORMATION |
UPPER PART)

Ol CARIBOU CO

[

The other Idaho mines are 45 miles farther east
near Soda Springs, in Caribou County. Of these, the
Conda Mine, operated by Simplot, is on fee property;
the other three mines, operated by Monsanto, Stauffer,
and Agricultural Chemical Products Company, are on
federal lease land. An estimated one million tons of ore
mined from Monsanto’s Henery Mine is used in their
Soda Springs furnace operation and converted to elemen-
tal phosphorus. Most of the Stauffer Wooley Valley pro-
duction is freighted to Silver Bow, Montana, for manu-
facturing elemental phosphorus. The productien from
the Simplot Conda Mine and Agricultural Chemicat Prod-
ucts Mine is used for manufacturing phosphate fertilizers.

The Meade Peak Member of the Phosphoria Forma-
tion has fairly uniform stratigraphic character over the
Soda Springs area. The section shown in Figure 6-2 is a
composite from several surface sections and, accordingly,
assays may reflect a 2 to 3 percent higher P, Os content
than commonly occurs in deeper unweathered phosphate
rock. The upper ore zone contains 14 feet of 26% P, Os
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Figure 6-2.—Stratigraphic position and phosphate content of Meade Peak Phosphatic Shale Member
of Phosphoria Formation in Caribou County, Idaho.
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rock. The lower ore zone contains both acid- and furnace-
grade rock, each of which could be recovered with selec-
tive mining, but if considered as a unit, it contains 41 feet
of 24.3% P,05 rock, which qualifies as furnace-grade ore.
The combined ore sections considered as furnace-grade
rock are 55 feet thick.

Surface mining practices are similar at all of
the Soda Springs mines and in essence consist of
systematic earth-moving accomplished with scrapers
and dozer tractors. Phosphate ore is mined from the

outcrop down dip to the economic limit of over-
burden removal.

Stauffer operates two small surface mines periph-
eral to southeastern Idaho, one at Leefe in westernmost
Wyoming and one in the Crawford Mountains in north-
eastern Utah. The phosphate ore in these outlying areas
is considerably thinned, probably averaging 10 feet or
less in thickness. The total phosphate production from
the Stauffer mines, estimated at 400,000 tons, is directed
to the fertilizer industry.

MONTANA PHOSPHATE

In contrast to the Idaho phosphate industry, the
southwestern Montana phosphate production has tradi-
tionally been associated with underground mining. Com-
mercial production was begun in the Garrison District
north of Butte in 1929, and the district has remained the
prime Montana producer to date. The principal operator
has been Montana Phosphate Products Company, a sub-
sidiary of Cominco. High-grade phosphate ore from the
district’s two active mines, estimated at 200,000 tons a
year, has been shipped by rail to Cominco’s fertilizer
plant in Trail, British Columbia. The Permian section of
southwestern Montana is dominated by the Shedhorn
Sandstone, but it contains well-developed tongues of the
Park City and Phosphoria Formations (Fig. 6-3). Com-
mercial phosphate rock occurs mainly in the Retort
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Member of the Phosphoria Formation. In the Garrison
District, the Retort typically contains 2% to 5 feet of
hard phosphorite, which averages better than 30% P, Os.
The phosphorite is overlain and underlain by dense sand-
stone or quartzite, which forms a hard footwall and
hanging wall that greatly facilitate the underground
mining.

Outcrops of the Retort Member are mainly in the
limbs of tight steeply dipping faulted folds. Mining tech-
niques employed are similar to underground hard-rock
operations. Tunnels are driven from the valley floor into
the hillside through the hanging-wall formations and into
the Retort phosphorite. From the tunnel, drifts are cut
along the footwall below the phosphorite; and raises.are
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Figure 6-3.—Stratigraphic position and phosphate content of Retort Phosphatic Member, Powell County, Montana.
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driven updip and open-stope mining methods are used,
pillars being left between adjoining stopes. It is estimated
that about 70 percent of the in-place ore is recovered by
this method. Grade changes in the ore, variations in dip
and strike, and the type and frequency of faulting have a
great influence on mining methods and costs.

The Montana phosphate ore reserves above adit
level are estimated at more than one billion tons. Because
of the thin phosphate ore zone and the high unit cost of
underground operations, Montana phosphate mining has
difficulty competing with the surface phosphate mines
of southeastern Idaho.

UTAH PHOSPHATE

Both of Utah’s active phosphate mines are operated
by Stauffer Chemical Company. These include the Craw-
ford Mountain mine, previously mentioned, and the Ver-
nal mine on the southeast edge of the Uinta Mountains
near the Colorado state line. In geologic respects the Ver-
nal area differs markedly from the phosphate-producing
areas of Idaho and Montana. It is characterized by pla-
teau structure, which is free of faulting, and the Park City
Formation carbonate-shelf facies.

The structure is homoclinal, with uniform south-
ward dips between 5 and 15 degrees. The Park City For-
mation forms a dip slope over more than 25 square miles
of mining property. The formation contains a basal Meade
Peak Phosphate Member, which overlies the hard Weber
Sandstone (Fig. 6-4). The Meade Peak Member crops out
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as a narrow band in numerous small canyons, but it is
principally covered by the resistant Franson Limestone
of the Park City Formation. For the most part, it is neces-
sary to drill, shoot, and remove the resistant capping lime-
stone beds in order to mine the phosphatic shale. Typi-
cally, only the lower Franson Limestone, which covers
several square miles and constitutes 25 feet of overbur-
den, is removed with the present mining. Accordingly,
this property has the potential of becoming the largest
surface mine in the Western Field.

The phosphate ore section is 18 feet thick and aver-
ages 19.5% P,0s. It consists of an alternating sequence
of medium-grade phosphorite beds ranging between 20
and 28% P, 05 and argillaceous beds containing 10% or
less P, Os.

FRANSON LS

9.5 % P,

8
FEET
[$)

WEBER SS

Figure 6-4.—Stratigraphic position and phosphate content of Meade Peak Member
of Park City Formation in eastern Uinta Mountains, Utah.
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After the overburden has been removed, the phos- REFERENCES

phate ore is drilled and shot and loaded into open-end GULBRANDSEN, R. A., 1966, Chemical composition of

?:Tpc;;uciistrt;;l 2 s}llfr:;el ;1111: };T;l?: :rsui?:ezcils tdvz;;;ggs phosphorites of the Phosphoria Formation: Geochim.
g prant. ’ ’ et Cosmochim. Acta, v. 30, no. 8, p. 769-778.

and floated, and a 32%t+ P, 05 concentrate is recovered.
The concentrate is trucked 140 miles to a railhead east McKELVEY, V. E., WILLIAMS, J. S., SHELDON, R. T.,

of Salt Lake City. The operation currently produces CRESSMAN, E. R., CHENEY, T. M., and SWANSON,
about 400 thousand tons of concentrate a year, most of R.W., 1959, The Phosphoria, Park City and Shedhorn
which is exported to Cominco’s fertilizer plants in British Formations in the Western Phosphate Field: U. S.

Columbia. Geol. Survey Prof. Paper 313-A, p. 1-47.
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ZEOLITES IN SEDIMENTARY DEPOSITS OF THE NORTHWESTERN
UNITED STATES—POTENTIAL INDUSTRIAL MINERALS

Richard A. Sheppard*

ABSTRACT

Zeolites have been reported from sedimentary deposits since 1891, but their utilization as indus-
trial minerals is in its infancy. Zeolites occur in rocks that are diverse in age, lithology, and depositional
environment, but they are most common in sedimentary rocks that originally contained abundant
vitric material. Most zeolites in sedimentary deposits formed during diagenesis mainly by the reaction
of vitric material with interstitial water. Of the more than thirty naturally occurring zeolites, only eight
commonly occur in bedded deposits of the Northwest. These are analcime, chabazite, clinoptilolite,
erionite, heulandite, laumontite, mordenite, and phillipsite. Most zeolitic sedimentary rocks consist of
two or more zeolites as well as authigenic clay minerals, silica minerals, or feldspar, and relict glass and
crystal and rock fragments. Extensive and relatively pure beds of zeolite, however, occur in Cenozoic
deposits of the Northwest.

The ion exchange, adsorption, molecular sieve, and reversible dehydration properties of zeolites,
coupled with their seemingly low cost of mining, suggest a variety of industrial applications. Uses or
potential uses include hydrocarbon separations, purification and drying of gases, removal of cesium and
strontium from radioactive wastes, removal of ammonia from sewage and agricultural effluents, and
production of high-purity oxygen from air. Zeolites are also used as soil amendments, carriers of pesti-
cides and herbicides, and dietary supplements for pigs and chickens. Certain properties of zeolitic tuffs,
such as their light color, light weight, and low abrasiveness, permit uses as building stone, lightweight
aggregate, and pozzolan in cement, and as filler in paper.

INTRODUCTION

Zeolites belong to a group of naturally occurring
mineralsknown as framework silicates, which also include
feldspars and feldspathoids. The name to this remarkable
group of minerals was given in 1756 by Baron Cronstedt,
a Swedish mineralogist. The name is derived from the
Greek zein, to boil, and lithos, stone, in allusion to the
intumescence of most zeolites with a borax bead. Specifi-
cally, zeolites are crystalline hydrated aluminosilicates of
the alkali and alkaline-earth elements. They have an in-
finitely extended framework structure that enclosesinter-
connected cavities occupied by the relatively large cations
and water molecules. The fundamental building block of
the zeolites is a tetrahedron of four oxygen atoms sur-
rounding a relatively small silicon or aluminum atom.
The framework structure of zeolites consists of SiO4 and
AlQ, tetrahedra such that each oxygen is shared between
two tetrahedra. Thus, the atomic ratio, O:(Al+Si), is
equal to 2. Because aluminum has one less positive
charge than silicon, the framework has a net negative
charge and is balanced by the exchangeable cations.
These cations are chiefly monovalent sodium and potas-
sium and divalent calcium and magnesium, but divalent
barium and strontium are essential constituents of some
natural zeolites.

Since zeolites were discovered more than two cen-
turies ago, more than thirty distinct species have been

*U. S. Geological Survey, Denver, Colorado.

recognized. Numerous zeolites have also been synthesized,
but most of these have no natural counterparts. Zeolites
occur in rocks that are diverse in lithology and age, and
they have formed in many different geological environ-
ments. The common and perhaps best known occurrences
are in the cavities and fractures of igneous rocks, particu-
larly basaltic rocks. Most of the large, attractive zeolite
specimens in museum collections have been obtained from
igneous rocks. In recent years zeolites have been recog-
nized as important rock-forming constituents in low-grade
metamorphic rocks and in various sedimentary rocks
(Hay, 1966). The zeolites in sedimentary rocks are very
finely crystalline and do not appeal to mineral collectors,
but deposits of this type are voluminous and have eco-
nomic potential for many industrial and agricultural pro-
cesses.

Zeolites are among the common authigenic silicate
minerals that occur in sedimentary rocks. Since the dis-
covery by Murray and Renard (1891) of phillipsite in
deep-sea deposits, zeolites have been recognized from
many different sedimentary rocks and depositional en-
vironments. Although about twenty different zeolites
have been reported from sedimentary rocks throughout
the world, only analcime, chabazite, clinoptilolite, erion-
ite, heulandite, laumontite, mordenite, and phillipsite
commonly make up the major part of zeolitic rocks of
the Northwest. Analcime and clinoptilolite are by far the
most commonly reported.
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DESCRIPTION AND PROPERTIES OF ZEOLITES

Most natural zeolites show considerable ranges in
chemical composition, including ranges in the water con-
tent, the cation content, and the Si:Al ratio. Summaries
of their composition are given by Deer, Howie, and Zuss-
man (1963), Hay (1966), Sheppard (1971), and Utada
(1970). The formulas and ranges in simplified form are
given in Table 7-1. Except for heulandite and laumontite,
the zeolites in sedimentary rocks are generally alkalic and
are more siliceous than their counterparts that occur in
mafic igneous rocks. The indices of refraction of zeolites
are low for silicate minerals and are generally in the range
of 1.46 to 1.52. The specific gravity is notably low as a
consequence of the porous structure of the zeolites and
is generally 2.0 to 2.3. Hardness is about 3.5 to 5.5.

The wide diversity of applications and potential
applications of natural zeolites is due to a unique set of
properties, some of which were recognized more than a
century ago. These properties include reversible dehydra-
tion, cation exchange, adsorption, and thermal and acid
stability. These properties for both natural and synthetic
zeolites were recently discussed in detail by Breck (1974)
and will not be further reviewed here. When zeolites are
dehydrated, the remaining crystalline solid is character-
ized by molecular-size voids that have a large internal sur-
face area. Once so cleared of water, the cavities are cap-
able of adsorbing other molecules that are small enough
to pass through the apertures that connect the voids.

This ability to select one or more components from a gas
or liquid mixture to the exclusion of the others is known
as molecular sieving. Thus, natural zeolites and their syn-
thetic counterparts are commonly termed molecular
sieves.

Zeolites in sedimentary deposits are finely crystal-
line, commonly in the range of 1 to 60 um. Because of
their fine crystallinity and similar optical properties, these
zeolites were generally overlooked until the widespread
use of x-ray powder diffraction techniques in the late
1950’s. X-ray powder diffraction analysis of bulk samples
is now the technique generally used for identification of
the zeolites. This method also permits a semiquantitative
estimate of the abundance of zeolites and associated min-
erals in the sample.

Scanning electron microscopy has recently been
applied with success to the study of finely crystalline
zeolites. This method is especially useful for the determi-
nation of the size and shape of the crystals in the bulk
rock and for the study of the paragenesis of the diagenetic
minerals. Figures 7-1 through 7-6 show scanning electron
micrographs of analcime, chabazite, clinoptilolite, erion-
ite, mordenite, and phillipsite in zeolitic tuffs. Because
of the characteristic morphology of many zeolites in
sedimentary deposits, the electron microscope also sup-
plements the use of the x-ray diffractometer for identi-
fication.

OCCURRENCES IN THE NORTHWEST

Zeolites in sedimentary deposits of the northwest-
ern United States occur in many rock types from lacus-
trine, fluviatile, and marine environments. The occur-
rences are briefly described in Table 7-2 and are shown
in Figure 7-7. Although the zeolites are most abundant in

rocks of Cenozoic age, they have been reported from
rocks as old as Triassic. Bradley (1928) was the first inves-
tigator to identify zeolites in sedimentary rocks of the
Northwest. He identified analcime in the Green River
Formation of Wyoming and adjacent parts of Colorado

Table 7-1.—Formulas of zeolites that commonly occur in sedimentary rocks.

[Formulas are standardized in terms of a sodium end member that has one
aluminum atom, except for the formulas of heulandite and laumontite,
which are standardized in terms of a calcium end member.]

Name Dominant cations

Analcime Na

Chabazite Na, Ca, K
Clinoptilolite Na, K, Ca
Erionite Na, K, Ca
Heulandite Ca, Na, K
Laumontite Ca, Na, K
Mordenite Na, Ca, K

Phillipsite Na, K, Ca

Formula

NaAlSi; s—.90s.0-7.5°0.8-1.3H20
NaAlSij,5-4.105,0-10.22.74.7TH20
NaAlSi3 4-5.5Os.5-13.0"2-54.0H,0
NaAlSis g-3.507.5-0.62.4-3.4 L0
Cag,5AlSiz,7-3.807.4-9,62.5-3.1H,0
Cag.5AlSi1,9.205.8-6.4'1.6-1.8H,0
NaAlSis 5-5.3011.0-12.6°3-2-3.5H20
NaAlSi; 3-3.404.6-.5°1.7-3.3H,0
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Figure 7-1.—Scanning electron micrograph of an analcime-rich tuff from the Barstow For-
mation (Miocene) near Barstow, California, showing trapezohedrons of analcime. Electron
micrograph by J. D. Tucker, U. S. Geological Survey.

Figure 7-2.—Scanning electron micrograph of a chabazite-rich tuff from a Pliocene lacustrine
deposit near Durkee, Oregon, showing the thombohedral morphology of the chabazite.
Electron micrograph by R. A. McGrew, University of Colorado.
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Figure 7-3.—Scanning electron micrograph of a clinoptilolite-rich tuff from a Pliocene lacus-
trine deposit near Durkee, Oregon, showing tabular clinoptilolite. Electron micrograph
by R. A. McGrew, University of Colorado.

Figure 7-4.—Scanning electron micrograph of an erionite-rich tuff from a Pliocene lacustrine
deposit near Durkee, Oregon, showing bundles of prismatic erionite. Electron micrograph
by A. L. Tarshis, University of California at Santa Cruz.
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Figure 7-5.—Scanning electron micrograph of a mordenite-rich tuff from a Pliocene lacustrine
deposit near Rome, Oregon, showing filiform mordenite. Electron micrograph by M. J.
Pinel, U. S. Geological Survey.

Figure 7-6.—Scanning electron micrograph of a phillipsite-rich tuff from
a Pliocene lacustrine deposit near Durkee, Oregon, showing radial
aggregates of prismatic phillipsite. Electron micrograph by M. J.
Pinel, U. S. Geological Survey.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
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Table 7-2. —Occurrences of zeolites in sedimentary rocks of northwestern United States.

[Locality numbers are shown in Figure 7-7. Asterisk (¥) indicates localities where beds
are at least 1 foot thick and contain at least 75 percent zeolite.]

Locality

Near Renton, King
County

Near Mt. Octopus,
Jefferson County

Backbone Ridge, Mount
Rainier National Park,
Lewis County

Along Bear Creek,
Skamania County

Near Ellensburg,
Kittitas County
Along Naselle River,
Pacific County

Near Elk Mountain,
Wahkiakum County

Restoration Point,
Kitsap County

Near Greenwater,
Pierce County

Near Leavenworth,
Chelan County

Near Bearbones Moun-
tain, Lane County*

Near Steins Pillar,
Crook County

Near Corvallis, Benton
County

Newberry Crater,
Deschutes County
Near the Painted Hills,
Wheeler County*

Near Deep Creek,
Wheeler County*

Near Durkee, Baker
County*

Sucker Creek,
Malheur County*

Near Sheaville,
Malheur County*

Near Rome, Malheur
County*

Zeolites

Heulandite,
clinoptilolite(?)

Laumontite

Laumontite,
wairakite

Heulandite, anal-

cime, laumontite
Clinoptilolite

Heulandite,
analcime

Heulandite
Clinoptilolite

Heulandite,
laumontite

Clinoptilolite,
laumontite

Clinoptilolite,
mordenite

Clinoptilolite,
mordenite

Analcime,
thomsonite

Chabazite,
phillipsite
Clinoptilolite

Clinoptilolite

Chabazite, erionite,
clinoptilolite, phil-
lipsite, analcime,
mordenite

Clinoptilolite
Clinoptilolite

Mordenite, erionite,
clinoptilolite, phil-
lipsite

Occurrence

WASHINGTON

Sandstone and conglomerate in the Renton
Formation and Lincoln Creek(?) Formation
of late Eocene and early Oligocene age

Marine sandstone of Eocene to Miocene age

Volcaniclastic rocks in the Ohanapecosh For-
mation of Oligocene age

Volcaniclastic rocks in the Ohanapecosh For-
mation of Oligocene age

Sandstone in the Ellensburg Formation of
Miocene and Pliocene age

Marine tuff and tuffaceous siltstone of
Eocene age

Tuffaceous siltstone in the Lincoln Creek
Formation of Eocene(?) to Miocene age
Marine volcaniclastic rocks in the Blakeley
Formation of Oligocene to Miocene age

Volcaniclastic rocks in the Ohanapecosh For-
mation of Oligocene age and the Stevens
Ridge and Fifes Peak Formations of Oligo-
cene to Miocene age

Sandstone and tuffaceous sandstone in the
Swauk Formation of Paleocene age

OREGON

Tuff and lapilli tuff in the Little Butte Vol-
canic Series of Oligocene and Miocene age

Tuff in the John Day Formation of Oligocene

.and Miocene age

Marine volcaniclastic sandstone in the Spencer
Formation of Eocene age

Mafic tuff of Quaternary age

Tuff and claystone in the lower part of the
John Day Formation of Oligocene and
Miocene age

Tuff in the lower part of the John Day For-
mation of Oligocene and Miocene age

Tuff in unnamed lacustrine rocks of Pliocene
age

Tuff and tuffaceous sandstone in the Sucker
Creek Formation of Miocene age

Tuff probably equivalent to part of the Sucker
Creek Formation of Miocene age

Tuff and tuffaceous sandstone in the Rome
beds (an informal unit) of Pliocene age

Reference

Mullineaux (1970)

Stewart (1974)

Fiske and others
(1963)

Wise and Eugster
(1964); Wise (1970)

Hans-Ulrich Schmincke
(oral commun., 1969)

Wolfe and McKee
(1972)

Wolfe and McKee
(1972)

McLean (1968)

Hartman (1973)

Lupe (1971)

Moore and Peck (1962,
p- 188); Peck and others
(1964, p. 15, 40)

Waters (1966)
Enlows and Oles (1966)

Higgins and Waters
(1967)

Hay (1962, 1963)

Fisher (1962, 1963);
Wilcox and Fisher (1966)

Staples and Gard (1959);
Sheppard and Gude (1975)

Kittleman and others
(1965)
Sheppard and Walker
(1969)

Regis and Sand (1966);
Sheppard and Gude (1969);
Wolf and Ellison (1971)
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Localit

East face of Steens
Mountain, Harney County

Near Harney Lake,
Harney County*

West face of Hart Moun-
tain, Lake County*
Near Flagtail Mountain,
Grant County

Along Lewis Creek,
Grant County

Near Monument, Grant
County

Near Challis, Custer
County

Near Preston, Franklin
County*

Near Twin Creek, Bear
Lake County

Near Vaughn, Cascade
County

Near Big Sandy,
Chouteau County

Near Turner, Blaine
County

Near Harlem, Blaine
County

Near Antelope, Sheridan
County

Ekalaka Hills, Carter
County

Finger Buttes, Carter
County

Near Acton, Yellow-
stone County

Near Joliet, Carbon
County

Near Bridger, Carbon
County

Near Dillon, Beaverhead
County

Ryan Canyon, Beaver-
head County

Badger Pass, Beaverhead
County
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Zeolites

Clinoptilolite
Clinoptilolite,

erionite, phillipsite
Clinoptilolite, mor-
denite, phillipsite
Laumontite
Heulandite,
laumontite
Chabazite

Clinoptilolite

Clinoptilolite

Analcime

Analcime, clinop-
tilolite, mordenite

Clinoptilolite
Clinoptilolite
Clinoptilolite
Clinoptilolite
Analcime
Analcime
Clinoptilolite
Clinoptilolite
Clinoptilolite
Heulandite,
mordenite
Clinoptilolite

Clinoptilolite

Occurrence

OREGON (Continued)

75

Reference

Tuff in the Pike Creek Formation of Oligocene(?) Walker and Repenning

and Miocene age

Tuff and tuffaceous sedimentary rocks in the
Danforth Formation of Pliocene age

Tuff and tuffaceous sedimentary rocks of late
Oligocene or early Miocene age

Tuffaceous rocks in the Aldrich Mountains
Group of Late Triassic(?) to Early Jurassic age

Tuffaceous rocks in the lower part of the Trow-
bridge Formation of Jurassic age

Tuff in the lower part of the John Day Forma-
tion of Oligocene and Miocene age

IDAHO

Tuff and tuffaceous sandstone in the Germer
Tuffaceous Member of the Challis Volcanics
of Eocene or Oligocene age

Tuff in the Salt Lake Group of late Tertiary
age

Tuff in the Twin Creek Limestone of Jurassic
age

MONTANA

Tuff and tuffaceous siltstone and sandstone in
Taft Hill, Vaughn, and Bootlegger Members of
the Blackleaf Formation of Cretaceous age

Sandstone in the Wasatch Formation of
Eocene age

Bentonite in the Bearpaw Shale of Cretaceous
age

Bentonite in the Bearpaw Shale of Cretaceous
age

Bentonite in the Fort Union Formation of
Paleocene age

Lignite in the Fort Union Formation of Paleo-
cene age

Lignite in the Fort Union Formation of Paleo-
cene age

Bentonite in the Bearpaw Shale of Cretaceous
age

Bentonite in the Claggett Formation of Cre-
taceous age

Bentonite in the Thermopolis Shale of Cre-
taceous age

Tuff of Miocene age

Tuff of Tertiary age

Tuff of Tertiary age

(1965)

Walker and Swanson
(1968a)

Walker and Swanson
(1968b)

Brown (1961); Brown
and Thayer (1963, 1966)

Dickinson (1962a, 1962b)

Sheppard and Gude (1970)

David MclIntyre (oral
commun., 1974)

Deffeyes (1959)

Gulbrandsen and Cress-
man (1960)

Cobban (1955); Fox
(1966); R. E. Van Leonen
(written commun., 1968)

Vine and Tourtelot (1970)
Berg (1969)

Berg (1969)

Berg (1969)

Gill (1959, p. 174); Den-

son and Gill (1965, p. 50)

Denson and Gill (1965,
p. 49)

Berg (1969)
Berg (1969)
Berg (1969)

Rose (1972)

D. B. Hawkins (written
commun., 1974)
D. B. Hawkins (written
commun., 1974)
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Table 7-2. (Continued)

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

SS.

56.

57.

58.

S9.

60.

61.

62.

63.

Locality

Point of Rocks, Park
County

Near Livingston, Park
County

Near Wilsall, Park County

Near Maudlow, Gallatin
County

Near Pedro, Weston
County *

Southeast flank of North
Butte, Campbell County

South Fork of the Pow-
der River, Natrona
County

Near Casper, Natrona
County

Northwest of Indepen-
dence Rock, Natrona
County*

Near Moonstone Peak,
Natrona County*
Near Split Rock,
Natrona County*

Near Hyattville, Big
Horn County

Near Lovell, Big Horn
County

Near Saratoga, Carbon
County*

Near Dubois, Fremont
County

Near Lander, Fremont
County

Beaver Divide, Fremont
County*

Near Cameron Spring
on Beaver Divide, Fre-
mont County

Near Riverton, Fremont
County

Near Gros Ventre River,
Teton County

Black Sand Basin,
Teton County
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Zeolites

Occurrence

MONTANA (Continued)

Clinoptilolite

Heulandite

Clinoptilolite, lau-
montite, mordenite,
stilbite

Clinoptilolite, mor-

denite, laumontite

Clinoptilolite

Heulandite

Analcime

Analcime
Clinoptilolite
Clinoptilolite, erion-
ite, phillipsite
Clinoptilolite
Analcime
Clinoptilolite
Clinoptilolite,
phillipsite

Analcime

Analcime

Analcime, chaba-
zite, clinoptilolite,
erionite, phillipsite

Clinoptilolite

Clinoptilolite

Analcime

Clinoptilolite, anal-
cime, mordenite,
erionite

Tuff of Eocene age

Volcaniclastic rocks in the Livingston Forma-
tion of Cretaceous age

Volcaniclastic rocks of Cretaceous age

Volcaniclastic rocks of Cretaceous age

WYOMING
Bentonite in the Sharon Springs Member of the
Pierre Shale of Cretaceous age

Sandstone in the Wasatch Formation of Eocene
age

Bentonite in the Mowry Formation of Cre-
taceous age

Bentonite in the Mowry Formation of Cre-
taceous age

Tuff in the Bug Formation of Pliocene or
Pleistocene age

Tuff in the Moonstone Formation of Pliocene
age

Tuff in the Split Rock Formation of Miocene
age

Bentonite in the Mowry Formation of Cre-
taceous age

Bentonite in the Mowry Formation and
Thermopolis Shale of Cretaceous age

Tuff in the Browns Park Formation of Miocene
age

Ocher oolitic beds in the Popo Agie Member of
the Chugwater Formation of Triassic age

Ocher oolitic beds in the Popo Agie Member of
the Chugwater Formation of Triassic age

Tuff in the Wagon Bed Formation of Eocene
age

Tuffaceous sandstone in the White River For-
mation of Oligocene age

Tuff in the Wind River Formation of Eocene
age

Ocher oolitic beds in the Popo Agie Member of
the Chugwater Formation of Triassic age

Volcaniclastic rocks of Pleistocene age

Reference

R. A. Sheppard (unpub.
data)

Roberts (1963); Sims
(1969)

B. A. Skipp (written
commun., 1975)

B. A. Skipp (written
commun., 1975)

Bramlette and Posnjak
(1933)

Vine and Tourtelot
(1973, p.9)

Slaughter and Early
(1965)

Slaughter and Early
(1965)

Surdam (1972)

Love (1970); Surdam
(1972)

Surdam (1972)

Slaughter and Early
(1965)

C. A. Wolfbauer (oral
commun., 1974)

Surdam (1972)

Keller (1952); High and
Picard (1965)

Keller (1952); High and
Picard (1965)

Van Houten (1964);
Boles and Surdam (1971)

Van Houten (1964)

Surdam (1972)

Keller (1952)

Fenner (1936); Honda
and Muffler (1970)
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Locality Zeolites Occurrence Reference
WYOMING (Continued)
64.  Near Thermopolis, Hot Analcime Purple and ocher units of the Popo Agie Member High and Picard (1965)
Springs County of the Chugwater Formation of Triassic age
65.  Near Lysite Mountain, Analcime, clinop- Tuff in the Tepee Trail Formation of Eocene Bay (1969); Surdam
Hot Springs County* tilolite, erionite, age (1972)
mordenite
66.  Snake River Canyon, Heulandite Shale in the Aspen Formation of Cretaceous Heinrich (1963)
Lincoln County age
67.  Near La Barge, Lincoln  Analcime Sandstone in the Wasatch Formation of Vine and Tourtelot
County Eocene age (1973, p.7)
68.  Near Twin Buttes, Clinoptilolite Tuff and tuffaceous sandstone in the Bridger Sheppard (1971)
Sweetwater County* Formation of Eocene age
69.  Near Green River, Analcime, clinop- Tuff and oil shale in the Green River Forma- Bradley (1964); Goodwin
Sweetwater County tilolite, mordenite tion of Eocene age and Surdam (1967); lijima
and Hay (1968); Surdam
and Parker (1972)
70.  Firehole Basin, Analcime Sandstone in the Wasatch Formation of Vine and Tourtelot
Sweetwater County Eocene age (1973)
71. Kinney Rim in the Analcime, clinop- Tuff and oil shale in the Laney Shale Member Roehler (1972)
Washakie Basin, Sweet- tilolite, mordenite of the Green River Formation of Eocene age
water County*
72. Kinney Rim in the Clinoptilolite Tuff in the Adobe Town Member of the Roehler (1973)
Washakie Basin, Sweet- Washakie Formation of Eocene age
water County*
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Figure 7-7.—Map showing occurrences of zeolites in sedimentary deposits of the Northwestern United States. Data for numbered
localities are given in Table 7-2.
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and Utah. Johannsen (1914), however, had earlier de-
scribed unidentified zeolites in the Washakie Formation
(Eocene) of Wyoming. Previously, Sinclair (1909) ob-
served that vitroclastic grains in sandstone and tuff of
the Washakie Formation showed ““aggregate polarization”
under the petrographic microscope. Finely crystalline zeo-
lites probably produced the aggregate polarization.

Zeolitic tuffs generally are white or pastel shades
of green, yellow, orange, or brown, relatively hard, and
dull or earthy. The zeolitic tuffs commonly break with a
blocky or conchoidal fracture. Unlike fresh volcanic ash,
the zeolitic tuffs are resistant and ledge forming, particu-
larly in arid areas (Fig. 7-8). Original textures and sedi-
mentary structures, such as ripple marks (Fig. 7-9), are
generally preserved in the zeolitic tuffs.

Most zeolites in sedimentary deposits formed after
burial of the enclosing sediments by the reaction of alu-
minosilicate materials with the pore water. Silicic volcanic
glass is the aluminosilicate material that most commonly
served as a precursor for the zeolites, although materials
such as clay minerals, feldspars, feldspathoids, and gels
have also reacted locally to form zeolites. Hay (1966)
showed that the formation of authigenic zeolites and
associated silicate minerals can be correlated with the
following factors: (1) composition, grain size, perme-
ability, and age of the host rocks, (2) composition of the
pore water, including pH, salinity, and proportion of dis-
solved ions, and (3) depth of burial of the host rock. Ex-
cept for laumontite and possibly some heulandite, the
common zeolites generally occur in tuffaceous sedimen-
tary rocks that have not been deeply buried or exposed
to hydrothermal solutions.

Classification of the diverse zeolitic sedimentary
rocks is not settled, but the following tenuous classifica-
tion is based on geologic setting: (1) hydrothermal, (2)
burial metamorphic, (3) weathering, (4) open system,
and (5) closed system. The hydrothermal type includes
those zeolites associated with metallic deposits and es-
pecially with hot-spring deposits. A well-known example
of the latter is at Yellowstone National Park, Wyoming
(Fenner, 1936; Honda and Muffler, 1970). Zeolites of
many geothermal areas show a vertical zonation, and the
downward succession of mineral assemblages seems to
correlate with an increase in temperature.

Zeolites of the burial metamorphic type were origi-
nally recognized by Coombs (1954) in Triassic sedi-
mentary rocks of the Southland syncline, New Zealand.
Coombs, Ellis, Fyfe, and Taylor (1959) demonstrated a
vertical zonation of mineral assemblages that is charac-
terized by a downward succession of clinoptilolite-

heulandite-analcime, laumontite-albite, and then prehnite-
pumpellyite-albite. The zeolites and associated silicate
minerals of the burial metamorphic type commonly occur
in marine volcaniclastic strata that are more than 10,000
feet thick and locally are as much as 40,000 feet thick.
The vertical succession of mineral assemblages is one of
decreasing hydration with depth and is generally thought
to be temperature dependent, but chemical variables may
prove to be equally important. Laumontite-bearing rocks
of the burial metamorphic type occur in central Oregon
(Dickinson, 1962b; Brown and Thayer, 1963) and in
Mount Rainier National Park, Washington (Fiske and
others, 1963).

Zeolites of the weathering type are volumetrically
minor, but probably many deposits have been overlooked.
Analcime was recently reported from alkaline saline soils
of the eastern San Joaquin Valley, California (Baldar and
Whittig, 1968).

The most voluminous and potentially valuable zeo-
lite deposits belong to the open- and closed-system types.
The terms “open system” and “closed system’ are used
in a hydrologic sense rather than in a thermodynamic
sense. Deposits of the open-system type form by the reac-
tion of volcanic glass with subsurface water that origi-
nated as meteoric water. The original volcanic material
was deposited in marine or fluviatile environments or was
air laid on the land surface. Deposits of the closed-system
type form by the reaction of volcanic glass with the con-
nate water trapped during sedimentation in a saline alka-
line lake.

Deposits of the open-system type commonly form
in thick tuffaceous strata and show a vertical zonation of
authigenic silicate minerals. Hay (1963) proposed hydroly-
sis and solution of silicic glass by subsurface water to
account for the formation of clinoptilolite in tuff and
tuffaceous claystone in the lower part of the John Day
Formation in central Oregon. The upper part of the for-
mation contains unaltered glass or montmorillonite. Min-
eral zones of the open-system type commonly cut across
stratigraphic boundaries.

Zeolite deposits of the closed-system type form
during diagenesis in alkaline saline lakes, commonly of
the sodium carbonate-bicarbonate variety. Brine of this
composition generally has a pH greater than 9, which
probably accounts for the relatively rapid solution of
vitric material and precipitation of zeolites. The authi-
genic silicate mineralogy can be correlated with the sal-
inity in deposits of the closed-system type. Vitric mater-
ial is unaltered or partly altered to clay minerals in tuff
deposited in fresh water near the lake shore and inlets;
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Figure 7-8.—Natural exposure of zeolitic tuff in lower part of Pliocene
lacustrine deposit, about 3 miles east of Durkee, Oregon. Tuffs con-

sist chiefly of chabazite.
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Figure 7-9.—Ripple marks preserved on a bed of zeolitic tuff from a Pliocene lacustrine
deposit, about 2 miles southeast of Durkee, Oregon. Tuff consists of erionite and minor

clinoptilolite.
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the tuffs consist of zeolites where deposited in moder-
ately saline water and of potassium feldspar where depos-
ited in the highly saline and alkaline water of the central
part of the basin. Examples of the closed-system type of
zeolite deposits in the northwest are the Green River For-

mation (Eocene) of Wyoming (Surdam and Parker, 1972),
the Wagon Bed Formation (Eocene) of Beaver Divide,
Wyoming (Boles and Surdam, 1971), and the Rome beds
(an informal unit) of Pliocene age in southeastern Oregon
(Sheppard and Gude, 1969).

UTILIZATION OF ZEOLITES

The commercial utilization of natural zeolites in
the United States is in its infancy, but the seemingly use-
ful physical and chemical properties of zeolites, the high
grade of many deposits, and the seemingly low cost of
mining suggest greatly increased utilization in the near
future. Synthetic zeolites have been used for nearly
twenty years in diverse industrial applications, including
applications as catalysts or catalyst supports, selective
sorbents, and desiccants (Breck, 1974). The utilization
and potential utilization of natural zeolites have recently
been discussed by Mumpton (1973, 1975) and Munson
and Sheppard(1974) and will be only briefly summarized
here.

The earliest uses of zeolites and zeolitic tuff through-
out the world were as pozzolanic raw material in cement
(Mielenz, 1950) and as lightweight building stone. These
early uses were, of course, made without knowing that
the materials consisted chiefly of zeolites. Demand for
zeolitic tuff for these uses in the United States is now
almost nil. In central Europe, however, zeolitic tuff con-
tinues to be used in pozzolanic cement as it has been used
for many centuries (Mumpton, 1973). Clinoptilolite is
the most common constituent of tuff used as pozzolan,
but analcime, chabazite, and phillipsite are major con-
stituents in some. Zeolitic tuff is also quarried for build-
ing stone in Mexico, Japan, and many countries of cen-
tral Europe.

Other potential uses of zeolitic tuff, made possible
by the gross properties of the rock rather than the chemi-
cal or physical properties of the zeolite constituents, in-
clude fillers for paper and the production of lightweight
aggregates. Because of low abrasion and high brightness
of a clinoptilolite-rich tuff at Itaya, Japan, the material is
used as a filler and whitening agent for paper (Minato and
Utada, 1969). Experiments by Stojanovic (1968) have
shown that clinoptilolite-rich tuff from several deposits
in Yugoslavia can be expanded when heated and behaves

similar to perlite. When calcined at temperatures of 1,220-

to 1,400°C, the zeolitic tuff is transformed to a frothy,
glassy material that has a density as low as 0.8 g/cm® and
a porosity of about 65 percent.

Applications of zeolites in cation-exchange pro-
cesses promise to utilize large tonnages of natural zeo-

lites in the near future. Laboratory and pilot-plant studies
using clinoptilolite demonstrated the removal of about
97 percent of the ammonia as ammonium ions from sew-
age streams (Mercer and others, 1970; Koon and Kauf-
man, 1971). This selective ion-exchange process has now
been adapted to several municipal sewage-treatment
plants in the United States. The clinoptilolite can be re-
generated, and the ammonia is exhausted harmlessly to
the atmosphere. Clinoptilolite has also been successfully
used in the removal of Cs®*” and Sr*® from atomic-energy
waste effluent (Brown, 1962). Because of the growing
use of nuclear energy, there is the increasing possibility
of soil contamination by radionuclides at biological haz-
ardous levels. Experiments by Nishita and Haug (1972)
have shown that the addition of clinoptilolite to soils
contaminated by Sr*® caused a marked reduction in the
strontium uptake by plants.

Although zeolitic tuffs are widespread throughout
the world, only the Japanese seem to be using them in
agriculture. For more than a century, farmers in many
parts of Japan have been adding crushed zeolitic tuff to
their soil (Minato and Utada, 1969; Nishimura, 1973).
The zeolites used in Japan as soil amendments are clinop-
tilolite and mordenite. Besides making available the ex-
changeable cations, the zeolites neutralize an acid soil. A
related use of clinoptilolite is its addition to soils along
with chemical fertilizers. For more than a decade, clin-
optilolite has been used to improve the retention of
nitrogen by the soil. The clinoptilolite apparently re-
tains the ammonium nitrogen in the soil where the nitro-
gen is then utilized more effectively by the crops. The
Japanese also spread crushed clinoptilolite-rich tuff on
cattle feedlots. The zeolite picks up the nitrogen com-
ponent from the wastes and is a more effective fertilizer
when spread on the farmlands along with the manure.
Crushed clinoptilolite-rich tuff is used in the raising of
pigs and chickens to deodorize and dry the excrement of
these animals. The spent zeolite-excrement mixture can
then be used for fertilizer. Clinoptilolite is also used in
Japan as a carrier for various insecticides and herbicides.

Successful experiments in Japan using clinoptilo-
lite as a dietary supplement for pigs and chickens suggest
increased demand for this zeolite. Test animals fed diets
containing 5 to 10 percent clinoptilolite generally showed
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faster weight gain and required less feed than control
animals (Kazuo Torii, oral commun., 1974). Severe cases
of scours in pigs were also relieved by the addition of
clinoptilolite to the pigs’ diet.

Natural mordenite is used in Japan to separate oxy-
gen and nitrogen from air. The process is based on the
preferential adsorption of nitrogen by treated mordenite
and is capable of producing oxygen at purities as great as
90 percent and nitrogen at purities as great as 99.95 per-
cent (Koyo Kaihatsu Kabushiki Kaisha, 1971). Installa-
tions using this process are reported to be cheaper than
air-liquefaction plants of the same capacity, and the
power consumption isless than that of the air-liquefaction
process. Installations of various sizes and mobilities have
been constructed in Japan chiefly for the oxygen prod-
uct, which is used in processes as diverse as the smelting
of pig iron and the raising and transportation of fish
(Hideo Minato, oral commun., 1974). If the underground

I thank those colleagues who provided unpublished data
on the occurrences of zeolites in the sedimentary deposits of the
Northwest. I also thank Nancy G. Kasmen who helped compile
the data for Figure 7-7 and Table 7-2.

gasification of coal progresses beyond the pilot-plant stage
in the United States, natural mordenite could be used to
produce relatively cheap oxygen. The use of oxygen rather
than air in the gasification of coal would greatly enhance
the production of useful fuel gases.

The adsorption selectivity of other zeolites has
made them useful in the drying and purification of vari-
ous gas streams. For example, chabazite from a deposit
near Bowie, Arizona, is used to remove H,O, CO,, and
H,S from acidic natural gas. Chabazite is also used in a
pilot plant near Los Angeles, California, to recover meth-
ane from a sanitary landfill (Mumpton, 1975). Erionite
from a deposit in Jersey Valley, Nevada, is supposedly
used in hydrocarbon separations (Mumpton, 1973).

Zeolites from the sedimentary deposits in the North-
west will undoubtedly find diverse applications in agri-
culture and industry. The potential applications of natu-
ral zeolites can be considerably increased by chemical
and structural modifications of the natural material. Bar-
rer and Makki (1964) demonstrated that a wide range of
sorbents could be produced from clinoptilolite by treat-
ment with hydrochloric acid.
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