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PART I: POTASH DEPOSITS IN MANITOBA

INTRODUCTION

Potash deposits of economic importance have been outlined recently along
the western boundary of Manitoba. Although potassium minerals were found in
the province as early as 1951 in the Calstan Daly 15-18-10-27W well, it was not
until exploration in Saskatchewan had revealed large potash deposits that serious
exploration for potash was undertaken in the bordering part of Manitoba. The
potash deposits occur in the Middle Devonian Prairie Evaporite formation at
depths in Manitoba ranging from 2,560 to more than 4, 000 feet.

The deposits were formed by the precipitation of potassium salts from
highly concentrated sea water within the Middle Devonian Elk Point basin. This
basin extended about as far east as the Virden area and thus potash beds lie
beneath a narrow crescent-shaped area along the south part of the western
boundary of Manitoba (Fig. 1).

The only companies that have carried out exploration for potash deposits
{n Manitoba are S.A.M. Explorations Ltd. and Tombill Mines Limited. S.A.M.
Explorations Ltd. acquired a Crown Potash Permit covering several townships
along the Manitoba-Saskatchewan boundary, southeast of the area near Esterhazy,
Saskatchewan where withdrawals are held by International Minerals and Chemi-
cal Corporation (Canada) Limited. The first potash test well in Manitoba, S.A.M.
Binscarth 7-15-19-29W, showed that the potash beds extended into the province.
Further land was acquired by S.A.M. Explorations Ltd. and 2 more test wells,
S.A.M. Lazare 6-29-17-29W and S.A.M. Binscarth 13-6-19-29W, were drilled,
both of which intersected potash beds. The property was optioned to Tombill
Mines Limited {n 1959 and further drilling was carried out by that company.

Because of the regional southwestward dip of the Prairie Evaporite
formation and the generaily higher elevation of Saskatchewan, the potash deposit
{n Manitoba occurs a few hundred feet closer to the surface than most of the
deposits {n Saskatchewan. The main potash zone in Manitoba, consisting chiefly
of halite and sylvite, ranges from 6 to 8 feet thick, grades 25 per cent K20 or
better, and contains smali amounts only of carnallite (KCl.MgCl 2.6H20) and
clay. A salt bed 60 to 85 feet thick covers the potash bed except along its sub-
crop belt; a substantial *'salt back” {s considered essential for the successful
mining of potash beds. These factors make the Manitoba potash deposit a
potential commercial asset.

ACKNOWLEDGEMENTS

The writer is indebted to S.A.M. Explorations Ltd. for permission to use
the results of their exploration work. In particular, much of the material pre-
sented on the grade and extent of the main potash zone in their 3 exploratory
wells is taken directly from several reports compiled by R. V. Tomkias for the
company and filed with the Manitoba Mines Branch.

POTASH

The potassium content of a substance is calculated usually in terms of
equivalent K20 (potash),even though few of the natural minerals or commercial
salts contain this compound.




USES

Almost 95 per cent of the world production of potash s used in fertilizers.
Potassium, nitrogen, and phosphorus are 3 elements essential to plant growth; -
the chief function of potassium is to promote the metabolism of the plant. In
addition, potassium reduces the susceptibility of some plants to a number of
diseases, enhances the quality of fibre plants, strengthens stalks, promotes the »
growth of large kernels, and improves the keeping qualities of fruits and vege-
tables (Johnson, 1933).

Many of the natural potash minerals can be added directly to the soil as
plant food. However, if they contain impurities such as clay, or are mixed with
other minerals (e.g. halite), it is necessary to refine them. Sylvite can be
separated from a mixture of sylvite and halite by flotatfon. The ore is finely
ground and reagents are added which float the halite and depress the sylvite.

The commonest form in which potash is marketed for fertilizer is "' muriate of
potash", which should contain 95 per cent potassium chloride and grade a mini-
mum of 60 per cent K20; for some soils or crops other forms, such as potassium
sulphate, are required.

Many other applications of potash which consume only a fraction of the
volume processed as fertilizer are nevertheless very important and account for
a large proportion of the total value of potash consumed. Most of the applications
are of a chemical nature for which various salts of potassium, such as the car-
bonate, bichromate, chlorate, nitrate, and cyanide, as well as potassium hydroxide
and elemental potassium, are produced. These products are prepared usually
from potassium chloride that contains less than 1 per cent impurities. This -
relatively pure potassium chloride is obtained by a process of solution and frac-
tional crystallization. \When a solution of water completely saturated with both
halite and sylvite {s cooled, the capacity of the liquid for sylvite s decreased, ’
but there is little change {n its capacity for hallte. Thus a selective extraction
of potassium chloride {s possible; the recovered product may average more
than 99 per cent pure KC1.

The chief chemical and industrial uses of potassium compounds are in the
manufacture of glassware, soaps and detergents, matches, explosives, television
tubes, photographic chemicals, insecticides, and other products. Potassium
compounds are used also in dyeing, tanning, metallurgy, and electroplating.

MARKETS FOR POTASH

As solls in many ef the agricultural areas of the world become deticient in
potagsium through intensive and prolonged cultivation, a steady rise in the de-
mand for potash should result and markets should be available for any new pro-
duction. Also, such countries as India and China which are raising thelr stan-
dards of living are considered potential importers of large amounts of potash.
To date, Canada has imported all the potash it has consumed; n 1955 this was
estimated to be (Bartley, 19558):

Fertillzers: 149,972 tons K20O; value: 3,707,059
Potash chemicals: 9, 171 tons K20); vatue: 31,355,719

It is expected that in the future most of the Canadian muarkets will be filled by
potash trom western Canada.

The chief producers of potash are the United States, Germany, and France,
with some production from Russia, Spun, and Israel. World production of




potash {n 1957 was 8.7 million tons of K20, of which United States production
accounted for 44.1 per cent. The majority of the United States production comes
from Carlsbad, New Mexico, where the reserves of high-grade ore are gradually
being depleted. Over the next few decades it is expected that exports of potash
from western Canada will gradually displace the United States sources in
supplying an expanding market.
Prices for potash fertilizers and chemicals have remained relatively con-
stant for the past 15 years. The price quoted for agricultural muriate of potash
containing a minimum of 60 per cent K2O was $25.60 per ton (granular, bagged),
as of December 29, 1958 ( Bartley, 1953 ). It takes about 2 1,/2 tons of ore to
provide one ton of product.

MINERALS OF POTASH DEPOSITS

Potassium-~rich minerals are among the last to be deposited during the
evaporation of sea water. In advanced stages of evaporation the brine is en-

riched in the ions Na7 , Cal ",

K+, Mg2™, C1-, and SO4°~. Various

minerals are formed by different combinations of these fons. The most com-
mon minerals of potash deposits are listed {n Table L.

TABLE I:

Mineral

Anhydrite,
CasOy4

Carnallite,
KC1.MgCl2.6H20

Halite, NaCl
(' Rock salt')

Polyhalite,
K2S04. MgSO4. -
2CaS04. 2H20

Sylvite, KCl

Properties

H*: 3-3.5; G*: 2.9; usually massive,
granular; white, greyish or bluish;
vitreous to greasy luster; subtrans-
lucent.

H:2.3; G: 1.60; when pure, 16.9 per
cent Kzt; milk-white, salmon, red;
shining, greasy luster; conchoidal
fracture; strongly phosphorescent.

H: 2.5; G: 2.1-2.6 (2,16 when pure);
vitreous luster; colourless, white,
reddish, bluish; transparent to trans-
lucent; perfect cubic cleavage; con-
choidal fracture.

H: 2.5-3.0; G: 2.75; 15.6 per cent
Ku»0; compact or fibrous masses;
flesh or brick-red colour.,

H: 2.0; G: 1.98; 63,1 per cent
K203 in cubes; colourless, white,
bluish, or vellowish red; trans-
parent to translucent; vitreous or
greasy luster.

* H:

hardness; G:

specitic gravity.

MINERALS OF POTASH DEPOSITS

Remarks

Usually {n separ-

ate bands or beds;
rarely mixed with
halite or dolomite.

Distinguished by
its bitter, burning
taste.

Commonly in
cubes; saline taste,
not bitter.

Has been mined {n
Germany.

Taste resembles
that of halite, but
{s bitter.

Halite and sylvite commonly oceur together as a mechantcal mixture which
is called "sylvinlter’; it can have wide variations in the proportion of sylvite to
halite.




In addition to the above minerals, numerous rarer compounds may be pre-
sent {n potash deposits. Kainite, MgSO4.KCl .3H20, occurs usually in granular
masses and also as crusts; it can be white, dark flesh, or red. Langbeinite,
K2SO4.2MgSO4, I8 colourless, white, red, or yellow and has a greasy to vitreous
luster; it is found {n important quantities in the potash deposits of New Mexlico,
along with sylvite and carnallite. Both kainite and langbeinite occur in the potash
deposits at Stassfurt, Germany.

The Prairie Evaporite potash deposits consist mainly of sylvite mixed with
halite; carnallite is locally abundant. Bartley (1957) notes that minor amounts
of polyhalite and leonite (MgSO4.K2504.2H20) occur in the Saskatchewan potash
deposits.

GEOLOGY AND ORIGIN OF EVAPORITIC POTASH DEPOSITS

The major potash deposits of the world have been formed by the precipita-
tion of salts from sea water that has been concentrated by evaporation within a
partially or totally enclosed basin. The Prairie Evaporite formation, in which
the western Canadian potash deposits occur, was deposited during Middle
Devonian time in the Elk Point basin - a large negative area which covered most
of central Saskatchewan and bordering areas in Manitoba, North Dakota, and
Montana (inset, Fig. 4). The outlet of this basin generally is considered to have
been to the west, through Alberta, and to have been restricted by barrier reefs.
However, Baillle (1953, p.55) notes that no evidence of shoreline conditions has
been found on the northeast side of the basin and it is poasible that a simllar
reef-restricted outlet existed there.

If the outlet connecting a basin with the open sea becomes restricted, and
If the rate of evaporation of water from the basin exceeds the rate of inflow of
fresh water, the concentration of dissolved sollds in the brine within the basin
will increase gradually. If this concentrated brine (s prevented from escaping,
evaporite minerals eventually will be precipitated. The order in which these
minerals are deposited depends upon their solubility and concentration in the
brine. Calcium carbonate is the first mineral to be precipitated and is followed
by calcium sulphate, either as anhydrite or gypsum. When the concentration of
the brine has increased to 10 times the normal salinity of sea water, sodium
chloride will be precipitated.

If the outlet of the basin is further restricted, or if the basin {s isolated
from the open sea, the rare cations within the brine, especlally K+and Mg2+,
become concentrated and potassium and magnesium salts may be precipitated.
These salts are extremely soluble; to be preserved they must be covered rapidly
by other deposits such as clay or halite.

During the period of evaporite deposition, intermittent changes in the
restriction of the basin may result in the formation of several layers of potash
minerals separated by beds composed predominantly of halite.

Post-depositional changes within potash deposits are believed to be wide-
spread, especially in deposits that have been deeply buried or folded. In the
Stassfurt deposits, much folding has occurred and low-grade metamorphism has
caused the formation of new mineral assemblages. The Prairie Evaporite
formation has undergone deep burial only, with little or no deformation.
Measurements in some of the oil wells indicate that the temperature at a depth
of 3, 000 feet in southwestern Manitoba is between 850F and 1000F. Tempera-
tures of this order may be sufficient to cause partial recrystallization of
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the deposit, especially if some connate water is trapped within the formation.

Shortly after their deposition, potash deposits may be subjected to solu-
tion and redeposition. Crystals of large size may be formed and some parts of
the deposit may have an increased insoluble content whereas other parts, where
redaposition occurred, may have a low insoluble content. Probably the major
post-depositional changes in the Maritoba potash deposit have been solution and
redeposition immediately or shortly after precipitation, as this deposit is
characterized by coarse crystals and a low insoluble content.

POTASH OCCURRENCES IN MANITOBA
LITHOLOGY OF THE ELK POINT GROUP

The Prairie Evaporite formation is part of the Elk Polnt group of Middle
Devonian age. The Elk Point group includes In ascending order the Ashern,

Elm Point, Winnipegosis, and Prairie Evaporite formations (Baillie, 1953).

The Ashern formation consists mainly of brownish red and brick-red
argillaceous dolostone and dolomitic shale. In the subsurface the formation is
10 to 50 feet thick. The Elm Point formation 18 a light-coloured mottled lime-
stone which is not distinguished from the Winnipegosis formation in the sub-
surface. The Winnipegosis formation is composed of pale yellowish brown
saccharoidal dolostone and contains many reefs of the bioherm type. The
formation ranges from a normal thickness between 100 and 150 feet to as much
as 400 feet where reef structures are present. Anhydrite Is common in the
upper part of the formation.

In the vicinity of the Manitoba-Saskatchewan boundary the Prairie Evaporite
formation consists primarily of coarsely crystalline halite 500 feet in thickness.
Thin layers of potash minerals occur within the top 100 feet of the halite section.
To the east of the subcrop belt of the potash zone, thick beds of anhydrite occur
near the top of the halite zone. No halite has been intersected east of Oak Lake.
On the shelf area east of the Elk Point basin, where the Prairie Evaporite thins
from 150 to 12 feet, anhydrite is predominant; as the formation thins, the under-
lying Winnipegosis formation thickens (see Figs. 1 and 2). Along the eastern
shelf of the basin, the upper part of the Winnipegosis formation (s thought to be
the facles equivalent of the Prairie Evaporite formation to the west,

Covering the Elk Point group Is the basal argillaceous member, called the
v2nd red’, of the Middle Devonian Dawson Bay formation.

POTASH DEPOSITS IN THE PRAIRIE EVAPORITE

The potash zone of the Prairte Evaporite formation has been intersected
in at least 9 of the deeper wells along the west boundary of the province. On
the basis of its location, one other well, Dome Naco Lazare 12-34-16-29W,
probably intersected the potash zone, but no conclusive evidence is avallable as
neither core nor & gamma ray log was taken.

Because of their easy solubility, potash minerals are rarely preserved in
chip samples. To obtain information on the potash deposit, special techniques
are employed. The potash deposit can be cored if diesel oil s substituted for
the regular drilling fluid. A gamma ray log of the well will indicate the pre-
sence of potash beds. Because of a relatively high content of the radioactive
lsotope K40, a potash bed causes a large deflection in the gamma ray curve;
the degree of deflection is proportional to the amount of potassium within the
bed (Fig. 1).
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TABLE 1I: RESULTS OF DRILLING
Depth to top of Thick-
Prairie Evaporite | ness of
Well Name Saltback | Potash Zone(s) Grade: & K20 Remarks
Subsur- Subsea
face
S.A.M. Binscarth [2559.5 * |-1207.5* o* 2559,5-25667* 36,3% over 3.5 Core lost at base of potash zone;
7-15-19-29W feet of recovered |thickness unknown (6.5 feet?),
core
S.A.M. Binscarth | 2835 -1257 67 2922-2931 24.7% Also 3 feet of 12% K20 at
13-6-19-29W 2917-2920.
Imperial Madeline 2918 -1321 75 2993-2999 =+ unknown Core is from 60 feet above the
16-18-18-29W potash zone.
S.A.M. Lazare 2956 -1375 85 2998 .5-3000.8 33.3% Main potash zone is 3040.8-3049.0;
6-29-17-29W 3026.0-3029,5 29.0% grades 26.1% Ko0 as sylvite;
3040.8-3049.0 27.4% richest section grades 29.4% over
5.2 feet.
Homestead Birdtail {3102 -1567 0 3102-3110 ** strong gamma ray | Probably within subcrop belt of the
10-8-15-27W deflection potash zone.
Calstan Elkhorn 4080 -2297 36 4116-4122 ¢ strong deflection Potash zone not cored.
7-%-11-24W 41494154 ** moderate deflection
Calstan Daly 3760 -2140 30 3790-3797 ** strong deflection First well to intersect the potash
15-18-10-27W 3824-3827 ** moderate deflection| zone in Manitoba.
Calstan Ewart 4140 -2529 15 4155-4164 ** strong deflection Analysis of core showed 14.6% KCl!
Prov.4-14-8-28W 4195-4208 ** weak deflection at 4245 feet, below the indicated
potash beds, but no gamma ray
deflection.
Calstan Linklater |4340 -2722 22 4362-4370 ** strong deflection Gamma ray log indicates lower-

2-21-7-28W

grade zone about 4400-4408

* All depths and thicknesses in feet

*+ Depths estimated from gamma ray logs




Exploration Results

The results obtained from the 9 wells intersecting the potash zone are
listed in Table [I. The data from these 9 wells Indicate a potash bed or beds
ranging in thickness from 6 to 9 feet beneath a crescent-shaped area extending
from township 21 to township 4 along the western boundary of Manitoba (Fig.1).
In the northern part of this area the main potash bed ranges in depth from 2,560
to 3,100 feet and, in the southern part, from 3,300 to 4, 360 feet. The grade of
the potash In the southern part is unknown, but the gamma ray logs of the 4 wells
there all show strong deflections across the potash zone. Two layers of potash
minerals are indicated in this southern area, the lower layer being thinner and of
lower potash content; the upper higher-grade layer is possibly an extension of
the middle potash zone of Saskatchewan, as suggested by a study of the isopach
maps by Goudie (1957) of the 3 Saskatchewan potash zones.

The main potash deposit in the northern part of the area, primarily because
of its shallower depth, is of greater economic interest. The grade of the ore
there 18 25 per cent K20 or better, with thinner sections within the potash bed
grading between 30 and 40 per cent K20. The thickness of the salt back vartes
between 67 and 85 feet, except along the subcrop belt of the potash bed where
the salt back has been eroded. The depth to the main potash zone depends of
course on the elevation of the surface and would be shallowest in wells drilled
in river valleys. Both the Assiniboine and Qu'Appelle rivers flow through the
area and the{r valley floors are 200 to 250 feet below the regionul elevation of
about 1, 600feetabove sea level.

Exploration in Saskatchewan has indicated that the highest-grade potash
deposits are situated in or near local sub-basins within the main Elk Point basin.
One of these sub-basins occurs northeast of Esterhazy (25 miles west of S.A. M.
Binscarth 13-6-19-29W), and drill results indicate that the Manitoba deposits
occur In a southeastward extension of this sub-basin (Fig. 4). Three maln potash
zones have been Intersected in most of the Saskatchewan deposits; the main
potash zone in the northern area of Manitoba correlates with the lowest of the 3
Saskatchewan zones, and a thin potash bed In the salt back may be a remnant of
the middle zone. The middle and upper zones are of commercial importance in
some places in Saskatchewan, but either are too thin to be economic or do not
occur in the northern area of potash occurrences in Manitoba.

Petrography of the Potash Zone

Several drill cores from the Prairie Evaporite formation are available for
study; some of these contain sections of the potash beds. The most complete
section i{s from the S.A.M. Lazare 6-29-17-29W well; a detailed description of
this core {s given in Appendix [ (page 27).

The salt Back

The S.A.M. Binscarth 13-6-19-29W well and the S.A.M. Lazare well inter-
sected respectively 67 and 85 feet of salt above the main potash zone. The third
8.A.M. well, S.A.M. Binscarth 7-15-19-29W, intersected the main potash zone
along its subcrop belt, where the potash zone is in contact with the overlying
Devonian second rec bed, with no intervening salt.

The salt back consists primarily of coarse transparent crystals of halite
with interstitial red carnallite masses and green or brown clay particles. The
halite cryatals form over 90 per cent of the section. A few sylvite crystals occur
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at intervals and the halite associated with them {s translucent, pale bluish white.
The carnallite ranges from small patches to irregular masses more than an inch
across. Some sections are enriched in carnallite, whereas others consist of
almost pure, clear halite. The clay occurs interstitially and also as small in-
clusions within the halite crystals. Some clay bands are present.

Both the S.A.M. Binscarth 13-6-19-29W well and the S.A. M. Lazare well
Intersected a few thin putash beds within the salt back. The thickest of these
beds was intersected 44 feet below the top of the salt in the S.A.M. Blnscarth
well. The bed consists of clear honey-coloured halite with crystals of milky
sylvite up to 1,2 inch across; some Inclusions of grey clay are present in the
halite. This section was not assayed; its thickness, as estimated from the
gamma ray log, is about 3.5 feet. What is believed to be an extension of this
bed was intersected in the S.A.M. Lazare well 42.5 feet below the top of the
salt. The bed consists of milky halite crystals and clear to slightly brownish
cubes of sylvite; orange to translucent red carnallite is abundant. The section
contains some scattered green clay particles. [t assayed 27.7 per cent K20 for
a thickness of 2.3 feet. This thin potash bed may be a remnant of the middle
potash zone of Seskatchewan as it correlates with this zone in other holes In the
Esterhazy sub-basin.* Other thin potash-rich beds occur in the salt back of the
S.A.M. Lazare well (see Appendix 1),

The Main Potash Zone

The main potash zone was intersected in each of the 3 S.A. M. wells. In
all these wells, the zone consists of a mechanical mixture of sylvite and halite
crystals with small amounts of carnallite and clay. In detail, however, signifi-
cant differences exist in the thickness, grade, and mineral content of the potash
zone [n the {ndividual wells. The probable cause of these differences is the
position of the wells with respect to the extenslon of the Esterhazy sub-basin.
For example, S.A.M. Binscarth 7-15-19-29W well {8 near the edge of the basin,
whereas the S.A. M. Lazare well {s thought to be close to the axis of the sub-
basin. The 3 sections are described in detail below.

In the S.A.M. Binscarth 7-15-19-29W well, the potash zone was inter-
sected directly beneath the second red bed. The gamma ray log Indicates that
the malin potash zone is about 6. feetthick in this well. However, potash core
was recovered only from the top 3.5 feet of this zone. Only 4 feet of core were
recovered from the 19-foot interval immediately below; this lower core consists
predominantly of halite and thus {s not from the maln potash zone. The 3.5 feet
of core recovered from the potash zone consists of a mixture of sylvite and
halite crystals; It {s very clean with only minor carnallite and very little clay.
This section assayed 36.3 per cent K20 as sylvite for the 3.5 feet; the upper
2.5 feet of this section assayed close to 40 per cent K20 as sylvite, the highest
assay reported from the Manitoba portion of the potash deposits.

The main potash zone in the S.A. M, Binscarth 13-6-19-29W well has a
thickness of 9.2 feet, and an average grade of 24.7 per cent K20, of which 23.2
per cent i{s present as sylvite and 1.47 per cent as carnallite. The potash is
concentrated in the upper + feet, which assayed 30.9 per cent total K20. The
upper part consists of a matrix of translucent sylvite with large milky halite
crystals; carnallite occurs at the crystal Interfaces, but the clay content is
very low. The 2.5 feet of core immediately below the high-grade part assayed
15.38 per cent total K20; this section contains more carnallite, some clay, and

* R.V. Tomkins, personal communication.
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less sylvite than the upper part. The lowest 2.7 feet of the zone consists of a
mixture of large sylvite and milky halite crystals, but the proportion of sylvite
to halite is less than in the upper part of the zone. This lowest section assayed
23.25 per cent total K20.

The 5. A. M. Lazare well is situated nearer the axis of the Esterhazy sub-
basin, and in this well the main potash zone assayed 26.12 per cent K20 as sylvite
for a thickness of 8.2 feet. The amount of K20 present as carnallite is only 1.28
per cent, giving a total K20 content of 27.40 per cent. The bed consists mainly
of sylvinite in which the sylvite and halite crystals are mixed in approximately
equal proportions. The halite occurs as coarse milky blue to white crystals;
the sylvite is greasy, transparent to translucent, and usually forms a matrix in
which the halite crystals are embedded. Red carnallite is present as scattered
large masses and stringers, but occurs mainly in the upper half of the bed. The
clay content is very low. A detailed description of the core from this well is
given in Appendix I,

The Manitoba deposits differ from those of Saskatchewan, other than the
deposits of the Esterhazy sub-basin, in their coarse texture and in the low con-
tent of clay. As discussed previously (page s ) these features are possibly the
result of solution and redepusition of the potash deposits of the Esterhazy sub-
basin.

Extent of the Deposits

The deposits in the northern part of the Manitoba potash area occur in a
southeastward extension of the Esterhazy sub-basin, and the 3 S.A.M. wells
indicate that the deposits underlie an area of about 33 square miles (Fig. 4). In
October 1959, further drilling by Tombill Mines Limited in the vicinity of the
S.A.M. Lazare well was nearing completion. Information from the new wells
is not yet available.

The potash deposits in the southern part of the area cannot be correlated
definitely with those of the Esterhazy sub-basin, but may be a southeastward
extension of the middle potash zoune of Saskatchewan. However, more informa-
tion from the area between the two occurrences {s required before a definite
correlation can be made.




PART II: ROCK SALT AND BRINES IN MANITOBA

INTRODUCTION

Common salt is produced either by evaporation of concentrated brines or
from beds of rock salt. To date in Manitoba salt has been produced only by
evaporation of brine.

Several flowing brine springs occur along the west shore of Lake
Winnipegosis. The largest springs are near Dawson Bay and flow out of the
Middle Devonian Winnipegosis formation. The total maximum content of dis-
solved solids in these brines varies between 50, 000 and 60,000 parts per
million parts of solution (ppm), toc low for present day commercial production
of salt. However, for many years prior to the completion of the railway from
eastern Canada In 1851, up to 1,000 bushels of salt per year were produced by
evaporation of these brines. A history of the early salt operations and a descrip-
tion of the brine springs are given by Cole (1915) and Cameron (1948).

At present, salt is produced only by the Canadian Salt Company Limited
at Neepawa. Salt is precipitated by the vacuum pan evaporation process using
subsurface brines recovered from 2 wells at the town of Neepawa. The brines
have been tapped at 2 horizons: the upper, ata depth of 1,160 feet, from &
porous zone in the Souris River formation, and the lower, at a depth of 1,453
feet, from the Winnipegosis dolomite. The source formations have been deter-
mined by a comparison of the sample log of the Neepawa #2 well (9-33-14-15W)
with the logs of neighbouring wells, as shown in flgure 5. These brines have &
total dissolved sotid content of 170,000 to 180,000 ppm, of which NaCl forms
more than 85 per cent. The concentration has remained essentially constant
from the time of first production in 1932 to the present. Production now {s about
23, 000 tons of salt per year. The combined chlorides of calcium, magnesium,
and potassium, in dry form, are recovered as a by-product (see also Cameron,
1948).

The only formation In Manitoba known to contain beds of rock salt is the
Middle Devonian Prairie Evaporite. The thickness and extent of this formation,
as estimated from limited well data, are shown in figure 1, which {s a revision
of the Manitoba Mines Branch stratigraphic map No. 8 by Fleming (1956). Over
500 feet of evaporites composed mainly of halite occur beneath the south part of
the Manitoba-Saskatchewan boundary, but the halite thins rapidly to the east and
none has been intersected east of Ouk Lake (township 8, range 24W), The
occurrence of potash minerals in the upper part of the halite has been discussed
in Part I of this report. [f the potash deposits are mined, it is possible that
some rock salt will be produced as a by-product. In some parts of the world
where subsurface beds of rock salt occur, artifictal brines are made by intro-
ducing water into the salt beds and recovering the resulting brine. This process
has not been tried {n Manitoba.

ROCK SALT AND BRINES

USES
salt is used in 3 forms: as a brine, as evaporated salt, and as rock salt.
The proportion of each used was:
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Canada (1958) United States (1952)

Brines 47% 58%
Evaporated salt 20% 19%
Rock salt 33% 23%

In the United States 70 per cent of the salt production Is consumed in the
manufacture of chemicals -- compounds (e.g. soda ash, sodium hydroxide,
hydrochloric acid) and elemental sodium and chlorine. Salt is used also in
metallurgy, ceramics, refrigerating agents, agriculture, medicine, food pre-
paration, and in the home. Less than 3 per cent i3 used in purified form as
table salt.

In Canada, (n addition to most of the above uses, 3 to 4 per cent of the salt
production {s used by the pulp and paper Industry, and much of the rock salt {s
crushed and used for ice and dust control on highways.

In addition to sodium chloride, natural brines may be a source of bromine,
iodine, or the chlorides of calcium, magnesium, and potassium.

PRODUCTION AND VALUE

The value of the 2,375, 192 tons of salt produced {n Canada in 1958 was
$14,989, 542, or an average value of $6.31 per ton. Of this, eastern Canada
produced 2,252, 355 tons (with an average value of $5.43 per ton) and western
Canada 122, 837 tons (average value $22.46 per ton). The 20,560 tons of salt
produced in Manitoba in 1958 were valued at $617, 150, or $30.01 per ton, in the
processed form (preliminary estimate).

BRINES IN MANITOBA
ORIGIN AND SOURCE OF THE BRINES

Brines have been intersected in most of the subsurface formations in
Manitoba. Their extensive distribution suggests that they are connate sea
waters trapped within the formations at the times of deposition. The brines are
most easily recovered from porous and permeable zones, culled aquifers, which
are composed usually either of sandstone or of porous limestone.

If normal sea water were trapped In a formation, the concentration of the
brine would be 35,000 ppm. Several theories have been proposed to explain the
highly concentrated brines found trapped in some formatlons. Subsurface waters
may pass through and dissolve part of a formation of rock salt. The original
sea water may have been a brine concentrated within a basin of evaporation.
Subsurface evaporation of trapped brines may occur (Washburne and Lahee, 1934),
especlally with deeply buried brines at increased temperatures. Each of these
3 processes could produce concentrated brines.

There is abundant stratigraphic evidence that the solution of subsurface
rock salt has occurred in several parts of the Williston Basin. The Prairle
Evaporite ls the only formation with a significant thickness of hallte in the
Manitoba part of the basin, but many other beds of halite are present in the
deeper parts of the basin to the south and west of Manitoba. These include: the
Davidson evaporite, a member of the Upper Devonian Souris River formatlon;
several beds of rock salt called the Charles evaporites, of Mississippian age;
and, near the centre of the basin, evaporite beds of Permian and Triasalc (?)
age. It may he significant that the brines of both producing horizons at Neepawa
are related to basinward salt deposits -- the upper horizon to the Davidson
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evaporite, and the lower horizon to the Prairie Evaporite -- although no rock
salt is present in the Neepawa area. One mechanism suggested (Milner, 1956)
for the production and circulation of concentrated brines within the Middle
Devonian formations is that meteoric water has entered the formation at a
relatively high elevation on the southwest or west side of the basin, circulated
downward through a porous zone to the centre of the basin, dissolved part of the
halite, and, because of the hydrostatic pressure, moved upward to the surface
on the east side of the basin. Evidence that this process has occurred includes
large areas of salt solution in central Saskatchewan and the estimated deposition
(Cole, 1938) of over 50,000 tons of sait per year from 84 salt springs in Manitoba
alone. The process is probably operating at the present time.

The concentrated brine formed by the solution of rock salt could be con-
fined by impermeable barriers such as clay beds or tight limestone to a single
zone; migration between formations would be difficult.

Enriched brines with no apparent connection with rock salt formations are
probably connate waters concentrated either before or after the deposition of the
enclosing rock.

Correlation of the concentrations determined from drill stem tests show
that the concentration within a formation increases downward from its outcrop
belt to the deeper parts of the basin. Dilution by meteoric water is the probable
cause of the low concentrations near the surface. Also, the maximum concen-
trations of brines within a sequence of formations increases, in general, with
the geological age of the formation. Washburne and Lahee (1934) have suggested
that this feature may be caused by progressive subsurface evaporation of water. .

DRILL STEM TESTS

Samples of some of the subsurface brines which have been intersected in R
oil well drilling have been recovered by drill stem tests. Careful sampling
techniques are required to prevent dilution or contamination of the samples.
Usually records are made of the pressure in the interval tested and of the
amount and nature of the water recovered.
Most of the analyses of brines recovered from drill stem tests in Manitoba
were made In the Analytical Laboratory of the Manitoba Mines Branch; some
were supplied by oil companies. The {ons whose concentrations were deter-
mined directly are Ca2+ Mg+, S04, HCO3", and CO32~. The amount of
Na/ was calculated from the concentration of the other fons, but this method
made no specific allowance for K+ which was included as its sodium equivalent
in the concentration reported for Na+. The results are reported as {onic con-
centrations which give the ppm of each ion in the sample (Graham, 1945).
Iodine and bromine are determined for some brines but the concentration of
these ions has not been measured for the Manitoba drill stem tests.
The results of the drill stem tests from Manitoba wells are on file at the
Petroleum Engineering Division, Mines Branch, Department of Mines and
Natural Resources in Winnipeg. Several hundred analyses of formation brines
are now available. Tables in appendices II and III list the data for drill stem .
tests which showed over 200,000 ppm of dissolved salts. Included in the tables
are the lonic concentrations, specific gravity, pH value, resistivity, source of
formation, and productivity, where these data are available. .
In figures 6, 7, and 8 the drill stem test results have been plotted
separately according to their source formation. Only those formations bave
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been included for which sufficient data are available to indicate a pattern of con-
centration of the brines. On the maps, only those analyses which showed over
125,000 ppm have been plotted. As the richest brines are probably limited to a
well-defined horizon within a formation, brines from other horizons within the
same formation may differ greatly in their dissclved salt content. The maps
show only the general trend of the increase in the maximum or near maximum
salt content of the must concentrated brine within each formation.

The relative proportions of some of the fons in the subsurface waters
differ notably from those of normal sea water. These differences are most
marked in the concentrations of Ca= *, Mg= *+, $042-, and CO32- {ons. Many
theories have been proposed to account for these differences (Washburne and
Lahee, 1934); some workers have suggested there may be a relation between
the Ca=* and Mg=+ lon concentrations and the degree of dolomitization of the
enclosing sediment. This process may govern also the concentrations of the
CO3“- and the 304" fons.

CONCLI'SIONS

The brine distribution maps show that for each formation mapped the con-
tent of dissolved solids in the formation brines increases basinward, and that in
general the concentrations of the brines within the older formations are greater.
The probable causes of these features have been discussed on page Y. However,
it should be pointed out that the fisures used are the maximum obtained for each
formation and probably represent one or two concentrated brine horizons within
the formation. Numerous other analyses of brine samples from the same
formation show low concentrations, in some cases lower than that of normal sea
water. Thus if commercial production is contemplated, it would be necessary to
tap one of the concentrated brine horfzons.

The commercial possibilities of the brines and rock salt deposits are con-
trolled by many arfable fuctors. For brines, these include market demand
and price; the nature and amount of recoverable salts, Including bromine and
fodine; as well as the concentration, depth, and productivity of the brine. Rock
salt could be extracted either in its natural form as a by -product of potash mining,
or as a brine by solution {n water followed Ly pumping of the artificial brine to
the surtface.

The market for Man{toba production can be considered to cover the castern
part of the Pralries, as well as Northwestern Ontario. The production of salt in
Manitoba has risen from 16,000 tons in 1950, with an average vidue of 822,75
per ton (processed), to an estimated 20, 060 tons in 195 with an average value of
$30.01 per ton (processed), Current production ts estimated at 23, 000 tons per
vear. Consumption should increase as the prairie region becomes more indus-
trialized. The chemical Industry could be an important consumer ot salt brines,
and, although the use of rock salt for dust and ice control on highways has re-
celved some criticism, It mav create an additional market for this material.




Depth
(K.B. 15820

Second Red Bed
2952-2956

Prairie Evaporite
Formation

2956-2963
2963-2970.8

2970.8-2971.6

2971,6-2975.2

2975.2-2975.4

2975.6-2987.8

2987 .8-2994.0

2994.0-2995.0
2995.0-2997.0
2997.0-2997.9

2997.9-2998.5
2998, 5-3000. 8

3000.4-3026.0

3026.0-3029.5

3029.5-3040.8

3040.8-3049 .0

3049.0-3059.7

APPENDIN 1
CORE DESCRIPTION OF S, A, M. LAZARE 6-29-17-29W

tock Description

Thickness

In Feet

Devonian

Brick red shale; stringers and lenses of brown shale; clusters of halite crystals
at 2955.0 and throughaut the shale; at 2936 halite mixed with shale fragments.

Lost core, probably halite.

Halite, coarse grained, transparent; red carnallite around crystal boundaries;
carnallite enriched tn narrow bands; scattered clay inclustons.

Halite, translucent coarse crystals, stightly purplish, in a matrix of translucent
greasy sylvite (about 10 percent); scattered green clay Inclusions.

Hallte, coarse, clear to transiucent; carnallite [n clear (nterstitial masses and
small red grains.

Banded core: upper 0.2 feet, clear halite; aext 0.1 foot, halite with layer of red
carnallite at base; bottom 0.1 foot, greentsh brown and red shale stringer.

Halite, mainly clear; course, red carnallite in masses up to 1 inch seross;
numerous brown clay inclustons and stringers with carnaltite-tilled cracks;
2041.9-29583.2: translucent halite with lurge red carnallite masses; five b= to
2-inch bands enriched In red carnallite between 295845 and 2947, 2,

Carnallite, resinous salmon and clear, {n lurge masses, ag 8 mastrix, with
embedded clear w transtucent halite; some clay; 2991,5-2994: carnallite 20 to
J0 per cent,

Lost core, assumeoed same as above.
Hallte, clear to translucent; interstitial red carnallite.

Halite, milky; sylvite, clear; bothascoarse crystals in redto orange translucent
carnallite.

Halite, milky and clear; restnous carnallite masses; abundant greeaish cluy.

Sylvite, clear to slightly brownish cubes; milky halite crystals; abundant
orange to translucent red carnallite; scattered green clay partlcles.

Hnllw, lnrge clenr and tracslucent crystals; orange, salmon, and purplish-red

carnallite tn varylng amounts; green and brown clay.,

Sylvite, mainly translucent and milky, siso clear; halite, milky or blue crystuls,

also transparent; central part predominantly sylvite: lower foot mainly hallte;
red carnallite; large grey-green clay putches; hallte and sytvite very course
grained: 1-to 2-inch crystals.

tinllte, clenr, transparent, and faintly biatsh; sylvite, translucent, greasy, in
smaller erystals (nhout 3, < tnehes across) forming about 12 per cent of sectiong
enriched J047.0-3009.0; abundant restnous red to shiny black carnallite; green
clay abundant {n upper half of section,

Main potash bod: sylvite, greasy, translucent to transparent, mainly ay a
matrin; hatite, milky-bluish to white, [n conrse cubes; sylvite and halite oceur
well mixed (n about equal proportions us sylvinite; red carnallite tn course
masses and stringers, mainly J041,0-3044.5; very low clay content especlally
040 . 8-3045, 0,

Halite, alightly translucent blulsh to clear trunsparent; scattered small aylvite
crystals; red to salmon curnallits, (nterstitinl; minor clay.
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Well Name

Royalite Turtle Mtn.

Imperial Calstan Hernefjeld
Anglo Ex Dando

Calstan Waskada

Imperial Copely

Calstan Pierson Prov,

Landa ct al Wicks

Calstan Pierson Prov.

Western Orthez

Imperial Calstan Eunola

Landa Warnez

Landa Warnez

Amerada Lauder Prov, M-F
Philtips East Tiston

Calstan Linklater

Calstan Linklater

Dome Brandon

Calstan Woodnorth Prov,
Calstan 8outh Virden SWD
Calstan South Virden SWD

B. A. Union Grose Virden SWD
B. A. Unton Grose Virden SWD
B. A. Unlon Gruse Virden SWD
Calstan Daly

Cdn-Sup Daly SWD #1

Cdn-Sup Daly SWD ¢}

Calstan Daly WIwW

Location

4-36-1-21
1-30-1-25
3-32-1-25
9-13-1-26
11-18-1-29
2-29-2-29
1-8-3-29
4-11-3-29
13-36-4-19
4-26-4-29
5-13-5-22
§-13-5-22
9-35-5-25
5-12-5-29
2-21-7-28
2-21-7-28
3-5-9-19
5-19-9-27
3-11-10-26
3-11-10-26
7-27-10-26
7-27-10-26
7-27-10-26
15-18-10-27
NW 4-10-28
NW 4-10-28
8-14-10-28

Zone

Nisku

Duperow

Nisku

Nisku

Missilon Canyon
Nisku

Mission Canyon
Miasion Canyon
Dawson Bay
Nisku

Dawson Bay
Dawson Bay
Winnipeg

Nisku

Dupe ruw
Duprerow
Dawson Bay
Sourts River
Duperow
Sourts River
Dupxerow
Duperow
Souris River
Winnisg
Duperow
Souris River
Nisku

APPENDIX II:

Interval

3673-3685
4155-4185
3907-3944
3949-3965
3647-3673
4360-4375
3483-3495
3305-3310
3103-3123
4015-4060
3585-3639
3585-3639
5285-5380
3500-3901
3589-3605
3771-3787
2519-2537
3628-3646
2750-2776
3250-3262
2630-2665
2765-2500
3235-3270
5£334-536n
3235-328)
3724-3760
2716-2744

K.B.

2286
1551
1554
1534
1574
1578
1568

1628
1615
1635
1635
1425
1582
1618
1614
1374
1598
1441
1441
1450
1450
1450
1614
168}
1681
1636

Analyses of Drill Stum Tests

Resis-
tivity pH  Sp.Gr,
2)

1.131
0.06 6.4 1.15

0,0505 6.9 1,152

0.08 6.0 1.173
(Top
{Bottom)
0.057 6.6 1.146
5.0 1.157
7.1 1.178
7.0 1174
0.06 5.0 1.137
6.5 1.180
0.058 6.8 1.164
0.054 4.5 1.160
0.057 5.0 1.134
0.052 4.5 1,161
0,052 4.5 1,16}

0.060 7.0 1,164
0,057 6,5 1.167
0.052 5,0 1.147

Ca

2,360
8,772
9,860

10,734
4,557

14,273
3,943
3,796
2,905

13,252
4,725
3,909
5,656

11,273

10,505
7,975
3,022
5,488
6,357
4,087
3,291
5,791
3,659
6,048
6,384
7,296
5,284

Mg

860
1,652

1,432

1,078

1,085

1,065

Na+ K
(a8 Na)

74,960
73,884
73,676
61,342
72,699
73,354
72,415
71,826
77,095
75,839
74,470
78,103
76,405
78,077

72,380
84,954
84,476
94,600
49,893
94,249
77,317

Culor-
ridus

120,200
132,250
134,059
144,640
122,897
155,496
120,713
119,500

129,750
144,750
164,764
165,816
121,750
173,536
145,250
139,250
118,500
146,000
146,000
162,000
154,908
160,866
132,500

1,188
3,918
1,751
1,841
4,114
3,707
1,658
2,798

10,050
1,860
1,803
2,160

HCO3 Concen-

@)

170
418

315
116
9]
60
0
110
85
60
75
140
49

66
61
10
90
90
83

Total

tration No.
{Calculated)
201,270 1
219,222 2
220,700 3
244,756 4
204,121 H
251,316 6
201,982 7
199,411 8
208,677 9
234,125 10
208,422 11
213,903 12
214,513 13
237,158 14
277,563 15
272,242 18
205,228 17
286,749 18

239,087 19
231,644 20
199,255 21
240,730 22
243,199 23
274,076 24
255,287 25
265,638 26
218,198 27
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18

17
18

29
30
31
32
33
34-36

45
46
47
LL]
49
50

.

** The complete well name

Abbreviations:

APPENDIX I

DRILL STEM TEST RECOVERY

DST: drill stem test

OP: opened
SI: shut In

REC: recovery
GIP: good initial puff
SIP: shut in pressure

Well s

Royalite Turtle Mtn
Imperial Calstan
tlernefield
Anglo Ex Dando
Calstan Waskada
Imperial Copely
Calstan Plerson Prov
Landa et al Wicks
Calstan Plerson Prov
Western Orthez
Imperial Calatan Eunola
Landa Warnez
Amerada Lauder Prov
Phillips East Tilston
Calstan Linklater

Calstan Linklater

Dome Brandon
Calstan Woodnorth Prov

Calstan South Virden SWD
Calstan South Virden SWD
B.A. Unlon Grose Virden SWD
B. A. Unlon Grose Virden SWD
B. A. Union Grose Virden SWD
Calstan Daly

Cdn Sup Daly SWD #1

Cdn Sup Daly SWD #1
Calstan Daly WIW

Dome Harding
Dome Harding
Imperial Blosaom
Imperial Blossom
Imperial Blossom
Homestead Btrdtail
Homestead Birdtuil
Dome Strathclair
Dome Strathclalr
Cdn Sup Strath

Cdn Sup strath
[mpertal Birtle
{mpertal Birtle
Impertal Birtle
Anglo Am Hlrdtail

Imperial Mudeline
[mperial Madeline
Imperial Madeline
Impertal Foxwareen
Impertal Foxwarren
[mperial Foxwarren

DST

3673-36585
4155-4185

3907 -394+
3949-3965
3647-3673
4360-4375
3483-3495
3305-3310
3103-3123
4015-4060
3585-3639
5285-5380
3800-3901
3589-1605

3T71-3787

2519-253
3628-3646

2750-2776
3250-3 '8’
2765-2800
.!bJO-.'GbS
3235-3270
5334-5368
J245-3281

J724-4760
2T16-2744

24244-.2499
J44n-3460
2005-2945
I6T5h-4700
44704511
J256-10080
J2T1-dd01
LIND - 1420
3807 2
2512
2T04-

‘.!’.'4!»-.‘7'.' 3
JT04-4760
A129-4 104
2807 =200

S49N-2517
RE T EN W
42844310
A230-32905
(GRS EXTINY
4057 =407

Numbers correspond to those used in Appendix I,

» which includes the tocatton,

-2

HP: hydrostatic pressure

FP: flowing pressure

SIBHP: shut in bottom hole pressure
FBHP: flowing bottom hole pressure
sw: salt water

sul: sulphurous

Recovery

OP 130 min. REC 360' sw. SIP 1125, FP 175.

QP 1 hr. SI 1 hr. REC 270' muddy sw. SIBHP 1890.
FBHP 25-75. HP 2350.

OP 45 min. Good strong blow throughout. REC 1815' sw.
OP 1 hr. REC 3300' sw; some slightly sul.

OP 30 min. SI 30 min. REC 3330' sw.

OP 1 hr. REC 630" muddy sw.

QP 30 min. REC 10’ sw.

OP 1 hr. REC 150" ofl and gas cut mud; 210' sul sw,
OP 45 min. SI 30 min. REC 480" sw.

OP 67 min. REC 1590' sw.

OP 1 hr. REC 3100" sw.

OP 30 min. SI 30 min. REC 4200' muddy sw.

QP L hr. 81 75 min. REC 2690' muddy sw.

OP 30 min. Fairly strong air blow; decreased slightly
toward end of test. REC [500' sul sw.

OP 30 min. Fairly strong alr blow throughout test.
REC 570" sw.

OP 1 hr. St 15 min. REC 1800' sw.

QP 30 min. Good atr blow decreased toward end of
test. REC 30' mud and 1800° sw.

OP t hr. SI 30 min. REC 1800' 8w,

OP 45 min. SI 15 min. REC 1380' sw.

OP 45 min. REC 380" very muddy sw.

OP 50 min. REC 350' muddy sw.

OP 45 min. REC 300" sw.

OP 1 hr. REC 480" sw.

OP 1 hr. GIP. Medium blow decreasedtoendoftest. No
gas. REC 1560' muddy sw. HP 1950. FP 150-900.

SIP 1300,

OP 1 hr. Strong blow decreased. No gns. REC 2450 aw,
HP 2150, FP 400-1225. SIP 1550,

OP 1 hr, S1 30 min. HEC 2200' sw. HP 1575. FP 1050,
SIP 1135,

OP 1 hr, SI 15 min. REC 690" gw.

OP 1 hr. ST 15 min. REC THO' sw,

OP 30 min. REC 350" muddy sw.

OP 20 min, REC 1230" 3w,

OP 20 min, REC 160" gw,

OP 45 min. SI 15 min. REC 570" 8w,

OF 20 min. Strong blow. REC 760° sw. HP 050, FP 650,
OP 1 hr, REC 240 watery mud,

OP 6l min. ST LS min, REC 2650" sw,

OP 30 min, SI 30 min. REC 600" muddy sw.

OF 30 min. ST 30 min. REC 116" muddy sw.

OP 1 hr, REC 109 mud, J90' gnasy sw,

OF Lhe. HEC 40" mud, 9%0° gassy sw,

OP 3 min. REC 43" mud, 31507 sw, [nttial strong alr blow,

OP 1 hre. Strong intttat puff, strong air blow for 20 min.
gradually dying to faint at end of test, REC IR60' sw,
HE 1400, FP 75,

OF L hro REC 689 mud, 750" dend sw.

OF S min, REC T3000 5w, 150" gassy mud.
OF L he, REC S0 assy sw, L’ mud,
OP 1L he. #EC 2070 5w, 2 mad.

OP 1 he. REC 773 sw, o' mad.

OFP 45 min. Very strong blow; dead tn 30 min.
REC 3200" sw., 19 mud.

I8 listed in Appendix I,
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