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Salt Deposits of Canada

ABSTRACT

The major salt deposits of Canada are located in Nova Scotia, New Brunswick, Ontario,
Manitoba, Saskatchewen, and Alberia. Salt is also krnown te occuy in Newoundland, Prince Ed-
ward Island, British Columbia, and the Novthwest Tervitories. Al the present time sall is pro-
duced from three rock sali mines, one located at Pugwash, Nova Scotia, and two in Oniario at
Ojibway and Goderich, and from ten brining operations, with three of these located in the Praivie
vamces, one in Nova Scotia, and the remainder in Oniario,

Salt springs and seepages were the first indications of the widespread occurvences of salt

,.-""'deposzts in Canada, Bt the early history of the countyy the brine springs were a sowrce of salt
' for Iudians, explovers, traders, trappers, and settlers. Later, wells which were dvilled either

Z for water or in 0il explomtwn perzetmted and Zocated bwue beawng strata and/or vock salt

) depasits

Tke mafor known rock salt deposils of Canada whick occur in three layge evapoyitic basins
belong to three different geological ages. The deposils of the Maritime Provinces and Newfound-
land oceur in a Cavboniferous basin, in the Windsor end Alberi formations of Mississippian age.
This basin is divided into thyee parts, the Central, the Monclon, and the Cumberland basins. The
known economic salt deposits ave found in the Cumbevland and Moncton basins. Due to complex
folding, the aggregate thicknesses of the deposiis in different areas ave extremely variable, rang-
ing from a few feet io as miuch as 1,500 feg!,

The salt deposits of Onlario are found in the Salina formation of Stlurian age. The Windsor-
Sarnia-Goderich deposits are located on the east flank of the Michigan basin, while the Chatham
deposil is believed fo lie in a westward extension of the Appalachion basin. The salt beds located
in the Michigan basin have a maximum aggregate thickness of as muck as 700 feet, and in the
Chatham basin salt thicknesses may exceed 200 feel.

B Western Canada the salt was deposited in a novihwesi-southeast trending basin, known as
the Elk Point Basin, whick extended from novthern and east-centval Albevta, southeast gcross
Saskatchewan, inlo southwestern Manitoba, northern Novth Dakota, and novtheastern Montana.
The deposits which are of Middle Devonian age, contain major amounts of potassiuwm salls in that
pavt of the basin located in Saskatchewan, Meniloba, North Dakota, and Montana., A maximum
aggregaie thickness of as much as 1, 000 feet of salt was deposited in the Alberta basin during the
Middle Devonian, while the equivalent Praivie Evaporite formation in Saskatchewan may have a
maximum thickness in excess of 700 feet. In the centval pavt of the basin in Saskaichewan theve
may be two additional salt beds, occurring in two formations above the Praivie Evaporite, which
have an aggregate maximum thickness of 200 to 250 feet,

Because of the limited data auailable Jov the Norihwest Tervitorvies, the areal extent of the
salt deposits in that vegion is not known. However, information obtained from exploratory
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drilling for oil in the Norman Wells and lower Mackenzie basin areas, has indicated the existence
of salt beds, having thicknesses From 100 to 250 feet. Sait also has been encountered novth of
Cveat Slave Lake. The age of these salf gccuyrences Yange from Cambyian to Ovdovician, and
some may be Devonian in age. In British Columbia neither the age noey the areal extent of the salt
deposit, which ;s believed to exist about 45 miles east of Prince Rupert, has been established.

INTRCDUCTION

The subject matter of this paper covers the geology of the major salt basins and deposits in
Canada {Figure 1). A brief description of the saline aprings associated with the salt deposits also
i given. for these were an important gource of salt foxr the Indians, explorers. traders, (rappers,
and settlers during the early history of the country.

The known €conomic salt deposits are jocated in three major gvaporitic basins. The depos—
it5 of the Maritimes occur in sub-basing located in a large Carboniferous basin. The Ontario
deposits, which are of Silurian age, are found on the eastern flank of the Michigan basin and in 2
northwestern extension of the Appalachian basin which possibly joined the Michigan basin., In
Western Canada the major deposits are located in the Eik Point hasin which was in existence during

Middle Devonian rime.

Wy o o

Er

oy vew rEEs
W ek A MaF AR
& natoAL el BEFEC
5 RIRTRLET gracturtd
[Fi) aynfTRLTLD BT TAE LIkl
Im THEN Tuipincr
L AT
omb AL
PRI il M "S-

FIGURE |
{ OCATION OF SALT DEPOSITS AND OCCURRENCES IN CANADA
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Salt deposite occur in the Northwesr Territories in the Norman Wells and lower Mackenzie
valley areas, but due to the paucity of exploratory drill heles the extent of these has not been es-
~+ablished. In some of the Arctic Islands there are plercement structures which may be underlain
ooy salt, but only drilling will prove or disprove this. In British Columbia a salt cccurrence of un-
known magnitude is located near Kwinitsa north of the Skeena River, about 45 miles east of Prince
Rupert.

ACKNOWLEDGEMENTS

The author gratefully acknowledges the courresy and co-operation of the foliowing who gen-
erousaly supplied data and information which were employed in the preparation of this paper:
Dr. Helen R, Belvea and Dr. R.T.D. Wickenden, Geological Survey of Canada; Mr. J. V. Buller,
Geclogist, Department of Mineral Resources, Saskaichewan; Mr. R.K. Collings, Head, Non-
Mersallic Mineral Section, Departmnear of Mineg and Technical Surveys; Dr. C.P. Gravenor, Chief,
Earth Sciences Branch, Research Council of Alberta; Dr. D F. Hewitt, Senior Geologist, Ontario
Department of Mines; Dr. Wilson M. Laird, State Geologiat, North Dakota Geological Survey;
Mr. D, M. Lane, Geologist, Department of Mineral Resources, Saskatchewan; Mr. . R.
McQuarrie, Mine Manager, The Canadian Rock Salt Company Limited, Pugwash, Nova Scotia;
Mr. Martin F. O'Day, Production and Development Manager, Western Operations, The Canadian
%alr Company Limited; Mr. ]. R. Pow, Chief Geologist, Alberta Oil and Gas Conservation Board;
Mr. W.A. Roliff, Exploration Manager, Eastern Exploration District, Imperial Oil L.imited;
Mr. . C. Smith, Chief Geologist, Mines Branch, Department of Lands and Mines, New Brunswick;
Dr. [.D. Wright, Directer, Geolegical Division, Department of Mines, Nova Scotia,

The author also wishes to acknowledge the information and data afforded by the work of the
geveral authors who are listed under REFERENCES., Thanks are also due to Dr. R. L. Cheesman,
Chief Geologist, Minesg Branch, Department of Mineral Resources, Saskatchewan, for critically
reading the manuscript,

SALT DEPOSITS OF THE MARITIME PROVINCES AND NEWFOUNDI.AND

That salr deposits underlay widespread areas of the Maritime Provinces was first indicated
by the numerous saline springs, The areas in which brine springs occur are shown in Figure 2.
In Neva Scotia brine springs are locared in five separate districts, as follows: {a) Cape Breton
District, (h) Antigonish District, (¢ Kemptown District, () Oxford District, and (e} Windsor Dis~-
trict. In New Brumswick the main areas of saline springs are located northeast of Sussex and at
Salina, Salt springs ate also known to occur in the vicinity of Tobique River in the Plaster Rock
basin located in the west part of New Brunswick, In Mewfoundland saline springs are ro be found
in the southwestern section of the island along the eastern shore of 5, Georges Bay.

In 1912 a well drilled for water in the Malagash peninsula of Nova Scotia encountered strong
brines. The discovery of the brine eventually led to exploratory drilling for roeck salt deposits in
the area in 1917. The earliest discovery of rock salt was in Nova Scoria at g location gbout
7 miles northeast of Malagash station where a shaft wag sunk in 1918, In New Brunswick in 1921
a thick bed of rock salt was discovered in a drill hole at Gautreau, approximately 8§ miles south-
southeast of Moncton. Since then a number of exploratory oil wells have encountered salt deposits
in different aveas, not only in New Brunswick and Nova Scotia, but also in Prince Edward Island.

GENERAL GEOLOGY

‘The salt deposits of the Maritime Provinces and Newfoundland occur in formations of Missis-
sippian age. The deposition of Carboniferous sediments occurred in a large basin, occupying an
arca approximately 300 by 300 miles, covering parts of Quebec, Newfoundland, New Brunswick,
Nova Scotia, and Prince Edward Island. The greater part of the Carboniferous bagin lies under the
Gulf of 8. Lawrence (Figure 3).
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FIGURE 2

LOCATION OF SALINE SPRINGS

IN THE ATLANTIC PRUOVINCES

STRATIGRAPHY

The sediments of the Carboniferous basin, which range from the Mississippian to the Penn-
sylvanian, include greac thicknesses of conglomerate, sandstone, siltstone, shale, and limestone,
Red beds are characteristic of both the Missisgippian and the Pennsylvanian in this basin,

%

In the

Mississippian, locally there are accumulations of gypsum, anhydrite, and salr, and in the Penn-
sylvanian formations are composed entirely of continental sediments, while those of the Migsis-
sippian period consigt of both continental and marine.

A generalized table of formations for the whole Carboniferous basin ig given in Figure 4.
Not al} of the formations listed in the table are to be found in all localities of the basin.

As far as ig known Permian formations do not occur in New Brunswick or Nova Scotia, bur

some of the surface beds on Prince Edward Island, which is nearer the centre of the Carboniferous

bagin, have been called Permian by some workers. Gussow (1933), however, believes some of

these to be late Penngvlvanian.

Salt deposits occur in the Windsor group and locally in the Albert formation of the Horton

Series in New Brunswick,
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FIGURE 3

DISTRIBUTION OF CARDONIFEROUS FORMATIONS IN THE ATLANTIC PROVINCES

The Albert Formarion

The Albert formation outcrops along the Kingston Uplift in the Sussex and Hillsborough
areag, and along the north side of the Caledonian highlands., The location of the Albert salt basin

also known a8 the Weldon-Gautreau basin, is shown in Figure 8.

The Albert formation consists of grey, rudacecus, lutitic sedimenes, and evaporites locally
(Hamilton, 1961). Salt occurs in the upper part of the formation. Aggregate thicknesses of salt

penetrated by bore~holes range from 235 to 1606 feet.

. The Windsor Group

The Windsor group is comprised predominantly of marine sedimens, congisting of red

shale, fossiliferous limestone, gypsum, and salt.
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{ TABLE OF FORMATIONS
| {After Gussow, 19233)
- : Maximum |-
. Period Group Formation Lithology Tmcgegs }
—
e Continental red gandstones and conglomer- | oot
Triassic ates. Basalts (Nova Scotia). E
—i Major Linconformity z d
;. |
! Permian | ? ?
! | .
| | 7 Prince Edward Island (Surface formations) :  5000'"
1 13
l Tormentine | Red sandstone, with siltstone, shale, and ! 5000t
| | conglomerate. i
§ I 1
s |
| Predominantly buff feldspathic sandstone,
| +
i Richibucto | green siltstone, some coal. Basal shale- 1000°
i : pebble conglomerate.
| (gggfift.} R Disconformity - - = -~ - -~ f--- - §
_i :
| = Feldspathic sandstone, shale, conglomerate, o |
"Z‘ Scoudouc | FF 10 red. 1500~
o8
"; --------------- Disconfermity - -~ - -~ =~ = l ------
13
= Red shale and siltstone, some sandstone and | ok
£ Saltsbury conglomerate. Thin coal seams. | 2500
Cumberiand  Hiatus? Congiomerace, sandstone, shale, coal, 2000+
5 | Unconformity
! §
i . . Grey quartzose gandstone and quartz-pebble s
_E Riversdale | Bose Point conglomerate, Fossil plants. 6200
; i / Enrage | Red sandstone, grit, shale, comglomerate, 1350"
? i“‘“""“‘ Hiatus
_i' | !
E i Major Unconformity T
| | | |
{ . | | Grey-~green and red sandstones and silt- '
? ECanso | Shepody ! stones. Fossil plants 2320
i | ; ;
l f E ' Red Shale and siltstone (Marine to continen- !
i i b Maringouin | tal). (Canso in Nova Scotia shale and lime- 26000t
i ] [ Stone.) '
: i
i j
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r ' TABLE OF FORMATIONS (Continued)

. b
— ; ' :
|
i

R , P : fon | . | Maximum
a Period | Group Formation | Lithology | Thickness
i B N ; : i
| : ?.\ Hiatus i Predominantly Marine '! ; |
Subzone E |
'; Subzone D - | _
Subzone C | Fossiliferous grey limestone and sandstone. 24’ l
Windsor Lower E
Subzone B | Fossiliferous limestone, gypsum, anhydrite, | 1000’ : i.‘
. rock salt, shale and conglomerate. Finely 175" 1 :
laminated calcareous anhydrite to anhydritic | i
argillaceous limestone, ! g
i ,:a: e et B Disgconformity = -~ - ~ - = - =y - - = = !
- !‘
:cé 2 I Hills~ | Red sandstone, and conglomerate, shale, 2900
] | “S’ borough | Basal ash bed.
& -
= ? § Unconformity =—
1 Weldon ; Red siltstone, shale, conglomerate. l so00' t
: Grey-green o dark grey shale with inter- E
bedded siltstone, sandatone, limestone, !
Horton conglomerate, Bituminous sandstones and : v+
Series Albert oil shales. Locally rock salt near top of t 3500
; gection. Foseil fish and plants.  Marine in
! part. 5L
Mem-~ . Red shale, sandstone, congldmerate. Fos- -
i 7000’ -
ramcook | sil plants.
Major Unconformity e S5
Devonian granites, and other intrusives
invading Devonian, Silurian, and Ordovician |
formations which comprise great thicknesses
Pre- of black slare and volcanics with interbedded
Carbon- ' quartzites and limestone. Frecambrian !
iferous granitic gneisses, graphitic and greenstone
schizrs.

Figure 4. Generalized table of formations.

203



Beil (1929) of the Geological Survey of Canada, divided the Windsor Group in the type area
into Lower Windsor, consisting of Subzones A and B, and Upper Windsor of Subzanes C, D, and E,
on rhe basis of fosail evidence. The salt deposits occur in Subzone B which is divided into four

memberg in the following sequence:
Member 4 -- red shale, sandstone, conglomerate
Member 3 -- massive gypswn {ashvdrite), sailr
Member 2 -- red shale, with or without gypsum stringers, limestone nodules

Member 1 -- limestone, generally dense, though in places crystalline, bedding varies from
thinly laminated to massive, grey, lecally brownish or pink, fossilferous

All four members of Subzone B are nat universally present in all localliies, and the thick
nesses ave variable,

STRUCTURE AND GEQLOGICAL HISTORY

The main structural features associated with the Carhoniferous basin are shown in Figure 3.
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Ar the beginning of Carboeniferous time local folds of older rocks constituted mountain ridges
between geparate basins of Carboniferous deposition. Pre-Carboniferous rocks which formed such
features as the Caledonia Mountains, the Cobequid Mountains, and other uplifis like them, were
the source rocks of the Carboniferous sediments. During Mississippian rime the sea Eransgressed
and occupied parts of the area.

' The major structural features of the Carboniferous basin are the Central basin, the Moncton
basin, and the Cumberland basin. The Central basin occupies a rriangular area bounded on the
northwest by a mass. of older rocks which extends from Bathurst to McAdam and on the south by
the Kingston Uplift which brings Missmmpplan and older formarions to the surface. The Moncton
basin lies between the Kingston Uplift to the north and the Caledonia Mountains to the south, and
the Cumberland basin is bounded on the north by the Caledonia Mountains and on the south by the
Cobequid Mountains.

Movements during the deposaition of t‘ne Carbomferous caused local foldmg and fau]tmg, ‘80
that the basing, particularly the Moncton and Cumberland basing, are composed of a series of
anticlinal and synclmal folds Fa’ulting has c}ccurred bc:-th parallel to and at right angies to the
tolds. : .

The ngston Uphft is a horst block which forms a prominent topographic feature north of
Moncton. ‘The Mississippian and older rocks, which are exposed, are congiderably distorted by
subsidiary folds and faults.

According ro Gugsow (1953) the dominant structural pattern in the Missiggippian formations
is controlled by four master thrust fault systems: (1) the Belleisle faulr; (2) The Peekaboo-
Petitcodiac-Berry Mills fault; (3) the Clover Hill, Peck Creek-Dorchester fault system along the
north flank of the Caledonia Mountains; and (4) the Harvey-Hopewell fault, southeast of the Cale-
donia massif (Figure 3), On the northwest gide of the Caledonia Mountain buttresas the overthrust-
ing is from the northwest and on the southeast slde from the southeast relatwe to the down thrusr
biocks. :

'SALT DEPOSITS OF THE CUMBERLAND BASIN

The Cumberland basin lies between the exposed pre-Carboniferous ridge that forms the
Cobequid Mountaing to the south and the concealed extension of the Caledonia Mountaing to the
north., Misgsigsippian rocks are brought to the surface along two major anticlinesa, the Malagash
and the Minudie anticlines, and & few less extensive anticlines in the area between Malagash and
Pugwash. The Malagash anticline alse has been referred o as the Claremont anticline: Else-
where in the basin the Mississippian is buried by a thick covering of younger formations. Along
the Malagash anticline Mississippian rocks are exposed from Springhill to Malagash Point, a dis-
tance of about 42 miles, over a width of approximately one mile. The Minudie anticline extends
from Nappan westwards across Cape Maringouin to Albert, New Brunswick, exposing Mississip-

plan formations for & distance of about 12 miles in Nova Scotia,

Salt deposita in the Cumberland basin which have been explmted or are bemg exploxted are
located near Malagash, Pugwash, and Nappan, all in Nova Scotia,

The Malagash Deposit

The Malagash salt mine, which was in production from 1918 to 1959, is located on the north
shore road of Malagash Peninsula, ahour 8 1/2 miles east of Wallace and 6 miles north of Tatama-
gouche in Colchester County. :

In 1912, Peter Murray, while horing for water on his farm on the mrth shore of Maiagash
Peninsula, about 7 miles northeast of Malagaeh station, obtained a flow of salt water at about
80 feer. In 1917 exploration for salt was begun in the arvea, and twelve holes were sunk in an area
of about one-tenth of a gquare mile. Brine wasg encountered in six of the wells at depths varying
from 85 to 113 feer below the surface. ' Diamond drilling proved the pregence of salt in place at
depths from 94 1o 173 feet below the surface. A shaft was sunk east of the diamond drill hole and
encountered salt at a depth of 83 feet,
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Geclogy and Structure
The Malagash sait deposit occurs in an upthrust fault block of Windsor evaporites on the

south limb of the Malagash anticline (Figure 6). The mine lies to the east of a normal traneverse |
fault. According to M.F. Bancroft (1957) the upthrow of the east side of this fault is estimated to

be 300 feet or more. Faults apparently exist on the north and south sides of the block and 1o the
east. The faults on the north and south sides are thrust planes, striking paraliel to the anticlinal
axisg and dipping inward to converge at depth.

The salt beds, which genersily strike east to northeast and dip to the south at 40 ro 45 de-
grees, are crumpled locally and thickened by igoclinal folding. The layered salt deposit has a
thickness of 300 feet or more. The layers range in color from pure white to very dark grey, and
vary greatly in width from 2 Inches and upwards. The Malagash mine operated mainly on two
seams, the McKay and the Fucas, There is a third intermediate salt seam, the Chambers,

These beda are conformabie, never being more than 100 feet apart, Where mined, the bheds range
in thickness from 4 to 40 feet, being thickest on the crests of minor folds. In later vears only the
Lucas seam was mined. This seam is made up of three beds, the bottom consisting of pure white
crystalline halite, the interrediate of interstratified salt, gypsum, and anhydrite, and the wop one
of crystalline white halite, with interstratified layers of dark salt, On the structural contour map
of the base of the Lucas seam, the contours overlap to form a complex pattern. The foldg take at-
titudes characteristic of salt doming, the troughs and crests widen toward the top of the deposit
and narrow to recumbent folds at depth. At the mine the salt beds are truncated and overlain by
83 feet of clay. Mining commenced at 110 feet and was carried out to a depth of 1, 250 feer. The
seams were mined along strike for about ons-half mile until the widths came down to 4 feet, when
mining wag discontinued,

The soluble salts from the deposite are predominantly sodium chloride, and the ingsoluble
irnpurities consist chiefly of anhydrite, silica, and organic matter. Bancroft (1957) reports that
thin sections of the salt display microscopic crystals of anhydrite and quartz prisms, There ig
evidence of recrystallization of the sait in some lavers. Potassivm chloride (gylvite) and magne-

stumn potaseium chloride (carnallite) are present in three well defined zones bearing persistent bur

small amounts of these minerals. The width of these zones ranges from a few inches to 5 feet or
more, Potasesium minerals also may oceur in small isolated lenses.

The Pugwash Salt Deposit

When operations were suspended at the Malagash mine in 1959, the Malagash Salt Company
Limited began mining salt deposits at Pugwash, which is located approximately 20 miles to the
wegt -northwest of the Malagash mine area,

Geology and Structure

North of the Malagagh anticline there are a number of folds having approximately the same
trend as the Malagash anticline. Small areas of Windsor rocks are exposed in the central part of
two anticlinal folds and on crests in the area west of Wallace Harbor,

In the Pugwash area the Windsor rocks form a belt approximately 3 1/2 miles long and
slightly over one-half mile wide, which trends North 57° East. This exposed area of Windsor
rocks is apparently a dome in the Windsor formation, lying cransversely across the Pugwash anti-
cline which trends North 83° East from Pugwash. The domal structure is located on the northern
limb of the anticline. The block of Windsor beds has been upthrust from the south along a fault
trending approximately North 75° Easr.,

Drilling, carried out by the Malagash Salt Company in 1953 in the Pugwash area, indicated
the existence of a slightly arched, layered deposit of 831t having an extent of 175 acres. At the
eastern boundary of the area the salt is almost absent bhut the deposic thickens rapidly toward the
southwest, having a thickness of 500 feet at a distance of slightly over one-haif mile from the zero
isopach (Figure 7). Production is from salt beds at the 630 foot level, It is eatimated that ar least
80 million tong of salt are recoverable from this particular area.
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FIGURE 7

MAP OF THE PUGWASH SALT DEPOSIT AREA

iN THE PROVINCE OF NOVA SCOTIA
TAFTER BANGROFT 8T

Nappan Salt Deposit
The Nappan Salt deposit {a locared on the Minudie anticline along which Missisgippian
formations are exposad.

In 1931 International Petrolewn Company’s well Amherst No. 1, which was drilled near Nap-
pan, encountered sait at a depth of 920 feet, This well, which went to depth of 4, 132 feet, passed
through 16 beds of aalt, totaling 1, 460 feet, From 0 to 920 feet, a series consisting chiefly of
gypsum and anhiydrite, associated with shale, sandstone, limestone, and grit was penetrated, and
from 920 to 4, 050 feet the geries consisted predominantly of anhydrite and salt, interbedded with
shale, sandstone, dolomite, and limestone. The thickest salt beds were encountered in the inter-
vals from 2, 550 to 2, 850 feer, and from 2, 990 to 3, 490 feet, The great thickness of the salt
strata and the large number of salt seams indicate that the structure i8 not a simple anticlinal
gtructure, but a compiex of folds. At Pink Rock near the centre of the Minudie anticline on the
west gide of Cape Maringouin, in an exposure of Mississippian strata, a gypsum bed shows well-
marked flowage structures. There is further evidence of complex folding In Sun Qil Company's
weil, Sunoco No. 1, drilled in the Nappan area in 1945, which entered the salt zone at 1, 360 feet
and continged In It co 2 depth of 6, 172 feer.

From 1942 to 1944 the Nova Scotia Department of Mines carried out a special investigation
for salt and three holes were drilled at Nappan station. Here the top of the salt was encountered
at depths of 772 feet and 880 feet.

In 1946 Maritimes Industries Limited (Sifto Salr Limired) drilled rwo holes at Nappan pene-
trating the top of the salt zone at 812 feet. A plant was installed and salt production began in
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1947. The extraction of salt from the deposit is by brining {rom a thick salt bed rhat lies
... 1, 100 feet below the surface.

Salt beds are also known to occur in the Antigonish area.

SALT DEPOSIT IN CAPE BRETON ISL.AND

The distribution of szl springs in Cape Breton Island indicate the general area of salt de-
posits (Figure 2),

imperial Oil L1m1ted's well Imperial Port Hood Na, 1, drilled in the Parish of Port {lood,
Inverness County, encountered the salt zone ar 6, 090 fest and continued in the series to 9, 660 feet,
The section from 6, 080 to 6, 625 feet conaists of beds of clear, transiucent salt interbedded with
shale, anhydritic siltstone, anhydrite, and minor beds of dolomitic and argiilaceous limestone,
In the Interval from b, 625 1o 9, 660 feet there are at least 16 salt beds or seams.

Another well, Imperial Mabou No, 1, drilled approximately 3 milea gouth of Mabou station,
encountered a salt-bearing zone 86 feet thick ar a depth of 2, 260 feet in the Windsor formation,
In this well the formation has only a toral thickness of 405 feet, whereas in the Port Hood well the
Windsor has a total thickness of 3, 693 feet. This difference in thickness and the lesser guantity
of salt in the Mabou well probably indicates that it is located near the outer edge of this aalt basin.

SALT DEPQOSITS OF THE MONCTON BASIN

The Moncton basin lies between the Kingsaton Uplift to the north and the Caledonia Mountains
to the south and extends eastward toward Northumberland Strait (Figure 5). As in the Cumberland
hagin the formations are folded into a number of anticlines and synclines. Major anticlines in-
clude the Smith Creek anticline, the Westmoriand anticline, the Anagance axis, and the Urney

_anticline. In addirion to these major folds there are gubsidiary folds,

There is no salt production from the Moncton basin at the present time, but the occurrence
of mmnerous brine springa; the salt beds intersected in exploratory drilling; and evidence obtained
from gravity surveys, indicate the presence of extensive salt deposgits.

The salt occurrences in the Moncton basin are located in three main sub-basins, namely,
the Westmorland, the Sussex-Petitcodiac, and the Upham sub-basine (Hamilton, 1961},

Wegtmaorland Sub- basin

Within the Westmariand sub-basin there are a number of sub-basing in which salt deposits
occur. Deposits which more or less have been outlined by exploratory drilling include the Albert
or Weldon-Gautreau and the Dorchester deposits. Other areas, in which salt depogits are indi-
cated by gravity anomalies, are located at Baie Verte, Cookville, under Shepody Bay, and on the
north side of the Tantramar fault at the east end of Cumberiand Basin.

The Albert (Weldon-Gautreay) Salt Basin

The general outline of the Albert or the Weldon-Gautreau salt basm is shcwu in Figure B.
Salt occurs over an area of about 7.1/2 square miles in this structural basin which lies immedi-
ately north of Hillshorough. The rocks of the basin have been gently warped, forming a number
of anticlines and synclines which strike in an east-northeasterly direction. The salt in the Albert
basin is of Albert age. '

Near Gautreau in Wesmmorland County, on the east side of the Petitcodiac River, about
8 miles south-southeast of Moncton, two exploratory wells encountered respectively, 489 feet and
890 feer of salt, the top of which in each case is about 1, 200 feet from the surface. The salt at
Gautreau lies in g synclinal structure which plunges to the west, A well located on the west side
of the Petlrcodiac River and to the southwest of the Gautreau wells penetrated 898 feet of salt. The
salt in this well lies in an anticlinal structure. Two other wells in the basin encountered salt
zones, 1, 506 feer and 235 feet thick, The drill core at intervale shows that the beds have vertical
or near vertical attitudes, which implies that the salt is locally folded. Evidence of local folding
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SALT DEPOSITS QF THE WESTMORLAND SUB-BASIN

um at Hillsborough where locaily folded and contorted zonel lie between

1z found in the gyps
one billion tons of rock salt occur in the Albert basin.

undeformed beds. Itis eprimated that over

The Dorchester Sailt Deposit
The Dorchester Salr Deposit is located in the Westmorland sub-basin northwest of Dorches-
ter at the western end of the Dorcheater anticline along which Missisaippian formations have been

uplifted (Figure 8y, The deposit is in the form of an eliptical plug, whose major and minor axes
are respectively over 9, 000 feet and approximately &, 000 feet long. The major axis of the plug
grrikes North 25° Bast. Drilling, carried out by the Shell 0il Company in 1949, jntersected the
plug between 395 and 4, 810 feet. A rotal of 3, 660 feet of rock salt was encountered. The salt,

which is of Windsor 8ge, has been calculated to represent 8 reserve of some 3 billion tons.

It has been guggested by Hamilton (1961) that the Porchester plug i8 probably due to salt mi-
gration in pcat~hﬁsalsaipp
angle.

Sussex-Petitcodiac and Upham Sub-Basins

The salt in the Suspex-Petitcodiac 8

ub~basin is believed to be associated with the Anagance

axis. Graviry data indicate that malt occurs along the axis for & distance of about 13 miles. Salt
rings also occur in the general area. Harilton (1961) believes that faulting has been the most
effective factor in concentrating rock salt in the area. The Petitcodiac fault probably initiated the

salt migration which continued on to form an elongated dome.
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it is believed that the salt is carried up along the fauit plane to the surtace by circulating meteoric
v waters from a salt deposit of Windsor age, which probably lies south of the Clover Hill fault.

In the Upham sub-basin the most prominent salt springs are located in an area about one
mile east of the Salina Post Office. The springs apparently occur along the Clover Hill fault and

PLASTER ROCK BASIN SALT OCCURRENCE

Plaster rock basin is located in west central New Brunswick in Victoria County {Figure 3},
It is a typical, uadigsturbed, structural basin covering an area of about 30 square miles. Rocks of
both Pemmsyivanian and Missigsippian age occur in the bagin, Hamilton (1961) believes that Plaster s
Rock basin was probably the firsy evaporite basin to develop during Windsor time, and that when
the ancient Windsor sea withdrew to the south and east, marine waters remained in the basin to
form the Windsor evaporites. There apparently was only one marine transgresmon of compara-
tively short duration in this area during the Carboniferous.

The occurrence of salt in the Plaster Rock basin is indicated by a salt sprmg located about
one-half mile north of Plaster Rock on Salt Brook, a small tributary which enters Tobigue River
from the south.

PRINCE EDWARD ISLAND SALT DEPOSIT

In Prince Edward Island a rock salt deposit of undetermined size was encountered at a depth
of 14, 200 feet during expioratory drilling for oil in Hillsborough Bay. on the southemn side of the
island. It is possibie that thig deposit is jocated along the crest of what may be an extension of the
easterly plunging Dorchester antit;line- in New Brunswick.

H
i
i
;
‘
H

SA'L.T DEPQQITS OF. ONTARIO

The salt deposits of Ontario occur in the southwestem part of the province in three main
areag, namely, the Windsor, the Sarnia-Goderich, and the Chatham areas. Salt was first dis-

i covered in 1866 when a well drille@ in exploration for oil at Goderich, Huron County, penetrated

salt beds at a depth of 964 feet below the surface. Following this discovery further drilling was
carried out in the area. In 1893 salt was discovered at Windsor. = Salt is now recovered at Ofib-
way and Goderich by underground mining and by six brining operations located near Amherstburg
and at Windsor, Sarnia, and Goderich. Estimated indicated reserves of salt in southwestern On-
tario exceed 2, OOO billion tons.

GENERAL GEOLOGY
The distribution of salt in Ontario and the location of the areas of salt deposition in relation
to the two main structural basins, the Michigan and Appalachian basins, in which salt deposition
took place, are shown in Figures 9 and 10, respectively. “These bagins are separated by the
northeast-trending Cincinnati arch and its northeast extension the Algonquin arch, The axis of
the arch strikes northeast. In the Chatham area the axis of the arch is transveraed by a rmm;}r
east-trending syncline known ag the Chatham sag.

The salr deposite of the Windsor, Sarnia, and Goderich areas are located on the east flank
of the Michigan basin, and are a part of the Michigan basin salt deposits. The salt deposits of the
Chatham area, however, as has been indicated by D. F. Hewitt {1962), possibly form the westward
extension of the Ohio-New York salt deposits of the Appalachian basin, The Chatham beds prob-
ably form a link between the Michigan and Ohio salt basins,

The regional geology of southwestern Ontario is shown in Figure 11. '}‘he region is under-
lain by marine sedimentary atrata of Cambrian, Ordovician, Silurian, Devonian, and Mississip-
pian ages. These rocks rest upon the uneven surface of the Precambrian basement that outcrops
ta the north as a part of the Precambrian Shield. The formations dip to the southwest at a rate of
30 to 35 feet.per mile. The sedimentary formations have an aggregate maximum known thickness
of abour 3, 877 feet. A generalized summary of the stratigraphy of the geological formations of
southwestern Ontario is given in Figure 12, All the salt deposits of Ontario occur in the Salina
formation of Silurian age,
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TABLE OF FORMATIONS

(Afrer Geological Survey of Canada)

| :
. . : ) _ Maximurn
Period Formation g Lithology . Thickness
Devonian- | ' _ ' Grey figsila shale and dolomitic limestone .
Missigsippian Port Lambton . ! overlain by black fissile shale. ' 200
. Black to brown binimimus fissile shale with
Kettle Point i interbeds of green shale, Characterized by 335’
small amber spore cases.
H
. — _ ;
Deveonian Hamilton Grey Calcareous shale and shaly limestone. 300
_ Lower buff, crinoidal, and arenaceous
limestone with chert, succeeded by buff to '
Dundee brown crystalliné limestone with chert and 200
interbedded black bituminous shale.
' Calcareous sandstone, sandy limestone, .
Columbus dolomite. 35
. ‘Succession of brown finely crystalline to
| Detroit River granuiar dolomite with interbedded lime- 300
(group)
_ - stone.
Bois Blanc - Limestone, sandy limestone, dolomite, and 265"
_ o chert, .
S ;
Disconformity {
!
) Light grey, medium-grained glauconitic i '
Oriskany gandatone. _- . ; 20"
. : Bass:Island | Grey to buff and brown finely crystalline  azr_ogst
Silurian (Bertie-Akron) | dolomite-oolitic zones. 357395
| Dolomite, limestone, dolomitic limestone,
Saline shaly dolomite, shale, anhydrite, gypsum, | 300"-1500'
and salt. ,
! Guelph -- buff crystalline dolomite, 72-125"
Guelph, Lockport -- grey crystalline dolomite. 1707-220°
Lockport-Amabel
Amabel -- brown, bluish grey dolomite. 70" -120"
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TABLE OF FORMATIONS (Continued}

!

Period Formation Lithology Z TMhaiigzsmg
Silurian 2 ;- Grey quartz sandstone, greenish black ‘
Continued | Clinton i shale, grey crystalline dolomite, dark f

| {group) | grey 1o black calcareous Rochester shale, = 26"-112°
| {six formations) ; grey argillaceous dolomire or dolomitic
limestone, {
Cataract Sandstone, brown finely crystalline dolo- |
{group) mite, red and green shale, arenaceous 50
' P shale with sandstone interbeds.
| Ordovictan | Queenston Red shale. 963"
Grey shalea with occasional thin lime-
| Meaford-Dundag | 8tone beds, interbedded grey shale, 5807
| Blue Mountain gilty iimestone, dolomire, |
Shale, 1200
b Gloucester | .
(beds) Soft, grey, and brown shale. ! 90
1.
Collingwood | Black fiasile calcareous and biturninous E 20'-60°
(heds) ghale F
E
Carbonate sequence consisting essentially |
of finely crystalline 1o gub-lithographic i
;‘ Trenton~ limestone, overlain by finely crystalline i 265
i i Black River and fragmental limestone, with chert and |
i bentonite followed by finely crystailine, %
j fragmental limestone and shaly limestone, |
- Eau Claire
Cambrian St. Simon Arkose, grey, green, and purplish sand- 450"
| Jacobsville stone, buff dolomite.
Precambrian Metamorphosed Rocks

Figure 12. Generalized summary of siradgraphy of the geological formations of seuthwestern Ontario.
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THE SALINA FORMATION

In Oniario the Salina formartion 18 expoesed in a belt 5 to 16 miles wide, extending southeast
rom Southampton on Lake Muron, through Hanover and Kitchener, o Brantford, then eastward

" through Welland to Niagara River.

. ] Formation Unit Description ' F
Upper Salina | Top of Salina Formation. '
G Fine crystalline brown dolomite, shaly dolo-

The Saling formation evervwhere overlies the Guelph-{ockpor: beds and is succeeded by the
Bags Island Bertie-Akron) formation. The Guelph and Lockport formations were mapped separ -
ately in the Niagara Peninsula where the Lockport formation consists of 72 to 125 feet of grey
cryvstalline dolomite and the Guelph of 170 to 220 feet of buff granular dolomite. In the Windsor-
Sarnia area the two formations are egsentially similar lithelogically and are grouped in one unit,

The Bass Island formation is the youngest Silurian stratum occurring in Southwestern On-
tario. In the "hagara Peninsula this formation is designated at the Bertie-Akron where it consists
of abour 35 feer of grey to brown, dense dolomite with some dark calcarzous shale, Westward the
shale is absent and the unit (Bass Island) consists of grey to buff and brown, finely crystalline.
dolomite. The Bass lsland formation ranges {n thickness from 35 to 395 feet.

According to Roliff (1944) the Salina formation consists of thin-bedded, fine-grained, grey,
buff, and brown dolomites and limestones, shaly dolomites and limestones, dolomitic and calcar-
eous ghales, beds of gypsum and anhydrite, and, in many places, beds of salt. The Salina forma-
tion increases in thickness in a northwesterly direction from approximately 350 feet east of Lon-
don, where no salt is present, to nearly 1, 300 feet near Sarnia, where the aggregate thickness of
the salt is abour 700 feet (Grieve, i955)

The Salina formation has been divided into seven lxthologmal units. This subdivigion is
based on the work of K. K. Landes (1945a) on the Salma formation in Michigan, and is summarized
in Figure 13.

SUBDIVISIONS OF THE SALINA FORMATION

mite, some anhydrite, red shale. _
SALT, in thick beds separated by beds of shale,

- ghaly dolomite, grey and buff and brown crys-
tailine dolomite; anhydrite nearly always pres-
ent, _

: ] Thin shaly unit, argillaceous grev and buff
E- Ugfir E dolomire.
Beds D SALT, nearly pure; thin partings of buff dolo-
mite.

Dolomitic grey shale.

' B | SALT, thick salt beds with thm dolomite layers.
! | . (Main Upper salt).

Fine-to medium-grained brownish grey dolo-

mite. Fine grey to dark grey dolomite; some
dark bitumincus shale; SALT, (Lower Salt) up ;
to 140 feet thick; where salt is absent the base |
of A2 is marked by anhydrite. f

t Lower Salina

&

Fine-to mediuvm-grained, buff to brown dolo-
‘Al | mite; fine to dense, brown grey dolomite with
i dark grey bituminous shale; anhydrite at hase.

e

Figure 13. Subdivisions of the Salina Formation (Afver . F. Hewitl, 1962
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THE SALINA SALT DEPQSITS

All the salt deposits in southwestern Ontario that have been examined in drill cores and in
the rock salt mines are characterigrically layered and bedded. Salt layers, as much as 10 inches
thick and ranging in celor from whire to dark grey to yellowish brown, alternate with layers com-
posed of paper -thin laminae of anhydrite and dolomite.

Dellwig (1955) in his deacription of the salt of the Michigan basin has pointed out that there
are some differences between salt deposits of the deeper parta of the basin and the marginal de~
posits such as at Detroit, although both are Jayered deposits, Dellwig stares that the layered sal
is composed of three distincr units: carbonate and sulphate laminae; clear salt; and cloudy salt.
Apparently the clear galt and the cloudy salt differ in the manner of crysial growth., The cloudy
salt contains numerous liquid inclugions while the clear salt does not. In core from the deeper
part of the Michigar basgin the two types of salt are separated into distinct layers but this relation-
ship is less pronounced in the marginal deposits and in many instances the entire salt mass ghows
a uniform degree of translucency. There appears to be no regular sequence or ratic of thickness
between the two types of salt and the anhydrite. In the deeper deposits the anhydritic layers are
separated by layers of salt less than one-half inch to 3 inches thick, while in the marginai depogits
the separation may vary from 3 to 12 inches. The thicknese of individual anhydrire laminae rarely
exceeds 0.5 millimeter. The laminae are composed primarily of anhydrite and also contain dolo-~
mite, pyrite, quartz, celestite, polyhalite, and carbonaceous matrerial. A low percentage of in-
solubles ig present in the salt layers.

Deliwig (1954) and Hewitr (1962) consider that, for deposition of layered salt, the mass of
the brine must be concentrated ro, or near the saturation point o that only halite is precipitated,
and that the anhydrite -dolomite laminae are the result of intermittent influx of water or brine into
the basin carrying CaCOgq and CaS0y. Thick salt beds represent periods of influx of brine, which
was almost depleted in CaSO, and CaCQq, imto a uniformly subsiding basin.

isopach maps showing the distribution and thicknesses of the lower and upper salt units in
southwestern Ontarie, based on the work of D. F, Hewitt (1962), are shown in Figures 14 and 13,
The lower salt bed, in the A2 unit, ig found only in the Sarnia-Goderich salr area (Figure 14),
The A2 salt which has a maximum thicknhess of 140 feet in the Sarnia area, extends as far south
as Wallaceburg, and to the east almost as far as Strathroy, The lower salt thins or is absent
over 4 number of the Guelph reefs, which stood up in relief as hills on the sea floor at the time of
early Salina deposition.

Units B, D, and F contain the salt beds designated as the upper salt. Units B and D are al-
most entirely salt, while unit F may consist of a number of beds separated by beds of shale, shaly
doiomite, crystalline dolomite, and anhydrite, The total thickness of the upper salt is shown in
Figure 15.

The Windsor Area

Sait beds of the B, D, and F units underlie an area of about 105 square miles in the Windsor
ares and have a maximum aggregate thicknees of approximately 300 feet along the Detroit River
south of Windsor., The beds thin to the scutheast and pinch cut about 12 miles south and east of
Windsor. The Camadian Rock Salt Company Limited's Ojibway mine is in the F unit, and 2 number
of brine wells have been operated i{n the B, D, and F salr unite in the area.

Geology of the O}ibway Salt Deposit

‘The sait bed being mined lies at an elevation of 945 to 975 feet below the mine shaft collar.
The bed, which averages 27 feet in thickness, is flar lying, A thickness of 18 to 2] feet of salt is
mined, leaving 6 feet or more of salt in the roof.

The salt section exposed in the mine consists of medium-to coarse-grained galr, 2 to § mil-
lmeters in grain size. The salt bed is well iayered and in certain zoneg has a varved character.
The bedding is made evident by dark grey to yellowish brown layers, generally 3 to 8 inches apart
in the white salt, These dark layers in the salt contain paper -thin lamellae of anhydrite, that
stand out on surfaces that have heen exposed for gome time. The thin individual layers or beds
are remarkably persistent throughout the mine, indicating a period of uniform deposition broken
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only by changes in salinity, probably due to influx of less saturated brine into the basin and
~ precipitation of anhydrite for short perlods. Shaly lavers are abaent.

DL F. Hewirr (1962) states, that, in many places there are large patches of very coarse-

i grained, clear, crysialline salt replacing the bedded deposit. These patches of secondarily crys-

tallized salt are completely surrcunded by bedded salt with no disturbance of bedding in the sur-
rounding area. It is believed that the salt in these parches recrvstallized in solution.

The salt in the deposit is very pure, containing less than 2 per cent impurities. Unlike the
salt deposits of the Maritime Provinces and Western Canada there are no potash salts present,
indicating that the precipitation sequence was never completed. The balance of evaporation and
jinflux of brine must have been such that there never was complete evaporation of the brine.

The Chatham Area

The Chatham sait depogits are sepdrated from those of the Sarnia-Goderich area by a salt-
free area as shown in Figure 9. Evane (1950) suggests that this salt-free area existed as a ridge
over which no salt was deposited.

Salt beds of the Chatham region underlie a land area of over 300 sguare miles and extend
under Lake Erie for an undetermined distance. The Chatham salt area is divided into two
cagterly-trending minor basins geparated by a salt-free area. One basin extends through Chatham
and the other through Thamesville and Rodney. Salr of the B unit only occurs in the Chatham
bagin., In some localities the salt thickness exceeds 200 feet.

The Sarnia-Goderich Area

The salt depogits in the Sarnia-Goderich area are the most extensive in Ontario. The de-
posits, which underlie a land area of more than 3, 000 square miles, occur in the A2, B, D, and
F units of the Salina formation.

In the Sarnia area the upper salt, which occurs in the B, D, and F units of the Salina forma-

tion, has a total thickness of more than 500 feet, while the lower salt of unit A2 has a thickness in
" excess of 140 feet, giving a total thickness of about 700 feet. In both the Sarniz and Goderich

sreas the salt beds thin eastwards, and in both areas the salt of the B unit persists farthest to the
east, Grieve (1954) and Hewitt (1962) indicate that, in addition to the regional changes in thick-
ness of the salt beds due to their location in the basin, there are minor lecal variations in thick-
ness of the salt due to local thinning or non-deposition over buried Guelph hills or reefs, or to re-
moval of salt beds by leaching and solution,

SALT DEPOSITS OF WESTERN CANADA AND THE NORTHWEST TERRITORIES

In Western Canada as in the Maritime Provinces, the presence of salt deposits was first in-
dicated by saline springs and by exploratory wells drilled for oil. Saline gprings are known in all
four western provinces and in the Northwest Territories {Figure 16}.

In Manitoba, from sbout 1800, Indians, trappers, and freed men from the Hudson's Bay
Company collected and evaporated brines from springs along the west shore of Lake Winnipegosis
to produce salt. At Monkman's Springs on the Red Deer peninsula in the southern part of Lake
Winnipegosis, commercial production of salt began in 1820 and continued until about 1876. The
salt springs in Manitoba occur in a narrow belt extending from the Carrot River in the north to the
Red River in the south and bordering Lakes Winnipegosis and Manitoba. The Largest aprings flow
from formations of Devonian age.

Salt springs in Saskatchewan occur along the.Carrot River, and at Senlac Lake, a small lake
locared in sections 19 and 30, rownship 39, range 25, west of the 3rd Meridian. This lake is fed
by saline springs in various parts of the lake bottom and along the shore. When the brine was an-~
alyzed in 1924 the NaCl and MgCly contents were respectively, 50,058 and 15, 932 parts per mit-
Lion. Salt was produced from the brine of this Iake for a short period, ending in 1921,

- In Alberta saline springs occur in the McMurray district and along the Salt River which
© flows into Slave River about half way between Lake Athabasca and Great Slave Lake, Salr
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deposited by these springs was utilized in the early years of the nineteenth century. Numerous
qaline springs occur nNear La Saline, about 26 miles sorth of McMurray. Other areas of saline
gprings are shown in Rigure 16.

Salt springs occur in the Northwest Territories in the Norman area along a gmall stream
which flows from the south into the Great Bear River near its mouth.

In British Columbia a strong galine gpring i8 tocated about 45 miles east of Prince Rupert ol
the banks of the Skeend River at Kwinitsa. Other galine springs have been reported near Nanaimo
on Vancouver 1gland, and on Admiralty Island.

The first digscovery of rock salt in Alberta was in 1907 in the McMurray district and about
1928 rock salt was penetrated in 8 well drilied for cil near Unity, Sagkatchewan. Since then the
extensive drilling in exploration for oil has indicated the vast extent of the salt deposits of Western
Canada. The major, known salt deposita are of Middle Devonian age.

GENERAL GEOLOGY

The major salt deposits of Western Canada were deposited in a northwest-trending struc”
rural basin, known &8 the Elk Point basin, which extended from north central to east central Al-
perta, sOULheast across Saskatchewan, into southwestern Manitoba, northern part of North Dakota,

and northeastern Montana {Figure 17). The shape and location differed from that of the present

williston basin,
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A generalized summary of the stratigraphy of the Middlie Devonian and of the underlying and
overlying formations is given in Figure 18, Formation names given are those used in the Sas-
katchewan part of the bgsin. In Sagkatchewan, Manitoba, North Dakota, and Montana the lower
limit of the Elk Point group is placed at the base of the Ashern formation and the upper limit at the
top of the Prairvie Evaporite formation. The Elk Point group in Aiberta, however, includes the
strata between the base of the Meadow Lake formation which lies beiow the Ashern formarion in
the Meadow Lake area of Saskarchewan and the top of the Dawson Bay equivalent.

Three major evaporitic cycles are evident in the Saskatchewan portion of the basin, occur-
ring in the Prairie Evaporite, Dawson Bay, and Souris River formations. These three cvcles are
shown in the columnar section of the Socony Sohio well, located in Lsd 14-11-28-22-W2 (Fig-
ure 19). The Elk Point group in the central part of the Alberta basin containg three major salt

units,

DEVONIAN SALT DEPOSITS

In that part of the basin located in Saskatchewan, Manitoba, North Dakota, and Monrana, the
galt deposita of greatest areal extent, and of the greatest economic importance, are rhose of the
Prairie Evaporite formation. In Alberta the Elk Poinr group contsing one to three economic salt
units depending on the location in the basin. Other salt deposits of Middle Devonian age occur at
the top of the Dawason Bay formation and in the Davideon number of the Sourig River formation in
the central part of the salt area in Saskatchewan. These salt units have been named the Hubbard
(L.ane, 1939) and the Davidson (Baillie, 1953) evaporites, respectively. In Alberta salt of Upper
Devonian age occurs locally in the Stetrler formartion which is correlated with the Potlach facies
of other areas,

Salt Deposits in the Elk Point Basin in Alberta

The Elk Point group in Alberta contains three major salt beds, while in Saskatchewan the
group containg only one major salt unit, Another digsimilarity is that the evaporite in Alberta
does not contain the vast deposits of potassium minerals similar to those occurring in the basin o
the east. These differences in the lithology between the eastern and western parts of the Elk Point
basin are indicative of differences in degree of restriction to influx of sea water or brine. The
potash deposits indicate that the evaporitic cycle was completed before influx of more brine,
wherean in the Alberta basin the evaporitic cycle waa never entirely completed before influx of ad-
ditional brine. It iz believed that a restricted channel in the Elk Point basin existed in the area of
the Saskatchewan-Alberta border at about latitude 52°40°,

Exploratory welis which have been drilled in the central part of the Alberta sub-basin have
penetrated three major salt units, having an aggregarte thickness ranging from over 600 feet to
nearly 1,000 feet. The isopach map of the total salt thicknesases of the Elk Point basin shows that
the aggregate thickness in the central part of the Alberta basin may be aa high as 1, 300 feet (Fig-
ure 17}, In three of the wells which penetrated all three salt units, the thickneas of the uppermost
salt varies from 405 10 451 feet, while that of the middle unit renges from 118 to 128 feet, and that
of the lowest from 227 to 433 feet. A cross gection including partg of both the Alberta and Sas-
katchewan sub-basins illustrates the relationehip of the upper salt bed of the Elk Point group in
Alberta to that of the Prairie Evaporite sgit in Sagkarchewan (Figure 22).

Allan (1943) iIn his report on the salt deposit at Waterways, Alberta, describes the bedded
nature of the salt. In two of the exploratory wells In the area which penetrated 199 and 211 feet of
rock galt respectively, a bed of massive, hard, almost translucent anhydrite occurs above the
salt. The uppermost & feet of the salt deposir congists of transparent, colorless rock salt and the
remainder mainly of white to translucent, fine- 10 coarse-grained, crystalline, bedded salt, An
elght~foot core sample from Industrial Minerala No. 1 well containg 142 distinct beds, some sep-
arated by thin anhydrite layers which are seldom over one millimeter thick or by scattered clus-
ters of anhydrite in sub-parallel planes. In the lowest part of the depowsit, however, the anhydrite
layers may increase in thickness from one to three or five millimeters. In one well, a 201 foot
interval of the galt contains 480 layers of anhydrite. Aphydrite is the only impurity in the Water-
waysa deposit.
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TABLE OF FORMATIONS .
Epoch % Group ¢ Formation Lithology
Upper T - Three Forks
Devonian | Qu’ appeile (Potlach)
Saskatchewan | Nigku Dolomitic Lirmestone, crystalline.
Puperow Limestone dominant. Buff chalky, sucrosic or
' (Reaverhiil argillaceous. Intermittent dolomitic layera.
Lake) Frequently marly or argillaceous.
oliddle | Manitoba Souria River Hasfield Member
Vo Shale, marlstone, lightcolored cryptocrystal-

_ . line limestone, minor localized halite, basal

| red and green dolomitic shale,

%. Harris Member

- Light colored, cryptocrystalline limesione, al-

. ternate sequence of shales, carbonates, anhy-

: drites, minor halite, basal red and green dolo-

| mitic ghale,

| ; Davidson Member

E i Davidson Evaporite -- mainly halite (0-200".
Carbonate Unit -- brown bituminous stroma-

! roporoidal dolomites (biostromal); light
colored carbonates (sheet reef) cryptocrys-
talline, light colored limestone.

First Red Beds -~ red and green dolomitic
shales. _ _

é E Dawson Bay Hubbard Evaporite -- Mainly halite (0-60').
Carbonate Unit -- black bituminous limestone,
pelletoidal limestone, dolomitic anhydrites; |

brown fragmental limestones; grey and buff :

: fragmental to cryptocrysialline limestones;
buff microgranular limestones.

' Second Red Beds -- red and green dolomitic

; - ghales,

. Prairie Potash salts, halite, anhydrite, minor dolo-
Elk Point BEvaporite mite {0-700%).
| Tan saccharoidal dolomite, minor limestone,
Winnipegosie | sporadic inclusions of halite near top
(25-300%+} (reefoid in part).
Ashern . Shale, red and green dolomitic,
i :
Silurian } Interlake Dolormte
Figure 18, Ceneralized summary of the Stratigraphy nf the Middle Devontan in Saskachewan.
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The Stertler formation of Upper Deveonian age contains 2 maximum concentration of
evaporites in an area eagt of Drumhbeller, and decreases in thickness from this area 1o the west,
north, and east. Salr beds from 35 to 90 feet thick have heen recorded in this formation, In
Lsd 7-19-36-19-W4, between Stettler and Big Valley, 100 feer of salt have been penetrated,

Salt Deposirs in the Elk Point Bagin East of Alberta

The Prairie Evaporite formartion, which contains the major salt deposits, is underiain by
the Winnipegosis formation, The Winnipegosis, which has a variable rthickness ranging from less
than 30 feet 10 more than 300 feet, consists chiefly of tan dolomites. Reefs of the bicherm type
are well developed in this formation.

The Prairie Evaporite is overlain by the Second Red Beds of the Dawson Bay formation. This
unit, which forms a distinctive horizon marker, has a thickness varying from 8 to 40 feet and con-
siste chiefly of red and green dolomitic shales. The Second Red Beds represemt a period of uplify,
during which subareal erogion took piace to form this unit, before subsidence and transgressjon-
of the sea recurred.

‘The Prairie Evaporite formation, which forms the upper most unit of the Elk Point group in
Saskatchewan, Manitoba, North Dakota; and Momana, occupies a large parr of the Elk Point basin
area. The formation ranges in thickness from less than 50 feet hear the edges to over 700 feet in
the deeper parts of the basin. The stratigraphy of the Prairie Evaporite formation is variable de-
pending on the location in the major basin. In the central part of the basin the formation consists
chiefly of halite with major amounts of potassium minerals in the upper portion, and some clay
and anhydrite interbedded throughout. The clay occurs as thin layers, partings, and irregular in-
clusions, and the anhydrite as Jaminae and thin beds, which become thicker and more abundant to-
wards the base of the salt. Drill cores from some wells indicate that the bottom salt in some
- areas is underlain by a thick bed of anhydrite, which may in turn be interlayered with thin beds of
dolomite near the base. In the northeastern part of the basin, anhydrite and dolomite are inter-
layered with the salt in the middle of the salt section. At the basin edge anhydrite occurs above
the sait. The variation in lithology in different parts of the bagin is indicative of the existence of
sub-basins which at times were agparated, so that some may have received an influx of fresh
brine, while others received little or none. In-sections of the formation where the chief mineral
is essentially ‘halite, bédding is indicated by interlayering of salt beds ranging in color from
brown, tan, and white to translucent.. The salts of the Prairie Evaporite formation vary in texture
from fine to coarse grained, o

In the central part of the basin in Saskatchewan salt alge occurs in the Hubbard and the
Davidson evaporites in the Dawson Bay and Souris River formations, respectively. These evapor-
ites are essentially composed. of halite with only minor anhydrite. The maximum thickness of the
Hubbard evaporite is about 60 feer while that of the Davidson is In excess of 200 feet (Figures 20
and 213},

Structure of the. Salt Deposits

The salt beds of the Elk Pomt basin generally dip to the southwest at a rate of 10 to 40 feet
per mile, but exploratory drilling has indicated local warping.” The salt occurs ar 600 to 800 feet
below the surface near McMurray in Alberta and to the southeast in Saskatchewan the aubcrop of
the northern edge of the Prairie Evaporite lies at depths from over 2, 400 to 2, 800 feer below the
surface. The northern edge of the salt in some localities is depositional while in others it is con-
sidered to be erosional where the salt section thins abruptly., Near Edmonton, Alberta, the salt
beds lie 5, 000 to 6, 000 feet below the surface, and in the Moose Jaw-Reging area in excess of
5,000 feet. In mortheastern Montana and in North Dakota, near the southern edge of the salt basin,
the salt lies at depths ranging from 8, 000 to over 12, 000 feet.

In that part of the basin which occupies south central Sagkatchewan there is an area in which
salt is absent. It is considered that this salt-free area is due to removal of the salt by solution
and rransportation. The occurrences of salt springs is evidence that salt is being removed by so-
lution at the present time. The solution of the salt is attributed to the movement of subsurface
waters in a porthwesterly direction across the salt basin (Milner, 1957). Walker {1957) has shown
that salt isopachs can be connected across the saltless area, indicating that the salt at one time
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was a continuous sheet. Geophysical evidence indicates that channeling in the salt has raken place ;
in various parts of the salt basin.

Seigmic data based on refleciions from the Paleazoic surface provide valuable information in
- indicating areas from which salt has been removed. Seismic highs are considered to represent ;
areas of greatest thicknesses of Devonian salr and the lows and depressions in the seismic pattern
are indicative of lesser amounts or complete absence of salt,

THE POTASH DEPOSITS OF THE PRAIRIE EVAPORITE FORMATION

The Prairie HBvaporite formation is of economic importance because, in addition to the im-
mense quantities of halite, it contains vast deposits of high-grade potash ore. The major potash
deposits are located in Saskarchewan, but extend into Manitoba and North Dakota, where the
potash-bearing zones or becls are thinner, There are no known economic potash deposits in the §
Alberta sub-hasin.

The potash mineralization is concentrated within the upper 150 to 200 feet of the Prairie
Bvaporite formation, The potassium minerals occur. in distinct beds and zones, interlayered with ;
beds of halite which contain only minor amounts of or no potassium minerals. Clay ig also as~
sociated with the depositg, occurring as thin layers and lenses, and interstitially in some potash ;
beds. A very minor amount of anhydrite may also be present. In paris of the potash basin there
are three major potash-bearing zones with possibly a minor fourth or even a fifth bed in places.
In some localities, particulariv in the extreme eastern part of the hasin, the upper Zones are
poorly developed and only the third or lowest zone contains potash of ore grade in mineable thick-
nesses. The potash zones or beds are separated by more or less barren halite beds.

Commonly the uppermost potash zone is separated from the second by a halite bed which
may range in thickneas from 10 to 30 feet and the second from the third by a halite interval of
30 10 80 feer, depending on the location of the sub-basin of potash deposition. If a lower fourth
and/or a fifth zone exist they are usually thin and are of no economic importance. The uppermost
- potash zone may be overlain by a halite bed ranging in thickness from less than one foor to 40 feet
. or more. Throughout the potash basin the uppermoes: salt is overlain by the Second Red Beds
which ranges in thickness from 8 to 40 feet. Near the northern edge of the basin the Red Beds
may rest directly upon the potash beds, and at the outer edge of the basin in places much or all of
the potash- bearmg beds has been eroded away, so that if any potash is present, it representq only
the lower part of the earliest potash deposition.

Three predominant minerals occur in the potash- bearmg formation; halite (NaCl), sylvite
(KC1), and carnallite (KC1. MgCly. 6Hz0). Halite and sylvite occur together as the mechanical
mixture known as gylvinite. Polyhalite (K2504. 2CaS0y4. 2H20) and leonite (MgSO4. K2504. 4H20),
in very minor amounts, have been reported from a few potash wells. The main potash minerzls,
sylvite and carnallite, may occur separately or in close association. The segquence of occur-
rences may not always be the same in all localities, A diagram based on a Garuma Ray-Neutron
log illustrating the lithology and mineralogy, and the relationship of the various potash zones
which may be encountered in a potash depogit in central Saskatchewan, is shown in Figure 23,

GEOLOGICAL HISTORY OF THE ELK POINT BASIN

The development of the Elk Point basin on the eastern part of the Alberta shelf was influ-
enced by several tectonic elements during Silurian-Middie Devonian time (Figure 24). The term
"Alberta shelf" has been applied to the vast area, which, since late Precambrian time, has con-
stituted the western extension of the central North American ¢raton, of which the Canadian Shield
is the core, Tt occupied that region lying between the Canadian Shield and the Cordilleran geosyn-
cline (Figure 24). The Alberta shelf region was emergent following Upper Ordovician time and
sedimentation was not resumed until late Lower Silurian. According to Webb (1954) the Silurian
geaways were restricted and a broad uplift eccurred prior to Devonian time, @t is believed that
the uplift of the Peace River ridge in northwestern Alberta caused this rise. The growth of the
great intracratonic basin began during Silurian time and the Elk Point-Broadview syncline was the
major locus of subsgidence between the positive tectonic elements shown in Figure 24,
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FIGURE 23
CORRELATION OF GAMMA RAY AND NEUTRON LOGS
PRAIRIE EVAPORITE

WiTH THE MINERALOGY AND

LITHOLOGY OF THE UPPER PART OF THE
AND OVERLYING SECOND RED BEDS
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SIBURE 24

THE ELK POINT SALT BASIN AND RELATED TECTONIC ELEMENTS
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1. The South Alberta arch, probably an exrension of the Montana axis, was established in
Precambrian or Cambrian time and continued to exiat 1]l late Devonian.

2. The Peace River high or ridge, which probahly had been established by Cambrian time,
exigted well into the Upper Devonian, but had lost itg effective expression by the end of
the Devonian,

3. A metastable positive belt, located paralle! to the present foothills in Alberta, and be-
lieved to have heen emergent during the Ordovician continued to be an area of uplift dur-
ing Siiurian and Middie Devonian times. This beit was probably an effective land barrier
between the Cordilleran seaway to the west and the evaporite bagin on the Alberta shelf,

4, The Manitoba shelf, which extended from southwegtern Manitoba, through central Sas-
katchewan into Alberta, was tectonically stable throughout the Middie Devonian. Normal
marine conditiong were in existence on the 150 mile wide shelf ares.

5. The Dakota shelf which includes east-central and southern North Dakora, northern South
Dakota, and parts of eastern Montana, and the Little Beaver axis which lies on the margin
of the Dakota shelf, were emergent during the deposition of the Elk Point group.

6. The Swift Current platform which protruded into the basin from the south in southern Sas-
katchewan was a stable shelf on which depositional conditions were similar to those on the

Manitoba shelf.

The early Middle Devonian sea advanced frem the northwest of Alberta, becoming more sa-
line in a southeasterly direction. In the northwest the major restricrtions were caused by the Peace
River ridge on the west and the Precambrian Shield on the east. The exact position of the shore-
line north of McMurray is not known but Govett (1961) believes that an embayment extended some
distance to the east along Lake Athabasca. There were possibly two sub-basing in the Northwest
Territory-Alberta region (Figure 22), one in the north and one, designated here ag the central Al-
berta sub-basin, in the south. The quantity of salt in the northern basin is believed 1o be small,
but increages towards Fort Vermilion. Govetr (1961) suggests thar waters flowed southwards from
the northern bhasin through a narrow channel over the Chipewyan Lakes sill into the central Alberta
basin which extended a short distance into Saskatchewan., Restriction was almost complete except
for the channel over the Chipewyan Lakes sill, which resulted in the deposition of two major salt
beds and one more restricted bed in the Alberta basin, prior to the deposition of salt in the east~
ern part of the Elk Point basin. :

The marine advance that deposited the carbonates at the base of the uppermast major salt
unit in Alberta transgressed over a wide area. At this time the Peace River ridge ceased to be an
effective restrictive barrier, except possibly in the extreme west. During this marine incursion
the sea made its first major advance into Saskatchewan through a restricted channel centered at
about latitide 52°40° in the area of the Saskatchewan-Alberta border (Govert, 1961). This marine
advance is represented by member 3 (Belyea, 1939} in Alberta, and by the Winnipegosis formation
in Saskarchewan {Figure 22), In the Great Slave Lake area, the Pine Point limestones and the
Presqu'ile dolomite were deposited during the marine advance. The Presqu'ile has been inter-
preted as a barrier reef which migrared northwards (Law, 1955). Reets also were formed on the
Manitoba shelf in southwestern Manitoba and central Saskatchewan, probably constituting an effec~
tive barrier which restricted the spread of the evaporite on the east and northeast. With the re-
striction of circulation, marine conditions gave way to a widespread evaporitic environment in the
extensive basinal area south of the Preaqu'ile barrier reef. This evaporitic basin extended from
northern and east central Alberta, southeastward across Saskatchewan, into southwestern Manl-
toba, northern North Dakota, and northeastern Montana. The greatest thicknesses within the basin
are localized, indicating considerable areal variation in negative movements and intensity of re-
striction. The great thicknesses of salt also indicate uniform subsidence contemporaneocus with
precipitation,

The salinity of the seawater increaged southeastwards. That the central Alberta basin con-
taing three major salt units i8 evidence of conaiderable subsidence in thig part of the Elk Point
basin. The upper major salt unit of central Alberta, which i8 referred to as the first salt unit,
continues through the restricted channel to the east as the Prairie Evaporite of Saskarchewan. In
the central part of the basin east of the Saskarchewan-Alberta border, the concentration of the
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seawater became high enough to permit deposition of potassium salis in the upper part of the
Prairie Evaperite formation. It is evident that the restriction between the sub-basin of central Al-

- bherta and that to the east was grear enough to permit complete evaporation of the brine in the east-
" ern part of the basin, whereas the restriction over the Chipewyan Lakesg sill was not great enough

1o prevent some influx of brine into the Alberta basin from the northern basin.

Following the termination of the Prairie Evaporite deposition renewed subsidence and inva-
sjon of seawater occurred in the central part of the basin before the end of Middle Devonian time.
The evidence for this is to be found in the evaporite sequence of the Dawson Bay and Souris River
formations, During these cycles the brine was never sufficiently concentrated to permit deposi-
tion of potassium salts. The Middle Devonian period ended with a brief, but broad emergence,
during which there was eastward truncation by erosion, before the transgression of the Upper
Devonian sea. '

SALT DEPQSITS OF THE NORTHWEST TERRITORIES

There are no known salt deposits in the Northwest Territories-Alberta border region. In
the Normarn Wells area and the lower MacKenzie valiey or vicinity, wells have penetrated from
100 to 250 feer of salt in beds of Devonian or Ordovician age, at depths ranging from 2, 100 to
3,000 feet. The age of the formation has not been determined becauge of lack of fossils in the
evaporitic beds. At Imperial Vermulion Ridge, east of Norman Wells, salt was reported in the
Cambrian at depths of 3, 370 to 5, 460 feer.

On the northern slopes of the Richardson Mountains gypsurg piercement structures are em-
placed in Cretaceous rocks, and it has been suggested that this gypsum might be of Cambrian age.
Thig formation in the Norman Wells area containg thick salt beds. Only drilling will prave
wherher or not salt underlies these structures,.

At Windy Point on the north shore of Great Slave Lake a welil drilled by Imperial Oil Limited
penetrated salt in an evaporite formation which is presumed to be of Ordovician age. About
72 miles northwest of the north arm of Great Slave Lake and 3 miles west of Mazenod Lake an in-

‘.5 dication of salt is found in outcrop where salt casts are found in beds of Ordovician age.

In the Canadian Arctic Islands gypsum tectonics are found on a8 number of the iglands located
in the Sverdrup basin (Figure 25). There are two different types of piercement structures. Cne
type forms circular domes, which according to Kranck {1961), probably formed slowly, more or
less contemporaneously with sedimentation, and are probably the result of load pressure. The
other type is the elongated anticlinal diapir, which is produced esgentially by tangential compres-
gion. The parts of these plercement structures which have been observed are principally com-
posed of gypsum; however, anhydrite has been found in some. The gypsum is probably associated
with salt, although up to the present time no salt has been found.

SALT IN BRITISH COLUMBIA

In 1913 drilling operations were carried out in an endeavour 1o locate rock salt in an area
about 45 miles eagt of Prince Rupert, where In 1911 a strong salt spring had been discovered on
the banks of the Skeena River at Kwinitsa. Salt was encoumtered in five holes in the form of galt
mud. According to Forbes (1931) the deepest hole encountered salt mud at 110 feet after passing
through 10 feet of surface soil and gravel and 100 feer of clay. The last 30 feet of the 250 foot hole
contained salt crystals mixed with mud. It is probable that a salt deposit exiatg in thia basin, but
its thickness and areal extent has not been determined., There was only very minor production of
salt from this occurrence in 1913 by the British Columbia Salt Works Limited,

This salt occurrence is located in a northerly -trending basin, which extends about 3 miles
north from the Skeena River, varying in width at the north from one-half mile or less 1o about
2 1/2 miles on the north side of the Skeena River. The bagin is bounded on the west side by a
granite mass and on the east by steeply dipping basic schists.



& RITS
LEGEND ¢
SVEADRUE NASTH

& o MERGEMIRT STRLCYURE

HOMICLIWE

VKT ehTELRE P
4 A
T SYNRLIME ‘ fj il
in
e
i e TRAUST FRLT N ieﬁy \’w "L
! i Ty 5%\50";
o FMAT H &-m f 59 %
i 5
i

I; I ‘ ;’}i G
v ; “ ] g !r . ;\&L.,
f %, f..'ﬁ"' ¢ \o\;
\\ r(—-——_ ws"’”}"ﬁr \I‘ "{'x/‘“; ?J% {5 \\{\ \H.w
3 “ \ s o RLA 1% \\\’ L\/OF%‘; F%@KLIN ;‘?BIFF:NE PSR AN G
.'_ wig L A RD 3 o ; sonr ?vj_-,/“ﬁ o
k! b 5 M%
\'LT I \ '\ oaF \ ol
o "a_“, i’ 5, S N o :
' L\-“"‘\ .tf-% éJ (‘/‘ #aarum (:}“;@k\\.(:} f/h\r\;—“*-x
! .\,4 W\b\’) ;\n_; l V_j)m 7 QK.J.\Q J
FIGUAE 2%

PIERCEMENT STRUCTURE IN THE SVERDRUP BASIN OF THE CANADIAN
ARCTIC ARCHIPELAGO

] AFTFR TROASTEINSSON AND TOZE®R, 960 )

SCRLE--Mh KL
[t 3 il 20 1o

SALT PRODUCTION IN CANADA

Commercial salt production in Canada is from three rock salt mines and from ten brining
operations. The salt mines are located at Pugwash, Nova Scotia, and at Ojibway and Goderich in
Ontario.

The brining operationa are carried on in Alberta at Lindbergh; in Saskatchewan near Unity;
in Manitoba at Neepawsd; in Nova Scotla at Nappan near Amherst; and in Ontario at Sandwich,
Goderich, Sarnia, Watford, and Windsor. In all of these operations, except at Neepawa, Mani-
toba, production is from artificial brine wells by solution mining. Wells are driiled into the salt
bed, water ig injected to dissolve the salt, and the brine is pumped out. At Neepawa the hrine oc-
curs in porous medimentary rocks at depth, from whence it is brought to the surface by pumping.

The total salt production in Canada for 1960 was 3, 205, 164 tong, Of this Ontarie produced
90. 01 per cent, Nova Scotia 5. 28 per cent, Alberta 2,26 per cent, Saskatchewan 1, 56 per cent and
Manitoba the remainder.
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