THE MIDDLE DEVONIAN ELK POINT GROUP IN MANITOBA

by
D. B. MeKennitt

A dissertation submitted in partial fulfillment of the

requirements for the degree of Master of Science.

Presented to the Faculty of Graduate Studies

The Univergity of Manitoba.

-

OF MANIOBA
T @

< S
> Q
Bery paroe W

March, 1961.




CONTENTS

Page
ABSTRACT
I
INTRODUCTION 1
GENERAL REMARKS 1
PREVIOUS WORK 2
PRESENT STUDY 5
AREA OF STUDY 7
CONTROL WELLS 7
ACKN OWLEDGMENTS 7
T

DESCRIPTIVE STRATIGRAPHY 9
GEOLOGICAL SETTING 9
THE MIDDLE DEVONIAN BASIN OF DEPOSITION 9
THE ELK POINT GROUP 10
General Remarks 10
Definition | 10
ﬁnderlying Beds 12
Overlying Beds A | | 13
Distribution and Thickness 13
ASHERN FORMATION 15
Definition | 15
Litholegy 15

Distribution and Thickness 17




WINNIPEGOSIS FORMATION
Definition
Elm Point Unit
Reef Development
Lithology
Distribution and Thiclmess
PRATRIE EVAPORITE FORMATION
Definition
Lithology |
Distribution and Thickness
Evidence of Salt Solution
AGE AND CORRELATION

i1l

INTERPRETIVE STRATIGRAPHY
. GENERAL REMARKS
THE SUB-ASHERN UNCONFORMITY
ORIGIN OF THE ASHERN FORMATION
WINNIPEGOSIS SEDIMENTATION
'ngerallﬁemarks
Shelf-Type Deposits
Reef Déposits
Dolomitization
PRAIRIE EVAPORITE DEPOSITION

Page
17
17
18
19
21
23
26
26
26
27
28
31

37
37
37
Z
41
41
41
43
45
50



Page

DISCUSSION OF MAPS 52
General Remarks 52
Plate 1 52
Plates 2, 3; and 4 | 53
Plate 5 - 53
Plate 6 54
Plate 7 54

 Plate 8 | - 56

SUMMARY OF ELK POINT SEDIMENTATION . 56

| Iv
ECONOMIC CONSIDERATIONS 59
PETROLEUM POSSIBILITIES 59
POTASH OCCURRENCE 65
V.

SUMMARY AND CONCLUSIONS 67
BIBLIOGRAPHY SR 70

APPENDICES
I WELL DATA 77

II DESCRIPTIONS OF SELECTED LITHOLOGIC
SECTIONS o o 88

Well No. Well Name

2. B. A. Union Arbuckle 13-24-1-12 89




Well No. Well Name

Se

8.

9.
i,
1z.
14.
17.
i8.
22.
27.
36,
37.
42,
49.
61,
66.
69.
72.
76.
88,

92.

Calstan Waskada 9-15-1-26

Dome Holmfield 15—5-2-15.
Jumping Pound Herton 8-15-2-20
Sweet Grass Pilot Mound 3-9-4-11
Dome et al Greenway 16-15-4-15
Western Orthez 13-26-4-19

ﬁanda Warnez 5-15-5«22

Calstan Hartney 16 ~33=5-24
Baysel Bruxelles 1-27-6-1l
Calstan Findlay 9-26-7-25
Calstan Wawanesa 3-1-8-18
Calstan Ewart Province 4-14-8-28
Dome Brandon 16-27-9-19

Cego Gregg 5-31-11-13

Dome Harding 4-27-11-22
Homestead Birdtail 10-8-156-27
Dome Strathelair 8-54-16-21

Canadian Superior Stratheclalr
6-23~17-23 .

Imperial Madelaine 16-18-18-29
Sapphire Duck Mountain 2-2-31-25
Johnson Mafeking No, 2 4~23-43~26

Page
20
91
92
94
95
96
97
98
99

100

100

101

101

102

104

105

106

107
108
111
112




PLATE

FIGURE

LIST OF ILLUSTRATIONS

Index Map Showing Well Locations and
Type of Control

North - South Stratigraphic Cross
Section A - Ay

East - West Stratigraphic Cross
Section B - By

East - West Stratigraphic Cross
Section C - Gy

Isopach - Lithofacies Map, Elk Point
Group

Isopach Map, Ashern Formation

Isopach and Limestone -~ Dolomite Ratio
Map, Winnipegosis Formation

Isopach Map, Prairie Evaporite Formation

Study Area and Distribution of Elk Point
Group

Middle Devonian Stratigraphic Units in
Manitoba

Late Middle Devonian (Elk Point) Seas
Evidence of Salt Solution

Middle Devonian Correlation Chart,
Western Canada

In

In

In

In

In

In

In

In

Pocket

Pocket

Pocket

Pocket

Pocket

Pocket

Pocket

- Pocket

1l

S

33



ABSTRACT

The Middle Devonian Elk Point group in the sub-

surface of Manitoba is from O to 550 feet thick and comprises,

in ascending order, the Ashern, Winnipegosis and Prairie

Bvaporite formations., The Elm Point formation of Baillie
(1951) is not continuous in the subsurface and is treated
as a lower unit of the Winnipegosis,

Ninety-six wells were studied, and samples and/or
cores from twenty-two of these wells are described,
Stratigraphic maps and cross-sections are presented
for the group and its formations, The formations are
age~dated and a correlation chart eqguates the Elk Point
of Manitoba to other formations in Western Canada., The
depositional enviromment of each formation is reconstructed,

The Ashern formation is a brick-red dolomitic
shale or brown-red argillaceous dolomite and is from 10
to 60 feet thick, It is a residual shale reworked and
redeposited by a transgressing Devonian sea.

The Elm Point unit of the Winnipegosis formation
is a thin (0 - 60') light colored limestone deposited in a
normal marine environment, The Winnipegosis is a buff
saccharoidal dolomite and contains organic reefs., It
ranges from a normal thickness of 60 to 160 feet, to as
much as 360 feet where reef structures are present. It
represents a normal marine carbonate episode in a stable
shelf region., Dolomitization of the Winnipegosis is
attributed to a seepage reflux action under conditions
of aridity and slight restriction.

The Prairie Evaporite is principally halite
and anhydrite, and rarely potash salts. It ranges in
thickness from O to 40O feet and is the result of basin
subsidence with a high degree of restriction in an arid
climate,

The Winnipegosis is shown to be a potential
hydrocarbon reservoir and its possibilities in this regard
are discussed,



INTRODUCGCTION
GENERAL REMARKS

A thick succession of dolqmites, dolomitic limestones,
and evaporites of Devonian age underlies most of the northern
Great Plains of North America, The Williston Basin occupies
the central portion of the northern Great Plains; within it
Middle Devonlan strata are represented by a carbonate and evaporite
section. The Elk Point group comprises the three lowest Middle
Devonian formations of this area.

The area of discussion includes, in general terms, all
of the Williston Bagin area, and, in detail, that portion of the
basin which lies within the province of Manitoba.

The Elk Point group is well suited for a stratigraphic
study. Regional correlation markers are present within and
adjacent to the group, and control density is sufficient to
ensure accurate correlations. The group is present both in
the subsurface and in oubcrops, and is a mappable unit of
moderate thickness. Well logs, sample information, core,
and other data are readily accessible, permitting detailed
gtudy. Primary and diagenetic textures are not complicated
by metamorphism, and with the possible exception of salt

solution within the Prairie Evaporites, the group has been



only slightly deformed since deposition.

The general Devonian stratigraphy and terminology for
the Williston Basin area has been described by Baillie (1953).
Wherever possible and applicable, the stratigraphic terms he

defined will be used in this paper.
PREVIOUS WORK

Most of the wells drilled in Manitoba prior to 1900
were in search of water and the geological information which
they afforded was merely a by-product.‘-The 1930's saw a renewed
interest in oil and gas exploration, and during that decade 4
wells were drilled into the Palaecozoic formations. From 1944
to 1950 approximately 6 more wells penetrated Palaeozoic
horizons. Interest in the oil posgsibilities of Manitoba
started in February, 1951, ﬁhen the California Standard
Company's Daly #15-18 well, near the town of Virden, obtained
Mississippian production. Several good showings and semi-
commercial discoveries in 1952 commenced acbive oil exploration
in Manitoba. Since then about 85 wells have penetrated the
Middle Devonian in Manitoba.

The term Elk Point formation was proposed by McGehee
(1949) for a sequence of red shales, salt, anhydrite, and
dolomite that underlies the Waterways formation in east-central
Alberta. As a result of detailed palaeontologic studies,

Crickmay (1954) concluded that the Elk Point formation, which
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'previously wag congidered to be in part Silurian, was probably
entirely of Devonian age. In 1953, Baillie elevated the Elk
Point to group status including in ascending order the Ashern,
Winnipegosis, and Prairie Evaporite formations.

The first detailed geological description embracing a
part of the studyrarea was made by Tyrrell (1892) whose excellent
account describes in considerable detail Devonian strata of the
Manitobs outcrop area. Whiteaves (1891, 1892) figured and des-
cribed the fauna collected by Tyrrell. Whiteaves pointed out
the relationship of the Manitoba Devonian with the Devonian of
Europe on the basis of the occurrence of the brachiopod

Stringocephalug burtini and the associated fauna. Kindle (1914)

also described Middle Devonian strata of the outcrop area.

In 1950, Baillie published detailed descriptions of a
number of Middle Devonian oubcrop sections in the Lake Winnipegosis
area of Manitoba. Webb (1951) showed the regional distribution of
the Elk Point salt and discussed the general lithologic character
of Middle Devonian strata. The cyclical aspect of Devonian
sedimentation was emphasized by Andrichuk (1951) and he indicated
the depositional thinning and disappearance of Elk Point strata
toward southwestern Saskatchewan., Baillie (1953) described sub-
surface sections from Manitoba, Saskatchewan and North Dakota,
and by integrating subsurface lithologic data with previous
knowledge of the outcrop felations, he interpreted regional

environments of deposition for the variocus Devonlan units.

e R



Ower (1953) discussed the general Elk Point lithology in south-
westérn Manitoba. McLennan and Kamen-Kaye (1954) published
cross sections showing correlation and thickness of various
Devonian units in Saskatchewan. In a comprehensive work,
Warren and Stelck (1956) illustrated suites of Devonian fossils
(including Winnipegosis species) from various localities in
Western Canada. Greiner (1956) presented detailed petrographic
descriptions and faunal lists of the Methy dolomite (Winnipegosis
equivalent) in northeastern Alberta. Check (1956) pointed out
the presence of Winnipegosis reefs buried by the Prairie salt
unit in central Saskatchewan. Walker (1956) showed complex
facies changes within the Winnipegosis - Prairie Evaporite
sequence. In a later paper, Walker (1957) discussed the
lithologic character, correlations, and geologic history of
the Middle Devonian rocks in western Saskatchewan. In 1956,
Van Hees presented a cross section of the Elk Point group from
east central Alberta to western Manitoba. Goudie (1957) dis-
cussed the Middle Devonian salt of central Saskatchewan and her
report included isopach maps of the Prairie Evaporite. BEdie
(1959) discussed Middle Devonian sedimentation in Central
Sasgkatchewan and suggested the presence of huge atoll-like

reefs within the Winnipegosis.



PRESENT STUDY

The results of an investigation of the lower part of
the Devonian sequence in Manitoba are presented in this report.
This detailed'study in a local area is intended to amplify the
regional analysis of Baillie (1953) and to complement further
detailed local studies within other parts of the Williston
Basin area.

A litersture study of the Elk Point group in the
Williston Basin was made to establish the relationship of the
group as a whole to the major features responsible for its
history. Based on this background informastion, a sedimentary-
stratigraphic analysis of the Elk Point group in Manitoba was
undertaken.

| The geological history of the Blk Point group in
Manitoba was interpréted through regional correlation sections,
and isopach and lithofacies mapping. The study involved the
determination of formation tops and thicknesses from mechanical
logs for approximately 100 wells, and correlation of these wells.
Detailed sample examinations and core studies were made for
approiimately 25 of these wells. Lithologic data for approxi-
mately 10 other of these wells were available from the Manitoba
Mines Branch and Mines Branch publicabions. Picks of formation
tops were substantiated by sample checks where any doubbt existed
as to a definite top. The results of the study have been integrated

with published reports relating to the Elk Point group.
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AREA. OF STUDY

The distribution of the Elk Point group and the area

of study are shown on Figure 1. (After various sources).

The area of detailed study (Figure 1) covered by this

report is a triangular area of some 35,000 square miles, occupying
the southwestern portion of Manitoba. The area is bounded to the
south by the International Boundary, to the west by the Manitoba-

Saskatchewan border, to the north and northeast by the western

edge of the Precambrian shield and to the east by the Principal
Meridian.

CONTROL WELLS

The location and type of control available for each
well used in the study is shown in Plate 1. (In Pocket). Nearly
100 wells were studied, giving an average control density of
approximately one point for every 350 square miles. EKEach well
has been given a reference number and pertinent data are included

in Appendix I. Lithologic descriptions of selected wells are

given in Appendix II.
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IT
DESCRIPTIVE STRATIGRAPHY
GEOLOGICAL SETTING

Manitoba is situated geologically on the northeastern
edge of the Williston Basin, an area characterized by intermittent
differential subsidence and accumulation of sediments since Ordo-

vician time (McCabe, 1959, p. 9). Palaeozoic sediments, chiefly
carbonates of Ordovician to Mississippian age, dip gently to the
southwest at an average of 30 feet per mile. Mesozoic sands and
shales overlie the Palaeozoic sequence in marked unconformity and
dip to the southwest at about 12 feet per mile. Flat-lying
Cenozoic sediments are present locally in the Turtle Mountain area.

Cenozoic erosion and particularly Pleistocene glaciation
have produced an erosion surface with a northeast slope resulting
in the exposure at the erosion surface of a series of linear,
north-northwest trending outerop belts with successively older

strata exposed to the northeast.
THE MIDDLE DEVONIAN BASIN OF DEPOSITION

The depositional basin in which the Middle Devonian
sediments were laid down differed in shape and location from the
present-day structural Willistom Basin, and it is termed the Elk
Point Basin. As used in this paper, the term Elk Point Basin
refers to an elongated trough trending northwest-southeast frﬁm

North Dakota and southwestern Manitoba to eastern Alberta, with

-0 -




its structural axis running between Regina and Saskatoon (Figure 1).
The Elk Point Basin extends to the western limits of the area of
reference. It shows closure on all sides except in the northwest

where the axis of the basin continues into eastern Alberta.,

THE ELK POINT GROUP

General Remarks. --The Middle Devonian Elk Point group

comprises in ascending order, the Ashern, Winnipegosis, and

Prairie Evaporite formations., The Elm Point formation, included
in the Elk Point group by Baillie (1953), is not continuous in
the subsurface and is discussed in this report as a lower unit
of the Winnipegosis formation; The Ashern rests unconformably
on the Silurian Interlake group and the Prairie Evaporite
formation is overlain by the basal red beds, referred to as
the 2nd red, of the Middle Devonian Dawson Bay formation. This
stratigraphic sequence is illustrated in Figure 2.

Definition. --The term Elk Point formation was first
proposed by McGehee (1949) for a red shale, salt, anhydrite and

dolomite section underlying the Waterways formation of east-

central Alberta., In 1953, Baillie elevated the Elk Point to
group status to include the Ashern, Winnipegosis and Prairie

Evaporite formations.

Expanded definitions of the Elk Point group in the
central portion of the Elk Point Basin of Alberta by Van Hees (1956)

created a Lower and Upper Elk Point group. The Upper Elk Point

- 10 -
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group had previously been established as Middle Devonian by
Crickmay (1954). The Upper Elk Point of Van Hees (1956) is
equivalent to the Elk Point of Baillie (1953) and of this paper.
The Lower Elk Point does not extend east of western Saskatchewan
and the possibility exists that it is Ordovician rather than
Devonian in age.

For the Williston Basin area and Manitoba, the lower
limit of the Elk Point group is taken at the base of the Ashern
formation which unconformably overlies older Palaeozoic strata
throughout the area. The upper limit is taken at the top of
the Prairie Bvaporite formation or at the top of the Winnipegosis
formation where evaporites are absent. The upper and lower limits
of the Elk Point group are indiéated for all wells on the cross
sections (Plates 2, 3, and 4).

Underlying Beds. --Within the area of study, Middle

Devonian strata of the Blk Point group rest unconformably on the
Silurian Interlake group of Niagaran age. The uppermost Interlake
beds in the Manitoba area are commonly a cream to white, crypto-
crystalline to lithographic, high calcium limestone, which may be
chalky in part. In many wells, however, these beds are a buff to
pink, microcrystalline dolomite which may be argillaceous and/or
silty. Typically, as in well number 14, a cream to white cryptoj
crystalline dolomite marks the top of the Silurian sequence. In

a few places, as in well mumber 17, a thin, very argillaceous facies

may develop in the Interlake some 20 to 40 feet below the Interlake

- 12 -




carbonaste top. Mechanical logs in areas where such a zone is
developed near the top of the Interlake group show two typical
Ashern "shale kicks" between Winnipegosis carbonate and well
developed Interlake carbonate, leading to possible miscorrelation
of the Ashern formation. In these wells the upper argillaceous

zone was considered to be the Ashern formation. The lower zone

can be correlated to known Interlake beds and an actual facies
change from a highly argillaceous zone through slightly argillaceous
to nonrérgillaceous Interlake carbonate can be traced on well logs.

Overlying Beds. =-The Elk Point group is overlain by a

widespread argillaceous zone that has been referred 1o as the '2nd
red', The 2nd red beds are the basal beds of the Middle Devonian
Dawson Bay formation and it is thought that they are, in part, the
residual product of minor subaerial solution erosiocn of the Prairie
Evaporite salts (Walker, 1956). WNo definite evidence is available,
however, to indicate whether or not an unconformity is present
at the top of the Elk Point group.

Digtribution and Thickness. -- Late Middle Devonian (Elk
Point) seas were extensive through much of western and northwestern
Canada and their areal distribution is shown on Figure 3 (after
Warren & Stelck, 1958, Fig. 8, p. 37).

The areal extent of Elk Point sediments is shown on Figure 1.
The group has the widest distribution of any Devonian strata in the
Williston Basin area and ranges in thickness within the basin from

300 feet at its margins to over 700 feet at its centre (Baillie,

- 13 -
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1953). Elk Point strata are present in the subsurface of Montana,
North Dakota, Saskatchewan, Alberta and Manitoba and rise to out-
crops at several places along the southwestern margin of the
Precambrian shield. The principal outcrop belt is along the
shores of Lake Manitoba and Lake Winnipegosis in Manitoba.

The distribution, thickness, and lithofacies of the
Elk Point group in Manitoba is shown on Plate 5. Here the group
ranges in thickness from its zero erosional e&ge in the north and
eastvto a maximum of about 550 feet along the southern part of

the western boundary of the province,
ASHERN FORMATION

Definition. —- The term Ashern formation was proposed by
Baillie (1956) for the brick-red to greyish-orange argillaceous
dolomites immediately overlying Silurian strata in the ouﬁcrOp
area. In the subsurface of Manitoba the Ashern formation is a
reddish dolomitic shale. The upper contact with the overlying
Winnipegosis is commonly gradational, and the lower contact with
the Silurian Interlake group displays much evidence of the un-
conformable relationship with the underlying strata. Despite
the gradational and erosional nature of the contacts, the limits
of this thin argillaceous unit, between relatively thick carbonate
uwnits, can usually be distinguished on mechanical logs.

Lithology. --The Ashern formation in the subsurface of

Manitoba consists typically of a brown-red to maroon-red, slightly

- 15 -




silty, dolomitic shale, which is earthy and without bedding.

Locally, smell anhydrite and gypsum lenses occur in
the basal beds. The basal few feet may consist of a breccia
which may or may not include fragments of the underlying rock.
In the core from well number 76, the basal few feet is a breccia
of dark reddish brown shale, greenish shale, anhydrite and white
dolomite. The dolomite fragments are similar to the uppermost
Silurian beds in this well. Uppermost Silurian beds commonly
exhibit a brick-red coloration which may persist for 50 feet
or more beneath the base of the Ashern and in some instancesg
may cause difficulty identifying the Ashern-Interlake contact.

The silty aspect of the Ashern formation is best
developed in the basal beds in the southeastern portion of the
study area, where quartz of silt size grading to sand size is
present,

In well number 51, the Ashern is represented by a dark
grey to black shale with abundant, small, iron sulphide nodules
and white anhydrite lenges.

In several places, a grey green dolomitic shale marks
the top of the Ashern formation. Well number 49 illusﬁrates the
relationship of the grey green bedded shale to other Ashern
lithologies. Here this shale overlies the typical reddish-brown
dolomitic shale, with reddish brown anhydritic shale at the base

of the formation.

In several wells the upper contact of the Ashern formation

is difficult to discern lithologically because of a complete gradation

- 16 -




from dolomitic shales of definite Ashern type through grey
argillaceous dolomites to the purer carbonstes typical of the
overlying Winnipegosis formation. In well number 18 the entire
Ashern sequence consists of 33 feet of grey and green-grey,
dense, argillaceous dolomite with only the basal 5 feet
developing a pinkish color.

Digtribution and Thicknegs. -~The Ashern formation

underlies the Elk Point group in Ménitoba and Saskatchewan.
It rests on the Silurian Interlake group which thins westward
80 that at the Alberta border the Ashern directly overlies
Ordovician carbonates.

The thickness and distribution of the Ashern formation
in the subsurface of Manitoba is shown on Plate 6. The thickness

is somewhat erratic and ranges from a few feet to over 60 feet.
WINNIPEGOSIS FORMATION

Definition. --The Winnipegosis'formation was originally
called Winnipegosan by Tyrrell (1292) but, as the adjectival suffix
had o time connotation, the term Winnipegosis was recommended by
Baillie (1953). This formation occupies the interval between
underlying Ashern shales and overlying Prairie Evaporites, or
the 2nd red zone where evaporites are absent.

In the outecrop area the upper contact of the Winnipegosis
formation is sharp and distinet with the overlying red and green

shales (Baillie, 1951). The upper contact is similarly sharp in

- 17 -




the subsurface, and only in areas where a highly anhydritic
Winnipegosis top is overlain by massive anhydrite of the Prairie
Eveporites is the contact somewhat gradational lithologically.
As has been previously discussed, the relationship of the
Winnipegosis to the underlying beds may be somewhat gradational.
The limits of the Winnipegosis formation sre easily recogniszed

on mechanical well logs.

Elm Point Unit. —~The Elm Point was originally defined
by Kindle (1914, pP. 251) for the limestone exposed near Elm Point
on the east shore of Lake Manitoba. The Elm Point is a mottled,
yellowish grey limestone underlying Winnipegosis dolomite and
overlying Ashern'shales throughout the outerop area (Baillie,
1951, p. 13). Baillie (1953) included the Elm Point limestone
in his definition of the Elk Point group although he did not
utilize it as a formation through the subsurface area of his study.

In the present study, Elm Point strata were recognized
in only a few wells. FProbable Elm Point beds are found in well
number 17, where over 70 feet of Erownegrey, microcrystalline
limestone with small brown spores occurs immediately above the
Ashern formation., This represents the maximum thickness for
the Elm Point limestone. Throughout the subsurface of the area
studied the Elm Point is difficult to distinguish, probably
because of complete dolomitization, and therefore is apparently
discontinuous. As it is not a definable formation in the sub-

surface,strata equivalent to the Elm Point formstion are included

- 18 -




within the Winnipegosis formation in thisg study.

Areas where the Winnipegosis formation has a high
limestone content, most of which may be an Elm Point limestone
unit, are readily discernible on the limestone-dolomite ratio
map for the Winnipegosis formation (Plate 7). The.best and
most contimious development of the Elm Point limestone is found
- in the outecrop belt, particularly along the eastern shores of
Leke Manitoba (Baillie, 1951).

Reef Development. --Structures which have been inter-

preted as reefs have been observed in field outerops of the
Winnipegosis formation on the islands and shores of Lakes
Winnipegosis and Menitoba (Baillie, 1961), and in several of
the wells examined in the present study.

Thick-bedded to massive dolomite cliffs of the outerop
area are considered by Baillie (1951) to be eroded remnsnts of
organic reefs or bioherms. The structureless central cores, with

rather steeply dipping, flanking beds draping over them, together

with the presence of such reef-building colonial elements as corals

and stromatoporoids, are evidence for the acceptance of these as
true organic reefs.

The evidence for the presence of biocherms within the

subsurface is of a somewhat different and necessarily less complete

nature,
In determining the presence of reefs, any thickening of

the suspected formation or strata may indicate reef growth., If
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this thickness is somewhat erratic in distribution, and appears
not to be merely associated with the depositional "wedging! of
the rock units, added evidence is provided. Isopachs of the
Winnipegosis formation (Plate 7) show marked, erratic, local

, thickenings of from 75 to 150 feet which are explained by the
bresence of bioherms or reefs.

It is well known that reef cores are notably lacking
in stratification. In a few of the well cores examined, unlayered
or structureless sections are present. Undoubtedly, some of this
appearance is due to the massive nature of the rock but in many
places it is found with other features, such as unusually thick
sections and the presénce of organiec materiai, in such a way as
to suggest reef cores.

An abundant and varied fauna is one of the essential
criteria for biohermal growth. Colonisl reef building forms -~
corals, stromatoporoids and algae —- are particularly necessary,
but other faunal types, which contribute fossil debris to the
structures, are also impprtant. Winnipegosis time was extremely
favourable for organic growth. Corals, stromatoporoids, and
brachiopods were numerous (Baillie, 1951). Bryozoans and sponges
were less so; algal growths are not easily recognized, but may
have been extremely important as reef builders. In brief, the mere
presence of colonial types of corals and stromatoporoids within the
formation is enough to make one suspect that there may have been

reef building.
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The presence of fragmental material may provide another
criterion for reefs. Due to complete dolomitization, it is difficult
to identify all of the fragmental material of the Winnipegosis as
fossil fragments. However, the fact that much of the fragmental
material observed in the Winnipegosis appears to be pieces of
fossils, points to an origin in a fossil-rich source, such as a
bioherm or biostrome.

Finally, combinations of the foregoing observations may
substantiate that a reef exists.

Winnipegosis reefs in Manitoba exist as isolated structures
with the possible exception of a large reef buildup developed near
the ﬁéfthwest edge of the study area trending northwestward to the
Manitoba-Saskatchewan border. |

Lithology. ~-The Winnipegosis formation consists of reefal
and shelf-type lithology. Shelf-type lithology makes up by far the
greatest portion of the Winnipegosis formation in Manitoba. T% is
typically a buff to light grey brown dolomite with very fine sucrosic,
or very fine crystalline,to microsucrosic. or microcrystalline texture
and patches of poor intercrystalline porosity. This lithology may be
fragmental in part, or may be interbedded with fragmental dolomite
which suggests a biostromal character for those parts of the
 Winnipegosis of the shelf province.

The best development of reef lithology occurs in well
number 75. The reef zone here is represented by an unbedded, partly

fragmental, fine crystalline, buff dolomite, with abundant algal
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and/or stromatoporoid material and excellent vuggy porosity. The
reef dolomite of well number 75 is slightly calcareous and much
recognizable organic material has been presérved. Occasionally,
in wells penetrating a completely dolomitized reef section, as in
well number 92, almost no organic material can be recognized.

Inter-reef deposits consist largely of biostromal or
shelf-type dolomites, overlain by Prairie Evaporite salts,

The lowermost Winnipegosis beds are a dense to micro-
crystalline, buff to brown, sometimes argillaceous, dolomite,
which commonly contains bituminous laminae., These basal
Winnipegosis beds are thought to be equivalent to the brown-
grey, microcrystalline limestone of the Flm Point formation
of the oubtcrop area,

Throughout the shelf area of Manitoba where the
Winnipegosis formation is directly overlain by the 2nd red beds,
the upper contact of the Winnipegosis formation is sharp and
distinct. However, close to the basin area where the Winnipegosis
is overlain by the Prairie Evaporite, the contact isvconsiderably
less sharp although still discernible on mechanical logs. There,

the uppermost'W1nnipegosis beds commonly contain white, crystalline

anhydrite as vug or fracture fillings, or irregular inclusions which

may be several inches or larger in size, The upper contact of the
Winnipegosis may, in fact, be gradational through an anhydrite-
bearing dolomite to pure anhydrite of the Prairie Evaporites,

Black or brown, argillaceous or bituminous partings also occur
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in the upper beds of the Uinnipegosis formation. The presence of
anhydrite and thin partings in this zone were observed best in
core from wells 27, 36, and 51. In well cuttings minor amounts
of anhydrite and shale in the Winnipegosis are difficult to
distinguish from the cavings from higher horizons of the sgame
lithology. As these minor lithologies are difficult to assign
to the Winnipegosis on the basis of well cuttings, and as they
are almost always present in upper Wimnipegosis core, it is
concluded that this characteristic may be much more common than
is generally indicated on lithologic descfiptions of wells in the
area.

Minor beds of calcitic dolomite are found throughout the
Winnipegosis formation, both in the reefal and shelf-type deposits.
The calcareous content is variable and thin interbeds of limestone
may occur within the Winnipegosis. However, most of the limestone
within the Winnipegosis occurs at the base of the formation and
fhis has been designated as the Elm Point limestone unit. The
relative amount:. of limesﬁone to dolomite in the ﬁinnipegosis
formation, and therefore the degree and distribution of dolomiti-
zation within the Winnipegosis, is shown on Plate 7.

Distribution and Thickness. --The Winnipegosis formation

occurs throughout the area of study and its distribution and thick-
ness in Manitoba is shown on Plate 7. In'the subsurface of Manitoba,
the Winnipegosis formation shows a considerable variation in thickness
due to the presence 6f biohermal-type reefs. In wells that do not

penetrate reef strata, the thickness ranges from just under 50 feet
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to over 150 feet, whereas in wells drilled on reef structures
the formation may be as much as 350 feet thick.

The Winnipegosis shelf-type strata thicken southwestward
from their zero edge until they attain a meximum thickness of just
over 150 feet along the line where the most easterly well-developed
Prairie Evaporite overlies the Winnipegosis. Southwest of this line
the Evaporite thickens but the underlying Winnipegosis actually be-
comes thinner, decreasing from 150 feet to about 50 feet néar the
Manitoba-SaskatcheWén border. By comparing a combined isopach of
Winnipegosis and Prairie Evaporite thicknesses (approximately equal
to the total Elk Point isopach, Plate 5) with separate isopachs of
the Winnipegosis (Plate 7) and the Prairie Evaporite (Plate 8), it
can be observed that the thinning (or thickening) of the Winnipegosis
1s compensated for by thickening (or thinning) in the Prairie Evaporite.
Striking evidence of this is offered by a comparison of wells number
66 and 67 which are but 3 miles apart. Weli number 67 penetrates 237
feet of Prairie Evaporite salt and 77 feet of Winnipegosis carbonate;
Well numbef 66 passes through only 156 feet of salt, but penetrates
150 feet of reefal Winnipegosis dolomite. This represents 73 feet
of additional Winnipegosis section, whereas the Prairie Evaporites
become thinner by 71 feet. Thus, irregularities in Wimnipegosis or
Prairie Evaporite thickhesses disa§peaf in isopachs of the total Elk
Point group.

The distribution of Wiﬁnipegosis reefs in Manitoba is some-

what erratic and the present information seems to indicate that these
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reefs exist as isolated structures. Three reefs in the west central
portion of the study area were penetrated in wellé 66, 75 and 76, where
the Winnipegosis formation is from 150 to 200 feet thick. Wells number
75 and 76 are shown on Stratigraphic Cross Section B-Bj, Plate 3. These
reefs exist on the approximate line of demarcation between the sghelf
province to the east and the basin province, in the extreme west portion
of the study area. Other Winnipegosis feefs were found in the northern
portion of»the study area where well control is sparse. Reefs in the
Winnipegosis and Mafeking area, encountered in wells 86, 92 and 93,
sppear to be isolated'structures within the shelf province. Reefs in
the vicinity of the Duck Mountain Forest Reserve have been postulated
to exist as one large trend, and this interpretation correlatés with
work done in Saskatchewan by Walker (1956). In wells penetrating reefs
in the northern portion of the study area, the Winnipegosis formation-
ranges in thickness from 250 to 300 feet.

The erratic and discontinuous distribution of the Elm Point

limestone makes it evident that it does not deserve formation status

in the subsurface, despite its being regarded as such in the outecrop
area by Baillie (1951). It occurs irregularly in the southern portion
of the study area and uniformly throughout the southern portion of the |
outerop belt, It shows no distinctive areal development except near

to and in the outcrop belt, especially along Lake Manitoba, where its
presence is continuous and it exists as a well developed, distinctive,

and unlike its subsurface occurrences, as a traceable unit.
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PRATITRIE EVAPORITE FORMATION

Definition., --The term Prairie BEvaporite formation
was proposed by Baillie (1953) for the salt and anhydrite beds
that form the upper unit of the Elk Point group throughout most
of the Elk Point basin area. The upper limit of the formation
is marked by the base of the 2nd red beds, and the lower limit
is the top of the Winnipegosis formation.

The type section lies between the depths 44,350° feet
and 4,990 feet in the Imperial Davidson No., 1 well, Lsd. 16-8
27-1-W3, Saskatchewan (Baillie, 1953, p. 24).

Lithology. --In Manitoba, the Prairie Evaporite formation
consists principally of anhydrite in areas where the thickness of
the formation is less than 100 feet. Wherever the formation
exceeds 100 feet in thickness the principal lithology is rock
salt (halite), although interbeds of anhydrite are not uncommon,
Potash salts are also present.

The anhydrite of the Prairie Evaporite formation is
white and crystalline or blue-grey and massive, and commonly
contains minor interbeds of buff, dense dolomite. The halite
is white, occasionally pink, crystalline or massive, and may
contain thin, soft, green shale bands near the base of the galt
section,

The salt is almost exclusively sodium chloride (halite)

but potassium salts are present in places near the top of the salt
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section, Potash salts, primarily sylvite and carnallite, occur
in a few weils along the southwestern border of Manitoba.
Potassium chloride or potash zones are usually indicated by
very prominent deflections on the gamma ray curve and can be
identified in well 28 (see Stratigraphic Cross Section C-C1,
Plate 2), and well 53 (gee Stratigraphic Cross Section C-C1,
Plate 4).

Distribution and Thickness. -~The present digtribution
and thickness of the Prairie Evaporite in Manitobs is shown on
Flate 8. West of approximately the 100 foot isopach, that is,
in areas where the thiclkness exceeds 100 feet, the formation
consists mainly of salt, although anhydrite may occur as inter—
beds. East of the 100 foot isopach, to the eastern edge of the
Prairie Evaporite, the formation consists almost entirely of
anhydrite. This relation is shown in two wells less than 20
miles apart. Well number 77 penetrates about 40 feet of
- Winnipegosis dolomite overlain by about 210 feet of salt and
anhydrite, whereas, in well number 73, a few miles to the south-
east, the Winnipegosis is about 90 feet thick and is overlain by
85 feet of anhydrite and minor anhydritic dolomite, but no salt
occurs. This indicates the very rapid thickening of the Prairie
Evaporite formation coincident with the occurrence of rock salt.
From well number 77 the formation thickens westward to the
Manitoba - Saskatchewan border at an average rate of 13 feet

per mile.
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Anhydrite overlies salt near the basin margins and in
places this anhydrite extends to the shelf area where it overlaps
shelf-type Winnipegosis strata. Such a relationship is exhibited
in the above comparison of wells number 77 and 73. A large em-
bayﬁeﬁt of anhydrite extends out onto the shelf province in the
Brandon - Minnedosa -~ Neepawa area. Over this area the anhydrite
is uniformly thin averaging 20 to 40 feet in thickness.

The wells in which potash salts occur are along the
southwestern edge of the study area, where the evaporite thickness
exceeds 350 feet. These wells penetrate the thickest evaporite
sections in Manitoba, and are closer to the centre of the evaporite
basin than any other wells in the study area.

Evidence for Salt Solution. --Sait solution within the

Prairie Evaporite and collapse of the overlying beds, has been
recognized in Saskatchewan. The evidence for solution has been
extensively reviewed by Tompkins (1955), Milner (1956), Walker (1956)
and Goudie (1957).

Evidence for salt solution is based on the fact that the
sudden thinning of the Prairie Evaporite salt along the eastern
flank of the Elk Point evaporite basin, and elsewhere, appears to
be too abrupt to be a normal depositional feature. Also, units
above very thin salt, or no salt, areas may be anomalously thick
or anomalously low on structure suggesting that salt removal has
causedlcollapse of the overlying beds.

The only place in Manitoba where there is any direct
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evidence suggesting that salt solution took place is in the
Waskada area (McCabe, 1959, p. 52). <The Bakken formation, of
Mississippian age, is anomalously thick in this area and McCabe
attributes the anomaly to salt solution and collapse. Correlation
between wells number 3 and 4 (Figure 4; after McCabe, 1959, Fig, 17,
P. 50) shows that the thickness of the section between the base of
the Devonian (Ashern) and the top of the Bakken is almost identieal
in both wells. However, in well rnumber 4 the Elk Point group is
over 100 feet thicker than in well number 3 due to the presence
of a thick bed of salt, which is not found in the number 3 well,
McCabe states, "The Devonian section overlying the Prairie
Evaporite correlates uniformly between the two wells, with
only a slight thickening in the number / well, which would
be expected on the basis of regional trends. The Bakken
section, howeverT is aspproximately 100 feet thicker in the
number 3 well. ‘he thickening of the Bakken section, along
with complementary thinning of the Devonian salt section by
almost the same amount, is very strongly suggestive of salt
collapse in the Waskada ares during early Bakken time. ....
In addition, the Devonian 2nd red in the number 3 well is
unusually thick (60 feet) suggesting that the added thick-
ness is the insoluble residue from the dissolved salt beds, !

Walker (1956) suggested a post-Mississippian to
Triassic age for the salt collapse in Manitoba. However, McCabe's
data would indicate that salt collapse took place at least in part
during Mississippian time,

The solution of the salt is attributed to movement
of subsurface waters through the area., Studies of the salinity

and formation pressures by Milner (1956) indicate that this

movement is in a general northeast direction and is still taking
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place today. A number of brine springs, high in sodium chloride
content, flowing from the upper beds of the Winnipegosis formation
at Salt Point in Dawson Bay, Lake Winnipegosis, were noted by
Baillie (1951). This suggests that removal of salt by solution
is still going on,

Undoubtedly appreciable quantities of salt and
anhydrite have been removed so that the original areal extent
of the evaporite formation was likely much greater than its.

present distribubtion,especially to the north-east,

AGE AND CORRELATION

The Middle Devonian age of the Elk Point group has
long been established. It is based on the occurrence, in outecrops

of the Winnipegosis formation, of Stringocephalus burtini Defrance,

one of the index fossils of late Middle Devonian (Givetian) age.
This age has been confirmed by potassium - argon dating methods,
applied to potash salts within the Prairie Evaporite formation
(Folinsbee et al., 1956). Computations made from a sample of
sylvite from the Verbata No., 2 well (Lsd. =2l=l1=2/~W3, Saskatchewan)
have indicated an age between 285 and 347 million years, or upper
Middle Devonian (Givetian) age, for the potash.

The exact age of the Ashern formation has not been as
well established. Baillie (1951, p. 11) considered that either
a Devonian or Silurian age was possible. The material which con~

stitutes much of the Ashern began to form soon after the initial
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uplift of the Lower Paleozoic carbonates, indicating a post-
Middle Silurian to pre~Middle Devonian age for this material,
However, as will be demonstrated later, much of the Ashern
formation was laid down during the transgression of the Middle
Devonian sea, and comsequently (as was noted by Van Hees, 1956)
the Ashern formation should be considered of Middle Devonian age.

Figure 5 is a correlation chart for the principal
Middle Devonian formations of Western Canada. It shows the
relationship of the Manitoba Elk Point group to other Middle
Devonian formations throughout Western Canada.

The Elk Point group of Manitoba and Saskatchewan
correlates with the Upper Elk Point group of Van Hees (1956)
in the central and southern Alberta plains, The Prairie
Evaporite is a direct correlative of the "first salt! of
McGehee (1949) of the Elk Point type section in Alberta.
Crickmay (1954) set up informal members to designate the units
of the Elk Point in Alberta. Crickmay's member 1 can be taken
as correlative with the 2nd red beds of the Manitoba ares. His
member 2 is equivalent to the "first salt? of McGehee, and the
Prairie Evaporite formation. Member 3 is shown by Crickmay as
continuous with the Winnipegosis formation. Member 4 could not
be individually traced to the Manitobs section, Members 1 - 4
of Crickmay constitute the Upper Elk Point group of Van Hees.,

The Ghost River formation of the central and southern

Albverta foothills and mountains_has been correlated with the Elk
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Point strata by Webb (1951) and Andrichuk (1951). As the
Ghost River formation is unfossiliferous it has been a subject
of controversy and the possibility exists that it is pre~-
Devonian, However, its present position within the Middle
Devonian appears to have been more or less accepted.

The Methy formation of northeastern Alberta bears a
striking petrologic resemblance to the Winnipegosis of the
Manitoba outcrop area (Greiner, 1956)., The Methy is correlated
with the Winnipegosis on the basis of fossils; both formations

contain Stringocephalus burtini and generally similar faunas,

Both formations outerop as klints, or eroded bioherms, and
portray a great number of similar characteristics.

The Methy formation is equivalent to the Keg River
formation of northwestern Alberta and the northeastern British
Columbia plains. Here, the Keg River is overlain by the Muskeg
and Watt Mountain formations, all three of which are considered
to constitute the Elk Point in this area. The Watt Mountain hag
been correlated with member 1 of Crickmay (1954) and if this
correlation is correct it is pPossible that the upper part of
the BElk Point of this area is in fact somewhat younger than
the Elk Point of Manitoba and Saskatchewan.

In the Great Slave Léke area the Presquile formation
is correlative with the Winnipegosis of Manitoba. Again it is
the presence of Stringocephalus burbini and its associated fauns,

that establishes the correlation of these formations. Greiner
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(1956, p. 2078) shows also that a striking petrologic similarity
exists between the Winnipegosis, the Presquile, and the Methy
formations. The Pine Point formation of the Great Slave Lake

area was correlated by Baillie (1950, 1953) to the Elm Point

formation of the Manitobavoutcrop area because of a marked
similarity in the faunal assemblage of the two units. Present
information suggests that the Pine Point limestone has a some-

what similar relationship to the Presquile dolomite as the Elm

Point limestone facies has with the Winnipegosis dolomite.
Correlation of the Winnipegosis formation with the

Ramparts formation of the Northwest Territories has been
established on the basis of similar fauna, both containing
Stringocephalus burtini. In addition, micropaleontologic
evidence from the Ramparts formation of the northern Rocky
Mountaing in the vicinity of the Alaska Highway indicates that
this formation may be correlative to the Winnipegosis of

Manitoba (McKennitt, 1959, pp. 22, 23). Correlation of the

Middle Devonian of the Northwest Territories with strata to

the south is a complex problem, Much geological work is now

in progress in this area and the Ramparts beds are being set
up under a new terminology. As this information becomesg

available, it appears evident that the Winnipegosis formation

is not equivalent to the entire section which was formerly

Ilumped under the name "Ramparts formation'. However, as the f
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determination of formations and their correlations in the
north is still in a highly controversial stage, it is con~
sidered adequate for this report to say that the Wimnipegosis

correlates with the "Ramparts formation! of the Northwest

Territories.
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INTERPRETIVE STRATIGRAPHY
 GENERAL REMARKS

The consideration of Elk Point strata in the first part
of this repprt has congisted of the presentation of pertinent
factual data, with little or no interpreiation of these data.

In the following pages the significance of the data is considered
and the depositional histéry of the Elk Point group is inferred

from this information.

The reader is asked to keep in mind that the interpretation

presented covers the Elk Point group for only the Manitoba area.
However, every effort was made to keep this interpretation
compatible with information assimilated from publicatibns con~

cerning the Elk Point outside of Manitoba.
THE SUB-ASHERN UNCONFORMITY

In many wells the surface of the Silurian Interlake
formation is oxidized and reddened. Also; in some cored sections
it has been observed that the Interlake surface has been slightly
anhydritized. The carbonates immediately below the Ashern have
undergone mihor replacement by anhydrite through a process of

secondary alteration. The occurrence of large secondary

"prophyroblasts" of anhydrite in dolomite has been described
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by Fuller (1956, p. 42). TFurthermore, the Ashern-Interlake contact
may be marked by a shale and dolomite 'breccia'., The 'breccia' re-
sulted because the carbonates immediately below the Ashern were
cavernous and the vugs have been infilled by shales and silts of
Ashern lithology. These circumstances suggest that the Silurian

' surface was subjected to sub-aerial solution - weathering, and was
later infiiled by residual clay deposits. In short, from the |
truncation of the Silurian surface, and the altered character of

the carbonates at the Interlake-Ashern contact, it can be deduced

that the base of the Ashern represents a stratigraphic unconformity.
ORIGIN OF THE ASHERN FORMATION

Much of the material of the Ashern formation was derived
as a product of erosion of the Silurian surface. The isopach map
of the Ashern formation does reflect the palaeotopographic con-
ditions at post-Silurian time. However, the products of Silurian
erosion probably filled depressions in the Silurian peneplain to
create what must have been a monotonous topography of low relief.
The Middle Devonian sea transgressed o#er this surface,

The origin and exact age of the Ashern have for some time
been in doubt. Recent work by Van Hees (1956) and Walker (1956) has
established a probable Middle Devonian age for the Ashern formation.
Previous workers have stressed the red coloration of the Ashern
shales and from this, concluded that the shales were a residual

lateritic deposit. They further argued that since it was of a
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residual origin it could have started to form soon after the
initial uplift of the Lower Palaeozoic carbonates. Walker (1956,
p. 132) suggested that undue emphasis may have been placed on red
cbloration, for much of the color seen in drill cuttings may have
been due to the reddened Interlake carbonates, fragments of which
could be wrongly interpreted as lagging samples of the Ashern
formation. Red beds within the Ashern formation may, therefore,
be less abundant than previously supposed. Furthermore, some red

beds, and all grey beds within the Ashern, are thinly bedded and

presumably water lain, These bedded shales are thought to be clay
deposifs eroded, transported, and reworked, probably in a near-
shore environment of the transgressing Devonian seas. Hence the
bedded Ashern red beds are dominantly a reworked and redistributed
laterite dépésit.

| In general it can be stated that although the greater part
of the Ashérn was derived from a residual clay it was actually laid
down during the Middle Devonian marine transgression. Consequently,
it is Middle Devonian in age. This argument alone does not rule out
the possibility that‘Ashern sediment was deposited by a Lower Devonian
sea. However, since no known Lower Devonian sediments are found any-
where neaf the area of Ashern occﬁrrence, it is assumed that né Léwer
Devonian inundation took place here,

It has been noted that unbedded basal red shales of the

Ashern may pass upwards through poorly bedded variegated green and

red shales into bedded grey shales and grey, argillaceous carbonates.
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Color changes within the Ashern are interpreﬁed as being related
to a transgressive Middle Devonian sea.

The red coloration is due to the highly oxidizing con~
ditions that prevailed during the late Silurian to Middle Devonian
erosion interval, and the 6Xidizing environment of an extremely
shallow water condition existing in the very initial stages of
the transgression of the Devonian sea. Local developments of
anhydrite and gypsum near the base of the Ashern suggest extremely
shallow water depths, and the evaporites might even have been
deposited in playa lakes or on tidal flats. The transition from
a highly oxidizing environment to the veﬁy slightly oxidizing con-
ditions of a normal marine environment, took plaée with the deepening
of the transgressing sea. - The variegated red and green shales were
deposited during this transition period. The establishment of a
slightly reducing environment brought about the reduction of ferric
iron oxides within the laterite clay during its redistribution, and
consequently the red coloration has been removed from the upper
Ashern sediments. Stronger reducing conditions are thought to have
influenced the sediment of well number 51 where the Ashern is
represented by a black shale, with associated iron sulphide nodules.

The occurrence of quartz silt and very fine sand in the
Ashern formation in the extreme southeast part of the study area
suggests that an area to the south and/or southeast was emergent
during this time, and provided a source of clastic material. This

source area was probably the positive element Souixia that was a
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prominent tectonic feature during much of Palaeozoic time.

WINNIPEGOSIS SEDIMENTATION

‘General Remarks. --The lithologic character and uniform

distribution of Winnipegosis strata throughout Manitoba indicate
that this area was essentially tectonically stable and a normal
marine environment prevailed throughout this depositional episode.

A normal marine environment is characterized by unrestricted
opén circulatioﬁ of sea water that results in uniform normal salinity
and slightly oxidizing conditions throughout. Normal marine carbonate
strata are typically light-colored, well-bedded, and fossiliferous.
The texture is uniform, and fine to microcrystalline,‘or.fragmental.
Dolomiﬁization of these strata usually produces saccharoidal textures.

Shelf-type Depogits. ~~The Elm Point limestone of the out-

Crop_area is a typical; normal marine, shallow water deposit of a
stable shelf area. However, the Elm Point unit, in many subsurface
occurrences, is a dérker éélored, deﬁser, argillaceous, apparently
unfossiliferous unit., This lithology represents the typical carbonate
deposit of a mildly unstable shelf area. Much of the lowermost
Winnipegosis dolomite is a dense, buff to brown, partly argillaceous,
non~fossiliferous dolomite, which is algo typical of mildly unstable
shelf deposits. It is postulsted therefdre, that from the time of
transgression of the Devonian sea until the end of Elm Point deposition
most of southwestern‘Manitobé was subsiding at a slightly greater rate

that subsidence would have occurred in a true stable shelf area.
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A nildly unstable shelf has a greater net rate of sub-
sidence with time, than a truly stable shelf. The most important
change this introduces is a reduction in the length of time during
which environmental agents operate on the sediment before it is
buried. In subsurface areas where the Elm Point limestone is
developed there was insufficient time fof the magnesium-bearing
sea wateps to replace the limestone with dolomite. Furthermore,
in general, dolomitization is effected in shallow waters and
limestone is the product of deeper water sedimentation., The
occurrence in the Elm Point of perfectly preserved, delicately

frilled braéhiOpOds (Atrypa artica, Warren; Baillie, 1953) indicates

a marked absence of wave or current agitation and supports a theory
of slightly deeper water deposition for the limestone. Only lithologic
-evidence is available to indicate that areas of limestone deposits
were more unstable than areas of contemporaneous dolomite deposits,
There is no apparent increase in thickness of sediment accumulated
in areas of limestone occurrence. However, it is concluded that the
Flm Point limestone facies represents deposition in mildly unstable
shelf areas, where the water was slightly aeeper, and burial
slightly more rapid, than in areas where dolomite 1s the resulting
deposit. |

Increased stability of the shelf region following Elm
Point time gave rise to uniform deposition throughout the study
area, The greatest portion of the ﬁinnipegosis formation is a
widespread, light-colored, microcrystalline to finely sucrosic

dolomite, which is typical of the normal marine environment of
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a stable shelf. Interbedded fragmental dolomites are typical

of the same conditions, and where the fragmental beds attain
a significant thickness, they suggest a biostromal character
for those parts of the formation.

The presénce of colonial organic remains in the
Winnipegosis dolomites implies warm, shallow water. Today,
abundant colonial type organisms are rarely found. at depths
greater than 300 feet. The warm, shallow, Winnipegosis sea
favoured the development of a prolific fauna which was capable
of organic precipitation of limestones. The Winnipegosis,
therefore, represents a shallow water calcareous mud deposit,

Where the Winnipegosis is overlain by evaporites, the
uppermost Winnipegosis beds commonly are anhydritized, In these
instances a metosomatic replacement of dolomite by anhydrite has
given rise to an intimate mixture of dolomite and anhydrite at
the Winnipegosis - Prairie Evaporite contact. The invasion and
replacement of a porous dolomite by ev#poritic solutions has
been described by Walker (1956). Iﬁterbedded primary dolomites
and anhydrites also oecur during the latest stages of Winnipegosis
sedimentation, and some difficulty arises in distinguishing
primary and secondary evaporites at the Winnipegosis-Prairie
Evaporite contact. Hence, in some places this contact is not
well defined.,

Reef Deposits. --Biohermal reefs appear in the.shelf
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environment in isolatedAand discontinuous masses rather than in
the linear trends typical-of basin margin environments (Sloss,
1947). Such reefs are commonly coral-stromatoporoidal or algal

in formation, and are relatively small and of 1imited vertical
extent. Two textures.are associated with reef masses; one is
fragmental, and occurs on reef flanks where material torn from

the reef by wave action comes to rest; the other is associated
with the reef core and results from the accumulation of a compact
mags of coral, algal, and other calcareous strﬁctures with numerous
voids marking the positions of soft tissues. Ordinarily, the reef
core is altered to a nearly structureless, porous, saccharoidal

. dolomite in which the original organic constituents are unrecognizable.

The foregoing comments by Sloss (1947) apply explicitly
to the Winnipegosis reefs of the Manitdba shelf area.

Winnipegosis time was extremely favorable for organic
growth, and coral and stromatoporoid colonies built upward and
outward from slightly higher parts of the ocean floor. Winnipegosis
reefs began to grow shortly after the stabilization of the shelf
area at the close of Elm Point sedimentation, and continued to
grow until the end of Winnipegosis time. In the extreme northern
and northeastern portions of the study area, where ﬁo Elm Point
phase is present in the Winnipegosis, it is probable that.reef
growth was initiated following Ashern deposition, contipning until
the close of Winnipegosis time. The largest reefs in thé Winnipegosis

are found in this area and presumably this reflects a longer period

- Lh -




of growth for these reefs.

All the reefs appear to be the shelf-type With the
possible exception of a large reef trend in the northwest part
of the study area. This large reef trend may be the result of
greater differential subsidence along a linear belt which has
given rise to a larger, more definitely oriented reef mass.

The presence of huge atoll-like reefs within the
Winnipegosis of Saskatchewan has been postulated by Edie (1959).
No evidence was found in Manitoba to suggest that these reefs
are atoll-type reefs. However, as no single reef body was
penetrated by more than one well it would be difficult, if not
impdssible; to suggest or deny, that the Manitoba reefs were
atoll in nature. Much closer well control will be necessary

before this ean be decided.

Dolomitization. —-In spite of their abundance, stratigraphic

span, and geographic range, the origin of bedded dolomites is a
controversial subject. Geologists generally agree that most
bedded dolomites werevproduced by post-depositionsl alteration
of limestones. Disagreement arises over the time of alteration
and the nature of the processes involved. In general, however,
it is agreed that dolomite forms best when the following environ-
mental conditions are met (Steidtman, 1917; Fairbridge, 1957):
(1) Marine, rather than non-mafine, surroundings.
(2) Shallow, rather than deep, waters.

(3) Warm temperatures.
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(4)

(5)

(6)

Increase in salinity, especially of magnesia salts,

stimulates dolomitization. This condition finds its
maximum expression in enclosed bésins or arms of the
sea.,

Reducing conditions generally exist where dolomitization
is active. How can warm, shallow, marine conditions
exist together with reducing conditions? The answer
probably lies in the favourable conditions existing for
the production of life in these shallow warm seas. A
high 1ife incidence means a high death incidence; hence,
on the sea floor proper, where actual conditions of
sediment deposition are most important, dead and de-
composing organisms are extremely abundant., TReducing
conditions can also exist with the development of saline
environments. A surprisingly high percentage of bedded
dolomites are asséciated with evaporites.,

Major dolomite deposits of both normal marine and re-
stricted environments are limited to, or closely
associated with, shéllow epicontinental shelves or
oceanic banks. On the shelf area, sediments are
maintained for long periods of time within the diagenetic

realm, and dolomitization is the rule.

Dolomitization of the Winnipegosis carbonate was effected prior

to compaction, but following the deposition of the original sediment,
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The fact that the Winnipegosis dolomite is overlain

by evaporites suggests that there was a gradual restriction of

the Winnipegosis seas. Thus, even during the deposition of the
Winnipegosis the concentration of dissolved solids, in particular
magnesium, may have been greater than normally found in shallow
shelf seas. This slight excéss of magnesium could have been the
essential condition that produced penecontemporaneous dolomitization,
-Chemical replacements and changes occurred in the original sediment,
an aragonite mud, while it was slowly being precipitated on the sea
floor, and it was altered to dolomite before compaction. A dis-
cussion of the chemical proéesses involved in displacing the calcium
by magnesium is beyond the scdpe of this report, However, the
essentially geological problems invol&ed will be analysed,

The Winnipegosis was deposited in an open marine environment
where werm shallow water lay over a broad, gently sloping shelf,
Evaporation of water in shallow, near-shore areas caused an inflow
of normal marine sea walers, from more basinal areas, toward the
depressions in the surface of the sea caused by evaporation, As
this sea water flowed across the wide shelf areas it became more
and more concentrated because‘of evaporation, and both its salinity
and density increased. In near shore areas, the concentration
eventually increased until these heavier brines sank and began
to drain seaward down the sloping shelf, Seaward escape of dense
brine is called reflux action (King, 1947). Water flowing in from

the open ocean, replaced that lost by refluxion and by evaporation,

- 47 -




and maintained circulation across the shallow shelves. With free
refluxion, concentrations on even the broadest shelves seldom be-
come great enough to inhibit organic activity. Hydrodynamic
currents pushing down these almost imperceptible slobes were
persistent, but reflux was not rapid. The reflux of this brine
along the shelf slope produced a thin zone at the depositional
interface which had essentiaily a penesaline environment., Recalling
the optimum conditions of dolomite formation mentioned previously

it is evident that such an environment providesg all of the conditions
necessary for dolomite formation.

A hot, heavy, highly alkaline, carbon-dioxide free,

magnesium supercharged brine existing at the depositional inter-
face provides both a chemically favourable environment for nmagnesium-
calcium exchange and a vehicle for removing displaced caicium. This
concentrated brine couid displace comnate waters in already pre-
cipitated limestones and in so doing alter them to dolomite (Adams
and Rhodes, 1960), The heavier concentrated brine waters would
displace connate waters of normal conéentration or the heavy brine
would itself be the original connate water in the unconsolidated
sediment. The seépage 6f these brines into the unconsolidated
sediment provides the necessary conditions for the evolution of
lime-muds to dolomite. .

| The maximum secretion of magnesium (the highest magnesium
to calcite ratio) by érimitive organisms and calcareous algae occurs

in the warmest waters (Fairbridge, 1957). It has already been
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established that the Winnipegosis sea was a warm sea, so that the
original carbonate precipitate might well have been a magnesium-
rich calcite mud. Fairbridge (1957) states that such magnesium-
rich caleites are highly susceptible to early diagenetic (pene-
contemporaneous) dolomitizatién. With a.pH of high alkalinity and
a slight increase in pressure and temperature (as provided by
concentrated brine of the type under discussion in association
with the sediment) the calcite mud sediment will change into
dolomite,

The concept of dolomitization by refluxion and seepage
was introduced by Adams and Rhodes (1960). They attributed the
formation of bedded dolomites in the Permian Basin of Texas to
the alteration of metastable limestoﬁes by hypersaline brines
refluxing from restricted evqporite lagoons, The present writer
proposes that the alteration of metastable limestone can also take
place by the refluxion of a penesaline brine over an essentially
unrestricted evaporite shelf, Such a process is submitted to
explain the doloﬁitization of the Winnipegosis formation. In the
Winnipegosis, however, partial and local restrictions may have been
prbvided by Winnipegosis reefs,

Minor amounts of dolomite occurring at the top of the
Winnipegosis in intimate association with, and in some cases inter-
bedded with evaporites, is regarded as a primary precipitate., It
is thought that the waters of the basin that were partially isolated

under conditions of aridity were enriched in magnesium by the
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conbinuous inflow of normal sea water and by the precipitation of
calcium carbonate and sulfate., Enrichment in this manner would

favour the formation of magnesium carbonate or dolomite.
PRATRIE EVAPORITE DEPOSITION

Increasing restriction of the Middle Devonian seas
initiated evaporite deposition. Prairie Evaporite time was ‘
characterized by a marked basining and a restricted arid or
evaporitic environment.

The depositionvof thick evaporite sequences implies
both a connection with the open sea and some barrier which
restricts free circulation with the open sea. During Prairie
Evaporite time the Elk Point basin was probably connected to -
an open seaway to the northwest and north. However, within
the area of reference, there is no evidence of the barrier
which isolated the Elk Point basin from the open sea.1 Edie
(1959) suggested that a tectonic barrier may have been present
to the northwest of the Elk Point basin, A natural barrier in
the seaway at this point would have effectively cut off the
central evaporating basin to the east and south frbm the open
sea, and from the higher parts of the basin to the northwest
1 Between Fort Nelson B.C., and south of Great Slave ILake, there’

is a major reef sill of Middle Devonian age, It is bounded to
the south by the Peace River high and to the north by the

Providence high, and is believed to have separated the Elk
Point evaporite basin from the open sea to the northwest.
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and north. - It is also prbbable that reef growth along the
tectonic barrier augmented the silled effect and restrietion.
The considerable thicknesses of relatively pure

evaporites deposited during Prairie Evaporite time can be ex-

plained only by uniform subsidence contemporancous with
precipitation. The thickness and purity of evaporites in the
central basin area in Saskatchewan reflect a strong basinal

tendency and suggest that the salt was deposited very rapidly,

possibly in the order of one inch per year (Edie, 1959).

Near the margins of the basin anhydrite is an important
constituent of the evaporite sequence particularily in the upper
beds. A large anhydrite 'embayment! covers mich of the central
portion of the study area. This relatively thin anhydrite appears
correlative with the anhydrite near the eastern basin margin., Thig
indicates that the greatest expansion of the evaporitic environment
occurred during the final phases of Prairie Evaporite deposition
and in many places evaporites seemingl& overlap shelf deposits.

The development of potash salts in the upper Prairie

Evaporite beds mark conditions of extreme restriction and desiccation.

The concentration of rare residual bitterns results from prolonged
evaporation of an enclosed saline sea, after the removal by pre-

~ cipitation of ecagleium sulphate (as-gypsum or anhydrite) and sodium

chloride.

Elk Point sedimentation closed with a cessation in the
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subsidence of the basin area. As subsidence ceased,
the basin quickly filled up with preclpitated sediment

and a base level of deposlition was reached. The final

stage of sedimentation was the precipitation of potash
salts from the highly concentrated, residual brine of

the central basin area.

DISCUSSION OF MAPS
Genersl Remarks. -- Although the plates presented

are largely self-explanatory and are referred to else-
where 1in this report, a brief description of eaéh is

given below and their important features are discussed.

Plate 1, Index Map. -- All the control points used and

the type of control available a each point are given on
Plate 1. This map also shows the erosional edge of the
Elk Point group and the edge of the Precambrian shield,

and locates the three cross-sections presented on plates

2, 3 and 4.
The outcrop area of the Elk Peint group as

shown i1s considered to be that area of occurrence of

Blk Point rocks that is not overlain by younger bedrock,
although in places it may be drift-covered. Accordingly,

the eastern limit of the overlying Manitoba group marks

- 52 =




the western edge of the Elk Point outcrop belt. The
eéstern margin of Jurassic rocks marks the southwéstern

edge of the outcrop belt.

Plates 2, 3 and 4, Stratigraphic Cross Sections. -- These

plates 1llustrate the correlations from well to wellf
throughout the area of study. They show the uniformity
of the Winnipegosis formation over the shelfl area.

These sections illustrate the very rapid westward thick-
ening that accompanies the appearance of evaporites,

particularly halite, at the basin margin.

Plate 5, lsopach-Lithofacles Map, Elk Point Grogp.‘—-

The Elk Point group is characterized by a marked dif-
ferentiation between carbonate and evaporite facles
and a low clastic content., Except in the southeastern
peripheral area of the map, clastliec ratios do not ex-
ceed %.

" The shelf area is well delineated by a high
carbonate facies and a marked uniform thickness of
sediments. A rapid increase in the rate of change of
thickness and lithofacles marks the margins of the
Elk Point basin, and, in places, the evaporite ratio

increases from + to 4 in less than 20 miles. The
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evaporite ratio line éf 4 approximately delineates the
basgin area., The evaporite ratio line of 1 encloses
esgsentially all areas of salt deposition. The evapor-
ite ratio line of % approximately delineates the basin
margin and shelf a;eas except in the Brandon area where
this ratio line seemingly overlaps shelf areas.
Winnipegosis reefs on the northern shelf
area which are not covered by evaporites appear in the
isopachs of the Elk Point group. Reefs along the basin
margln are not evident because, as has been discussed,
thickened reef sections are overlain by compensating

thins in the Prairie Evaporite,

Plate 6, Isopach Map, Ashern Formation. -~ The Ashern

iSOpaché show an irregular pattern which strongly sug-
gests an erosional surface, This map is a reflection of
the paleotopographic conditions at post-Silurian time,.
However, the character of the lsopachs suggest that
Ashern material probably filled depressions in the
Silurian peneplain surface to create what must have

been a monotonous topography of low relief.

Plate 7, Isopach and Limestone-Dolomite Ratio Map,

Winnipegosis Formation. -- The Winnipegosis shows a
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uniform thickening westward across the southern portion
of the Manitoba shelf. It reaches a thickness of jﬁst

ovef 150 feet and then thins westward towards the basin
area. The line of westward thinning of the Winnipego-

sis is approximately the basin margin zone and approxi-
mately where evaporites begin tbvappear in significant

thicknesses.

The isopachs delineate reefs within the Win-
nipegosis both on the shelf and along the basin margin.
All appear to be isolated structures except for the
large thick trend in the Duck Mountain Forest Reserve
area., This trend is thought to be the result éf greater
subsidence and /or better conditions for reef growth
along this belt.

The limestone to dolomite ratios are sig-
nificant in only two areas. The relatively higher
limestone content in the southwestern corner of the map
area is probably a result of carbonate deposition 1n
slightly deeper waters than the surroundiﬁg area. This
has been discussed under the sectlon on dolomitization
of the_Winnipegosis. The higher limestone content along
the southeastern tip of the study area is prebably dueb

mainly to erosion of much of the overlying dolomilte,
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leaving the Elm Point limestone facies: to domlnate the

ratio calculation.

Plate 8, Isopach Map, Prairie EVaporite Formation., =--

The Prairie Evaporlite isopach shows a very rapid basin-
ward thickening west of the basin margin.

The 100-foot lsopach approximately delin-
eates an area of dominantly halite deposition to the

west, and dominantly anhydrite to the east.

The large broad evaporite embayment" over
the central area of the shelf consists of frém 20 to
40 feet of anhydrite. This area could represent a
true minor depositional embayment. It could alse
represent the remains of a thin cover of anhydrite which
once spread over all of the shelf provinece and which
‘has beén subsequently removed everywhere by erosion

except in the central Manitobé area. No evidence to

support either theory was found in the present study.

SUMMARY OF ELK POINT SEDIMENTATION

Deposition during the Middle Devonilan appears

to have been eyclical. Walker (1957) reéognized three

ma jor depositional cycles within the Middle Devonian
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of Saskatchewan. Each cycle starts with a red shale
and passes upwards through saccharoidal dolomite into
an evaporite. Each of the cycles can be recognized in
Manitoba., The first cycle is the Elk Point group.

The geologlc events of the Elk Point group
can be sunmarized with the following statements. Init-
ially, the Middle Devonian seas flooded over an old
erosion surface and reworked and redeposited much of
the residual clay developed on that surface. Follow-
ing this relatively rapid transgression there was a
period of tectonic stabillity, and normal marine envir-
onment prevailed throughout this depositional episode.
This was a period of extremely favourable conditions
for the development of marine life, as indicated by
Winnipegosis reefs. The development of strong basinal
tendencies and a high degree of restriction in the Elk
Point basin caused increasingly evaporitic conditions.
Evaporitic conditlons first produced penecontemporan-
eous dolomitization of the Winnipegosis, but as restric-
tion of open marine eireulation increased it resulted in
precipitation of anhydrite, then salt, and lastly, posash.
Finally actlive deposition was terminated as the base

ievel of deposition was reached. This completed one




major cycle of sedimentation for the Middle Devonisan.
Sucgeeding cycles in late Devoniaﬁ were
essentially similar and the reader is referred to

Walker (1957, p. 135) for a discussion of these.
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iv

ECONOMIOC CONSIDERATIGONS

PETROLEUM POSSIBILITIES

In the area of study no commercial oil or gas
fields have been discovered in the Winnipegosis formation.
However, oll is being produded from the Winnipegosis (in
addition to the Silurian reservoir unit) at the Outlook
field in northeastern Montana, and a number of wet gas
and oil ocecurrences have been reported from the equivalent
Muskeg formatlon in northwestern Alberta. Three hundred
and ninety feet of oil-cut mud (estimated to be 50% oil)
has been reported from thevAshefn-Dawson Bay interval at
a well on Cedar Creek anticline in eastern Montana (Edis,
1959, p. 1052). | '

In central Saskatchewan, heavy black oil (or
bitumen) has been noted in samples near the top of the
Winnipegosis, and a few drill stem tests of the Winnlpeg-
osis have recovered slightly oil-cut mud, from wells out-
side of the present limits of the Prairie salt. Within
the present limits of the salt only one or two cases of
oil-stained samples have been noted (Edie, op. cit.)

The Winnipegosis provides structures and“
lithologiesvfavorable for the accumulatipn,of hydro-

carbons. Winnipegosis reefs have the necessary poros-
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ity and permeability to be hydrocarbon reservoirs.
Significant amounts of salt water have been obtaimed

on drill stem tests of fhe upper part of reef carbon-
ate sections in central Saskatchewan, indicating a good
development of porosity and permeability.

The most porous and permeable reefl dolomite
sections are those in which abundant sﬁrematOporeids
are present. The sections are interpreted to repre-
sent the fore-feef facies (Edie, 1959). Pores comprise
fossll cavities, including cellular péras in stromato-
porolds and corals, hollow stems of crinoids, and inter-
fragmental wvugs. Very little solution porosity appears
to be present in the reef masses. The presence and
amount of secondary infilling of pofes by anhydrite
and/or salt in the upper reef section greatly influ-
ences the porosity and permeability. Sections wlthin
the present limlt of the Prairle Evaporite show a
variable developmént of a zone of secondary infilling
near the top of the reef sectlen., Outside of the
present limit of the Prairie Evaporite, secondary in-
filling of Winnipegosis pore space is minor and does
not influence porosity.

Porosity in the Winnipegosis is not confined
to the reef sections, and poor to fair intergranular

porosity also occurs in thin beds in off-reef sections.
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The presence and control of permeability barriers in
these thin porous zones is thought to be related to

the extent of dolqmitizatien of these strata, more

complete dolomitization giving a better porosity
development. These permeable units in off-reef sec-
tions should be considered as possible carrier beds
for the migration of hydrocarbons.

Winnipegosis reefs should be favorable sites

for the accumulation of petroleum. These reefs should
be excellent traps because they are overlain by a good
cap rock. Evaporite beds such as anhydrite and rock
salt will effectively seal in flulds. Outside of the
present area of evaporites the Wimnnipegosis is over-

lain by the "Second Red" shale. Variations in the

thickness and developmeﬁt of the Second Red make it
a poorer cap rock than the evaporites, but it should
act as an effective seal to the migration of hydrocar-

bons.

Possible source beds for petroleum occur
within the Elk Point group. Baillie (1953, p. 60)
" describes a thick Winnipegosis black limestone-shale

sequence as follows:

"The dark-colored dense basinal limestone
that.occurs belew and adjacent to the salt in
northwestern North Dakota and eastern Montana
was deposited under euxinic conditions that
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favored preservation of organic matter. 0il
shows and stalning on fracture surfaces sug-
gest the oil is indigenous and that the dark
limestone can be considered as a source rock.
-~ Reefl occurrences marginal to such euxinic
basins would have greater (oll) possibilities
than the shelf reefs.% .

For reefs in the vieinity of the study area
to trap oil'originating from the above source’invelves
a long distance of migration for the oll. The migra-
tion paths of oil would be expected to follow paths of
least resistance (highest permeability) in a general
up-dip direction. From a regional dip standpoint,
and from the presence of permeable off-reef carrier
beds in the Winnipegosis, 1t could be postulated that
hydrocarbons would migrate from thlis source into Man-
itoba. |

Black bituminous shale partings up to

©opl

inech thick are common within the Winnlpegosls, par-
ticularly in the off-reef facies. The partings are
dull to shiny black on a fresh surface and have a
dark greylsh-brown streak. These black bituminous
shale partings are considered a possible source rock
for oil with a migration of short distance.

The presence of 1argé shelf or pinnacle=~
type reefs in the northern part of the study area and

along the northern shelf of the Elk Point basis in
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Saskatchewan, indicate a reefal area exists over a
distance of at least 250 miles. Bioherms bullt upr
either continuously or intermittently along this
trend. The possibility exists that this reefal trend
continueé westward to where it is represented by Methy
dolomite reefs in east-central Alberta.

Biohermal reef development over a possible
trend of several hundred miles greatly enhances the
hydrocarbon prospects of the area. Furthermore,
drilling to date has evaluated only a small percent-
age of the possible reefal area of this trend. Most
of this area lies outside the limits of the Prairie
Evaporites and presumably conventional selsmic meth-
ods of exploration could be used to locate these
reefs. These reefs are shallow and coﬁld be tested
economically. A serious drawback to the prospects
of these northern reefs is their great distance from
eany known source beds. However, if these are atoll-
type reefs, such as Edle (1959) postulated to exist
in the Winnipegosis of central Saskatchewan, then
petroleum could have been generafed within the lagoon-
al facies of these reefs.

The best prospects for petroleum In the

Winnipegosis appear to be the reefal bank adjacent

- 63 -



to the source bed facies of the center of the Elk
Point basin., These reefs were referred to by Baillle
(1953, p. 60) and lie near the Saskatchewan-North
Dakota border in southeastern Saskatchewan and may be
present in the southwest corner of Manitoba.»

Results of exploration of Middle Devonian
reefé associated with evaporites in Saskatchéwan and
Manitoba have been disappointing. However, in view
of the favorabie aspects of the Winhipegosis, and in
view of oll productlion found in the Michigan Basin
under very similér conditions, furthér work seems to
be demanded.

Exploration for Winnipegosis reefs presents
some speclal problems. The low contrast in velocity
between anhydrite, reef dolemite, and thb surrounding
salt present special problems in seismic interpreta-
tion (Edie, 1959). This makes the precise location of
Winnipegosis reefs bﬁried in salt, difficult if not ;
impossible to locate with presently developed geo- |
physical methods. Gravity methods have been at leas?t
partly successful in locating reefs buried in salt in
Ontario. Edie (1959, p. 1055) suggested a program of
lithofacles and biofacies anaiysis, combined with

stratigraphlc test drilling as a relatively effec-
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tive and economical method of exploration. Certainly,
knowledge of the controls of porosity, of the relation-
ghip of lithologic facies to structure and the facies
significance of isopach trends should be a means of

delineating favorable areas and localizing exploration.

POTASH OCCURRENCE

Potash salts in Manitoba underlie a narrow
crescent-shaped area from Township 19 south to the
International Boundary and from the western boundary
of Manitoba as far east as Range 27. They are found at
a depth of approximately 2600 feet along the northern
extremities of their occurrence, but are at a depth of
over 4000 feet in thé extreme southwest corner of the
Province,
| The main potash zone in the Prairie Evapor-
ite of Manitoba is overlain by 60 to 85 feet of hal-
ite; a substantial "salt back" is considered essential
for the successful mihing of potash’beds. The potash
zone is about 6 to 8 feet thick, and composed princi-
pally of halite and sylvité, and grades 25% K50 or
better (Bannatyne, 1960, p. 3). |

The potash deposit in Manitoba occurs a few
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hundred feet closer to the surface than most of the

deposits in Baskatchewan. Despite the greater abun=-
dance of potash in Saskatchewan this factor makes the

Manitoba potash deposit a potentlal economlc asset.
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SUMMARY AND CONCLUSIONS

This report has described the stratigraphy
and lithology of the Middle Devonian-Elk Polnt group
in Manltoba. An attempt has.been made to reconstruct
the depositional environment for each of the formatlons
within the Elk Point group.

The Ashern formation is a residual shale
which origihated by erosion of the Silurlan surface.
It was reworked and redeposited by a tfansgressing
Devonlan sea.

The Elm Point facies of the Winnipegosis
formation marks the initial subsidence phase of the
Elk Point basin. As the basin was taking shape this
was a period of mild instability, but nevertheless, a
normal marine carbonate episode. Winnipegosis dolo-
mites reflect a relatively stable shelf and a'normal
marine environment. Shelf-type reefs were bﬁilt up
in an environment that was highly favorable for the
development of erganlic life. An arid climate and the

developmenﬁ of slightly restricting conditions led to
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the development of a zone of penesaline waters reflux-
ing basinward across the shelf area. This penesaline
brine seeped into unconsolidated 1ime-muds to cause
their dolomitization.

A high degree of restriction accompanied
by a marked increase in subsidence led to the depos-
ition of the Prairie Evaporite.. As subsidence slowed
or ceased, sediments filled the Elk Point basin and
the drying up of the basin, with the evaporation of
the residual brines, led to potash precipitation.

Several aspects of epicontinental sea
sedimentation are present in the deposits.of the Elk
Point group. The deposits are a result of transgress-
ive deposition.across an erosional surface of large
areal extent and low relief. Shelf carbonate and
intracratonic deposition is involved with reef and
other organic deposition. The deposits reflect
changes 1in depositioﬁ assoclated with the restric-
tion of a large epicontinental sea and the develop-
ment of an evaporite facles.

It is hoped that this study has produced,

for the Elk Point group, basic information about
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depositional environments, regional variations in

intracratonic carbonate deposition, relations between
open and restricted marine environments and the devel-
opment of an evaporite facies, and the ihfluence of
low order structure on sedimentation. The writer has
attempted to presént information regarding the éontrol
of reef development, the devélopment and control of
porosity, the'nature, exteht and control of salt socl-
ution in the Prairie Evaporite: , and diagenesis, in-
cluding dolomitization and replacement of carbonates
by evaporites.

This information may be applied to petrol=-
eum exploraiion. It can be shown that the Winnipesgosis
formation contains a source rock for hydrocérbons, a
reservoir rock, and an effective cap rock over these

reservolirs,
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1.

APPENDIX I

WELL DATA

Well locations are given according to legal
subdivision, section, township, and range
west of the Principal Meridian. Wells are
arranged according to township number, range
number, section number and legal subdivislion
number , in ascending order from twp. 1, range
1, sec. 1, Lsd. 1. All wells are west of the

Principal Meridiaen.

All measurements represent depth below Kelly
Bushing in feet.

Legend:
. — - formation not present

2 - top of formation uncertaln

space - total depth of well insufficient
to penetrate formation

- 97 =




0602 qL03 2203 -— | 3302 || g86T | 9%9T TT % 6 ¢ punoN 40TTd
ssB8ah 208Mg | TT

880% £90% £68¢ - | ¢e8g |l 898e | sgot 38 ¢ 9¢ T I098MOTUN
I us3sT8) I{ OT

903% 28T 8%0% — | sv0v [looos |sT6T | 03 B ST @ | UWo3IoH punod
utduar | 6

L00¢ 8663 G063 — |goez ||auez |tosT | et 8 ¢ eI PIOTI
-woy ewod | 8

1908 2808 LB6T - Leet |l oseT | 88T ot & Tt oI sesIng
woatdiN | 4

06%1 0LpT 08%T — josvt || — |ouet 6 2 92 8 24 nojTuey
gy Teomuoummion | 9
L83 02g¢ 08%3 otge |otae || ¢es1e | 16%T L2 T 08 @ | eaoo 3aeqoy | g

8093 3LHS %399 oste |oste || sste | ue%T L2 T 9T 9T | aoad aegrno)
T® 30 001D | ¥

$ 3918 %309 986% | 986% [ 936% | PesQT 92 T €T & BpBISBY
. _ weqsT8) | ¢

igogz  |la0sgs 8432 ~ |83z |leczz |9get 2T T %8 ¢TI oTHONGLY
‘ uotuny *y'd | 2
£068 and - - . —~ |ogs g T 83 T BUjeIH 03en | T

uoTq wTg
8097 dog,
-BULIO] | =BULION
ude |stsofed |TI0U4BAW |3utod speg WM
- ~ysy | -yuupy |OFITRAL | CTME uotTye | eFuey*dm “ooeg *PST
wBTINTTS pey | ¢ - omaN TTO .o
‘ puo | -A°TE ——— N TToM on
JNoyy INIOd WIH -00g g ) 0738907 TToM

78 -




G4 - -— —— - -— L8 L T 9 6T T# ©TOH 6a0)
ﬁnosﬂﬁmﬁ‘nﬁm 0¢g
8%1V ST1¥ o%0% 0207 020% || 966¢ gyl g3 S 141 6 Cpd=Ny
: *A0ad aepue]
BPBIOWY 6T
g08¢e SLLS 899¢ 029¢ 029¢ || 06SG¢ 0g%1T 72 g 2e 9T Leugasy
uB1ET8) 8T
b L86¢C 916¢ 084LE - 0GLe || 33Le ge9tl 33 g eT ] ZeuJgBy BPUBT] LT
08%T LSPT OTPT - OT¥T || 98¢T 6¥%%T 8 <1 3% 3 Juowel Ty
. SEBIN 100MG 9T
weTInTTS OU} UTUITA DO3IBILS L08 z2 ¢ T ¢ WIB OMOT
h JOATY Peyg a1
PLVS 47474 QL322 - oLge avae 8291 6T 14 9e et zeylyag
- , 125 ELETTY $T
9693 LLSS 08%2 - 08%2 || 09%2 86¥%T eT ¥ e L ox8]
. ugoTLed euwoqd eT
6932 2633 L0 LTS 09Tz | 40913 82123 L3YT et 14 e 9T Lenuesap
. T® 2@ ewmog | .21
uoTq uoTq
uze | sTs08ed | ~a0deAm pﬂMMM HIM ,
-ysy | -juupy | STITBIL | 5P°2 | uoyge | eSusg°dmy *0eg °PST
ueTaAOTES peoy -a0T cox
puo gy UOT4800T] SmEN - TTOM | 1qom

dnogd LNIOd MId

-90g

-79 -



euaeyeay o038e)

8L2T 9621 fASEAN — 2821 || 8%31 g02t1 6 8 L et 1e
8e8 208 SV 4 —_ ovL | L33l 900T L 8 IT 9 ~ yopmhsny
, : umoay JI0TIe
-dng uweTpwULBY) 0¢
0%g 808 04% - 0LY — $16 S 8 ec L Seuop JO0TdI9
-dng uBTPBUBY 63
0%8% g8.LY 02L¥ r AR 4  S1gY || G83¥ 8191 82 A T2 4 &mpwﬂxﬂﬁﬁ
. | : uBl1sTe)H 88
0gé¢e G062 8e8¢ 03Le 03Le || 2692 T3%T G3 L 23g 6 hwﬁvﬁeh
u8le TBD L3
0cgd 0223 0223 %032 #0233 || 8LTSE 8831 ST L g 2T uo3TTH 039) 92
8G9T LT 08381 - 08ST || 0981 STPT ot L 33 ot 808DV 9 g2
£83 — - - - — 928 ¥ L 82 &4 eqe M Vg v2
0986T S%61 €981 - 298T || 2281 TeeT atT 9 o1 o estoydry
*1g euws(Q @3
0012 G602 0%02 — 0708 || 0102 289T it 9 L2 T seTTexnag
_ . Tesieg 22
$99 089 4829 - 829 - Hmm 9 9 33 6 oTTTASLBaY
v uIesoy 12
uoTq uoTq
~BULIOg | =BWLLOL mMpﬁh dog,
uge | stsoBed | TOCBAH | 3UTOd || oo | Wdm
~ysy - TUUTM STITBIJ ATH poy uoT98 | eBusy*dmy *oeg °*psT o
UBTINT IS _— puo ~-AOT eweN TTIoMm Hﬁo%
-00g = uo0T38907

dnoyd LNIOd MIH

- 80



26%1 8LYT 08¢eT 09eT 092t P2t L81T IT 6 0T ¢t 90UTAOI]
. _ i PUBTTOH
| Y3aIoN DEN 0%
- 8%9 829 048 - 0LS LyS LL8 m 9 8 02 8 neessTAON
: : v d 62
g1y 8¢ $08¢ - L0GeS || &= 9¢8 [ @ 6 92 @9 Heedp
{ wig o3ep | 8¢
jrAT GLSY 613Y% 2e1y 331y || S60% TI9T | 88 8 172 S 4 e0oUutAQLd 34E
S | _ -M7 UBlsT®) L2
#8692 9193 eLS3 0882 0683 || 8183 ¥9¢T 8T 8 T e BSOUBMEBY,
o ueysTe) ¢
0283 Q083 06¢3 L9232 L9g2 || 3¥e3 843T LT 8 LT 01 99 TBMY3UNOY
E : L Jotaedng
UBTPBUBY G¢e
0g08 0203 v et 3681 668T || 388T 0831 ST 8 8¢ 4 spoopy
conalg wewTTId | %9
2041 689T G8ST - 89ST 89GT || 8%ST LPO0T ¥1T 8 9¢ 8 |oaoqueTp 036D ee
7291 0291 G0ST - GOST || 0871 SP1T gL 8 T2 9T | ooupodd SPOOM
eonadg 00TH 2¢
UoT3 uoty
~-BWIO | =BUWIOZ 809 TI dog nan
uze |stsoBed | -odeam | 3utod Surew s d . .
ey | tuuw | etatead | Wrm| sveg | worsm | oo od hb "9%8 PR
USTIRLYS pey | -aetH owsN TTOM “oN
_ puo ‘gey UOTq800T TTem
dno¥d GNIOod MIH -00g

- 81



0%63 8262 L8L3 e L3 ecLs || 824z | 1seT 22 TT 42 ¥ Sutpasy ewoq | Tg
2912 LETZ 8202 866T 866T || 46T TIST LT IT 93 4 TTOUSATA V*d | 08
2oLt 02LT Q09T $948T 948t || eocT coeT eT TT 1¢ ¢ 88eap oBey | 6¥

82 — -— — — - e6L T IT oI T# 6TOH ©J0)
BQO3TUB) ung | 8%
8cey 8LTY 2eTh 0LLE oLLe | ogLe 59T 43 OT ©T ST | AT®q us3sTe)d | L¥

o1se o1se | os¥e TH%T 92 OT TTI ¢ o ams

WOPATA YINOS
us1sT8) | 9%

G093 6952 L¥93 ogvs | ozvz | gecs 6TST 6T OT 9T %I Z°0N £33000
uopusJag | ¢F

tetz || sote $8BT $96T $06T 1 e76T geaT 9T OT 6 1T | spooy eonidg
wewTTId | ¥¥
092T 1891 eLTT — eLTT | 21T 28TT| OT oT ¢ g wmeyueAwI Y g | ¢
L3928 9092 9673 cova co%2 | 8e¥a 638T 6T 6 43 OT | uopusag emoq | ¥
9282 0183 8698 0492 | 0L9Z| 9%93 $L0T 6T 6 g ¢ uopusag ewog | T¥

uo T4 uoTq
~BWIO ] | =BWIO] 5617 dog,
uxe |sTsofed MMMMMMW nﬂwmm WaM
. - - g X T 2] ; . . .
UBTINTIS usy TuwuTh ‘ mWom nwwmm o3uwy*dmy °*o0g °*pPsI oweN TTOM cox
T TToM
puo gy _
dno¥d INIOd MTH -90g HoT38007

- 82



0163 0688 a¥ L2 3TL3 2142 || 0692 ¥281 02 9T L 3 T1e%%8ag
uorun*vd T9
LL¥2 19%2 0gegs c023 coez | ¢823 7281 8T 7L 93 91 BSOPOUUTH
_ . . ewoq | 09
G9%T 0eHT 0021 a8t 883l || 892t ZPTT 7L 71 62 & emedes
paog3usl | 69
{013 §¥6T $08T - 08T || - 0gs g T I L ~ uoo(Q
: o eTuuog umed | 89
028t 064LT eL9T ey9T ePI9T || 39T 3831 ST eT 6T e utyooy
o JoTaedng
uBTpPBUB) LS
2%9 729 2es g1s a1s _ 26¥ 238 6 et 08 91 euanoq
-g3sep o3ep | 9g
LBCE LGe2 ggee 281¢% e81e || 2812 0GST i 4] et 4T e wossoTg
T8taeduy T
6009 L08% {062 - 5062 — 068 L 2T 6 154 1# etlatredad
| BT ©3Ba0d $Q
019% G9s¥ GOS¥ 080% 080% || 2¥0¥ E8LT 63 TI 8 L UIoTATH
. ueleTe) 15¢4
agdbe 08ve 093¢ av e avecll 082e £9aT ¥ T1T o028 3 eaoue] TvTaed
-Wl uBvlseTe) s
uoT3 uo T3
=BULIOJ =BULIO W geqtao | dog
ugze | segsoded -deaqm | qutod spog UOTY | mwdm
-ysy | ~TUUTM | ©TITead | ATH o ~BA |oBuwyedmy *oeg °PST *oN
weTANTTS —4 P | ot , SWEN TTM | 1ren
) 4 omoM
-08g uoT48007

dno¥yd &NIOd WIHE

83



0682 0%83 FASF A #1932 ¥L4923) 0%98 2981 €3 4T ¢z 9 |arqoweng sopred
-ng UBTpBUB) 3L

. 9¢8et 0%eT 0t3at 88TT 88TT| S9TT 8131 ST 4T IT 9T °eTUITH Vg T4

o%ge 008¢ 0L¥S L70g | LpOgf 0802 | 948T | 68 9T %¢ & ea828]
ooBN smod | OL

8782 £283 8992 — 899zl 2992 | TesT | T2 9T %¢ 8 IT8TO
-y38a3g ewod | 69
886 046 o¥8 | 218 318 || 064 996 ¢l 9T 9T 2r| sewnrd ofep | 89

89¢¢ Preg L9328 0%0¢ | ovogll oToe | o%eT | 42 ST 18 6 TT83PITd

peegsewog | A9

ogYe 80%¢ 83528¢ 201¢ 20TC || 0LOE GeqT L3 GT 8 01 TTB3PaTg
, il | . peeqseuoy | 99

84LG3 0983 e1¥e eo0¥%2 eo0¥2 | 8623 %61 8T ST 12 (< BSOPOUUTH
TToPTIY | G9

084T 2eLT 809T 988T 9838T | 29ST TL42T 9T oI 2t et NN
: ~-3utadg o8e) [=-%9

$3T - - o — - 688 | @ 9t 9 % spueTpooy
| usqsT8) | 29

e0ee 8832 8¥1¢e omﬁm, 0312 || L60¢S %91 1] 7T 0t gL &mhﬂm
moaay ewod | g9

- 84

uo Ty uo T g
-smiog | -®mIog seq1a oL || -
ure | sysoBed | -odeag | 3UFOd ene UOTS | Wdm
usTINTIL : . ~oTH - TTem

vqg OMOM

d0o¥d INIOd IIH -90g UOT3B00T




........

GT82 0942 Q042 $672 692 | 88%8 1881 L3 %2 ¥ g1 | oxeT Supmentg
ﬂ Ts8taedurr | ¢8

o $G04T — lscoatlcuotr | 9231 | 22 %2 o2 ot | metapusapcveg | zs
092T 3— 20eTT | s060T | z080Tf ~—~ 00TT | 02 %2 T Z2ms| T°on utudmsg | 18
g — - — — - | sgzs 9 03 ¢2 8 | eton

asey aepuny | 08

98483 9G8Gg || 9398 | 2&SeT 63 61 GT L | T# uotgBaoTdxy

*H°V°S 6L
¥a83 $982 || 8383 88GT 63 61T 9 et T# Laepunog .
: 4 THNY*S | 84

0STe 0312 080¢ 8982 8983 || 3283 Te8T | 42 6T 22 9T UBIIBMYO I
. : TetTaeduy | L.

3¢ LTSS ogte | o262 ozez || 0682 | L6ST 62 8T 8T 9T SUTBTOPBY
. Tetaedur | 94

$388T¢e 081¢ {98862 * 5863 Leez Il 6268 608T 98 8T 0¢ ¥ TTBaPaTg uso
‘ -jaouy-oT3uy | Gu

8963 BG63 || 2263 2891 63 4T 82 9 | ©OJ4BIVI'W'V 'S | Vi

poag 88T¢ 00T¢e gTOg gTog || 0662 T6LT 92 LT 48 T : o T3ITd
TeTIedul | ¢4

- 85 -

uoT3 uo 13
-guiog | -emrog | ©03Ta | dog
uge | e gsoBed | —odsag | 3UTOJ cpo w04 ,
~usy | =-Tuupm |etayeag | HIH wom —va |dSHbyedmg *o0g *pST .
usTINTTg - puo =9TH eurey TTOM wz
-90g ‘a°y UO0T9BOOT TTem

dNO¥Y INTOd MTH




4099

089 06e — 062 g_ — 0STT 93 ey 22 4 m% BureJeN
~uosuygop a6

2e3T 1831 898 — 898 g¢g8 98T1T 83 L T 6 # Am>ﬂm,
: _ usMg TTIeUS 16

LBST 996t 0921 — 0931 || 0231 69¢T 63 ge 5 e1 # nmbﬂm
usmg TTOUS | 06

908T 884T . 2891 — 2891 || 8891 281 938 145 ge 91 e# utres

-Unoy Jug
£58IH 300Mg 68

0193 LBE3 LST3 — L8132 {| 811G L8928 G2 e 2 3 g# umgunoy
ywong earyddeg 88

09323 - 0932 || €133 ovea Ge 0¢ 8T 9T T# utejunon
yong eatyddeg | LS

0L2 409¢ 0L - é04 — 0¥%8 LT 18154 .mN L H# ST
-0B3odTuutTpy 98

9¢S1 — 9¢8T || 08T 62ST 29 98 _¢n 2T ROTA
: -pusdy °*y°d g8

2981 - 398T || 0281 ¥YLGT g% 82 ST 9T neta
, : -pusday °*v'd | %8

‘uotg uoty dog,
~BULLO ~BULIO] | $94TJd0 qutod .
uae | stsoded -dBAT w14 || speg UoTY | mam .
-ysy | -TUUIM | OTAT8ad pey ~BA loBugy*dm] *o8g °pPST : cox
UBTINTTS —— : puo so1E : eursl TT®M oM
dno¥y» INIod MIH -90g g UoT48O0T

- 86



yosdost eyq
,.udsmnupwxmwm

* I0pI0q UBMOUDJBHSBY=-BQOGTUB ©U) O4UT SOUTT
sutgoefoad ul squtod ¥ooyuo s® pesn egom Loyyg
UT POTITJIP TT® ©J0M 98 PUB G§ ‘%6 °*SON sTiem,,

T# waeqng

g29¢ p6g¢e ovae 880¢ 880¢ 9991 ge 083 % T
QUTTd TeTaed
~WI JoTaedng
uBIpBUB)
| I93BMODT] | 96,
99T¥% 02 T¥ T60% 899¢ 899¢ SQLT ¢ ST 2¢ 9t uMoI) OTTTA
: ~UuBdo0Yy JI998BM
~OPTI OTPPTY | g6,
8%03 31083 8VLT - 8%LT 09T ¢ ¢6¢ ¢ ¥ TITUgepunyy
- ®py Letpoom | %6,
ga¢ 00¢ 08 — 03 - %8 88 P T T# Suixegen | g6
|wMMMM nwwmwm soqTa | dnoay
uIe | s1soTed IOQ..‘.Gb.m utod speg UCT] A
-1 eTITBa] ATH NdM
~ysy Tuuy pey ~BA loBueyedmy *oeg °*psT .
UsTInTTg ; puo -oTq ewrey TTOM ﬂﬁmm
dNo¥d INIOd ¥IE ~9es a3 UoT3BO0T




APPENDIX IT

DESCRIPTIONS OF SELECTED LITHOLOGIC
SECTIONS

1. Descriptions include the total Elk Point
Group in most cases.

2. For some wells only the cored seétion was
described. These wells are marked accord-
ingly.
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Well

2233

2278

No. 2.

- 2245
- 22656
- 2278

- 22856

- 22956

-. 2305

- 2315

- 23830

- 2350

DESCRIPTIONS OF SELECTED
LITHOLOGIC SECTIONS

B.A. UNION ARBUCKLE

lsd. 13, sec. 24, twp.
1, rge. 12, WPM.

Second Red Beds

Shale; red, calcaréous, blocky; with Limestone;
buff, microgranular, chalky in part.

Shale; red, calcareous, blocky; with trace
pink Limestone,

Shale; as above.

Elk Polnt Group

Winnipegosis Formation

Limestone; very light grey, dolomitic,
irregular fine clastic texture with some
medium to coarse, well-rounded grey Limestone
grains; with Shale, red, calcareous.,

Limestone; very dolomitic, with fine-grained
pelletold texture composed of buff granules in
a pink argillaceous matrix.

Délomite; pink, micro-sucrosie to fine sucrosic,
calcareous, argillaceous, trace intercrystal-
line porosity in part.

Limestene; white, chalky,'finely granular in
part with floating sub-angular quartz grains
up to coarse-grained size.

Dolomite; pink and buff, very finely sucrosic,
caleareocus, argillaceous.

Dolomite; red to buff with Shale; brown, with
clear calcite grains and buff dolomite grains.
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23860 - 2365

2565 - 2375

- 2385

Well'NO. 3.

Ashern Formation

Shale; brown and red with Dolomite; pink,
buff and green-grey, microcrystalline.

Silurian

Limestone; white, chalky, with Shale; brown,
trace gypsum, with Dolomite; buff and pink,

very finely sucrosic, argillaceous, calcar-

eocus.

Limestone; white, chalky.

CALSTAN WASKADA

J.Sd‘ 9"' Sec. 13’ ‘pr l,
rge. 26, WPM.

(Samples are poor and contain much caved
material, especially through evaporite section.)

4925 - 4976

4976 - 5000
- 5010
- 5054

" Second Red Beds

Dolomite; grey, buff and grey-green, marly
in part, reddish at top, very argillaceous.

Elk Point Group

Prairie Evaporites

Anhydrite; white and grey, crystalline,
with Dolomite; grey, mlerocrystalline.

Dolomite; grey and buff, very finely sucro-
sic, with Aphydrite; white, clear.

Anhydrite; white.
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5054 -~ B5065
- 50885

- 5105

- 5115

- 5140

- 5152
5162 -~ 5175
Well No. 8.
2885 - 29086
2905 - 2920

Winnipegosis Formation
Dolomite; buff, microcrystalline.

Dolomite; buff to brown, microcrystalline to
very finely erystalline.

Dolomite; buff, very fine to finely crystalline,

slightly calcareous, poor intercrystalline
porosity, black spores noted at 5090 feet.

Dolomite; buff to brown, very finely crystal-
line to microcrystalline, with poor inter-
crystalline porosity.

Dolomlte; as above, but with fair to good
intercrystalline porosity.

Dolomite; buff to brown, microcrystalliﬁe to
very finely crystalline

Ashern Formation
(E-Log top at 5152)

Dolomite;ylight grey and"grey to buff, micre-
erystalline.

DOME_HOLMFIELD

lsd 13, sec. 5,
twp. 2, rge. 15,WPM

Second Red Beds
(E-log top at 2872)

Shale; red-brown, dolomitic, silty.

ElkAPoint Group

Winnipegosis Formation
Dolomite; light gréy, argillaceous, calcareocus,

sllty, with Limestone; white, argillaceous to
chalky. ;
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- 2940 Dolomite; light grey to buff, microsucfosic,
silty with trace poor intercrystalline porosity.

- 2950 Dolomite; light brown, microcrystalline.

-~ 2960 Dolomite; light brown, microcrystalline with
poor intercrystalline porosity.

- 2980 Dolomite; iight brown, microcrystalline to
very finely crystalline with poor inter-
crystalline porosity.

- 2998 Dolomite; light brown, mierocrystalline.

Ashern Formation
(E-log top at 2998)
2998 - 3007 Dolemitej buff, brown, micfocrystalline,
argillaceous, with trace Limestone, chalky.
Silurian
(E-log tep at 3007)

3007 - 3010 Dolomite}; buff, microerystélline, silty, with
good microjugular porosity.

3010 - 3020 Limestone; cream to white, chalky in part,
golomitic in part, cryptocrystalline.

3020 - 3040 Dolomite; cream, cryptocrystalline, calcar-

eous.,
Well No., 9 JUMPING POUND HORTON
18d4. -8, sec. 15, twp. 2,
‘rge. 20 WPM _

Second Red Beds
(Top at 4000')

4030 - 4040 Shale; red-brown, dolomitic.
- 4048 Shale; as above, grading to Dolomite; grey-
buff, cryptoecrystalline, with anhydrite.
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4048 4060

- 4080

- 4130

- 4140

- 4150

- 4170

-~ 4183

4183 4200

- 4206

Elk Point Group

Winnipegosis Formation

Dolomite; grey-buff, cryptocrystalline,
argillaceous, with anhydrite.

Dolomite; light grey, eryptocrystalline,
argillaceous, calecareous in part, with
anhydrite; blue-grey.

Dolomite; light grey, cryptocrystalline to
microcrystalline, slightly argillaceous,
with trace anhydrite.

Dolomite; as above, with Limestone; buff,
cryptocrystalline, dense..

Dolomite; buff, cryptocrystalline, with
trace Limestone; as above, with trace
anhydrite.

Limestone; buff, microcrystalline, with
Dolomite; buff, microcrystalline.

Limestone; buff, cryptocrystalline,

LS
Ashern Formation

Limestone; grey'and buff, very argillaceous
to chalky.

Limestone; as above, with trace anhydrite;
white.

Silurian

4206 - 4?10 Dolomite; very light brown, very argillac-

eous, slightly silty.
- 4220 Limestone; ligﬁt grey, cryptocrystalline.
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Well

2000

2022

2075

2090

No, 11

- 2022

- 2030

- 2040
- 2050
- 2075

- 2080

- 2090

- 2100
- 2110

SWEET GRASS PILOT MOUND

l1sd., 3, sec. 9, twp. 4,
rge. 11, WPM.

Second Red Beds
(Top at 19847)

Shale; pink, dolomitic.

Elk Point Group

Winnipegosis Formation

Dolomite; cream to buff, with pinkish tinge,
cryptocrystalline to microsucrosic.

Dolomite; buff, microsucrosic.
Limestone; light grey and pbuff, microgranular,

Dolomite; buff, microsucrosic.

Ashern Formation
Dolomite; red~-brown, very arglllaceous.
Shale; red-brown, very dolomitic, with Lime-
stone; buff, cryptocrystalline.

Silurian

'Limestone; buff, cryptocrystalline, dense.

Limestone; very light grey to buff, crypto-
crystalline, dense.
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Well

2138

2160

2200
2223

22563

2269

No, 12

- 2160

- 2170

- 2200

- 2220
- 2226

- 2228

- 2238

- 2283

- 2260

- 2269

- 2300

DOME ET AL GREENWAY

1sd. 16, sec. 13, twp. 4,
rge. 13, WPM.

Second Red Beds
(Top at 2138")

Shale; red, calcareous.

Elk Point Group

Winnipegosis Formation 7
Anhydrite; blue-white,massive. (Prairie Evaporite?):

Dolomite; cream to medium brown, crystalline
to fragmental, poor intercrystalline porosity.

Samples missing.

(core) Dolomite; grey-buff and reddish buff,
microcrystalline to microsucrosic, tight, with
light grey-green shale or clay partings.

(core) Dolomite; as above, with fewer shale

partings and with irregular patches of Lime-
stone.

(core) Dolomite; as above, interbedded with
Limestone; pink to red-brown, microcrystalline
to dense, nodular in appearance with irregular
shale partings.
Limestone; brown-red and light brown, fragmen-
tal, poor intercrystalline porosity.

Ashern Formation

Shale; pale brown-red to rusty red, calcar-
eous, with Limestone; red, argillaceous.

Shale; as above, with trace Dolomite; white,
dense., v .

Silurian

Dolomite; white to light grey, microcrystalline
to dense, poor intercrystalline poreosity.
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Well

3250

3270

3444

No., 14

- 3265
- 3270

- 3290
- 3310
- 33560

- 3360
- 3380

- 3410

- 3430
- 5444

- 5460

- 3474

WESTERN ORTHEZ

lsd. 13, sec. 38,
twp. 4, rge. 19,WPM.

Second Red Beds
(Top at 3242')

Shale; medium grey, calcareous, blocky.

Shale; pink, earthy, slightly calcareous,
with shale, as above.

Elk Point Group

Winnipegosis Formation

Dolomite; very argillaceous, with 8hale; pink,
sarthy.

Dolomite; buff, eryptocrystalline to micro-

crystalline,

Dolomite; light grey to buff, cryptocrystalline
to microsucrosic.

Dolomite; buff, microsucrosic.

Limestone, buff, dense, cryptocrystalline,
arglllaceous in part.

Limestone; as above, with Dolomlte' buff,
dense, microsucr031c.

Limestone; as above.
Dolomite; light grey to buff, dense to micro-
sucrosic.

Ashern Formation

Shale; pink and red- brown, dolomitic, earthy
in part. .

Shale; as above, with gypsum lenses.
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5474

Well

8722

- 8750

- 3810

No. 17

- 3730
- 37580

- 3800
- 3810

- 3830

- 5840

- 3850

- 3916

Silurian

Dolomite; cream to white, erypto-erystalline,
dense.

LANDA WARNEZ

lsd. 5, Sec.ls, tWP.
5, rge. 22, WPM

Second Red Beds
(Top at 37221)

Shale; grey, fissile.

Shale; light red-brown, calcareous, earthy
with shale; as above. :

Elk Point Group

Winnipegosis Formation
Dolomite; light grey to buff, cryptocrystalline.

Dolomite; buff to light brownish-grey, finely
erystalline to fragmental, with good inter-
crystalline and microvuggy porosity.

Délomite; light grey-brown, very finely crys-
talline, with poor intercrystalline porosity,
with traces of algal(?) remains.

Dolomite; buff, microsucrosic to dense, tight,
calcarsous,

Limestone; brown to grey, dense to finely
crystalline, slightly argillaceous, with
numerous small, round,brown "spores".

Limestone; brown-grey to buff, dense to
microcrystalline.




3916 - 3920
- 3930
- 3987
3957 - 3962
- 3993
- 4010
- 40258
- 4040
Well No. 18
3675 -~ 3687
3691 -~ 3700

Ashern Formation
Dolomite; grey, very argillaceous.
Shale; grey, very dolomitic,
Shale; red-brown, earthy, slightly dolomitic,
slightly silty. :
Silurian

Limestone; pink to red-brown, dense, argill-
aceous. ’ »

Limestone; pink to white, dense.

Shale; red-brown, earthy, very caleareous in
part, with white Limestone fragments.,

Shale; deep red-brown, splintery.

Limestone; very light grey to white, dense.

CALSTAN HARTNEY

lsd. 16, sec. 33, twp.
5, rge. 24, WPM.

(core only examined)

Elk Point Group

Winnipegosis Formation
(Top at 3668!)

(core) Dolomite; pale yellowish-brown, medium

“crystalline and saccharoidal to coarsely frag-

mental with abundant fossil fragments(%?), good
intercrystalline and minutely vuggy porosity
with some infilling of white crystalline an-
hydrite in the vugs.

Dolomite; as above with bituminous partings
and abundant fracturing in basal 5 to B feet
with thin (1 to 2 mm.) bituminous partings
along fracture planes.
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3775 - 3802

Well No,., 22

2010 - 2040

2040 - 2060

2095

20956

2100

Ashern Formation
(Top at 37721)

(core) Dolomite; grey and green-grey becoming
slightly pinkish in basal 5 feet, microcrystal-

-1line to eryptocrystalline, dense, argillaceous.

BAYSEL BRUXELLES

lsd. 1, sec. 27, twp. 6,
rge. 11, WPM.

Second Red Beds
(Top at 2010')

Shale; red-brown snd pink, earthy, slightly
dolomitic, with shale, grey and grey-green.

Elk Point Group

Winnipegosis Formation

Dolomite; light grey-brown, cryptocrystalline,
dense.

Dolemite; light grey-brown, cryptocrystalline to
very finely crystalline.

Ashern Formation

Shale; brick red, earthy, slightly dolomitic.

Silurian
(Top at 2100¢)
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Well No. 27

5848 ~ 3850

3860 - 3853

Well No., 36

2568 - 2573

2573 - 2578

CALSTAN FINDLAY

1sd.‘9, Sec. 26’ th.
7’ I‘ge. 25’ WPM.

(core only examined)

Elk Point Group

Winnipegosis Formation
(Top at 3838¢%)

(eore) Dolomite; mottled buff and light brown,
microcrystalline, with numerous vertical
fractures filled with anhydrite, with black
irregular shale partings and some anhydrite
inclusions up to 1 inch in width.

(core) Dolomite; very finely crystalline, with
falr intercrystalline porosity and anhydrite
inclusions as above, fractured in part as
above.

CALSTAN WAWANESA

lsd. 3, sec. 1, twp. 8,
rge. 18, WPM.

(core only examined)

Elk Point Group

Pralrie Evaporite Formation
(Top at 2550!)

(core) Dolomite; light brown to buff, micro-
crystalline, and Anhydrite, white, crystal-
line,

Winnipegosis Formation

(core) Dolomite; light brown to buff, micro-

crystalline, calcareous, with good microvuggy

poresity, with irregular anhydrite inclusions,
and irregular black bituminous or argillaceous

partings, some amphlpora(?) remains near top
of unit, Lo
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Well

4242

4252

Well

2450

2463

2496

No. 37

- 4252

- 4303

No. 42

- 2463

- 2496

- 2810

- 2820

CALSTAN EWART PROVINCE

'1sd. 4, sec. 14, twp. 8,
rge. 28, WPM.

(core only examined)

Elk Point Group

Prairie Evaporite Formation
(Top at 4140!')

(core) Halite; white, cfystalline, with some

pink Halite.

(core) Halite; white, crystalline, with some
pink Halite, with two,soft, green fissile
shele bands about 2" inches thick in the basal
4 feet of the unlt..

DOME BRANDON

1sd. 16, sec. 27, twp.
9, rge. 19, WPM.

Second Red Beds
(Top at 24381)

Shale; pink, earthy, slightly calcareous.

Elk Ppint Group

Prairie‘Evaporite Formation

Anhydrite; white to grey.

Winnipegosis Formation
Dolomite; buff, microsucrosic.

Dolomite; 1ight brown to buff, microcrystalline,
with trace intercrystalline porosity.
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- 25640 Dolomite; light brown, microcrystalline to
dense with fair Intercerystalline and micro-
vuggy porosity.

- 2560 Dolomite; light brown to buff, microcrystelline
to dense.

- 25680 Dolomite; light brown, microcrystalline to very
finely crystalline.

- 2606 Dolomite; light brown to buff, microcrystalline
to dense.
Ashern Formation

2606 - 2620 Shale; light grey, dolomitic, blocky, very
silty.

- 2627 Siltstone; light grey: quartZose, argillaceous,
dolomitic.,

Silurian

2627 - 2640 Limestone; cream to white, cryptocrystalline,
dense.

- 2650 Limestone; white, dense, chalky in part.

Well No. 49 CEGO GREGG

1sd. 5, sec. 31, twp.
11, rge. 13, WPM.

Second Red Beds
(Top at 1553)

1553 - 1565 Dolomite; red-brown, very argillaceous, with
shale, brown.

- 1576 Shale; brown, dolomitic, blocky.
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1876

1605

1720

1732

15856
1595
1606

1620

1630
1640

16560
1670

1680
1700

1710
1720

1728

1732

1775
1800

Elk Point Group

Prairie Evaporite Formation

Anhydrite; white and blue~-white.
Dolomite; buff, dense to very finely crystalline.
Anhydrite; white and blue-white, with Limestone;
light grey, dense, slightly argillaceous.

Winnipegosis Formation

Dolomite; buff, very finely crystalline with
Anhydrite; white.

Limestone; cream, dense, slightly argillaceous.

Limestone; light grey, dense with Anhydrite;
blue-white, masgsive, ;

Missing.

Dolomite; buff, microcrystalline, with fair to
good intercrystalline porosity.

Missing.

Dolomite; light grey to buff, microcrystalline
to dense, very calcareuus.

Missing.
Dolomite; pinkish to buff, very finely sucro-
sic, very calcareous.

Ashern Formation
Shale; grey-green, silty, slightly dolomitic.
Shale; red-brown, slightly dolomitic.

Silurian
(E-log top at 1732')

Shale; red-browh, with Anhydrite; white, soft.

Limestone; cream-grey to white, cryptocrystalline,

dense.,.
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Well

2740

2753

2787

No. 51

- 2783

- 8760
- 2787

- 2790

- 2026

- 29032

- 2938

- 2970

DOME HARDING

lsd. 4, sec. 27, twp.
11, rge. 22, WPM

Second Red Beds
(Top at 27281)

Dolomite; grey, argillacéous, and Shale; grey-
brown, dolomitic.

Elk PQint Group

Prairie Evaporite Formation
Anhydrite; grey-brown, ﬁassive.
Anhydrite; grey-brown and grey, massive.

Winnipegosis Formation.

(core) Limestone; light grey to light brown,
microcrystalline, with abundant, small,
elongate carbonaceous fragments, with a thin
fossiliferous horizon near top of unit con-
taining abundant erinoid stems and small
brachiopods,

(core) Dolomite; buff, very finely sucrosic,
fair to good intercrystalline porosity,

good vuggy porosity near base of unit, with
abundant irregular brown argillaceous or bitum-
inous partings and minor anhydrite inclusions.
Traces of poorly preserved amphipora(?) noted,
and some light brown "spores" observed near
base of unit. ' A .

(core) Dolomite; grey-brown, microsucrosic,
with anhydrite inclusions and black carbon-
aceous partings.

(core) Dolomite; mottled buff and grey-brown,
very finely crystalline to microsucrosic.

Dolomite; buff to light brown, mierosucrosic
to dense, with poor intercrystalline porosity.

- 104 -



2928

2940

Well

3102

32568

3408

- 29000
- 2928

- 2940

- 2960
- 2970

No. 66

- 5232

5258

- 3355

3408

- 5430

Dolomite; brown, dense.
Dolomite; brown, dense, with Dolomite; buff,
dense.

Ashern Formation
Shale; black, with.abundant small iron sulfide
nodules, with Anhydrite; white, crystalline.

Silurian

Dolomite; pink, argillaceous, with Dolomite;
white, cryptocrystalline with Anhydrite;
white.

Dolomite; white, cryptocrystalline.

HOMESTEAD BIRDTAIL

lsd. 10, sec. 8, twp.
15, rge. 27, WPM.

Blk Point Group

Prairie Evaporite Formation

Hallte.

Anhydrite; massive.

Winnipegosis Formation
Dolomite; light greﬁ to buff, very finely
sucrosic, fragmental and finely sucrosic in
part, falr to good microvuggy and inter-
crystalline porosity.

Dolomite; chocolate brown, microcrystalline
to dense,

Ashem< Formation

Dolomite; buff, demse, argillaceous,
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3430

Well

2632

26580

2667

- 3450
- 3460
- 3480

No, 69

- 2640

- 2650

- 2667

- 2680
- 2690
- 2700

- 2740

- 2750

Silurian
(E log top at 3430 %)

Dolomite; buff and pink, argillaceous.
Shale; pink to red-brown, dolomitic, earthy.
Limestone; white, dense to cryptocrystalline.

DOME STRATHCILAIR

lsd. 8, SecCe. 54, tWPo
16, rge. 21, WPM.

Second Red Beds

Shale; pink to brown-pink, slightly dolomitic,
blocky.

Missing.

Elk Point Group

Prairie Evaporite Formation 29
Shale; red-brown, earthy; with Anhydrite, white,
crystalline.
Winnipegosis Formation

Dolomite; light grey to white, dense; with
Anhydrite, grey, dense, and white, crystalline.

Dolomite; cream, dense; with Anhydrite, white,
crystalline; with Shale; grey, blocky (cave?)

Dolomite; cream, dense.

Dolomite; cream, microcrystalline to dense,
trace intercrystalline poresity. (2710-2720
missing.) :

Dolomite; cream to buff, microcrystalline,
poor intercrystalline porosity.
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2823

2847

Well

2650

2674

2702

2770

2790
2823

2840
2847

2870

No. 72

2674

2702

2730

2740
2750

Dolomite; buff, microcrystalline to dense,
with trace poor intercrystalline porosity.

Dolomlte; cream to buff, dense.

Dolomite; cream to buff, microcrystalline.

Ashern Formatlon
Shale; red and red-brown, with Dolomite; grey.
Shale; red-brown, dolomitic, blocky.

Silurian

Dolomite; white, dense, almost lithographic.

CANADIAN SUPERIOR STRATHCLAIR
lsd. 6, sec. 23, twp. 17, rge.25 WPM.

Second Red Beds
(Top at 2640!')

Shale; grey, fissile to blocky, with Shale;
light grey, earthy.

Eik Polnt Group

Prairie Evaporite Formation
Anhydrite; grey, dense, with Anhydrite; white
crystalline, with minor Dolomlite; buff, dense.
Winnipegosis Formation

Dolomite; cream, dense, with minor Anhydrite;
es above in upper 10 feet.

poor sample, mostly cave.

poor sample, mainly Dolomite, as above.,
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- 2760
- 2770
- 2780

- 2810

- 2830
- 2840
2840 - 2860

- 2870
- 2890

2890 - 2910
- 2930

Well No. 78

2905 - 2920

Dolomite; cream to buff, microsucrosic to dense.

Dolomite; buff, dense.

Dolemite; cream to buff, microcrystalline to
dense.

Delomite; light brown, cryptocrystalline to
dense,

Dolomite; buff to brown; cryptocrystalline.
Limestone; bufr, cryptoerystalline,

Ashern Formation

Shale; grey to red-grey'and red-brown, slightly
dolomitic in part., :

Shale; red-brown, dolcmitic,;earthy.
Shale; as above, with Shale; medium grey,
fissile, soft.

Silurian

Dolomite; white, dense, almost lithographic.

Dolomite; as above, and Dolomite; pink and
white, mottled. .

IMPERIAL MADELAINE

lsd. 16, Sec. 18, twp.
18’ I’ge.29, WPM.

Second Red Beds
(Top at 2890)

(core) Shale; medium brown to slightly more
reddish, some greenish mottling, dolomitie,
hard, sub-conchoidal.fracture, badly leached
in part with inelusions of transparent halite.
At base of core red and green Shale is finely
brecciatéd with interstitial salt.
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2920

3120

2924
2935

35035

30560

3100

3120

3135

3147

5157

5195

3215

Elk Point Group

Prairie Evaporite Formation
(E-log top at 2920!)

(cors) Shale; red, with abundant salt inclusions.

(core) Rock salt, reddish shades, some shale
inclusions.

Samples show mainly red brown Shale; slightly
dolomitic, earthy in part; with traces of
Anhydrite and evidence of salt casts in the
Shale.

Anhydrite; white, crystalline, with Dolomite;
buff, finely crystalline, with abundant salt
casts.

Anhydrite; grey massive, with salt casts and
traces of red Shale, as above,

Anhydrite; medium grey and blue-grey, massive,
with abundant salt casts.

Winnipegosis Formation

Dolomite; buff, very finely crystalline, with
Anhydrite:with salt casts,

Dolomite; light grey to white, finely crys-
talline with Anhydrite; light blue grey with
salt casts (cave?) '

(core) Dolomite; buff, calcareous, extremely
porous, almost totally organic, (stromato-
poroids, Bryazoans, etc.) much included An-
hydrite. :

Dolomite; as above, reefal, fragmental in
part, with abundant algal and/or stromato-
porold material.

Dolomite; light grey to cream, finely crys-
talline, fragmental in part, organic in part,
with poor intercrystalline porosity and fair
to good porosity associated with organic
material,
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3317

3364 -

3270
3298
3297
3510

3317

8340
53862

3554

33686

3357

3362

3386

Dolomite; buff, very finely crystalline to-
finely sucrosic, fair intercrystalline and
microvuggy porosity.

Dolomite; medium brown, very finely sucrosic

- to very finely crystalline, trace pin peint

porosity, abundent brown spores.

(core) Dolomite; buff, caleareous, very finely
sucrosic, slightly porous, abundant black
stylolltic markings. '

Dolomite; medium brown, dense, with black
arglllaceous or carbonaceous, thin partings.

Dolemite; buff and greenish-buff, dense,

' ~Ashern Formation
Shale; red-brown,”dolamitic, blocky.

(core) Shale; bright reddish brown, with a
little greenish stresking, with Dolomite;
light grey to white, fimely cr stalline, as
incluslons near top of core. ome Anhydrite
inelusions throughout, with lower few feet a
breccla of dark reddish brown Shale, greenish
Shale, Anhydrite and white Dolemite.

(core) Breccia like lower part of preceding

core.

Silurian
(E-log top at 33541)

(eere)'bolemite; yoll@wisﬁ;grey and pinkish
shades, streaked and mottled, dense to very
finely sucrosic, calcareous, tight.

(core) Dolomite; medium pink, "speckled"
with yellowish calcite filling most of the
tiny vugs, red Shale partings near base of
unit.

(core) Dolomite; buff with purplish mottling,
dense, with slight wvuggy porosity.

Dolomite; cream to white, demse to crypto-
crystalline,
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Well

2118

2157

No. 88

- 2140

- 2187

- 2170

- 2190

- 2200

- 2210

- 2240

- 2300

- 2330

SAPPHIRE DUCK MOUNTAIN

1sd. 2, sec. 2, twp. 31,
rge. 25 WPM.

Second Red Beds
(Tep at 2118')

Dolomite; buff and light grey, dense to finely

~erystalline, carbonacecus flecks, scattered

aggregates of calclte crystals; trace of brick-
red sandy siltstene.

Dolomite; grey-brown, very finely suerosic,

sillty, with Dolemite; buff to light grey,
calcitic; with trace of orange-red Shale.

Elk»Peint Group

Winnipegosis Fermation

Dolomite; buff to light brown, caleitic,

dense to finely crystalline, some carbonaceous
and pyrite flecks; also some cream teo buff,
non-calcitic Dolomite, fair porosity.

D@lémite; buff; finely crystelline, with fair
to good vuggy poresity.

Dolemite; buff to light brown, fine to medium
crystalline, with fair to good intercrystalline

and vuggy porosity.

Limestone; light grey to buff, fine to medium
eryastalline, with fair intercrystalline
porosity.

Limestone; as above, dolomitic, fossilifer-
ousS.

Dolemite; cream to buff, fine to medium
erystalline, calcitic in part, fair to geood
intercrystalline and vuggy porosity.

Dolomite; buff, fine t¢ medium crystalline,

some reef fragments and carbonaceous material,
goed vuggy and intercrystalline poresity.
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2340

2350

2360

2387

2387 -~ 2400

2410

2410

2440

Well No, 92

- 390

Dolemite; light brown, fine to medium crystal-
line, some scattered blotches of carbonaceous
material, good vuggy and intercrystalline
poresity.

Dolomite; as above; with Limestone; cream
to light buff, dense to finely erystalline.

Dolomite; light to medium brown, dense to
finely crystalline, scattered vuggy porosity,
carbonaceous material; also some cream Lime-
stone, as above,

Dolomite; buff te light brown, dense to
finely crystalline, a few scattered vugs
(many filled with calcite crystals).

Ashern Formation
(E-log top at 23871)

Delemitegyas above, with Liiéstone; light
grey, sllty, with Shale; red, silty.

Shale; rusty red, soft, silty, slightly
calcareous with Dolomite; medium brown,
crystalline,

Silurisn .
Dolomite; white te cream, dense to finely
sucrosic, some falr vuggy and intererystalline

porosity, with some red shaly dolomite, and
brown, porous dolomite.

JOHNSON -MAFEKING No. 2
lsd. 45 sec. 23, twp. 43,
rge. 26 WPM. -

__ Second Red Beds

Shale; pink to buff, earthy, calcareous.
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390 - 520
- 580

- 660

660 - €680 -

Elk Point Group

Winnipegésis Formation

Dolemite; white, dense.

Limestone; white, dense, with Delemite,
white, dense.v‘

Limestone, as above, with traces of Dolomite,
a3 above., .

Ashern Formatien

Shale; red-brown,
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O - 100 ft. ISOPACH = MAINLY ANHYDRITE -

100 -400+ft. ISOPACH = MAINLY HALITE

ISOPACH INTERVAL = 100 .
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l ‘ _ 0 - 100 ft. ISOPACH = MAINLY ANHYDRITE -
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