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ABSTRACT

The Upper Devonian, Upper Frasnian Birdbear Formation of Saskatchewan is
the uppermost carbonate-evaporite cycle of a thick carbonate sequence
deposited in a shallow, epicratonic sea. - The formation is equivalent

to the Birdbear (Nisku) Formation of North Dakota and Montana, and
approximately equivalent to the Nisku sequences of Alberta. It is
divided into an upper and lower member, with the dividing boundary at

the base of the first anhydrite bed.

In the lower member, six lithofacies are discriminated. They are the
products‘of the last and most exclusive incursion of the Frasnian seas
into Saskatchewan and beyond, and the ensuing period of standstill.
This final flooding had started already in late Duperow and continued
into earlymost Birdbear time. The rocks are primarily limestones,
dolomitized limestones, dolomite, and some anhydrite which were laid
down in environments ranging from moderate~high energy subtidal and

intertidal, to low energy, backshoal-lagoonal.

The upper member is characterized by seven lithofacies dominated by various
types of micritic and pelletoidal limestones, dolomites and anhydrites,

and some intraformational breccias. The sequences formed during the
regression of the Frasnian sea and, as a result, are the record of
ever—decreasing water depth and increasing salinity. The depositicnal

environments range from restricted-lagoonal to supratidal.



Mapping of the thicknesses of various units within the Birdbear, coupled
with core examination from certain key wells, allow the reconstruction

of the paleogeography of the Saskathcewan Shelf during Birdbear time.

This shelf was broken into two distinct depocentres by two large platforms,
one centered in west-central Saskatchewan, the other in eastern Saskatchewan.
The rocks of the depositional center to the northwest of the platforms

are very similar to those of the Nisku Formation of eastern Alberta and

are correlated with them. To the south of the platforms, the rocks

are similar or identical to those found in the Williston Basin area of

the North American Plains. These are the "typical" Birdbear rocks.

During the final phase of the Frasnian transgression in earlymost Birdbear
time, an argillaceous, lowermost unit was deposited across Saskatchewan.
After the transgression peaked, a period of sea level standstill cccurred
during which high-energy, open-marine carbonates were deposited,

including mechanically-piled shoals and mounds in some locations. The
platforms were the sites of tidal-flat to supratidal (sabkha) environments.
Following this interim period, the regression of the sea began and
evaporites, both supratidal and subaqueous, with algal and chemically
precipitated carbonates, filled the basin. The only area to escape the
effects of this regression was the northwest, where sedimentation

continued to be primarily subtidal to intertidal.

The Birdbear Formation has been post-depositionally altered by early and
late dolomitization and by secondary anhydritization. The dolomitization

is significant from an economic viewpoint, as selective dolomitization



has led to the development of porosity and possibly to the accumulation
of hydrocarbons in stratigraphic traps. To date, the only production,

however, is from structural traps.
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INTRODUCTION

General Remarks

In this study, the stratigraphy, sedimentation, and diagenesis

of the Birdbear Formation in Saskatchewan will be examined. This
formation is the uppermost unit of the Upper Devonian (Frasnian)
Saskatchewan Group, a sequence of carbonates and evaporites found
throughout the Williston Basin region of North Dakota, Montana,
and southern Saskatchewan, and the eastern portions of the Alberta

Basin including western Saskatchewan and eastern Alberta.

The study area extends from Township 1l north to the erosional edge
of the Birdbear sequence; it is bound on the east and west by the
Manitoba-Saskatchewan and the Alberta-Saskatchewan boundary respec—
tively. This encompasses an area of 2145 townships (see Figure 1).
Approximately 1000 wells either terminate within or pass through
the Birdbear Formation, with.the greatest.density of wells found in
southeastern Saskatchewan, and following the "potash trend'". 1In

western Saskatchewan, many wells are concentrated in the areas of

heavy o0il occurrences.

The sedimentary sequence under study represents a package transitional
between the deeper water sediments of the Alberta Basin to the west

and the shallow—water carbonates of the Williston Basin to the east
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and southeast. It must be emphasized that the term '"Williston Basin"

as used In this study does not dencote a discrete sedimentary basin.
Rather, it is used in a geographic semse., It is doubtful whether a
distinct, unifiea depositional basin existed during Frasnian times

(W. K. Braun, pers. comm.); instead the paleotopography was one of

a very broad, vast shelf with numerous sedimentary depocenters. Although
not a prelific oil producer, the Birdbear sequence nevertheless is
important imn deciphering stratigraphic and facies relationships

within the last and major Frasnian transgressive cycle, and the rapid

retreat of the Frasnian sea towards the end of Birdbear time.

The Saskatchewan Group is a cyclic sequence of shoaling-upward
carbonates and anhydrites, divided on the basis of argillaceous
and evaporitic marker horizons. These sequences are similar to
those found at present day along the Trucial Coast of the Persian
Gulf region, the Platform of the Caribbean, and other areas of

shallow— and warm- water sedimentation.

Objectives of Study

The sedimentary rocks of the Birdbear Formation were studied for

the fellowing purposes:

1) to determine the stratigraphic relationships of the Birdbear




sequences with respect to equivalent rocks in Alberta and the

southern Williston Basin subsurface;

2) to determine the depositional enviroments of the Birdbear sequences

in Saskatchewan;

3) to determine the vertical and lateral extent of the carbonate
and evaporite units within the sequences and to document fabric,

composition, and characteristic features of these units;
4) to try to determine the diagenetic history of the same units

and cutline subsequent changes in porosity and its distribution.

Answers to the above questions are valuable from the point of wiew of
oil exploration and gid in defining reservoir parameters, trends, and

prospective traps.

Methods of Study

Most of the information for this study was obtained from detailed
examination of cores. Cuttings were found to be of relatively
little value, in particular for reconstruction of paleo—environments,
because of their small size and the problem of uphole contamination
and mixing. Approximately 5800 feet of core were examined during
the months of July and August 1981, and selected sections were

re—examined later for greater details.




Samples were taken from the various rock types and lithofacies,
and from most a 2x3 inch plaquette was cut. One side of the
plaquette was polished while the opposite side was etched in a
solution of 10%Z HC1. A number of the plaquettes were stained with
a solution of potassium ferricyanide and Alizarine Red S, two

dyes well suited for the selective staining of limestomes and
dolomites. 1In addition, fifty thin sections were cut from the
plaquettes and stained, mainly to observe in more detail certain

types of carbonate cement and the partial dolomitization of grains

and matrix.

In any subsurface study, mechanical, electrical, and other assorted
geophysical logs are of vital importance as tools providing indirect
information on lithology, porosity, clay content, and other parameters
used in correlation and interpretation of rock sequences. The most
useful lbg combination was found to be the gamma-ray and the sonic
log; however, various density indicators such as the neutrom, com-
pensated neutron, and formation density log were also of value. In
contrast, electrical logs, induction logs, and various induction and
laterologs were found to be of little value, as were the self-potential
(SP) logs. Various methods of log interpretation such as the Pickett
crossplot method (Asquith 1979), and .the Dresser Atlas 'Reconnaissance
R __' log interpretation method were utilized in order to ascertain

wa

reservoir characteristics.
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REGIONAL GEOLOGICAL AND STRATIGRAPHIC SETTING

General Remarks

The Frasnlan is characterized by a widespread marine transgression
across western Canada, including Alberta and Saskatchewan and reaching
as far south as the American northern Plains. This transgression
may have been the result of worldwide eustatic adjustment of sea
levels, the product of differential subsidence within the cratonic
basins or, as is assumed for this discussion, a combination of both.
Carbonates deposited during the various transgressive pulses overstep
the boundaries of the Alberta-Williston Basins and are found as far
north as the Canadian Arctic and Alaska and as far south as the
Transcontinental Arch of South Dakota and Nebraska. The height of
the transgression was reached approximately in early Late Frasnian
time, followed by a rapid regression of the sea. It seems that the
Birdbear sequences under study were laid down during the last pulse

of the transgression and during the first phase of the regression.

In view of the vast expanse of the shelf sea, the shallow-water
conditions, and a very low bottom slope, the ordinary current regimes
would not have been sufficient to maintain normal salinity levels
across the entire shelf. Consequently, restricted to evaporitic
conditions developed preferentially in the more landward portions of

the seaway, that is in a southeasterly direction towards southeastern



Saskatchewan. That such restrictions were accentuated by the inter-
mittent growth of reef barriers in central Alberta is quite conceivable
and plausible. However, the influence of such obstacles may have been

overemphasized in the older literature and in some depositional models.

Aside from the distinctly "restricted" nature of the Middle- and Upper
Devonian rock record in Saskatchewan, the second characteristic feature

is its "rhythmic" nature. In the Middle Devonian and lower Frasnian,

two "basinwide", vast scale, and distinctive "cycles" prevail. Each

cycle starts with a rédbed sequence followed by carbonates which become
progressively more restricted, giving way to evaporites mainly of the
chloride grade, which are followed again by younger redbeds. This

pattern changes markedly under the influence of strong transgressive pulses
and some local, tectonic adjustments in middle to late Frasnian time,

and as a result of the late Frasnian regression. The basinwide

evaporites have all but disappeared and are confined to smaller, localized
areas and to the lower sulphate grade. The lithologic marker beds are

not any longer the redbeds but widespread argillaceous units. The
alteration pattern is from argillaéeOus carbonates to non—argillaceous
units, with sabkha-type evaporites appearing in the uppermost part of

the Frasnian pile as an unmistakeable sign of the impending regression.

The pronounced cyclicity of these Devonian units (the same applies for
the Ordovician-Silurian pile) was probably caused by only minor eustatic
and/or tectonic adjustments; it reflects also on the flat and "regular"
nature of the shelf itself. All the while, the warm-water, tropical to
subtropical temperatures and climatic conditions prevailed and influence

from the adjoining land areas remained minimal.



The Upper Devonian Birdhbear Formation

Following the discovery of. 0il in Upper Devonian carbomates near
Leduc in west-central Alberta and close to the city of Edmonton

in 1947, exploration geologists expanded their search for this
precious resource all over western Canada, reaching Manitoba in
1953 with the discovery of oil at Virden and North Dakota in 1951
with the discovery of oil in the Nesson Anticline. As much as the
Leduc discovery stimulated development in the Alberta Basin, so did
did the latter two finds initiate a frantic search for oil in the

Williston Baéin.

The first subsurface study of the Devonian rocks of Saskatchewan was
prepared by Powley in 19531, The Birdbear Formation was designated the
M-3 unit at that time and assigned to the Moose Jaw Group. Andrichuk
(1951), Baillie (1953), and Allan and Kerr (1952) also acknowledged

the presence of the Birdbear sequence but referred to it as the "Nisku"
after its correlative unit in the Alberta Basin,'as did other authors.
Problems, however, arose when this term was applied right across the
Alberta and Williston Basins, for it was soon debated whether the units in
question might not be exactly time equivalent. Belyea (1955, 1957),
.for instance, pointed out that the Nisku Formation of the Edmonton and
type area was different from that in southeastern Alberta, and that it
certainly is not equivalent to the "Nisku" of Saskatchewan. To eliminate

this ambiguity, Sandberg and Hammond (1958) proposed the name "Birdbear"
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Formation for the carbonate-evaporite unit between 10,130' and

10,400" in the Mobil Producing Co. No. !l Birdbear Well (see
Figure 2).

MOBIL PRODUCING CO NO 1 BIRDBEAR WELL

C SE NWi SEC 22 TWP 149 RGE 91 W DUNN CO., N.D.
Depth: 10,310 - 10,400 feet
Thickness: 90 feet

GAMMA RAY LOG LATEROLOG
zzz
THREE FORKS FM crrzzzs
2L @ t
£ H S 9:-
BIRDBEAR ok —_——
1 #]F
FORMATION ZARL
1+ Vlfo
[ #1F Q2 _
= o —Zn -
AARL
5] ANHYDRITIC LIMESTONE 5H DOLOMITIC LIMESTONE
B%] cALCITIC DOLOMITE [ZZ] poLoMITE
t2Z] sANDY DOLOMITE DOLOMITIC SHALE
SILTY SHALE ANHYDRITIC SHALE
V/////] ANHYDRITE F FOSSILS
O PYRITE

FIGURE 2 TYPE SUBSURFACE SECTION OF BIRDBEAR FORMATION
(from Sandberg and Hammond, 1958)
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Meneley (1958) reviewed the correlation problem in general and

the Nisku of Saskatchewan in particular and concluded that the umit
was indeed correlative with the type Nisku of the Edmonton area,
calling it a "format". A "format" he defined (p. 5) as a 'MarKer-
defined operational unit that are segregations.of strata sandwiched
between markers which can be traced through facies changes affecting
the enclosed strata". He did not agree with Belyea's conclusions oﬁ
the Nisku of the socuthern Alberta Shelf and the Birdbear of Sask-
atchewan either, believing that she miscorrelated the lower boundary

of the Nisku. Kent (1968), however, drew the opposite conclusion

in his study of the Upper Devonian of western Saskatchewan and adjacent
areas. Due to lithological transitions within thé Birdbear and
underlying sequences (Duperow Formation) in southeastern and eastern
Alberta, it is difficult to establish firm boundaries, and he concluded
therefore that the "Nisku' of Saskatchewan and the type Nisku of the

Edmonton area were not precisely correlatable.

Correlations of the Nisku-Birdbear units did not afpear to be problematic
to American researchers studying the formation in the Williston Basin;
however, most concentrated their efforts on the Nisku-Birdbear of

the Williston Basin, this interval being most produﬁtive from the point
of view of o0il and gas exploration. The type Birdbear log responses

can be recognized over all of this ﬁortion of the basin. Only in
western Montana does the ambiguity which is present in eastern Alberta,

become noticeable.



To this date, the Nisku-Birdbear problem still figures prominently

in geological literature and bears heavily on geologists' minds.

Numerous workers have discussed the stratigraphy of the Birdbear
Formation in the Willistom-Alberta Basin region, among them Kent
(1963, 1968, 1973), Nichols (1970), Loeffler (1982), and Halabura
(1982). Studies with respect to hydrocarbon accumulations in the
Birdbear segquences have been made by Meneley (1958), Wilson, Surjik
and Sawatsky (1963), Sampsel (1964), Swenson (1967), Smith and Pullen
(1968), Bishop .(1974), and Sawatsky (1975). These sources and some

others.will be quoted frequently.

The Birdbear Formation is the uppermost unit of the Saskatchewan Group,
a relatively thick sheet of Upper Devonian carbonates and evaporites
found in the subsurface pf North Dakota, Scuth Dakota, eastern Montana,
southwest Manitoba, and southern to central Saskatchewan (see Figure 3).
ihese sequences were deposited in a vast epicratonic sea extending
southeastward and beyond the Cooking Lake platform and Leduc reefs
of the eastern Alberta Basin (Wilson 1975). They display cyclicity

in the form of widely traceable marker units and repeated lithofacies

patterns.

At the type section, the Birdbear well of North Dakota, the Birdbear
Formation consists of an upper unit of interbedded anhydrite and
dolomite with minor limestone, and a lower unit of locally anhydritic

fossiliferous dolomite and limestone (see Figure 2).
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Overlying the Birdbear Formation in the Mobil No. 1 Birdbear well

are the rocks of the Upper Devonian to Mississippian Three Forks
Formation. The lithology of this unit consists primarily of dolomitic
shale, anhydritic shale, silty and argillaceous anhydrites, and very
argillaceous dolomites and limestones. The Three Forks Formation, as
described by Sandberg and Hammond, is correlative with the Torquay
Formation of southeastern Saskatchewan and the Big Valley - Torquay
Formations of the Three Forks Group further to the north and the west.
The Big‘Valley énd Torquay Formations remain lithologically consistent
with the Three Forks of Montana and North Dakota until facies changes
occur in western Saskatchewan where the entire sequence becomes less

argillaceous and much more evaporitic.

In southern Saskatchewan, the Birdbear Formation overlies a distinctive
sequence of redbeds, breccias, and highly argillaceous, dolomitic
mudstones comprising the top of the Duperow Formation. This unit has
been named the "B3 subunit" of the Seward Member of the Duperow
Formation by Kent (1968), and is informally known as the "Ireton marker"
in the subsurface of the American portion of the Williston Basin
(Loeffler, 1952 pers. comm.). It forms a most distinctive marker on
gamma ray and SP logs and is readily distinguishable throughout the

map area (Figures 4, 5). The boundary is placed at the changeover

from the argillaceous B3 beds to the overlying, non-argillaceous

carbonates of the Birdbear Formation.
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The boundary between the uppermost strata of the Birdbear and the
overlying Torquay Formation in Saskatchewan is more gradational,
irregular, and thus more difficult to delineate. As a rule of thumb,
the boundary is placed at the transition from the non-argillaceous
carbonates of the Birdbear to the redbeds and shales of the Torquay.
In many cases this boundary is quite sharply developed, however it
~can also be gradatiomal over several feet. Im certain regioms of
western and southwestern Saskatchewan, the Torquay redbeds and shales
change to evaporites, in which case it becomes difficult to delineate
the boundary on logs. A similar difficulty exists also in northwestern
and north-central Saskatchewan where the terrigenous clastics of the

basal Cretaceous directly overlie the Birdbear sequence, causing similar

signatures on the logs.

?he Birdbear has been divided into two members by Kent (1968) and
Nichols (1970): however, in Saskathcewan, the boundary between the
upper and lower member has been placed at two different stratigraphic
intervals by these workers. Nichols (1970), working exclusively

in southeastern Saskatchewan, placed the contact at the base of the
first anhydrite bed. This boundary is relatively easy to pick from
geophysical logs when a combination of logs such as gamma-ray sonic,
and CNL-FDC are available. However, in older wells without the more
modern logs, this boundary is much more difficult to delineate, and
it can only be considered reliable when either core or drill
cuttings are examined in addition. In the western areas of south-

eastern Saskatchewan, the task of selecting the boundary is made
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near to impossible because of the occasional absence of anhydrite
beds within the entire sequence. In such wells, the upper member
is absent by definition; however, a facies equivalent, in the form

of a dense lime mudstone, may be present.

Kent (1968), working exclusively in the western portion of Saskatchewan,
placed the boundary between both members at the point of transition
from the argillaceous beds of the lower member to the poorly argil-
laceous beds of the upper member. This contact unfortunately is
somewhat gradational, although it can be recognized over most of
western Saskatchewan. This "argillaceous" lower member is correlatable
with the argillaceous "subtidal™ unit of the Williston Basin. This
apparent discrepancy in the definition of members will be dealt with

in a later section.

In the context of this thesis, the contact between the upper and lower
member of the Birdbear is placed at the base of the first anhydrite in
the stratigraphic sequence. The various reasons and ramifications,
however, are explained in the following sections. Figures 4 and 5
illustrate the correlation of various markers across the province from

the southeast to the western portion of Saskatchewan.

Towards the west and northwest and in the eastern part of the Alberta
Basin Complex, the argillaceous, lower portion of the Birdbear Formation

becomes part of the Upper Ireton Formatiomn, whereas the upper portion can
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be traced as far as the Southern Alberta Marginal Reef Complex where

it becomes part of the Woodbend-Winterburn Group (Kent, 1968). 1In
Montana, the Birdbear loses its distinctive character westwards towards
the Sweetgrass Arch and Central Montana Uplift, and becomes indig—
tinguishable from the underlying Duperow sequences. In western
Montana, the lithologic equivalent of the Birdbear and Duperow
Formatione is considered to be the Jefferson Formation. The southern
margin of the Birdbear Formation is determined by noﬁ—deposition along
the flanks of the Central Montana Uplift and Transcontinental Arch,

and by erosion along the edge of the Cedar Creek Anticline and its
extension (see Figure 1). The northern edge in Saskafchewan, the
eastern edge in western Manitoba, North Dakota, and northern Scuth
Dakota all are erosional features and the location of the depositional

boundaries are not kinown.
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DESCRIPTION OF LITHOFACIES

-General Procedures

In order to reconstruct environments of deposition and a stratigraphic
framework within any given carbonate sequence, certain features of
the rocks must be carefully and consistently noted. These features

include the following:

- the type of grains present and their relative proportions;
- the packing of the grains and the grain-to-grain contact;
- the amount and nature of the incorporated matrix material;
~ the thickness and regularity of bedding;

- mineralogical composition; and

- distribution and development of porosity.

Terminology

Dunham's carbonate classification scheme is employed with modifications
as outlined by Kent (1974) and by Smith (1980) (Figure 6). This
modified scheme was found to be particularly suitable for the
examination of core due to its ease of usage and emphasis upon

fabric as opposed to composition.
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LIME WACKESTONE MICRITIC CEMENTED GRAINSTONE
MUDSTONE PACKSTONE | PACKSTONE

FIGURE 6 CARBONATE CLASSIFICATION SCHEME (from Smith 1980)

Dolomite is herein defined as a carbonate rock containing more than
50% dolomite, as determined from visual inspection under a binocular
microscope after etching with acid or from the examination of thin
sections. Calcareous dolomites are defined as containing 10% to 497
calcite with theé remainder being dolomite. Similarly, anhydritic
dolomites contain 10% to 49% anhydrite with the remainder being
dolomite, and anhydritic limestones contain 10% to 497 anhydrite

with the remainder being calcite or its equivalent.

With respect to crystal size, the following terms are used.

(a) cryptocrystalline — no crystallinity visible to the naked eye;
(b) microerystalline - crystallinity visible, though single crystals
not discernable; and

(¢) sucrosic — individual crystals visible to the naked eye.

The porosity is described following the scheme of Choquette and Pray

(1970), and the various grades are defined as outlined below:

(a) dense - no porosity wvisible;
(b) trace- less than 1%;

(c) wvery poor_; 1%;
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(d) poor—- 27;

(e} fair- 3%;

(£} good- 4%-7%;

(g) wvery good- 8%-107%; and

(h) excellent— greater than 10%.

The porosity grade was estimated from core and polished sections

visually, and calculated from sonic logs where available.

The problem in determining depositonal environments is largely

ong of identifying energy levels, basin configuration, and sediment
supply. Since these controls also affect carbonate accumulation and
carbonate genesis and differentiation (Wilsom, 1975), the detailed
delineation and observation of lithofacies would emnable cne to
unravel the problem of their depositional history and environments

of depositiomn.

The following major rock types or litheofacies have been identified

in the lower member:

A - Bedded to nodular lime mudstone to wackestone;

B - Bioclastic lime wackesteone to packstone;

C - Intraclastic to pelletoidal lime wackestone to packestone;
I - Laminated to massive dolomite;

E - Laminated to massive lime mudstone; and

¥ - Argillaceous carbonate mudstone to shale.
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The lower member of the Birdbear Formation is characterized by rocks
and fossils typical of marine, low— to medium-energy environments.
Individual lithofacies can generally be correlated over greater
distances, as compared to individual units of the upper member
(Halabura, 1982). The lithologies are dominated by limestones and
dolomites, with some minor argillaceous mudstones to calcareous

shales.

The following lithofacies have been identified in the upper member:

G - Nodular mosaic to bedded nodular anhydrite;

H - Massive to laminated/bedded anhydrite;

I - Laminated to massive dolomite;

J - Laminated to algal dolomite;

K - Laminated to massive lime mudstone;

L - Bioclastic/pelletoidal lime wackestone to packstone; and

M - Intraformational breccias.

This member of the Birdbear Formation is characterized by rapid lateral
and vertical changes of lithology, perhaps best illustrated in the core
log of the Transempire Imperial Welby No. 14-16 (Lsd. 14-16-18-30 WiM)
borehole of east-central Saskatchewan (see Figure 7). In this well,

the upper member consists of approximately 63 feet of thinly interbedded

limestones, dolomites, and anhydrites.
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Lithofacies of the Lower Member

A. Bedded to Nodular Lime Mudstone to Wackestone

Plate-1, Figures 1-4
Lithofacies A, bedded to nodular lime mudstones to wackestones,
is commonly found in the lower portion of the lower member. It may
be readily recognized on geophysical logs by its slightly higher
content of argillaceous material which causes a shift in the gamma
ray curve (see Figures 4 and 5). 1In core, it ie as easy to recognize
due to the development of nodular bedding, often referredlto as."pinch
and swell” bedding, sedimentary.boudinage (McCrossan, 1958), or nodular

(Type A) bedding (Kaldi, 1986).

The limestone is light to medium brownish-grey in color, microcrystalline,
and is frequently slightly to moderately dolomitic. The nodular beds

are commonly bound on the upper and lower surfaces by organic and/or
argillaceous microstylolites (often referred to as "horsetail"
stylolites). Development of nodular beds can often be seen to progress
through several stages of developmenf from very slight waving of discrete,
primary beds, to regular wavy bedding and mincor development of stylelites,
to quite distinct nodules often ovoid in form reaching finally a stage
where nodules are completely pinched-off and present as discrete
bodies, bounded by distinct microstyleolites., In units with well-developed
nodules, the matrix, as opposed to the nodule itself, is often more
dolomitic, with the degree of dolomitization decreasing toward the

center of the nodule.
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The bioclastic content of this lithofacies ranges from zero up

tc a maximum of about 20%. The most common fossils are ostracodes,
disarticulated brachioped valves, and rare calcispheres. The bio-
clasts are in all cases mud and not ‘grain supported. Some
pelletoidal material, commonly structureless micrité pellets, is
found in isolated cases. In some wells such as Scocony (Carievale

No. 1 (Lsd. 16-4-3-32 WIM), a nodular, bedded lime wackestone may be
present iIn which the prime grain constituénts are pelletoids with
minor amounts of ooids; however it is believed that such a

lithofacies is atypical and that it may represent a local deposit.

Besides varying degrees of dolomitization, the most significant
diagenetic alteration of this lithofacies is in form of white,
crystalline anhydrite infilling vertical fractures. The fractures
are believed to have formed quite late and after deposition and

compacticon.

B. Bioclastic Lime Wackestone to Packstone

(Plate 2, Figures 1-4)

Bioclastic lime wackestones to packstones comprise the dominant
lithofacies of thé middle portion of the lower member, and are also
quite common in the lower portions of the lower member where they are
commonly interbedded with rocks of Lithofacies A. A subtype includes

rocks of this lithofacies which have been partially to completely
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dolomitized. Excellent examples of this lithofacies occur in the
Francana Viewfield 3-33-7-8 W2M well, at approximately 5470 feet,

and in H.A. Chapman Kisbey 1-28-7-6 W2M at approximately 5352 feet.

Rocks of this lithofacies are usually very fossiliferous, with a bioclastic
content up to 50%Z. The dominant fossils include disarticulated
brachiopod valves, gastropods, ostracodes, foraminifera (represented

by the genera Parathurammina and Tikhinella), bryozoans, pieces of

Amphipora and other stromatoporoids, and coralline algae. 1In additioﬂ,
there are abun&ant intraclasts of structureless micrite. The presence
of surface fractures and deformation of the intraclasts suggests that
they originated as torn—-up pieces of bedded lime mud. In the Steelman
well, a thick unit of intraclasts is present, capped by a thin Amphipora

bed.

Bedding in this lithofacies, as far as can be detected in core, ranges
from randemly sorted bioclasts and intraclasts in a muddy matrix to
simple paraliel to sub-parallel beds up to 3/4 inches thick. WNodular
bedding, as typical for Lithofacies A, may occasionally be developed.
Regular and definable bedding, however, is not the norm for this 1itho-
facies; random distribution of bioclasts and other grains is the most

common. The percentage of bioclasts wversus intraclasts also varies.

Rocks of this lithofacies have been affected to some degree by post-

depositional dolomitization, with the percentage of dolomitization




ranging from very low to complete in a few instances. Where the rock
has been partially dolomitized, the deolomite is best developed in the
micrite matrix as opposed to the grains. Where dolomitization is well
progressed, the presence of primary grains can only be inferred from
vague outlines and "fossil shadows'"., Dolomite crystal size ranges from
microsucrosic to sucrosic. It is within these dolomitized, bioclastic
wackestones to packstones that the best porosity trends within the

lower member are found.

C. Intraclastic to Pelletoidal Lime Wackestone to Packstone
{Plate 3, Figures 1-4)

The intraclastic to pelletoidal lime wackestome to packstone (Lithofacies
C) is a common unit within the lower member, and can be divided into

two sub-facies: wackestones and packstones composed of grains whose
major components are coated particles, and those composed of non-coated
particles or lumps. The non-coated pellets are hereafter referred to

as pelletoids, as opposed. to pellets or fecal pellets, since the

affinity of these grains cannot be determined with any amount of accuracy.

The pelletoids are composed of extremely fine-grained micrite, and
display no internal lamination or zonation. They are usually sub-rounded
toe ovoid in shape, though they can also occur as irregular lumps
suggestive of intraclasts. Where the grain shape is flat to tabular

with sharp, irregular grain edges, the term "intraclast" is more suitable.
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The pelletoids and intraclasts are often concentrated in thin,
vaguely defined laminae with micrite as the matrix; rarely, the matrix

may be calcite cement (as opposed to micritic packstone).

Coated grains are much more rare than the non-coated ones and rarely
occur in individual laminae. Lamination is quite wvague and not as
distinctive as it would be if true ooids were present. The shape of
the coated grains is commonly sub-rounded, though they may also be

ovoid.

An unusual form of coated grain was found in Tenneco Canadian Superior
Salt Lake 11-3-4-20 W2M (Plate 3, Figure 4). Large grains composed
of successive layers of algal material are found in conjunction with
structureless micrite intraclasts. BSmaller grains of 1 to 2 inches

in diameter, which may also have én algal affinity are found in very
minor amounts in this lithofacies also. The large coated grains are

believed to be onkoids.

The grains within these rocks are often in grain-to-grain contact with
one another. No apparent deformation of ome grain by another is
evident; therefore one may assume that the grains were deposited

in a solid form and not subjected to deformation by overburden pressure

during lithification.
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D. Laminated to Massive Dolomite

(Plate 4, Figures 1-3)
Laminated to massive dolomites of Lithofacies D are most commonly
found in the upper portion of the lower member. The dolomites are
gimilar to the laminated to massive dolomites of the upper member
(Lithofacies I). The dolomite is cryptocrystalline to microsucrosic,
commonly calcareous in varying degrees. Bedding character ranges from
submillimeter~thick laminations to very thinly bedded, with beds no
thicker than a2 few millimeters. Laminae are defined by wvariation in
crystal size and may be bound on the upper and lower surface by very
thin organic and argillaceous layers. Common to these dolomites are
thin needles of crystailographic (also known as crystallotopic or
metasomatic) anhydrite. Laminae often can be seen to form interlinked

anastomosing patterns similar to the intertwined patterns of the black

films of microstylolites (horsetail stylolites).

Closer examination of these massive to laminated dolomites reveals in
certain cases the vague outline of pelletoids, though most commonly the
microscopic texture appears: grumelous to Indistinct. Relic outlines
of bioclastic grains are common and suggestive of primary fossil fragments.
The even horizontal form of the laminae are suggestive of varves or

algal laminites. The fine and even nature of the laminations, along

with a lack of well-developed birdseye textures and fenestral porosity

are more suggestive of chemical precipitates, however, than of algal
laminites. True algal laminates display characteristic, small-scale

wrinkling and development of fenestrae, often infilled with anhydrite.
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In view that the laminated dolomites of Lithofacies D lack these

features, they can at best be described as "cryptalgal".

Porosity is well developed in this lithofacies as intercrystalline
"slits" between adjoining rhombic dolomite crystals. Intercrystalline
porosity of this form gives the dolomite the texture of grainy to

chalky carbonate.

E. Taminated to Massive Lime Mudstone

(Plate 5, Figures 1-4)

The laminated to massive lime mudstone of Lithofacies E are most common
iq the uppermost portion of the lower member, and are similar to the
laminated to maésive limestones (Lithofacies.K) of the upper member.

The lime mudstones are dolomitic to varying degrees and can often be
found closely interbedded with the laminated to massive dolomites of
Lithofacies D. These limestones are very fine grained, micritic, and
rarely recrystallized. Under a binocular microscope, the microfabric
commonly appears clotted or grumelous, suggesting original deposition as
pellets or agglutinated lumps of calcareous mud. In some wells, such as
Imperial Frys (4-35-7-31 WIM), very small (less than 1 mm in diameter),
structureless "pelletoids" appear to comprise the fabric of this lithofacies.
The laminae, often with submillimeter-thick laminations, are usually even,
sub-parallel and most devoid of features indicating soft-sediment

deformation. There are, however, a few contorted and deformed beds



suggesting soft-sediment loading. The laminae are bound in most cases
by dark, organic-rich and argillaceous films. Dark, organic-rich
gurfaces cutting across sets of laminae, often rich in pyrite, can be
frequently observed and are interpreted to be minor erosional truncation
surfaces indicating a period of sediment non-deposition. The individual

laminae often form an interwoven, anastomosing pattern.

The lime mudstones are commonly delomitized to varying degrees with no
apparent selectivity or preference of dolomite for certain beds. The

other significant diagenetic alteration in this lithofacies is the
development of crystallographic anhydrite needles. These needles are often
present in thin beds, further defining and accentuating the lamination

of the original sediment. Porosity is absent in rocks of this litho-

facies except for zones where dolomitization is advanced.

F. Argillaceous Carbonate Mudstone to Shale

(Plate 6, Figures 1 and 2)

This lithofacies ié quite rare in southeastern Saskatchewan. It is not
to be confused, however, with the lower member of the Birdhear becoming
increasingly more argillaceous in western Saskatchewan, which is the
result of an increase in clay and silt material in all lithofacies

rather than the presence of Lithofacies F.
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When present in southern Saskatchewan, the argillaceous carbonate
mudstone to shale occurs as thin beds in gradational contacts with
other lithofacies. In Socony Imperial Carievale No. 1 (16-4-3-32 WIM),
a greenish—-grey shale with light, reddish-grey anhydrite nodules is
present at the top of the Birdbear Formation. Tﬁe interfingering

of this greenish shale unit with the reddish siltstones of the overlying
Torquay Formation and the underlying anhydrites of the upper member of
the Birdbear suggest that sedimentation across the boundary was
continuous. A similar lithofacies is found in the Imperial Oxarat
14-7-5-27 W3M of southwest Saskatchewan. In Tidewater Glenbain Crown
No. 1 (8-22-10-8 W3M), a light—grey, very dolomitic claystone with very
thin and even bedding is developed in the lower member and suggests

a localized site of deposition of fine-grained, terrigenous clastics.

In other wells, very thin shale to argillaceous lime/dolomite mudstones

occur sporadically In both the upper and lower member.

Various marker units with log responses similar to those caused by thin
shales are found throughout southeastern Saskatchewan. These log markers
are distinctive enough to be used for establishing local, stwatigraphic
markers and- 1ines of correlation. Upon examination of core it was found,
however, that these markers de not represent argillaceous beds or shales
at all. They may be due either to more radicactive dolomites, minor
amounts of disseminated sand grains, or finely disseminated quartzose

silt.
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Lithofacies of the Upper Member

G. . Nodular Mosaic to Bedded Nodular Anhydrite

(Plate 7, Figures 1 and 4)

The anhydrite lithofacies fouﬁd within the upper member £fall into two
broad genetic categories, each indicative of a specific depesitional
environment. The most common form of anhydrite is the nodular mosaic
to bedded nodular anhydrite (Lithofacies G). The characteristic feature
of this lithofacies is the development of well-defined, discrete nodules
of anhydrite, often coalesced into interlinked masses of nodules (known

as nodular mosaic texture; see Bebout and Maiklem, 1973).

The voids between individual nodules consist in all cases of dolomite.

This matrix dolomite varies in abundance from 50% of the lithofacies

to minute wisps, the amount apfearing to be dependent upon the stage

of development of the nodule growth. In most cases, the matrix doleomite
displays parallel to sub-parallel, even laminations rich in dark organic
material which‘are suggestive of algal laminités. The distuption,

folding, and rupturiﬁg of individual laminated units by anhydrite

nodules suggests growth of the nodules within a soft, primary dolomite
substrate. This is further supported by the observation that individual
laminae can often be traced through the contorted spaces between individual

nodules.

Several stages of nodule development and growth can be recognized.

The first stage involves the growth of discrete nodules within the
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laminated matrix causing only buckling and distortion of the beds.
Further growth causes the internodular voids to become much smaller

and increasingly convoluted. The final stage of nodule growth involves
the complete obliteration of the discrete matrix dolomite fabric, -and
the total coalescence of nodules leaving a vague, shadowy patterning to
the rock. Enterolithie fabric is extremely rare, possibly being present
in only a few wells such as Imperial Tidewater Climax No. 6-10
(6-10-3~18 W3M). A gradation between nodular mosaic to bedded nodular
anhydrite and massive to bedded or laminated anhydrite was observed in
some wells such as Barnwell Kendal 4-20-14-12 W2M at the depth of 4330
to 4350 feet. 1In this borehole, wavy bedding can be seen to be intimately

associated with true, nodular mosaic anhydrite.

The bedded-nodular variant of Lithofacies G is similar in appearance

to the nodular mosaic texture. The difference lies in the fact that,

in the case of nodular mosaic anhydrite, the coalescence of individual
nodules appears to be caused by the growth of individual nodules leading
to a very subtle interpenetration and commingling of nodules. The
bedded-nodular anhydrite, in contrast, consists of nodules in contact

with one another yet showing distinct internodular boundaries,

H. Massive to Laminated/Bedded Anhvdrite

(Plate 7, Figures 2 and 3)

The second anhydrite lithofacies comprises the massive to laminated and

bedded fabric (Lithofacies H). This lithofacies is characterized by
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laminated to thinly bedded anhydrite with minor amounts of dolomite.

The laminations appear to be the result of variations in color as opposed
to variations in the amount of enclosed organic matter. The anhydrite

is dark-grey to dark brownish-grey in color,.often enriched in argillaceous
and organic material encapsulated within the crystal mesh. Kirkland and
Evans (1981) have suggested that evaporites may contain significant

amounts of organic matter and could possibly have potential as

hydrocarbon source rocks; therefore it is plausible that the dark color

of the anhydrites of the Birdbear is the result of entrapped organic

matter.

As mentioned above, dolomite forms a minor constituent of this lithofacies.
However, massive anhydrite showing no internal structure and grading to
laminated anhydrite is often closely interbedded with eryptocrystalline,
massive to laminated dolomite with no evidence of soft sediment
deformation. . The anhydrite does not appear to be invasive, as are the
anhydrites of Lithofacies G. Also the contacts between aphydrite and
dolomite is often gradatiomnal, suggesting syndeposition. On a larger
scale, individual sequences of massive to laminated anhydrite with inter-
laminated cryptocrystalline dolomite are bound between well-defined
truncation surfaces. These truncation surfaces are dark in color,

often appearing highly organic and argillaceous. In Saskoil Moose Valley
10-15-12-6 W2M, pyritized rinds appear to outline several nodules within
an essentially massive-patterned anhydrite. Both these features point

to reducing conditions during deposition.
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I. Laminated to Massive Dolomite

(Plate 4, Figures 1-3)
Rocks of this 1ithofacies are similar to the laminated to massive dolomites
in Lithofacies D. The main difference between these two lithofacies is
the greater préponderance of extremely fine-grained, dense dolomites.
A large proportion of the dolomites of Lithofacies I are cryptocrystalline,
vaguely laminated, and of a dark-brown to very dark, brownish-grey color.
Soft sediment deformation may or may not be present. Scattered needles
of crystallographic anhydrite are common; where they occur in proportions
greater than 107 of the rock, they commonly are found collected in poorly
defined beds separated from adjoining beds by a zone free of acicular

crystals.

J. Laminated (Algal) Dolomite

(Plate 8, Figures 1-3)
The algal laminated lithofacies comprises a group of rocks which seem to
have been precipitated as the direct result of algal activity. This
distinguishes these rocks from the laminated sediments of Lithofacies I, K,
D, and E which may have resulted from chemical, as opposed to organic,
precipitétion. The following observations were used to distinguish

between the two groups of precipitates:

- algal laminates display crenulation and dramatic waving of

individual beds, with the amplitudes and positions of waves
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within a bed not coincident with those in adjacent beds; non-algal
laminites (cryptalgal laminites) display even waving of a much
more subdued nature, with amplitudes and positions of waves

coincident over wide intervals;
- algal laminites display teepee structures;

- algal laminites display voids between adjacent beds which may be
filled with either sparry cement, micrite, or anhydrite, this

texture being called "fenestral" or "birdseye' texture;

- clearly developed, stacked hemispherical columns of laminites

suggest stromatolites.

The algal laminites may be either horizontally laminated sediments,

or columnar stromatolites. An excellent example of stromatolites of

the laterally linked variety can be found in Socony Impefial Carievale
No. 1 (16-4-3-32 W1M) from 5040 to 5045 feet (see Figure 3, Plate 8).

The stromatolites can be seen to be sepérated by a narrow unit filled
with intraclasts.of algal material, pelletoids, and micrite. Within this
unit are also beds of horizontally laminated algal dolomites with
characteristic algal features. Abundant intraclasts, disrupted algal
beds, and surface cracks in individual beds suggest a moderate to

high energy zone of deposition. The fenestral pores in the horizontally

laminated sediments are filled with white, semi-translucent anhydrite.

The algal laminates are generally medium-brown to medium brownish-grey

in color. Most are dolomite with varying degrees of calcite. Since
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the grain size ranges from cryptocrystalline (as in the Carievale
“algal laminites and stromatolites) limestones to dolomites to microsucrosic
dolomites, some degree of post-depositional vrecrystallization has

occurred.

K. Laminated to Massive Lime Mudstone

(Plate 5, Figures 1-4)
The rocks of Lithofacies K are identical to the rocks of Lithofacies C
of the lower member. In the upper member, however, the beds are generally
ruch thinner and poorly defined. The degree of dolomitization is generally

much greater, with closer intergradation of dolomite versus limestone

making precise subdivision of Lithofacies I and K very difficult.

L. Bioclastic/Pelletoidal Lime Wackestome to Packstone

(Plate 3, Figures 2 and 3)

The rocks of Lithofacies L are identical to the rocks of Lithofacies C
of the lower member of the Birdbear Formation. The only significant

differences are as follows:

- more bioclastic as opposed to intraclastic material is present;
- the beds are much thinner. and more poorly defined; and

- the rocks are generally more dolomitic.



M. Intraformational Breccias

Two types of intraformational breccias have been encountered in the
Birdbear Formation. The first is present in both the upper and lower
member and consists of irregular angulér, usually tabular intraclasts
of micrite set in a micritic matrix. A good example of the lithofacies
can be found in Champlin Brightmore 11-18-9-16 WZM and Tidewater
Braddock Crown No. 1 (5-7-14-10 W3M). 1In the Brightmore well, the rock
consists of approximately 60% bluish-grey to brownish-grey, angular,
slightly deformed intraclasts bedded sub-horizontally. The magrix
consists of micrite and minor spérry calecite. 1In the Braddock well,
the fabric issimilar though much more argillaceous material is present.
This form of intraformational conglomerate is considered to be

sedimentary in origin.

The second form of intraformational breccia is much more rare, yet forms
striking occurrences when present. In Tidewater Elbow Crown 2 (1-25-.
23-6 W3M) and Quasar Francana Troessachs (4-2-9-17 W2M), the Birdbear
sequence is virtually indistinguishable on iogs. In core, however, the
formation consists of large, angular-clasts of Birdbear rock set in a
shale to finely comminuated carbonate matrix. It is believed that this

breccia is tectonic in origin.
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INTERPRETATION OF LITHOFACIES

General Remarks

By carefully studying features of various rocks and lithofacies, one

may obtain an understanding of the depositional energy level, paleo-
topography, and configuration.of'the sedimentary basin in questiom.

Studies on Holocene carbonate-dominated depositional regimes have shown
that certain distinctive features characterize each sedimentary environment
of sub-environment. By analyzing similar features in ancient deposi-
tional sequences allows, therefore, to reconstruct within reasonable
limits, the depositional environments for ancient rocks. The Present

is thus a valuable key to the Past, and the carbonate-evaporite rocks

of the Upper Devonian Birdbear are no exception.

At least one problem, however, exists in this approach, for there are
simply no Holocene analogs for the vast, intracratonic and shallow-

water seas, and for the extensive Devonian carbonate and evaporite
deposits of western Canada. All models can be approximations only, and
the problem become most evident when trying to unravel the paleotopography
and basinal mechanics of a sequence such as the one under consideration

in this thesis.

It also should be remembered that in an ancient sequence, the rock
record preserved may not contain all sediments deposited in the original
sequence of deposition as a continuum, but rather may be a fragmented

record reflecting on the preservation of unusual circumstances (Ager, 1981).
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Therefore, any attempt to "precisely" reconstruct a depositional
environment for any particular lithofacies must not get bogged down
in pinpointing the precise posgition within a depositional regime, but
rather in focusing on a broader depositional zone in which several

distinct processes may have been at work.

The sedimentary rocks of the lower member of the Birdbear can be

characterized by the following features:

- mud-supported as opposed to grain-supported and cemented fabrics;
- open-marine to slightly restricted depositional conditions;

- the presence of mechanically-piled banks and/or shoals; and

-~ nodular bedding and compaction effects, especially prominent

in the lower portion of the lower member.

Twe features distinguish the lithofacies of the upper member of the
Birdbear Formation from the lower one. The first, the evaporitic nature of
the sediments, points to a basin-wide attainment of hypersalinity in the
later period of Birdbear deposition. The second, the remarkable lack of
preserved organisms, may be a function of the first condition. The

poor lateral persistence of many individual lithofacies units on a
regional scale suggests that the depositional environments were more
complex than those of a typical supratidal (sabkha) evaporitic sequence,
or that of a basinal, hypersaline sea. Distinguishing characteristics

of the upper member include laminated sediments (both algal and cryptalgal
laminites), thinner individual lithofacies units, and abundant primary
anhydrites and dolomites. Tables 1 and 2 summarize the diagnostic

features of both lithofacies.
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TABLE 1 SUMMARY OF LITHOFACIES OF LOWER MEMBER
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TABLE 2 SUMMARY OF LITHOFACIES OF UPPER MEMBER
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Interpretation of Lithofacies of the Lower Member

A, Bedded to Nodular Lime Mudstone to Wackestone

The features of this lithofacies which aid in the environmental inter-
pretation are the relatively sparse fauna of a somewhat limited variety,
nodular bedding, and slightly higher argillaceous content with respect

to other lithofacies.

The bedded to nodular lime mudstone to wackestone of Lithofacies A is
similar to Lithofacies B; however, it can be distinguished by the much

more limited amount of bioclastic material in facies A as opposed to B.

The most common fossils found were ostracodes and brachiopods; gastropods
and calcispheres are rare. Distribution of ostracodes is primarily
controlled by temperature, salinity, and substrate conditions (Tasch, 1980).
Most of their marine species occur in the shallower waters from the lagoon,
the inner neritic zone, to about middle neritic water depths. They may be
taken, therefore, to be as shallow-water indicators, unless proven otherwise.
Some taxa also populate the brackish and freshwater environments and are

tolerant of restricted conditions.

Brachiopods were exclusively marine, benthonic, epifaunal, and sessile
organisms (Tasch, 1980). Calcispheres remain rather enigmatic as to their
origin and may have been derived from algae (Nichols, 1970). It should

be noted that the above fossils occur in uniform distribtuion throughout
this lithofacies, showing no apparent preference for particular beds,

They indicate subtidal, shallow-marine environments. Some restrictions



must have been present, however, judging by the sparsity and limited

variety of the faunas.

Nodular bedding has been interpreted in several ways by various authors.
The pattern of lighter colored, limy layers and nodules within surrounding
darker colored muds, with variations occurring between undeformed laminae
and thin beds to discrete, completely pinched-off nodules, has been named
by McCrossan (1958) 'sedimentary boudinage structures'. This form of
bedding has also been informally defined as 'pull-apart' structures or
'pinch-and-swell' bedding. McCrossan interpreted this form of bedding to
be the result of pressure loading., Alternating beds of limestone and
argillaceous limestone or shale were deposited and, upon compaction,
flowage of the less competenf beds occurred. This flowage caused tension
cracks to form in the more competent, non-flowing beds and the competent
beds to crack or form nodules. This mechanism was first postulated by
Ramberg (1955). Burrowing was not considered in the case of the Birdbear
nodules as a viable mechanism of formation, because burrowing would not
explain tension cracks in the nodules, nor would burrowing lead to

linked sequences of pinch-and-swell beds but rather to discrete nodules.

Nodular bedding is a very common feature also in the limestones and
dolomitic limestones of the Ordovician Red River Formation of the Williston
Basin. The development of this nodular bedding has been attributed in

most cases to the acti%ity of burrowing organisms (Carroll 1978, Kohm

and Louden, 1978, Kendall 1976, among others). The mechanisms

postulated for the formation of the nodular fabrics involve the following




stages:

- the burrows are either preferentially dolomitized or lithified
as opposed to the non-burrowed sediments;

- post—depositional compaction causes non-burrowed, non-lithified
material to compact preferentially, leading to the draping of
these softer beds around the more competent burrowed nodules;

—‘further compaction leads to pressure solution along the boundary

between competent nodules and less competent surrounding beds.

Continuing solution, in turnyleads to the accumulation of argillaceous

and organic material along these boundaries.

Nodular structures similar to those found in the carbonates of the
Williston Basin were described also by Kaldi (1980) from the Permian
Lower Magnesian Limestone of Yorkshife, England. Kaldi distinguiéhed
between two forms of nodules. The first type, termed Type A, is similar
to the nodular beds of the Devonian Birdbear and Ordovician Red River
sequences. Type B nodules, in the form of discrete, irregular nodules
are similar however to intraclasts and ruptured beds. Type A nodules
occur in.distinct or laterally-linked bodies of microspar surrounded by
argillaceous matrix, commonly showing signs of deformation around nodules.
Kaldi suggested further that these nodules are similar to those described
from Mediterranean sediments by Miiller and Fabricius (1974). The

mechanism involved in their formation requires a low rate of marine



- 49 -

sedimentation, allowing abundant subaquecus marine cementation. Pre-
ferential cementation leads to beds which are more competent than the
surrounding bed;. The non-competent beds are considered products of
rapid sedimentation, with concomitant reduction in rate of marine
cementation. Lithostatic loading of the variably cemented pile in
turn leads to flowage of non-competent;as opposed to the competent
beds. This flowage enhances the Wavy,'nodular character of the beds

and leads to initiation of pressure solution along the top and bottom

of nodules.

The slightly higher argillaceous content of Lithofacies A is obvious

not only in core and cuttings, but also from the slightly higher
radioactivity of the rocks of Lithofacies A in southeastern Saskatchewan,
as shown by the gamma ray curve on logs. In western Saskatchewan,

this argillaceous character is amplified and makes the unit a dominant
stratigraphic unit (see Figure 8). The settling of such fine,
argillaceous material must have occurred in relatively low energy
environments as opposed to high energy conditions under which this
material would have remained in suspension and be swept into the basin
proper. The increased argillaceous content thus points to conditions

of relatively low energy.

Considering all features, it may be summarized that the rocks of Litho-
facies A were deposited under close to normal marine, but slightly

restricted, shallow-water conditions, and under lower energy regimes.
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The nodular bedding is believed to be indicative of early marine cementation,
preferential lithification, and subsequent flowage and deformation of
competent and non-competent beds. These features suggest deposition

and lithification in a subtidal marine environment.

B. Bioclastic Lime Wackestone to Packstone

The following features of this lithofacies aid in interpretting the
depositional environment: mnodular bedding, fossil abundancy and diversity,
and nature of grain packing and support. The bioclastic lime wackestone
to packstone of Lithofacies B most commonly occurs within the middle
portion of the lower member. In core, it forms a conspicuous and easily
identifiable rock type, relatively thickly developed, and with only some
minor beds of other lithofacies interspersed. Quite often it is

dolomitized to a certain degree.

A diverse faunal assemblage characterizes this lithofacies., Fossils
observed include stromatoporoids, disarticulated brachiopods, gastropods,

ostracodes, Foraminifera (including Parathurammina and Tikhinella),

fragments of Amphipora, and varieties of bryozoans. It is worthwhile
stressing that these fossil remdains are often present as fragments

(the corals and bryozoans), as disarticulated valves (the brachiopods
and ostracodes), and that they are infilled with micrite (unarticulated

brachiopods and gastropods). Bioclasts are often closely associated
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with intraclasts composed of micrite. Many of the quoted organisms
flourish in environments of warm water, normal-marine salinity, and
nonturbid water. The broken nature of the organisms suggests high
depositional emergy levels, as does the abundant and close association
of micritic intraclasts. Algal material is also present in the form
of laminated pieces as opposed to‘eﬁcrusting forms, suggesting high

energy transport.

Despite the richness in stromatoporoids and bryozoans, the thicker
accumulations in Lithofacies B are not considered true reef structures
but rather mechanically-piled bioclastic mounds. Gerhard (1978)
described such structures from the Tague Bay reef of Saint Croix Island
in the Caribbean. The reef-building organisms are the typical Caribbean
coral faunas. However, the reef is 1arg¢1y a pile of sand with abundant
unbound?skeletal fragments. These ''sandpile reefs" occur back from the
shelf edge in environments of somewhat lower wave energy (Gerhard 1978},
while organic framework reefs occur directly on shelf edges with good
eirculation and higher.wave energy. Wilson(1974) placed similar lime-
sand shoals, beaches, and dunes on the uppermost part of the shelf
margin well within thé turbulent zome. All these deposits

have in common that they form on shallow shelves and that they are
circular or elliptical in planar view. They contain few or no frame-
building, sediment-trapping organisms and form in the shoals and
lagoonal environments by the trapping and Baffling of fine debris

by various types of organisms.



The nodular bedding present in this lithofacies is similar to the one
discussed for Lithofacies A. The bedding is, however, more sporadic
and usually confined to isolated portions of the unit, as opposed to
being uniform throughout. .The mechanism is considered to be more or
less the same as postulated for Lithofacies A. The fact that bedding is
not as widespread may simply indicate higher rates of sediment accumulafion,
as the non-bedded sections were deposited at rates exceeding the rates
of precipitation for marine cementation (Kaldi, 1980). Material that is
covered up by rapid1§ deposited sediment does not have the opportunity
té remain at optimum depths and subsurface fluid conditions for the
precipitation of marine cement. Therefore, the sporadic development of
. nodular bedding within the rocks of Lithofacies B suggests deposition

in a shallow, subtidal enviromment, with sedimentation rates higher than

those envisaged for Lithofacies A.

Not Surprisingiy, the rocks of this lithofacies are also rich in bioclasts.
In most cases, these are pfesent in‘a ﬁud—supported matrix, as opposed to
an organically bound or cemented matrix. When bioclasts are in contact
with one another, and the intergrain voids are infilled with micrite. 1In
a few wells, however, on rare occasions it was observed that cement filled
the intergrain voids instead of mud. The type of matrix material may

give additional clues as to the environment of deposition. The major
matrix constituent in Lithofacies B is micrite, as opposed to calcite
cement. Several‘different types of calcite cement have been documented

in literature; however, all have certain characteristics in common.
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Calcite cement is a precipitate from waters saturated with respect to
calcium carbonate (Longman 1982). It is also a diagenetic phenomena
controlled by temperature, salinity, C0, vapor pressure, and fluid
movement. The greatest rate and amount of calcite cementation occurs
in the freshwater, phreatic zone, i.e. in rocks which are constantly
within the realm of fresh (meteroic) subsurface waters. The rate and
amount of cementation decreases away from this zone or where the water
becomes stagnanf. Becher and Moore (1979) suggested similar effects
for the cementation of the Upper Jurassic Smackover 'trend" of Louisiana.
The absence of cement in the bioclastic wackestones and packstones of
Lithofacies B would suggest, therefore, that these sediments were never
within this zone of freshwater, phreatic cementation. If they were,
one would expect extensive blocky, equant calcite cement as opposed to
micrite. Longman (1982) summarized that,_in a marine phreatic zone,
little cementation can be expected due to relatively stagnant flow
regimes, flat bottom conditions, and muddy primary sediments. 1In the
case of LithofacieS‘B,rthe preponderance of micrite over cement as
matrix material thus implies low energy conditions, poor subsurface
water flow, low levels of rainwater and freshwater influx, and muddy

primary sediments.

From even cursory observations of the fossil assemblage, bedding
characteristics and grain. to matrix relationships, the following
depositional environment can be postulated for Lithofacies B of.the
Birdbear Formation. Abundant and diverse faunal assemblages suggest

normal-marine salinity levels and clear, warm, shallow waters.
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The bicelastic nature of the preserved fossil record, coupled with
the presence of intraélasts, suggests a high degree of wave energy.
The muddy matrix, as opposed to sparry matrix, points to the lack of
freshwater early diagenesis, relatively flat basinal topography,

and nmuddy primary sediments. It is postulated, therefore, that these
sediments were depesited in a zone of relatively high energy conditions,
resulting in the creation ¢f mechanically-piled mounds and banks. The
large amount of micrite and broken nature of the bioclasts means that
the organisms perhaps flourished at a location other than the place of
deposition of their hard parts. Wave energy, however, was not
sufficient to winnow-out the micrite matrix material, or perhaps

the water contained a high amount of suspended, very fine mud.

In summary, the sediments of Lithofacies B were deposited in relatively
high energy, subtidal to intertidal position, well back from the

slope edge, and they are interpreted to be mechanically—concentrated
shelf and mound deposits, fairly irregular in outline, distribution,
and morphology. The word "intertidal" is used in the sense of a

broad zone within the limits of the mean high-tide and mean low-tide
water level. Sediments within the high energy subtidal and intertidal
zones c¢ould undergo periods of subaerial exposure due to water

level fluctuations within the basin. Similar shelf and mound

sequences have been observed in the Birdbear Formation in North Dakota
(P. Loeffler, pers. comm. 1982) and have been reported in other
Williston Basin formations such as the Duperow (Wilson, 1967; Hoganson,

1978), where the banks have been interpreted to be stromatoporoid
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bioherms. The scattered occurrences of Amphipora found within this
lithofacies may be isclated thickets and meadows of thin, dendroid
and euryhaline stromatoporcids, similar to those found by Wilson
(1974) in muddy back reef lagoons in the Swan Hills outer reef

platform complex.

In many cases, the micritic matrix of Lithofacies B has been pre-

ferentially dolomitized, with bioclasts dolomitized to only a smail
degree or, if completely dolomitized, observable as relict fragments
or 'ghosts'. This preferential dolomitization is due to the smaller
size of the micrite grains allowing more surface to surface contact

of grains to dolomitizing fluids (Asquith 1978, Longman 1982).

C. intraclastic to Pelleteoidal Lime Wackestone to Packstone

The features of this lithofacies which aid in the interpretation of
depositional environments include the preponderance of non-coated grains,
as opposed to coated grains; the form and nature of non-coated grains;

and the bedding and grain to grain contacts.

The dominmant grain found within Lithofacies C is the structureless
pellet or pelletoid. Minor amounts of poorly formed ooids are present.
In most cases, the core appears rather nondescript, with the pellets
visible only on slabbed, polished sections of core and when viewed

under a hand lens or microscope. Wilson (1975) defines pelletoids
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as "fecal pellets and coated grains of other origin', as opposed to
"spherical multiple coated particles in which laminae are smooth

and constitute a relatively thick coating” (p. 12). Grains which

have only one or two laminae coating a nucleus of structureless
material are defined by Wilson as '"'superficial ooids". From observing
numerous Holocene and ancient carbonate settings, Wilson (1975)
outlines three depositional environments for pelletoids and related

grains:

- laminated to bioturbated pelletoidal lime mudstone to wackestone,
also containing ostracodes and peloids, deposited in very

restricted bays and ponds;

~ hardened fecal pellets, in places mixed with carapaces of
ostracodes and tests of foraminifera, forming a pelsparite
which may grade into a peloidal wackestone. This lithofacies

is found on tidal flats and natural levees;

- grapestone pelsparite or grainstone, a mixed facies of isolated
peloids, agglutinated peloids, some coated grains, and lumps
in which are small intraclasts formed in warm, shallow water

with moderate circulation.

Purdy (1963) was the first to study in detail the sediments of the Great
Bahamas Bank, he described a pellet mud to mud lithofacies near Andros

Island. The pellet mud facies is characterized by abundant fecal pellets
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and particles smaller than 1/8 mm. Minor amounts of skeletal material
is also present. This lithofacies was found to contain appreciable
amounts of ooids which apparently were carried into the area by étorm
waves from regions of colitic lithofacies. Deposition takes place in
shallow waters {(between 6 and 24 feet) with stable bottom conditioms,
and a lack of bottom traction in areas most sheltered from trade Wiﬁds
and furthest from strong tidal activity, genmerally shoreward from the
coralgal reef edge. The fine-grained nature of the sediments is due

to the relatively low energy level. The pelletoids in this case are
formed by the activity of holothurians and gastropods such as the genus

Batillaria (Purdy 1963).

The pelletoidal rocks of the Birdbear sequence most closely resemble
Wilson's (1975) laminated to bioturbated pelletoidal lime mudstone to
wackestone lithofacies of his 24 standard microfacies. The minor amounts
of coids found, usually in thin, isolated beds, may have been carried
into the area by storm processes. The lack of well formed ocoids anywhere
within the study area suggests that wave energies were never sufficient
to result in the agitation necessary for ooid formatiom, nor that the
proper chemical conditions for the precipitation and subsequent formation
of these grains were present. The pelletoids are, therefore, interpreted
to have formed in quiet water, shallow, backshoal environments.

;
The intraclasts present appear to be gradation from the rounded
pelletoids. They are also constructed of structureless micritej; however,

they lack the rounding of the pelletoids. Purdy (1963) described
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the formation of similar intraclasts within his pellet mud lithofacies.
Disaggregation of soft, friable pellets by bottom,storm-induced dis-
turbances leads to the formation of irregular-shaped, often agglutinated
grains similar in composition to the round pelletoids. The lack of
selective bedding among the two grainforms suggests that current activity
and wave-induced sorting were negligible influences on the distribution

of these sediments.

Fossils are sparse within Lithofacies C and confined generally to a few
ostracode carapaces, though rare forms suggestive of gastropods have
been found. The lack of other fauna points to severe restrictions and
greater or lower degrees of salinitiy. Ostracodes are known from both
hypersaline and brackish-water lagoons, and gastropods are known to

occur everywhere as well.

In summary, Lithofacies C, the intraclastic to pelletoidal lime wackestone
to packsteone, is interpreted to have been deposited under low

energy conditions with rare storm disturbances, under moderate to

severe restriction, and on a relatively flat, regular shelf where

bottom traction was lacking. This latter condition explains the scarcity

of ooids. A quiet-water, backshoal shelf region is envisaged with low

levels of wave and tidal current activity.



D. Laminated to Massiwve Dolomite

The features which aid in the interpretation of a depositional environment
for this lithofacies include the form and type of bedding and the mineral-
ogical composition. The laminated to massive dolomites are similar in
both members of the Birdbear Formation, the significant difference being
the finer erystal sizes in the upper member and their more intimate
asgociation with anhydrites. The laminated to massive dolomites of

the lower member are commonly associated witb the laminated to massive

lime mudstones of Lithofacies E, and are not associated with anhydrites.

The laminated Eo massive dolomites of Lithofacies D are formed by a

finely intergrown meéh of dolomite crystals generally less than 10 mm

and poorly developed. Often they are laminated to thinly bedded and
associated with thinly bedded lime mudstones. These dolomites are similar
to Fisher and Rodda's (1969) "massive dolomite', a fine-grained to

thinly bedded variety which, however, is slightly coarser. The dolomite
crystals form a loosely knit mass of euhedral crystals. The massive
dolomites which Fisher and Rodda (1969) discussed were found in the Lower
Cretaceous Edwards Formation of Texas. They suggest that the dolomites
formed as a secondary diagenetic rock from a host which may have been

a carbonate grainstone or cearse biloclastic limestone deposited in a

high energy rather than low energy marine environment. The dolomitization
occurred due to the flowage of magnesium-rich brines through originally
permeable sediments, causing recrystallization and porosity development.
The denser fluids migrated from restricted lagoons rich in saline brines

along topographic depressions and escaped to the main sea body along
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permeable facies. Fisher and Rodda generalized that thick sequences
of massive delomites found adjacent to lagoonal evaporites are the
result of secondary dolomitization by seepage refluxion, according

to the classic model first proposed by Adams and Rhodes (1960).

Laminated to massive dolomites found within the Ordovician Red River
Formation of the Williston Basin have been interpreted to have been
formed subtidally and in a restricted, penesaline sea of regional extent
by Kohm and Louden (1978). The laminations are the record of primary
depositional units and are preserved because of the absence of organisms
which would normally burroﬁ and homogenize the sediment. The absence of
muderacks, burrows, and oxidation films suggests deposition in a hyper-
saline to penesaline sea. Asquith (1978) alsc adopts this general
model, further suggesting that the dolomite is the result of the dolo-
mitization of lime mud. Kendall (1979) stated that these laminated to
massive dolomites, termed by him 'laminated microdolomites', are deposited
in a hypersaline lagoonal environment.

3
In the Birdbear Formation, the laminated to massive dolomites are
characteristically found in. the upper portions of the lower member,
and often closely interbedded with laminated to massive dolomites
or rocks of Lithofacies A and/or B. As mentioned previously,
examination of polished slabs of this lithofacies often reveals the
vague outlines of demnser, pelletoidal-shaped bodies or wvague outlines

of bioclasts. It is believed, therefore, that these laminated to massive
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dolomites are the result of the dolomitization of laminated to massive
lime mudstones, bioclastic wackes;ones to packstones, and minor
pelletoidal lime wackestones to packstones. Dolomitization would

have been the result of seepage refluxion following the pathway

cutlined by Adams and Rhodes (1960) in their model.

If one can clearly ascertain the primary depositional fabric of a
dolomite, one may call that particular unit a 'dolomitized' version
of a particular 1ith0facies. If, in contrast, the primary texture

is obliterated or difficult to determine, the lithofacies would be
placed in Lithofacies D, Laminated dclomites may be the result of
doloﬁitization cf a lime mudstone, and this interpretation is further
supported by the observation that laminated lime mudstones which have
been dolomitized to a certain degree coften occur in conjunction with
laminated dolomite. The dolomitization occurred in a downward

manner for, originally, the sedimentary rocks were impermeable lime
mustones. The flowage of dense brines over this unit caused the
uppermost layvers to gradually undergo dolomitization. As these upper
layers were dolomitized with conCurrént creation of porosity, the newly
developed pore system allowed the brines to seep further down into
the 1lime mudstone. The process terminated when the enriched brines
were either depleted, or the brines were routed through a more porous

and permeable conduit system such as a bank or sheal.
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E. Laminated to Massive Lime Mudstone

The features of this lithofacies which aid in environmental interpre-
taticn are the form and type of bedding, and evidence of bed disturbance.
The laminated to massive lime mudstones of Lithofacies E within the
lower member of the Birdbear Formation are similar to those described
by Wilson (1967) from the underlying Duperow Formation. He described
an unfossiliferous, non-pelletoidal laminated lime mudstone displaying
submillimeter-thick laminations and parallel layers. The laminated

to massive limestones of the Duperow are dark brown in color, dense,
with fine anastomosing bedding, few irregular laminae, and microlaminar
slump structures. Wilson did not observe any fextural differences
between laminae, and considered this rock to have been originally

a carbonate mud deposited in quiet, shallow ponds of water with higher

salinity and no agitation of water.

Purdy (1963) noted the abundance of uniform mud in the sediments west

of Andros Island. The water covering these mudflats tends to be less
than 9 feet deep, ﬁrone to greater fluctuations in salinity as compared
to the water over the pellet mud facies, and lacking in pellet-producing
organisms. Alternately, the abundance of very fine-grained material
could also be the result of the disintegration of soft pellets, or the

deposition of muds due to extremely low levels of current agitation.



In the Bahamas, this facies is most frequently found in the higher

salinity, low energy lagoonal environments.

Fisher and Rodda (1969) deduced that the carbonate mud and evaporite
facies of the Lower Cretaceous Edwards Formation of central Texas was
deposited within a lagoonal environment. The carbonate mudséone is
described as being thinly bedded to mnodular, with one variant of this
facies being thoroughly bioturbated. The presence of evaporites are
inferred due to the presence of extensive beds of evaporite-solution

breccias.

Kendall (1979) stated that laminated micrites from the Ordovician Red
River Formation are lagoonal in origin. He also described a scenario
where sabkhas found bordering hypersaline lagoons are underlain by
laminated carbonate sediments. Again a situation involving both
increased salinity, very low energy, and consistent water cover is

suggested.

The microfabric of Litﬁofacies E may occasionally be found to be composed
of "clots", a texture also referred to as '"grumelous'". The clots at
times suggest a certain similarity with the intraclasts and pelletoids

of Lithofacies C; however, their wvery poor development and lack of well
formed pelletoids requires that these rocks be placed In a separate

lithofacies.

The laminations found within this lithofacies are quite even, with only

minor amounts of bedding disturbances such as microslumping and soft-




sediment distortions. The disturbances are not sufficient to be suggestive
of brecciation or evaporite solution; therefore one may assume that no
evaporites were deposited along with the carbonate mudstones. The

bed disruption may have been more due to periods of elevated wave

energy such as storms or rapid flooding of the sediment surface.

In summary, the rocks of Lithofacies E are considered to be result

of deposition of very fine-grained carbonate mud in shallow-water lagoons.
A higher than normal level of salinity is suggested, due to the lack of
fossils and bioturbation and the absence of well-formed pelletoids.
However, salinities were not high enough to result in the precipitation
of evaporites. These rocks represent the endphase of the transgressive
carbonate deposition before the onset of hypersaline apd regressive

conditions and the regional deposition of anhydrite.

F. Argillaceous Carbonate Mudstone to Shale

Rare, thin beds of dark brown to black shales occur sporadically in

the lower membex of the Birdbear, and are separated as Lithofacies F.
These argillaceous layers are not to be confused with the generally more
argillaceous sequences developed in western Saskatchewan and in the
Alberta Basin. True shales are very rare in the Upper Devonian of

eastern Saskatchewan, and it is for these rare occurrences that the
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biofacies is established.

According to Wilson (1967), terrigenous and authigenic clastic
material in the form of insoluble residues make up less than two
percent by weight of the limestone facies and less than 0.5 percent
of the evaporite facies of the Duperow Formation. The thin shales
may therefore represent the record of severe storms which deposited
thin films of terrigenous dust on the surface of the sediment. In
a carbonate-dominated shelf environment such as that found during
Birdbear time in southern Saskatchewan, any significant influx into
the system of terrigenous material would have greatly inhibited the
deposition of carbonate.' Therefore any clastic material would have
to be brought into the system by "irregular" processes or what could

be termed non-sequential events.

Thicker shale units, such as those‘found in Quasar Francana Trossachs
4-2-9-17 W2M or Tidewater Birsay Crown No. 1 (13-4-25-8 W2M), are
enigmatic. The shale unit in the Trossachs well appears to be related

' to severe brecciation ands as such, may represent a younger shale which
became mixed with Birdbear clasts during the collapse of overlying
material into a cavern created by solution of Prairie Evaporite salts.
Alternatively, they may represent younger terrigenous clastics deposited
within a localized cave created by karst solutioning. Some of the clasts
found within this well are similar to the reddish siltstones of the
overlying Famennian Torquay Formation, thus suggesting that the breccia

may represent a younger deposit containing clasts and a matrix of varying
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ages, The shale and highly argillaceous carbonates of the Birsay well
appear primary in nature as there is no apparent association of breccia
witﬂ‘the shales; also the centacts with over- and underlying units
suggests that deposition across the shale unit was continuous. This
_lithofacies may therefore be the result of terrigenous clastics being
deposited in localized basins, although the source of the clastics

is unknown.
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Interpretation of Lithofacies of the Upper Member

G. Nodular Mosaic to Bedded Nodular Anhydrite

The features which aid in interpreting the depesitional environment

for this lithofacies include the nature and form of bedding, and the
fabric of the anhydrite beds. This anhydrite Lithofacies G is charac-—
teristically found in intimate associlation with anhydrite and dolomite.
The dolomite is present either as highly distorted beds "woven'" among
nodules of anhydrite or as wispy patches distributed throughout the
apparently massive anhydrite. Dolomite content ranges from less than
107 ﬁo approximately half the sediment. ABedding, when present within
the dolomite, is thin and crinkly and is interpreted as representing
an algal laminite (see discussion of Lithofacies J) with minor amounts
suggestive of cryptalgal laminites (Lithofacies I). Individual dolomite
beds are often deformed around anhydrite masses; when the nodules

of anhydrite appear to be bedded, the dolomite is massive as opposed

to laminated.

This nodular to nodular mosaic anhydrite fabric, with varying amounts of
disturbed interlaminated dolomite, can be explained either by the growth and
coalescence of gypsum crystals within a soft-sediment substrate, or as a
result of post-depositional conversion of gypsum to anhydrite. The

model for this type of anhvdrite formation are the sabkhas along the

Trucial Coast of the Persian Gulf which have been described by numerous

authors. 1In thse salt flats, the sequence consists of cemented
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sediment layers and..abundant algal mat material. Gypsum precipitation
occurs not on the surface but within the sediment itself and at the
boundary with the groundwater surface. In the Abu Dhabi sabkha,
anhydrite first appears one kilometer inland from the high water mark
according to Kendall (1979), and is present as small discrete nodules.
Further precipitation onto these nodules causes them to grow causing

the displacement of the host sediment.

Nodular mosaic anhydrites were described as well from carbonate-evaporite
sequences of the Upper Devonian (Famennian) Stettler Formation of central
Alberta (Fuller and Porter 1969). Laminated dolomites and nodular
anhydrites were interpreted to represent the sediments of an ancient

sabkha that developed peripherally is a carbonate~dominated basin.

Dean (1975) examined the differences between nodular and laminated
anhydrites and suggested that workers in the field of anhydrite depo-
sition and diagenesis apply the sabkha model too frequently and in some
cases uncritically. He believed that the close association of the two
types of anhydrite fabrics could mean, alternatively, that the laminated
and nodular anhydrites have formed subaqueously, in shallow to deep

bodies of water, and side by side.

Rocks of Lithofacies G occur most frequently in the northeastern portion
of the study area, corresponding to the most shoreward zone of sediment
accumulation. Within this zone, the nodular mosaic to bedded nodular

anhydrite lithofacies forms the bulk of the anhydrite present. The
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environment is interpreted to be that of supratidal, shoreline (sabkha)
with the anhydrite having formed within the sediment by the growth and
coalescence of gypsum nodﬁles. The dolomite may have originated as
irregular masses of algal material and storm-washed intertidal to subtidal

mnaterial.

H. Massive to Laminated/Bedded Anhydrite

The feature which distinguishes this anhydrite lithofacies from the
previously desecribed lithofacies is the even, subparallel nature of the
bedding. The beds typically display only the'slightest amount of
crinkling and bed distortion. Nodule development is absent. Inter-

laminated carbonate in the form of dolomite is typically cryptocrystalline

and dense, lacking in features which would suggest algal growth.

Kent (1968) recognized a bedded or banded anhydrite, and an inter-
laminated dolomite-anhydrite in the Birdbear Formation of western
Saskatchewan. 1In both cases the beds are thin, display minor crenulation,
and may be separated by shaley or carbonaceous partings. Kent concluded
that the bedded, banded, and interlaminated anhydrites were deposited

as the last phase of anhydrite deposition and that they may indicate

flooding of the sabkha by marine waters.

Bebout and Maiklem (1973) and Kendall (1976) both described laminated
to thinly bedded anhydrites from numerous ancient sequences. Bebout

and Maiklem thought that this form of anhydrite may have been deposited
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subaqueously in very shallow water, calm lagoons. Kendall also gave
as a site of deposition a subaqueous environment. Individual nodules
in contact with and distorted by each other are interpreted to have
been deposited in shallow water. If any distortion of beds is present,
the distortion dis due to the deformation of semi-solidifed or

plastic sediments.

Dean (1975) stated that the even, subparallel laminations of anhydrites
and associated carbonates seen In many ancient sequences was due to
subaqueous precipitation instead of subaerial exposure and agglomeration
within a host sediment. The lack of deformation or disruption he
interpreted to point to deposition in deeper, permanently stratified
water. Shallow-water or tidal flat sediments should display storm layers,
burrows, shrinkage cracks, and flatfpebble conglomerates in his opinion.
A subaqueocus depositional environment for laminated anhydrites is also
suggested by Asquith (1978) and Wilson (1975) for anhydrites of the
Ordovician Red River Formation and the Upper Devonian Birdbear Formation

respectively.

Holocene examples of tidal pond sediments were documented by Hagan and
Logan (1975) from Shark Bay, Western Australia. These sediments contain

abundant algal mats and laminites, particularly the 'C-mat' fabric.

From a perusal of these and other examples, the following environment of

deposition is suggested for the anhydrites of Lithofacies H. The
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laminations and lack of soft-sediment deformation on algal laminites
suggest precipitation of bqth anhydrite and carbonate within shallow,
low energy lagoons or ponds. The ponds contained hypersaline brines
which were periodically flushed and recharged with smaller amounts
of normal saline, matine water. Thus, restriction never reached the
point where salt and other chlorides would precipitate. The minor
amount of sediment disturbance may have been caused either by storm
activity or by the slumping of semi-solid material. While some of the
laminated anhydrites do contain abundant laminated carbonates, which
may be algal in nature and thus compare to the Hagan and Logan model,
most of the massive to bedded anhydrites are devoid of carbonate
interlaminations. This, coupled with lack of sediment disruption,
suggests that the pools were devoid of organisms and were chemically

unsuited for the precipitation of appreciable amounts of carbonate.




I. Laminated.to Massive Dolomite

Features which aid in interpreting the depositional environment for

this lithofacies are the nature of the bedding and crystal size. In
certain respects, the dolomites of Lithofacies I are similar to the ones
of Lithofacies D of the lower member. One significant difference is that
cryptocrystalline, dense dolomites make up a greater proportion of the
lithofacies in the upper member than in the lower member.

Also, the dolomites of the uﬁper member are closely associated with

anhydrites,which they are not in the lower member.

Wilson (1967) suggested an early, pre-lithification dolomitization

phase for several of the dolomite types found within tﬁe Upper Devonian
Duperow Formation of Saskatchewan and Noxrth Dakota. Dolomites, which are
unusually fine-grained (individual erystals 10 to 20 um) were believed

by Wilson to be evaporitic in nature, representing mineral phases which

were deposited syngenetically with closely interbedded anhydrites.

Besides describing a massive dolomite lithofacies from the Edwards
Formation of central Texas, Fisher and Rodda (1969) alsc describe a
"stratal" dolomite. This dolomite consists of a tightly knit network
of very small (less than 10 um) poorly developed dolomite rhombs.
Porosity and permeability in these stratal dolomites ié nonexistent.
The dolomite beds tend to be quite thin, generally less than two feet
in thickness. In Fisher and Rodda's view, the stratal dolomite was
deposited on carbonate-mud tidal flats within a mud of aragonite or

calcite with associated amounts of gvpsum or halite. The dolomite
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formed very early in the diagenetic history of the sediment, probably
before lithification of the host sediment. These sediments were
considered resistant to any later dolomitizing and refluxing Mg-rich

brines.

Many workers tend to consider most laminated dolomites as being the
remains of algal laminites and mats. This characterization may, in
some cases, lead.to misinterpretation of the proper environment. There
are, however, differences between the algal and non-algal laminites
wﬁich will be discussed in more detail in the description of Lithofacies

J, the laminated algal dolomite.

The question arises if the non-algal (or "cryptalgal') laminites may or
may not represent primary dolomite which has directly precipitated from
highly hypersaline brines. Dolomite-~like carbonate minerals called
"protodolomites” have been reported from several areas such as the
Bahamas, south Florida, Bonaire, the Gulf of Eilat, and the Persian
Gulf (Patterson and Kinsmen 1982). This protodolomite is present as

a diagenetic, rhombohedral variety, non-stoichiometric with respect to
calcium content, and partly or completely disordered with respect to
the distribution of calcium and magnesium (Patterson and Kinsman 1982).
This mineral phase was termed by them 'diagenetic dolomite' and was found
to form by dolomitization in the subsurface of the sabkha under precise
ion ratios and flow rates of fluids, flooding frequency, sediment
permeability, and shoreline configuration. The maximum development

occurs in the high intertidal sediments composed of fine aragonitic mud.



Obviously, this dolomite did not form as a direct precipitate but

rather as a very early, diagenetic event.

Dolomitization of surface sediments was reported from the Florida Keys
by Shinn (1968). The dolomites were found as mudd,y desiccated crusts
in the lower supratidal zone and associated with zones of lithification.
Again, these dolomites are more likely very early diagenetic products,,
as opposed to primary precipitates. The span of time between sediment
deposition and dolomitization may be quite short however, for Patterson
and Kinsman (1982) report that at the Bahamas, Florida, and Bonaire
sites, deolomitization was essentially concomitant with sedimentation.
Therefore, when ancient dolomites are described, and even though the
dolomite is not a primary precipitate, it may still be considered to

have formed quasi-syndepositionally with other carbonate sediments.

In summary, the cryptocrystalline, anhydritic, laminated to massive
dolomites found within the upper member of the Birdbear Formation are
considered to be largely the product of very early precipitation and
diagenetic growth of dolomite in very shallow, hypersaline ponds or
lagoons. The salinity was great enough to inhibit the growth of any
benthonic forms of organisms and algal mats other than plamktonic
organisms which left no fossil record. Yet organic material must have
been plentiful, for these dolomites are often dark brown in color and
give off a fetid smell when dissolved in acid. Xirkland and Evans

(1981) report finding highly saline ponds in the Rann of Kutch often
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teeming with phytoplankton. Therefore, the laminated to massive
dolomites of the Birdbear are believed to have been formed in similar
saline, very evaporitic lagoons and ponds, possibly within an intertidal

zone or landward of restricting shoals and/or banks.

J. Laminated Algal Dolomites

Features which suggest an algal origin for these dolomites include:

- wavy, crinkled bedding and lamination;

- the development of fenestrae,  often filled with anhydrite or
acting as sites for the development of secondary (crystallo-—
graphic) anhydrite;

- evidence of soft-sediment deformation features such as rupture
of beds, development of dessication cracks, and teepee structures;

- the presence of stromatolites.

As mentioned earlier, some geologists assume many laminated dolomites
reflect on the preservation of algal mats. Algal laminites can be
distinguished from cryptalgal laminites by the following subtle but

identifiable features.

Logan (1961), in his study of the algal laminites of Shark Bay (Western
Australia), gives an excellent summary of the characteristics of true

algal laminites, features which were acknowledged to be diagnostic by



numerous later workers., The algae form seqﬁences of layered algal mats
in sheltered, intertidal zones {(such as protected re-entrant bays and
tidal flats behind barrier ridges and islands), and in the supratidal
zone. Mats in the supratidal zone display desiécation cracks, and often
are disrupted because they were broken apart in storms to form flat-
pebble conglomerates. The actual mat is formed as the result of filaments
binding together the trapped sediment particles. Three forms of algal

laminate are described by Logan:

—~ flat-lying algal laminites underlying an active mat surface;

- low sinuous domes and discs of detrital material formed in
zones of slight wave energy;

- ¢lub- and columar-shaped structures displaying the form of

the classic 'Cryptozoan' type stromatolite.

Carozzi (1960) gives the following petrographic characteristics of

algal laminites:

I

laminated, wavy texture with an almost imperceptible gradation

between the bottom of an algal layer and the underlying limestone;

- laminae ranging from 0.06 mm to 5 mm in thickness with an average
of 0.25 mm;

— persistence of individual laminae;

- the presence of domes with synclinal troughs between individual
domes; |

- extremely small crystal sizej;

— indistinct laminae with only birdseye texture apparent;

- birdseye pores (fenestrae) . filled either with clear calcite
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or with anhydrite;
~ rare forms displaying anastomosing networks of bedding planes
with individual laminae often intersecting and bifurcating in

4
an irregular manner.

The reported occurrences of ancient algal laminated dolomites are too
numerous to mention. Zenger (1972) gives a set of characteristics by
which an algal affinity was inferred for Paleozoic dolomites in the
Appalachians. These characteristics are also frequently mentioned by
other workers. The dolomites oceur closer to sources of terrigenous
material, suggesting proximity to a paleoshoreline. Desitcation cracks,
birdseye texture, intraclasts, evaporite crystal molds, vertical burrows,
algal stromatolites, dolomite rhombs in a lime micrite, and the paucity
of fossils —- all these and other features are suggestive of sediments
that formed in an intertidal to supratidal, periodically flooded are of
deposition. Extreme evenness of laminae, excellent sorting of any
particles (such as silt or sand grains) within individual laminea,

and the corientation of elongate grains parallel to the bedding are
indicative of non-algal origin and therefore could be characterized

as being indicative of cryptalgal laminites.

Limestones and dolomite beds displaying most of the features described
above are numerous in the sediments of the upper Birdbear member and
contrast markedly with the laminated to massive dolomites of Lithofaices
I. Therefore, it is suggested that the laminites of the upper member

are the result of algal precipitation in an intertidal to supratidal
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depositional setting. The association of nodular mosaic anhydrite and
laminated to bedded anhydrite with algal laminities aids in further
pinpointing the depositional envirconmment. The two forms of anhydrite
_allow differentiation of sediments into those deposited subaqueously

in very shallow water, and those deposited supratidally in a sabkha—type
environment. Both stromatolites (as in Socony Imperial Carievale

No 1, 16-4-3-32 WIM) and horizontally laminated algal structures are
present within the upper member of the Birdbear. The generally larger
crystal size of the dolomiteé associated with the algal sediments

points to a greater degree of post-depositional diagenetic recrystal-
lization of thé dolomite, or perhaps the early dolomitization of
calcareous algal beds. This greater degree of secondary dolomitization
was perhaps due to greater primary porosity in the algal units as opposed
to the much denser impermeable dolomites of Lithofacies I. Such
dolomites would correspond to surficial dolomites found io the Persian

Gulf sabkhas (Patterson and Kinsman, 1982).
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K. Laminated to Massive Lime Mudstone

Features useful in identifying this lithofaciles are similar to those
described for Lithofacies E of the lower member. The environment of
deposition of these limestones is considered similar or identical to
the one reconstructed for the rocks of Lithofacies E. Some laminated
lime mudstones which display the typical features of algal affinity are
placed, however, within Lithofacies L; they represent calcareous algal
laminites which escaped the process of'doloﬁitization. It is suggested
that Type-K limestones are the result of deposition of extremely fine-
grained muds in shallow waters, perhaps bodies of water such as lagoons.
These bodies of water may represent episodes in the normally highly

restricted Birdbear shelf of fresher waters entering the basin, preventing

the deposition of significant amounts of evaporites or dolomites.

L. Bioclastic/Pelletoidal Lime Wackestone to Packstone

The identifying features and environment of deposition for rocks of this
lithofacies is believed to be similar to those described for the rocks of
Lithofacies C of the lower member. As with Lithofacies K, the occurrence
of rocks with significant amounts of bioclastic material and pelletoids
points to a localized freshening of the waters on the Birdbear shelf,
This freshening may have been due to a short-lived influx of marine
waters with more normal salinities, or in areas of increased circulation

and mixing. The occurrence of these rocks, however, is quite rare,
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with individual beds rarely traceable over anything more than very
small lateral distances. In a few rare cases, thin beds of pseudo-ooids
are found within this lithofacies; however, their presence is not

considered to have any significance.

M. Intraformational Conglomerate and Breccias

As mentioned earlier, two forms of intraformational breccias can be
recognized. The first form is clearly sedimentary in origin, while the
second form is tectonic in nature and not related to any event aof

deposition during Birdbear time.

In the first type, tabular clasts of micrite can be seen embedded sub-
horizontally in a muddy matrix. Two modes of origin can be postulated

for these brecciasg:

- breccias and conglomerates with crude bedding and imbrication,
suggesting deposition under flowing water, possibly in tidal
channels or storm sheet flows;

- non-bedded breccias composed of jumbled intraclasts and severely
broken and deformed beds which may have been the result of

solution of evaporites and subsequent collapse of averlying beds.

Fisher and Rodda (1969) described an evaporite-solution breccia from the
Edwards Formation of central Texas. This unit is composed of a lower

zone of highly brecciated or conglomeratic rocks, succeeded by a sequence
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of beds dipping in random directions, commonly at steep angles. The
brecciated rocks are typically very altered due to theilr high original
porosity and permeability. Overlying beds are frequently undisturbed,
suggesting that solution and collapse occured intermittently at the

time of deposition.

In the Champlin Brightmore 11-18-9-16 W2ZM well, the intraclasts are

quite irregular and angular. They are commonly sub-horizontally bedded,
though_thée beds display signs of severe soft-sediment deformation. Also,
abundant sparry calcite, secondary crysﬁalline anhydrite, and tripolitic
chert are found in the matrix. Tt is suggested that this form of
intraformational brebtecia is the result of the sclution of evaporite beds
‘with subsequent collapse of overlying beds. The activity occurred soon
after the deposition of the primary sediment, for the overlying units

are unaffected by any form of collapse features. The intraformational
breccias found in Tidewater Braddock Crown No. 1 (5-7-14-10 W3M) are more
difficult to explain, since the clasts are mo;é regular and they

form and display even horizontal to sub~horizontal bedding with rare
occurrences of imbrication. This fabric is interpreted to reflect on

a storm flood deposit spread over a tidal flat. The onrushing waters
caused the désiccated and cracked surface to break up and result in a

mass of intraclasts which settled-out later when the storm waters receded.

This lithofacies is placed within the upper member, for this solution-

collapse breccia had obviously been associated with evaporites at one
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time or another even though at present it may occur below the first

preserved evaporite bed (as in the Brightmore well).

The tectonic breccias are much more dramatic in appearance and generally
affect the entire stratigraphic column, not being confined to any
particular beds or formations. Within the Birdbear Formation, .tectonic
breccias have been found at Quasar Francana Trossachs 4-2-9-17 W2M

and the Tidewater Imperial Elbow Crown 1 and 2 wells (Twp. 23, Rge. 6,

W2M).

The Elbow structure was analyzed by deMille (1956). The pre-Cretaceous
section appears. to. be repeated by faulting and to have been severely
crushed. and jumbled, often mixed-with fragments from underlying Silurian
and Ordovician rocks. The Devonian cannot be correlated from logs or
cores with surrounding wells and with undisturbed sectioms. The zone

of disturbance is approximatély 10 sections in size and is underlain by
an area devoid of Prairie Evaporite salts. Also, the structure seems to
be located at £he edge of the Devonian stable platform. De Mille postulated
that the structure was formed by a cryptovolcano erupting in a zone of
crustal weakness. His reasons for postulating an eruptive event include
the circular nature of the structure, the presence of a ring depression
extensively folded and faulted around a severely disturbed core, and

the upward displacement of Silurian and Ordovician rocks into younger
strata. The above features, except, perhaps, for the upward displacement

of older rocks, could also be explained by a meteorite impact.
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The Trossachs well displays features very similar to those found in the
Elbow wells. Again, it cannot be correlated with surrounding wells and

the entire Devonian section appears to be severely disturbed.

There are a number of explanations for the structures.
They are simply listed without further discussion because not enocugh
regional data is available to allow any weighing of the pros

and cons of the alternative explanations. The alternatives are:

- solution of Prairie Evaporite salts with subsequent collapse
of overlying beds into the salt-free cavity;

- an eruptive event such as a cryptovolcano (an igneous feature
which vents large amounts of extremely hot gases but little
Or no magma);

- infilling of a karst solution system with younger sediments:

- an astrobleme;

- fault breccias associated with deep-seated basement fault

movements.

What is clear is that the tectonic breccias were not the result of
syndepositional forces, but that they formed at later times as a result of
any of the events outlined above. Therefore, the isolated occurrences of
these tectonic breccias are not discﬁssed as part of the depositional
history of the Birdbear Formation but are rather mentioned as structural

oddities.



DEPOSITIONAL ENVIRONMENTS AND PALEOGEOGRAPHY
OF THE BIRDBEAR FORMATION

Deposition Within an Epeiric (Intracratonic) Sea

Saskatchewan, during the Frasnian and for that matter during all of
Middle and Upper Devonian time, was an extensive shelf area bordered by
the Precambrian craton to the north and east, and the Alberta Basin-
Cordilleran Geosyncline to the west. This shelf was separated from

the Cordilleran geosyndline and the Alberta Basin by a positive area
composed of the Sweetgrass Arch and the Swift Current Platform. The
shelf itself rested on a stable, intracratonic platform situated at

or close to the western border of the Devonian North American continent.
Therefore one may consider sedimentation within this intracratonic area
to follow the pattern predicted by the epeiric model (see Figure 9).
Within this intraecratonic sea sedimentation remained remarkedly

constant, éonsisting almost entirely of carbonates and evaporites. The
only exception to this sedimentary tendency towards autochthonous deposits
are the terrigenous clastics of the Deadwood-Winnipeg Formations, the
shales of the Ordovician (Gunton and Stoney Mountain), the Devonian
redbeds (Ashern, First, and Second), and the Three Forks Group, including
the Bakken Formation. Terrigenous clastics become much more common in
younger sediments, especially during the Cretaceous. The alteration
between autochthonous and allochthonous sediments is probably due to

crustal stability, epeirogenic events, and climatic influences.
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Sedimentation in an epeiric sea is perhaps best summarized in the works
of Irwin (1965) and Shaw (1965), although many other geologists have
dealt with this fascinating topic. The principles of epeiric

sea sedimentation are quite simple and are based on a few common

denominators:

lack of terrigenous clastics and minor influences from land
areas;

- great width of shelves;

- abundant shecaling;

~ low order of slope coupled with extreme shallowness; and

- restricted circulation and low energy levels.

Figure (9) also illustrates Irwin's concept of 'energy zones'. Zone.'X'
is the area where deeper water sediments collect; this zone is always
below wave base and, as a result, is one of low energy. 1In Zone 'Y’,
the wave and current energy comes in contact with bottom sediments and
dissipates there. It is therefore a zone of high energy and well-
aerated waters. It is in this zone where the greatest amount of
biogenic activity occurs which, in turn, leads to one of the greatest rates
in sediment accumulation, Zone 'Z', shoreward of Zone Y and often of
vast expanse, has relatively low energy levels for most of the wave
energy has been expended in Zone Y and whatever remains is slowly

but surely dissipated in Zone Z by bottom friction. Also, due to

the lack of major circulation and mixing and increased rates of

evaporation, Zone Z is also one of increased salinity.
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Bioclasts and grains derived from plant and animal material are
significant indicators of both salinity and energy levels, as previously
nentioned. Grains are found preferentially in the vicinity of marine
banks in shallow, turbulent, well-aerated marine waters, and are

usually skeletal in origin (bioclasts). These grains are deposited

as the result of mechanical energy. Peloclasts (Irwin 1965) are
precipitated particles formed either as chemical coatings or as fecal
debris. Peloclasts occur in a zome landward of the high.energy,
biocclastic zone of deposition. Mud occurs within this facies. Litho~-
clasts (Irwin 1965) are broken pieces of existing carbonates and are

found on the tidal flat. They are formed by periodic desiccation-

flocoding cycles.

Sedimentation is controlled by the physical-chemical conditions and
biological activities in the three energy zones, by the topography

of the shelf, any by  minor - "external" influences from the
surrounding land area which must have been very subdued in topography
and only undergeing chemical erosion. The sediment character thus

was largely established within the system.

Three major types of sediments are found and to be expected according
to the model: shales (including black shales),-carbonates, and
evaporites, each showing a progressive change in facies within each unit

from the "seaward" to the "landward" side.



Another important control on sediﬁentation is the topography of the
basin and depeositional area. If the basin floor was perfectly flat,
the pattern of lithofacies stacking would be highly regular, following
the contour of basin depth above or below wavebase. If, however,

the basin floor was not perfectly flat, minor deviations would result
in an irregular distribution of facies patterns due to certain portions
of the basin floor ("paieohighs") being in the range of a higher energy
zone as opposed to surrouriding lower portions ("paleoclows"). A "erazy

quilt" distribution of lithofacies would occur (Shaw 1965).

There is another and third kind of control mechanism, the dynamic nature
of the transgression-regression itselt which too often is overloocked in
geologic reconstructions. As outlined earlier, the lowermost Birdbear
sequence was strongly influenced by a transgression, the strongest
perhaps of Devonian times, which was building-up momentum all through
the Frasnian time (Braun 1983, pers. comm.). In contrast, the upper
two-thirds of the Birdbear sequence is marked by stagnating, highly

restrictive influences which indicate a long-lasting regression.

During a transgression.and regression, energy zones will fluctuate
rapidly and continuously, and their effect will be accentuated by
irregularities of the basin floor. As a result, lithofacies patterns
will change continously, and-the rapid changes in lithology both in

a vertical and lateral sense will be the most difficult to unravel, and
equally difficult to describe, because of their four-dimensional

complexities.
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Basin Topography and Isopach Maps ‘

Up to now, only the lithologic and facies aspects have been considered
and interpreted. For the writing of the geological history of Birdbear
time and depositioﬁ it is, however, equally important to attempt to
reconstruct the major trends in basin and shelf topography. Major
insight can be gleaned from a series of isopach maps which were

specifically constructed for this purpose.

It has been stressed several times that the investigator's aim should
not be necessarily the "precise' reconstruction of all and the most
minute details, but the recognition of "trends" and the attainment of
plausible results. The final goal is impossible to achieve anyway
considering the '"'state of the art" in geological exploration and the
level of refinement in knowledge acquired to date. Furthermore, the
writer does not subscribe to the idea that the summation of many small,
detailed and precise points and observations automatically translates
into a coherent large~scale picture. Far from it; there is the old
proverb that still holds true that in geology it is sometimes more
advantageous to be '"vaguely right" than "precisely wrong™. All these
and many other painful truths are particularly pertinent to the

construction and interpretation of isopach maps from subsurface data.

The following isopach maps were constructed:

A. Total isopach of the Birdbear Formation;

B. 1Isopach of the argillaceous lower unit (corresponding to



B . .- 8) lower member and the argillaceous subtidal
unit of southeastern Saskatchewan of this study);

C. Isopach of the lower member;

D. Isopach of the upper member; and

E. TIsopach of the interval between the base of the upper member

and the top of the argillaceous lower unit (called the

"Intertidal Unit").

ihe isopach intervals were chosen for several reasons. The total
thickness of the Birdbear Formation is a reflection of rates of sediment
accumulation and as such is indicative of the rate of sediment supply
and basin dowawarp. Since the base of the first anhydrite encountered
in the stratigrpahic sequenc marks the attainment of hypersalinity
within the basin, an isopach map of the interval from the base of this
first anhydrite to the top of the formation should indicate zones of
increased anhydrite deposition and thus zones of increased salinity.
Likewise, an isopach of the lower member —- those sediments below the
base of the first anhydrite ~- should indicate areas of increased
accumulation of normal-marine rocks. An isopach of the argillaceous
lower unit reflects on thicker accumulations of this unit and anomalously
thin deposits 'in the underlying;subtidal unit. This subtidal interval
is the record of the first transgressive pulse across the basin after
the numerous Duperow transgressions and regressioms. Thick isopach
values should indicate paleotopographic depressions which received

a greater amount of sediment than.the thin units deposited over paleo-
topographic highs. An isopach map of the interval between the base of
the upper member and the top of the argillaceous lower unit records the
amount of sediment deposited in an intertidal zone, and perhaps also

in a hypersaline lagoonal zone.
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A, Total Isopach of Birdbear Formation

Map A illustrates the total thickness of the Birdbear sequence across

Saskatchewan. Attention should be paid to the following features:

- position and orientation of thin areas (areas with less than
100 feet of sediment, colored in blue on map);

- position and orientation of areas greater than 120 feet and
less than 150 feet in total thickness (colored in vellow on
map) ; and

- differences in thicknesses between northwest and southeast

corners of the map area.

Within the area of study, threze broad regions are distinguishable where
the Birdbear sequénce is less than 100 feet in thickness. Between Ranges
17 W2M and 3 W3M, and from the International Border (Township 1) north

to approximately Township 7 exists a roughly semicircular area of
Birdbear sediments less than 100 feet thick. This regional trend in
thinness is broken in the vicinity of Township 4 Range 26 W2M by a local,
oval-shaped feature trending approximately north-south. In this broad .
area, the sequence is as thin as 77 feet, as in the Socony Sohio East

Popolar No. 1, 1-15-1-25 W2ZM well for instance.

A second region in which the Birdbear Formation is regionally thin is
in the southwestern part of the province. This area is elorgate, trending

northeast to southwest and extends as far west as Raﬁge 24, W3M and as
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far north as Township 25. This feature is named the "Swift Current
Platform" for its coincidence with a tectonic feature of the same

name and in the same area (Kent 1968).

The third region with a thin Birdbear sequence lies in the northeastern
portion of the study area. This region is defined by the 100-foot
contour and the feature is named the "Punnichy Platform" after a
settlement near its center. This area of thin Birdbear trends in a
northwest to southeast direction, the Birdbear being as thin as 54 feet

in Altana North Wapella 11-35-15-33 WIM.

The Swift Current Platform is of a somewhat semi-circular shape and

appears to link-up at its northern end with the western margin of the
Punnichy Platform, suggesting some sort of continuity. Both platforms
appear to surround the semi-circular thick representing the Williston
Basin in the southeast of the province., To the northwest of the Swift

Current Platform, the Birdbear Formation thickens markedly.

The regions of intermediate thickness == by definition between 120 and
150 feet ~- form two well-defined belts. The first is centered in
southern Saskatchewan and in turn shows two sub-belts. The southernmost
one seems to be composed of a series of discontinuous bodies, roughly
oval in shape. The strike of the bodies changes from northeast to
southeast in the western portion,to approximately northwest to southeast
in the eastern parts. The position and shape of these bodies suggests

an arcuate pattern similar to the outline of a basin. The southernmost
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sub-belt is flanked to the north by a more continuous belt trending in

a northeast to southwest direction which approximates the strike of

the edge of the Punnichy Platform. It crosses to the north of the edge
of the Swift Current Platform and abruptly changes strike to a northeast
to southwest direction, aligning itself parallel to the western edge

of the Swift Current Platform. A third region of intermediate thickness
and forming the second belt is found in the northwest corner of the
study area west of Range 24 W3M and north of Township 29. This region

is oriented In a northwest to southeast direction.

To the northwest of the Swift Current Platform is a region where the
Birdbear Formation exceeds 150 feet in thickness. In three areas, the
thickness is in excess of 200 feet. These areas of maximum thickness

are located as follows:

- between Townships 25 and 30, west of Range 26 W3iM;
- between Townships 28 and 31, Ranges 21 to 23 W3M; and

~ between Townships 31 and 34, Ranges 13 to 15 W3M.

These areas are oval to elongate in shape, without any preferred
orientation or well-defined isopach trends other than a semi-circular form
bounded by . the Swift Current Platform to the southeast and the

suberop edge to the north.

In contrast, a series of isopach trends in the northcentral portion of

the map area shows distinct northwest to southeast orientationm,
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especially the easternmost one. The significance of these trends will

be discussed in the following section.

B. Isopach Map of the "Argillaceous' Lower Unit

As discussed earlier, this unit is slightly more argillaceous than
upper sediments, and tends to be composed of rocks of Lithofacies A
and B. It is interpreted to primarily reflect a low to high energy

subtidal in environment.

Three broad trends can be recognized on this map. The first is a large,
irregularly shaped region in the southwestern part of the province where
the unit is regionally thin. The eastern boundary of this area is
approximately Range 5 W3M, and the northern edge approximately Township
25 in the eastern portion, and Township 18 in the western portion. This
regionally thin area is situated in approximately the same posifion as
the Swift Current Platform, with its overall thin Birdbear sequence.
Contours within this region, although somewhat irregular in outline,
show no major changes in thickness. This would suggest that the area

was one of relative constant topography with a low rate of subsidence.

A broad region centered in southcentral and southeastern Saskatchewan
is characterized by elongate trends of 'thicks' (greater than 50 feet)
and 'thins' (less than 30 feet). 1In the southeast they are oriented

in a roughly northwest to southeast direction, about parallel to the



southern edge of the Puﬁnichy Platform. In the western portion, the
strike is in a more northerly direction. Again, the overall orientation

and shape of these trends suggest a semicircular pattern.

The third trend is a regiomal 'thick' extending across the entire
province along the northern subcrop edge. This trend is Interrupted in
the easternmost portion by a lecal 'thin' centered in Township 17 WIM.
In the westernmost portion of this area, two local regions exceed

100 feet in thickness.

Isopach trends in the northwest corner of the study area appear to he
influenced by the orientation of the indentations noticeable on the
Total Isopach Map (A). These identations occur at the northern end of
the Swift Current Platform and may represent localized sub-basins
resulting possibly from basement fault movements. The close spacing
of the individual contour lines is indicative of rapid sedimentation

within these fault-contrelled sub-basins.

Overall, the isopach contours of this unit and within the various regions
tend to form rather irregular patterns with the exception of some contours
in the northwest region. This irregularity would suggest that the basin

floor was relatively irregular in topography, though displaying an overall

constancy of that of a flat shelf.
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C. Isopach Map of the Lower Member

Examination of cores and certain geophysical log responses, and the
discrimination of lithofacies and reconstruction of their mode of
deposition allow the delineation of a number of depositional zones

for both the lower and upper members. It cannot be emphasized enough,
however, that such an undertaking is highly subjective and speculative.
The difficulties start already when examining the core, multiplying’

as the study proceeds, and they are most pronounced in units where
lithelogic changes are frequent and drastic, as in the upper Birdbear

member.

One, and probably the only, way to sclve these multilayered problems is tp
try to detect and outline first~ and second-order influences, possibly
even third-order ones, which will enable to differentiate between

primary depositicnal environments and secondary to tertiary sub-units
thereof. This ﬁas done for each and any borehole examined in this study.
The results were then plotted on a map, using symbols and colors for the
various depositional zones and subzones. If a pattern develops that

shows large scale trends and what could be called a "predictable"
sequence, one might assume that the assumptions made and procedures
followed are valid‘as research approaches, and that the interpretations

are reasonable.

The isopach of the lower member reflects the influence of the Swift

Current and Punnichy Platforms, and the seaway linking the Williston and
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Alberta Basin. Three areas of dinterest can be mapped:

- subtidal zones along the southern and the northwest margins
of the map areaj;

- lagoonal zones over the Punnichy and Swift Current Platforms;

— intertidal to high-energy subtidal zones between those zones

mentioned above.

The subtidél zones colored in green in Map C are found in two widely
separated portions of the map area. Two distinct lobes of this zone
occur in southern Saskatchewan, the first lobe centered over the
previously described total isopach 'thin' of the Roncott area immediately
east of the Swift Current Platform, and the second in the extreme
southeastern corner of the map area. These subtidal zones are charac-
terized by the preponderance of rocks of Lithofacies A. It should be
remembered that subtidal sedimentary rocks are found across fhe province
(the 'argillaceoqs' unit/marker); in areas where this form of lithofacies"
is dominant the lower member consists entirely of the subtidal unit.

In areas not shaded in green on the map, other depositional zones
intervene. In the northwest of the study area, the subtidal unit.
corresponds to the zone of thickest total sedimentation and thickest
portions of the lowermost 'argillaceous' member of Kent (1968). 1In

the south of the province, this zone approximately corresponds to the

area full of evaporites in the upper member.

The Swift Current and Punnichy Platforms manifest themselves strongly

as zones of low energy, lagoomal to tidal-flat sedimentation. This
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suggests that both were positive, paleotopographic features covered

by very shallow waters and ephemeral standing bodies of water. In
Imperial Oxarat 1-1-5-25 W3M, the entire Birdbear sequence is dominated
by a supratidal facies, though the lowermost subtidal unit is present
as a thin zone. The trend of the isopach contours follow this

platform and its positive nature quite closely.

Between the subtidal basins to the south and northwest and the flanking(
platforms to the northeast and southwest lies a zone dominated by
intertidal to high-energy subtidal sediments. TIsopach trends define

a channel or seaway between the Swift Current and Punnichy Platforms,
suggesting a link between the Williston and Alberta Basins., In south-
eastern Saskatchewan, the contours again become irregular and reflect

on the influences of local, paleotopographic highs instead of following
the more regional basin trends. Shoal zones tend to correspond to areas
of thicker accumulations of the lower member, suggesting that the increased
Birdbear inferval may be the result of mechanically piled intertidal to
high energy supratidal mounds. This generalization does not hold in
western Saskatchewan, where total fhicknesses reflect thick sections

of the argillaceous lower unit (the subtidal unit).

In general, the isopach contours tend to follow the broad
structural elements visible in the previously discussed isopach maps.
The decrease in the definition of the patterns in the upper member may

be the result of destruction of basin topography due to sediment infilling,
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The isopach contours of the lower member, however, reflect on sedimentation
during the height of the initial transgressiom, the stagnation phase,

and the beginning of the final regression. They follow the 'normal"
pattern of epeiric sedimentation more closely. The supratidal zone
indicated for the Oxarat locality suggests that the Swift Current Platform
began to exert its influence already from earliest Birdbear time onward

and may, in fact, have not been influenced to any great degree by the

Frasnian transgression responsible for the Birdbear.

D. Isopach Map of the Upper Member

In constructing Isopach Map D, the same technique used in constructing
Isopach C was applied. By use of a symbol and symbol colors, the dominant
depositional enwvironment and the most influential of the other depositional
environment, as deduced from core and geophysical log examination, are

shown. The color scheme is self-explanatory.

In map D, there are three areas of interest:

- a sabkha zone where the dominant mode of sedimentation is
supratidal and where secondgry influences are those of the
shoreface (thin intraclasts beds} and backshoal to shelf-lagoon;

- a backshoal to shelf-lagoon area under the primary influence
of low energy conditions with modifying, secondary influences
coming from lagoons and tidal ponds, and intertidal to high

energy subtidal environments; and
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- a zone in which the upper member is absent due to either change

in facies or due to post-depesitional solution of evaporites.

Two extensive supratidal zones are recognizable in Saskatchewan where
rocks of Lithofacies G and J, or tﬁe algal laminites and nodular mosaic
-anhydrites respectively, are the characteristic sedimentary sequences.
These areas also contain a larger proportion of thin, argillaceous

or shaley beds than zones which were in closer and more continuous
contact with the sea, as greater amounts of terrigenous wind-blown

clastics may have been deposited.

In the eastern portion of the map area, a large supratidal zone is
centered in the northeast corresponding to the location of the Punnichy

Platform.

Anhydrites are absent from only two of the northernmost wells (Seaboard
Devil's Lake Crown No. 1, 16-11-28-6 W2M; Tidewater Wishart Crown

No. 1, 13-21-30-12 W2M). The depositional edge of the supratidal zone

corresponds with the isopach edge of the thin region in the area. The

region is underlain .by a relatively thick argillaceous unit. In-

this region, the major percentage of the upper member is of supratidal

origin.

A second major supratidal zone is situated in the southwest corner of

the province. Again, the region dominated by supratidal sediments
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coincides with a total Birdbear 'thin', the Swift Current Platform.
Obviously, the Swift Current Platform remained a positive feature during
late Birdbear time, as it had started ocut in the early Birdbear. The
northern extension of the Swift Current supratidal zone is tenuous at
best due to poor well control, though evaporites have been found in core

as far north as the Husky Whiteside 11-22-30-26 W3M well.

Lying between the Swift Current and Punnichy sabkhas and extending to

the southeast is a broad region mapped as a backshoal-shelf lagoon zone.
Within this zone, the rocks of Lithofacies B, L, C, D, K, E, H, and L
were found with only minor supratidal components. These latter anomalies
are considered to represent supratidal localities developed on the
exposed landward side of shoal complexes. The dominant type of litho-
facies are those of the low energy, lagoon and tidal pond environﬁent.
Other lithofacies types occur more sporadically. Within this zone,
lithologies change rapidly both in the vertical and horizontal dimension.
The isopach contours are quite irregular and suggest irregular rates

of sedimentation. In comparison to Map B (the argillaceous marker/member),
it appears that many thin regions of the upper member correspond to

areas of increased total Birdbear thickness which, in turn, also seem

to correlate with local "thins' in the argillaceous unit.

Two highly irregular-shaped areas in southcentral Saskatchewan are free
of evaporites located between Townships 1 and 4 and Ranges 20 to 29 W2ZM.
Within these regions,; extremely dense lime mudstones and dolomites may

represent a facies equivalent to the evaporites,
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Evaporites are also absent from the northwest corner of the map.

This region, shaded in green on Map D, represents a region where the
dominant lithofacies types are subtidal to intertidal. Being closest
to the slightly deeper water and more normal-marine Alberta Basin,

it is only natural to assume that the green-shaded area remained
submerged during deposition of the upper member, forming the transitiomn

zone between the Alberta and Williston Basins.

In summary, the isopach contours of the upper member are quite irregular
across the map area and only very vague trends are definable. The
contours do not form the well-defined patterns that Maps A, B, or

C exhibit. This irregularity may be due to the process of infilling

of the basin and the progradation of the intertidal to sabkha zones,

as pointed out earlier.
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E. Isopach Map of the "Intertidal' Unit

Map E illustrates the thickness of the unit between the basal argil-
laceous subtidal unit, and the base of the upper member. It represents
therefore the thickness of what is referred to as the 'Intertidal' unit.
This intertidal unit is defined following the same guidelines as those

of the other depositional =zones. There is a dominant facies and
subordinate ones refleéting on first=order influences and minor secondary

ones.

Three features on this map are significant. The first one is the

pattern of regional 'thins' over " the Swift Current and Punnichy
?latforms. This suggests that both platforms were positive during the
time of active, intertidal deposition. Consequently, the sequences over
these areas are of a lagoonal character, as opposed to the more bioclastic
sediments of the mormal-marine, high-energy to intertidal zomes which

are common in the surrounding areas.

The second feature is the series of irregularly shaped 'thicks' in
southeastern Saskatchewan, clustered in the Williston Basin. These
'thicks' correspond to 'thins' in the lowermost subtidal units and
"thicks' in the total thickness isopach maps. In the cores examined,
the dominant lithofacies is Type B, the bioclastic to intraclastic
lime packstone. Consequently, the blue-shaded areas shown on Map E
are considered to represent regional zones of 'potential' shoaling.
These potential shoal areas are expressed also within the intertidal

zone on the isopach map of the lower member. As such, they represent



- 104 -

the zone of highest wave energy in the Birdbear sequence. Their
irregular shape points to the fact that basin.topography was not
perfectly fldt but rather had gentle undulations which

contrelled the position of the intertidal strandline.

The third feature of significance is the wide, elongate isopach tremnd

in the central part of the map area approximately between the Swift
Current and Punnichy Platforms. The position of this regional, thick
accumulation corresponds with the intertidal zone of Map C and therefore
defines a zone of active marine sedimentation within the seaway

linking the Alberta and Williston Basins. At Tidewater Placid Hawarden
Crowm No. 1 (12-10-29-5 W3M), situated almost astride the seaway, the
core of the lower meﬁber shows a predominantly bioclastic lime packstone
to stromatoporoidal boundstone from»3155 to 3165 feet. The presence

of this highly fossiliferous, high energy, open~marine facies points

to the well-agitated, non-restricted nature of the sea in this area.

The correspondence of this dominant lithofacies with the center of the
mapped isopach trend is further evidence for the existence of the
interconnecting seaway. That true bioherms may exist within this zone,
especially near the entrance to the seaway, raises interesting
possibilities with respect to oil exploration. They may not be of

the same magnitude as the 'Nisku reefs' of the Edmonton area but

they still might be worth examining and searching for.

Other isolated wells that display a high-energy, intertidal shoal or
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bank facies include the following:

- Kissinger Moose Valley 16-9-12-6 W2M, which appears to be
an oolitic to pelletoidal bank;
- Transempire Imperial Welby No. 14-16, 14-16-18-30 WIM; and

—~ Tidewater Parkbeg Crown No. 1, 10-32-18-3 W3M.

The irregularity of these shoals preclude the possibility either of
drawiﬁg well-defined limits to their occurrence or of determining

precise outlines on a regional scale. However, it is safe to generalize
that such shoals can be expected anywhere within the intertidal zone,

in particular in areas of overlying thin, argillaceous subtidal sequences,
and in regions where the Birdbear Formation is thickly developed. These

areas represent ''paleo-highs" on the Birdbear shelf.
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Paleogeography and Sedimentology of the Saskatchewan Shelf

As previously stated, Saskatchewan and most of North Dakota and

Montana were the sites of wvast epicratonic seas on the stable continental
platform. For purpeseg of description, the geographic location of the
shelf in Saskatchewan during the Upper Devonian is hereby named the
"Saskatchewan Shelf'. The paleogeography and sedimentation patterns

of the Birdbear Formation on this shelf is interpreted by means of the
isopach maps constructed for the various units, in addition to two
stratigraphically drawn stratigraphic cross-sections, These wvisual

aids also aid in reconstructing the shape and form of the two sedimentary
basins which were discrete entities, yet connected at the time of
Birdbear deposition. A map illustrating paleogeographic structures is
shown in Figure 10. The stratigraphic cross-section A-A' and B-B'

are also useful for understanding sedimentation patterns across this
broad shelf. The presence of consistent, correlative markers enables
the division of the Birdbear Formation on a regional scale, such markers
being the argillaceous unit at the top of the Birdbear Formation, the
argillaceous subtidal unit, and the "Ireton' marker. Other markers are
also found; however, most are useful for correlation only on a local,

as opposed to regional 1e§el. Such markers are especially common in

the upper member of the Birdbear Formation in southeastern Saskatchewan,
and are often used by industry geoleogists to correlate individual

porous beds, for example the 'A', 'B', and 'C' markers shown on

Cross—section E-E' (Figure 16).
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The abundance and ‘dominance of low-energy .carbonate rocks

such as pelleted muds, laminated muds, mud-supported bioclastic.rocks,
and subtle lithofacies variations lead to only one conclusion: that the
Birdbear sequences were deposited on a very shallow-water, partially to
severely restricted shelf, the 'Saskatchewan Shelf!, without any direct
influence from land. Wave energy was never sufficient to winnow away
and remove the carbonate muds, but adequate to create mechanically
piled, mud~-supported banks. There was no organic activity at any time
at the shelf-basin hingeline which would have resulted in the construction
of organic reefs, save for possible rare occurrences in the seaway
connecting the two basins. The lack of these organic reefs reinforces
the notion that higher than normal salinity levels prevented such
sensitive organisms as stromatoporoids and corals to migrate into
Saskatchewan in any great numbers. They were not extinct, as yet,

for the Nisku reefs of the Edmonton region were built by such groups.

The abundance of evaporites and lack of evidence for freshwater
diagenesis and mixed-water cementation points to high levels of aridity
over the Saskatchewan Shelf and surrounding regions during the deposition
of the Birdbear. Such climatic factors accentuated the stagnating

and regressive conditions ﬁhich developed as a result of the general
retreat of the Frasnian seas already in Birdbear time and gaining
momentum throughout. In addition, the irregular, poorly defined isopach
contours of the upper member, as opposed to the much better defined
contours of the lower member, record the final stages of infilling

of the shelf sea and the southeastern lobe of the western Canadian
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Frasnian seaway.

A quick perusal of the papers by other researchers dealing with the
Upper Devonian of the Williston Basin points to the possibility that
the Birdbear sequence may simply represent the sixth and last of the
Duperow transgressive-regressive cycles. Figure (11), using correlative
markers suggested by Burke énd Stefanovsky (1982) and Dunn (1975),
appears to reinforce this idea. The Duperow Formation is divided on
the basis of the presence of thin, argillaceous carbonates and pure
carbonate units given the status of members (Dunn 1975, Dean 1982).

One may consider the 'Ireton marker', or B3 unit of the Seaward member
of the Duperow Formation (Kent 1968) to be such an argillaceous marker,
and . the 1ower_Birdbear member to be comparable to an argillaceous
Duperow member. However, the Birdbear is worthy of its own formational
status as opposed to the status of another Duperow cycle, for the
lithological differences are too proncunced, as are the thickness
differences, especially with respect to the upper Birdbear. Moreover,
the lithology changes pregressively, shoaling upwards, reflecting on-
early transgressive and late regressive conditions and indicating

a transgressive-regressive couplet. In other words, the Birdbear forms

a cycle of its own.



- 110 -

SHELL TABLELAND 12~-24
12-24-01-10 W2M

KB: 531.5m
TD: 2456m
=l g » 1.2:!
TORQUAY FORMATION s ! T «%-_‘ L
BIRDBEAR FORML;'ATION ’ 8 e — b
pper L
Member S <]
-
g 2 _
z -~ N
Lower : = r =]
- Member ] =
ran 1
e 1 o = “Iretan Kick®
DUPEROW FORMATION 3l S
- » ~
T s b
= >
Cycle 4 - '
("A™ Zone} - e —
|| - 3 4<:—--<-?
1 4 AR Mikel
Flat Lake Evaporite [ r ]
o S
° 5 3 ENSHE R
ot Cycle 3 . g ] _ l-_J___
o] ("B" Zone) I
y ==
h - "B" Mkr
z [ —— — 3 + 1Tt
2 4]
= = 3
w = 3=
I 1 (==
Q e z;z
- g [ -
< - =
X Cycle 2 s . e
@ n -
< ("C* Zone?) _g ® <
2] B 3
dk -
T« sohic
}n—
SR AN ]
q*ﬂr— w
1 h
<! 1 s
Cycle 1 Pd Shiw
("D Zone?) T4 —
[
! T _
("E" Zona?) v -
SOURIS RIVER FORMATION 1 3 ‘-:ﬂ
- = 2

FIGURE 11 DUPEROW AND BIRDBEAR FORMATION DEPOSITIONAL CYCLES



- 111 -

The shallowing-upward sequence of the.Birdbear cycle is summarized in
Figure (12) from Halabura (1982). Evidence for decreasing wave energy
and increasing salinity becomes progreséively more manifest upwards in
the section, with the restriction and decrease in circulation caused
either by an actual drop in sealevel, by a shallowing of the basin floor

due to the accumulation of carbonates, or by a combination of both.

Braun and Mathison (1982) place the height of the Frasnian transgression
“in the uppermost Duperow (Seaward Member) and lower Birdbear member.

They reconstrucfed several pulses for what is collectively referred to

as the 'Frasnian transgression', one of the strongest and far reaching in
Post-Precambrian history. During each pulse, the sea pushed farther to

the southeast and expanded its influence gradually across the International
Border and deep into the United States. Towards the end of mid-Frasnian

time, a seaway extended uninterrupted from Alaska to Iowa.

On the basis of the distribution of ostracodes and other microfossils,
Braun and Mathison concluded that the argillaceous units of the Duperow
and lowermost Birdbear were the products of the tramnsgressive pulses.
The barren or wery poorly fossiliferous "pure" carbonates in between
were interpreted to reflect on stillstands, even regressive conditions.
The greatest variety in terms of ostracodes occurs in the shaley
intervals, reflecting in turn on open-marine conditions. Such generali-

zations can be substantiated also by certain sedimentary features.
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The lowermost, argillaceous unit and the carbonates above but below

the first anhydrite bed are the most open-marine as far as the Birdbear
sequence is concerned. They comrpise the bulk of the lower member.
However, indications of shoaling in the middle and upper portions of

the lower member point to a stillstand and possibly even to the

beginning of a regression. It is here that fossils become more and more
rare. The upper member with its anhydrites and ddlomites bears without
any doubt the imprint of the regression and of increasingly restrictive
influences; All what was left of the Frasnian seas were lagoons with
their adjoining sabkhas bordering the craton, and only in the northwestern

part of the province did the sea linger on for a while.

Cross—section C-C' (Figure 13) is taken across the southern portion of the
study area, in an east to west direction, while cross-section D-D'

(Figure 14) runs north to south. The progression from the subtidal =zone
through an intertidally-dominated to a sabkha region can be readily seen
in both sections. In C-C;, the thickest section of Birdbear is found in
wells with intertidal shoéls, namely Jefferson Lake Canoxy Steelman
15A-19-4~5 W2M and Scurry Rainbow Wordsworth 11-36-6-4 W2M. Also, the
progradation of the lagoonal and supratidal depositional zones over such
intertidal shoals is‘evident. Cross-section D-D' illustrates the same
relationships; however, because it runs about parallel to depositional
strike, it intersects several discretely developed sheoals within the broad
intertidal zone. The various relationships between facies and depositional
environments are illustrated in Figure (15), which is a diagrammatic
representation of the supratidal to low energy subtidal zones across the

Saskatchewan Shelf.
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The isopach maps show various structural features which have influenced
deposition of sediments on the Saskatchewan Shelf. As discussed
previously, two broad positive-areas were present: the Swift Current
Platform in the southwest, and the Punnichy Platform in the east-central
portions of the map (see Figure 10). Over these areas, regionally

thin units of the Birdbear Formation‘were deposited, displaying the
features of low-energy lagoonal to supratidal sedimentation. The two
embayments situated on the north flank of the Swift Current Platform
suggest that its development may have been influenced by movement

along basement faults. However, there is mo direct evidence that these
were active during the deposition of the upper portions of the lower
Birdbear and the upper member, for the isopach contours of both these

units do not reflect on any embayments.

Perhaps the most significant deductions that can be made from studying
the isopach maps is the definition of the Williston and Alberta Basins.
These basins were separated by two positive areas which, in turn, were
dissected by a narrow seaway in the central part of the study area

which served as a connecting link. The Alberta Basin, evident in

the northwestern part of the study area, is characterized by several
features. ©Not only does the total thickness of Birdbear sediments
increase gently with respect to the thicknesses found in southern
Saskatchewan, but also the lower portion of the Birdbear becomes quite
argilléceous, and the rocks become darker in color. Furthermore, the upper
member is absent over much of this region, suggesting that normal marine

conditions prevailed throughout the deposition of the Birdbear.



- 118 -

The higher argillacecus content of the Alberta Basin portion of the
Birdbear simply reflects on the abundance of terrigenous clastice
material brought in from the deeper, more unstable Alberta Basin.

As suggested by Smith (1978), stable shelf areas are characterized
by light-colored, fragmental carbonates displaying shallow-water
characteristics. Sediments of the more unstable areas are supposedly
argillaceous, dark-colored carbonates. It seems plausible therefore,
that the northwestern portion of the study area was in a hinge area
with higher mobility, while the less argillaceous, shallow-water
carbonates of the central to southeastern portion of the map area

were laid down on the most stable part of the shelf.

The Williston Basin portion of the Saskatchewan Shelf is characterized
by the following features. Most of the isopach contours in this area
display a roughly semi-circular isopach patternj however, on a local
scale, the isopach contours tend to be quite irregular. This feature
suggests that the Williston Basin portion of the shelf had a much more
variable basinal topography. Also, there is much evidence for aridity
and restriction, such as the abundance of evaporites and the presence
of a thick upper member. The carbonates tend to be lighter in color,
and much less argillaceocus than the carbonates of the Alberta Basin

shelf.

The green line drawn on the map in Figure 10 outlines the eastern

extent of the Alberta Basin. The Williston Basin portion of the
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Saskatchewan Shelf is bounded on the northwest by the Swift Cgrrent
Platform and on the northeast by the Punnichy Platferm. In the
north-central peortion of Saskatchewan is found the seaway connecting
the Williston Basin with the Alberta Basin. This means that

the Birdbear sequences of Saskatchewan occur in two distinct,
depositional basins, an observation that offers a solution to the
Wisku-Birdbear céntroversy. It is proposed that the name 'Birdbear;

be used for the seqﬁences in the Williston Basin and over the two
platforms. In the northwestern portion of the map area, to the west

of the green line, and in the region where the sediments were influenced

by the Alberta Basin, the name 'Nisku' should be employed.

In summary, the following depositional history is suggested for the
Birdbear-Nisku Formations of Saskatchewan. The deposition of these
two units began as the last phase of the Frasnian transgression gained
momentum, reaching its height shortly thereafter. The waters surged
into Saskatchewan from the northwest, spreading the argillaceocus
sediments of the subtidal unit and lowermost part of the lower member
across the whole region, leaving a thicker sequence in the northwest
of the shelf, with gradual attenuation to the southeast. The irregular
pattern of 'thicks' and "thins' was established at this time, the
latter heing deposited over palechighs and the former in paleolows.
This sedimentary pattern was no doubt influenced by the structural
expression of the underlying Duperow and older rocks at the time of

deposition.
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The transgression came to a rapid halt after deposition of the argillaceous,
subtidal unit. A time of "stillstand” followed during which restrictions
over the Saskatchewan Shelf increased slightly, and during which extensive
déposits of bioclastic wackestones énd packstones were deposited throughout
the Alberta and Williston basins. This indicates that the sedimentary

pile had reached wave base and that it accumulated in the more turbulent

zone of wave action. There were no signs, as yet, of the impending and
longer-lasting regression, forf no evaporites were laid-down in the basins
proper. The Swift Current and Punnichy platforms, however, exerted

ever increasing influencés. They became the site of lagoonal sediments, minor
carbonate mounds and shoals, and eventually of vast sabkhas. The

connecting channel between the Alberta and Williston basins -- the connecting
link between the Nisku and the Birdbear sea —— had high energy intertidal

to subtidal, shallow water conditions, whereas on and behind the shoals,

the water was calm, very shallow, and of higher.salinities. The highest

"spots'" turned into supratidal sabkhas.

After the time of stillstand and "infilling", signs of a final retreat of
the sea appear in the sedimentary record of the upper portions of the
lower member, and become most conspicuous in the evaporitic upper member.
In late Birdbear time, the Birdbear sea became a vast brine '"pond",
toally dead save for the hardiest of algae and isolated "islands" of
organisms. The intertidal zone, quite important and exclusive at the
peak of the transgression and the following stillstand, now became a

very flat, featureless plain dotted with many intermittently flooded
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tidal ponds and lagoons. The platforms, still above normal sea level
were only occasionally flooded by seawater during severe storms, but

remained the preferred sites of vast sabkhas.

It was only in the regions of the northwest, the Alberta Basin extension,
or in the Nisku sea that sedimentation of subtidal carbonates continued
througﬁﬁut early and late Birdbear time. Obviously, the effects of

the regression were far more pronounced in the Williston Basin than

in its counterparts in Alberta and northwestern Saskatchewan and
essentially confined to the Birdbear sea. The Torquay Formation,
generally a sequence of intraformational conglomerates, highly restricted
carbonates, evaporites, and siltstones, overlies the Birdbear sequence.
On the basis of conodonts and ostracodes it is dated as Famennian to
Mississippian in age, and the uppermost Frasnian does not seem to be
represented anywhere in Saskatchewan. This suggests that the Birdbear-
Torquay contact is unconformable, and that the seas withdrew completely
at the end of Birdbear time or that they simply dried-up. 1In Alberta
and the Northwest Territories, however, the Nisku or late Frasnian sea

lingered on until it too retreated.

In an overall sense, the Birdbear Formation is the record of the end
of an outstanding era, a geological graveyard and final resting place.
It marks the beginning of the end of a grand seaway that affected vast
areas of western Canada in Frasnian time. When the sea returned in
Missigsippian time, the paleogeographic picture had changed profoundly,

and so had the animals. In earlymost Birdbear time, the Saskatchewan
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Shelf was still under the impact of the strong, transgressive surge
that started in the late Duperow, and during which the Frasnian seas
reached their maximum extent. Soon thereafter, a longer period'of
stillstand followed which developed into a full-fledged retreat

in late Birdbear time during which the Birdbear sea turned into

a '"brine pond" and eventually into a vast sabkha.
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DTAGENESIS OF BIRDBEAR FORMATION

An important feature of any shelf carbonate-evaporite sequence

is the diagenetic history of the rocks following deposition and

" subsequent burial. This diagenetic history may be much more complex
than the depositional history of any ether sequence, for not one but
several distinct diagenetic environments may have existed at different

times during the burial history of ths rocks.,

Two of the most significant diagenetic modifications of the original
lithofacies of the Birdbear Formation are extensive dolomitization and
post—depositional precipitation of anhydrite cement within pores, wvugs,
and fractures. Less common diagenetic alterations include silicification
of bioclasts and precipitation of acicular metasomatic or

crystallographic anhydrite.

Dolomitization

Dolomite is present in significant quantities within the Birdbear

Formation, both as syngenetic to very early post-depositional dolomite
(Lithofacies, D, I, and J), and diagénetic dolomite. The distribution
and formation of diagenetic dolomite is of vital importance to the oil

industry, for the process of dolomitization leads teo the creation of



poresity, and hence potential oil reservoirs.

From the core study it is apparent that the lithofacies most commonly
dolomitized are B, C, and to a lesser extent L, K, and E. These litho-
facies are most prevalent in the upper peortion of the lower member and
commonly are found deposited. within the intertidal zone. This zone,
representing the period of stillstand, usually contains the greatest
amount of bioclasts, intraclasts, and other high-energy indicators,
and it is the zone in which mechanically-piled mounds and shoals are
found. Correlation of logs and core usually shows that the best
dolomitization is found in thick accumulations of intertidal sediments,
with an increase in lagoonal and/or supratidal evaporites in a more
shoreward poéition. This relationship is shown in Cross-section D-D'
and E-E' where an increase in deolomitization and resultant porosity

is found closest to the restricted lagoonal sediments.

The degree of dolomitization ranges from slight to nearly complete,
with dolomitization prevalent in the micrite matrix as opposed to
within grains. This relationship has been noted by Longman (1982) in
other carbonate sediments of the Williston Basin. The fine crystal
size of the micrite particles allows dolomitizing fluids greater

surface contact, and hence sites of dolomite nucleation,

Examination of thin sections (see Plates 10, 11, and 12) reveals

several interesting facts with respect to the occurrence of dolomite
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within the Birdbear Formation. Dolomite crystals are usually found
as rhombic crystals scattered randomly within the micrite matrix.
Crystal sizes range from 1 millimeter to 0.2 millimeter. As the
degree of dolomitization increases, the number of crystals within the
matrix increases until, in the case of a "pure" dolomite, the crystals
form an interlocking mesh in which individual crystals are indis-

tinguishable.

Dolomite also occurs as crystals lining pores, vugs, and within the
centers of particles, often forming an interlocking film lining the
void and pore. This form of dolomite cement is not as prevalent as the
dolomitized matrix., In some sediments the lamination observable in
core is due to preferentially dolomitized laminae, often bound by

organic films.

Numerous mechanisms have been postulated to explain the occurrence of
dolomites within carbonate sequences. The following characteristics
of the dolomites of the Birdbear Formation are useful in interpreting

their formation:

a) Localization of most dolomitized sediments in the upper
portions of the lower member;
b) Great lateral extent of dolomitized units; and

c) Association of dolomite with zones rich in evaporites.
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If the dolomites occurred as isolated pods within the limestone
sediments, the source of Mg2+ ion-rich fluids might have been local

in origin (Kendall 1977); however, the ubiquitous presence of a
dolomitized horizon in the upper portion of the lower member, often
correlatable on a regional scale, suggests that an external source

rich in Mg2+ was present. Also, the association of dolomite with
intertidal zone sediments suggests that dolomitization occurred scon
after deposition and that it was controlled by the lithofacies dis-~
tribution of the host sediment (Morrow 1982). The seepage refluxion
dolomitization model of Adams and Rhodes (1960) is well suited to
explaining the occurrence of dolomite in the Birdbear Formatiomn.

Evidence previously discussed, such as the abundance of evaporites

in the upper member (the 'regressive' unit), suggests that the sea during
the final stages of Birdbear deposition was hypersaline. Such hyper-
saline waters are enriched in Mg2+ ions and hence are ideal dolomitizing
fluids. The widespread occurrence of dolomite in the intertidal sediments
is due to early diagenetic dolomitization, as a result of dense,
hypersaline brines percolating through the sediments soon after their

deposition and the attainment of basin-wide hypersalinity.

Petrographic evidence supports this interpretation. In his summary
of dolomitization, Morrow (1982) differentiates between finely -
crystalline (10 um to 20 um) and more coarsely crystalline dolomite,

the finer crystalline variety having formed in a primary or
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'pre~burial' diagenetic environment, and the more coarsely—crystalline
dolomite in a 'secondary' or 'late replacement' diagenetic environment.
As stated previously, the dolomite crystals of the Birdbear Formation
have an average size of 20 to 30 m. This points to an early, as
opposed to late, episode of dolomitization. Gebelein et al. (1980)
document the occurrence of euhedral, micrometer-sized dolomite rhombs
scattered in the fine-grained muds. They interpret this to indicate
early &olomitization from marine fluids. The interlocking rhombic
dolomites are the result of the progressive growth of these original

rhombs during subsequent burial diagénesis.

In summary, the above features peoint to early diagenetic, post-depositional
dolomitization due to the reflux and percolation of hypersaline brines
through shelf sediments during the latest phase of Birdbear deposition.

The mixed-water dolomitization model (Badiozamani, 1973; Choquette and
Steinen, 1980) would explain some of the above-mentioned features;

however, the abundance. of evaporites associated wikth. the dolemites rules
cut the mixed-water model, for obviously the waters were highly saline

as opposed to brackish as required by the mixed-water model.
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Anhvdritization

Two forms of anhydrite are present within the Birdbear Formation.
The first variety consists of white, chalky to translucent, coarsely
crystalline to massive, euhedral to subhedral anhydrite crystals
infilling pores, fractures, vugs, and solution cavities. In thin
sections, these anhydrite masses are seen to be formed by large

and blocky, interlocked crystals of anhydrite. The presence of this
form of anhydrite within pore systems, in addition to their coarsely
crystalline nature, suggest that the anhydrite precipitated quite

late and after the deposition and burial of the sediment.

The second form of anhydrite consists of dark brown rosettes and clumps

of needle-like anhydrite scattered throughout the host rock. This form

of anhydrite, known as 'metasomatic' or 'crystallographic' anhydrite,
often is most common in fine-grained, laminated lime to dolomite mudstones.
Kent (1968) reported this form of anhydrite within the Birdbear

Formation of western Saskatchewan. Xent suggested also that it is

the result of precipitation of anhydrite from sulphate-rich formation
waters which circulate through the more porous and permeable sediments

after lithification.
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SIGNIFICANCE TO OIL AND GAS EXPLORATION

Exploration for hydrocarbons in the Birdbear Formation has been rather
disappointing and difficult to pursue. The only fieléé of significance,
located at Hummingbird and Kisbey, are related to salt-solution collapse
structures. In the case of the Hummingbird field, early and local
solution of the salts of the Middle Devonian Prairie Evaporite Formation
led to the creation of a localized depression which was filled in

by an extra fhick section of Souris River and Duperow sediments. A
normal thickness of Birdbear sediments was deposited over the filled
depression, but subsequently a regional removal of salt in the Prairie
Evaporite led to widespread collapse of the overlying beds. Upon
collapse, the extra-thick Duperow and Souris River sections formed

a local structural high with subsequent closure on the surface of the

Birdbear Formation.

At Kisbey, only one major period of salt solution and its effect can

be recognized. This field is the result of a structural reversal

against the southern edge and wall of the solution sink and does not

involve the presence of thickened Devonian units. Both the Kisbey and
Hummingbird fields were discovered with the aid of seimsic reflection surveys

and are capable also of production from the Mississippian formations.

The main pay zone at both Hummingbird and Kisbey is found within the
delomitic Lithofacies B rocks and in thin, microsucrosic dolomites

(Lithofacies D and I). The packstones and wackestones are confined to
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the lower member, while the laminated dolomites are found in the
uppermost portion of the lower member and interbedded with anhydrites
in the upper member. In both fields, production is from the dolomitized

lithofacies of the intertidal shoal-mound zone.

Hummingbird and Kisbey are both fields with significant structufal
expression and, as a result, were not too difficult to discover.

The fields which produce from the Birdbear in northeastern Montana,
such as Volt, Benrud, and Tule C;eek, are also salt-solution collapse
structures and were detectable by seismic surveys. However, numerous
0il and gas shows have been documented where no structural disturbance
ié present; these potential stratigraphic traps are far more difficult

to explore for and to ‘find.

Léngman (1982) gives sevgral excellent examples of stratigraphic traps
within the Ordovician Red River, Upper Devonian Duperow, and

various Mississippian formations in the Williston Basin. It is

becoming apparent with Increased levels of exploration that the norm

for hydtrocarbon traps in the Williston Basin is stratigrapﬁic. It

is not inconceivable, therefore, that similar stratigraphic traps might
have been formed within the Birdbear Formation. Exploration to date for
hydrocarbons in the Devonian sequence of Saskatchewén has been concentrated
on the delineation of structures, as opposed to detailed litho-stratigraphic
mapping. Depositional environments control the distribution of litho-
facies and to a certain degree the subsequent diagenetic processes.

There are hints, therefore, in the rock record to be evaluated in the

search for the elusive stratigraphic trap.
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Within the Birdbear sequences are many of the prerequisites for the.
creation of excellent stratigraphic traps. There are abundant primary
anhydrites which could act as impermeable caprocks and sources of
Mg-rich brines, and many rocks with secondary porosity, especially

in the dolomite facies. There seems to be an adequate supply of organic
and bituminous argillaceous material to form source rocks, and there
seems to be a lack of evidence for breached reservoirs, save for the
subcrop region in the northwest of the study area. Porosity development
is linked to the general trends of the regional lithofacies, although

the mechanisms of dolomitization have yet to be studied in detail.-

The scarcity of oil and gas in the Birdbear may reflect not so much on
its absence or presence as on our inability to unravel its complex
depositional and diagenetic history. Maybe, well control is not

close enough, as yet, to have reached the threshold to enable
explorationists to use techniques developed by their American counter-
parts in the more densely drilled U.S. portions of the basin.

However, the following hints may be of use.

Within Saskatchewan, the best reservoir properties are developed
witﬁin the dolomitized lithofacies. These include Lithofacies D,

B, I, J, and to a lesser extent C, A, and L, in order of decreasing
importance. Porosity is commonly found at the top of the lower
Birdbear member, and it is everywhere developed in the Williston
Basin portion of the Saskatchewan Shelf. This porosity is developed

within the 'Intertidal'’ unit. Cross-section E-E' shows the
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the stratigraphic distribution of these porcus units. Porosity
increases with proximity to the anhydrite-rich lagoonal and

supratidal environments. The porosity in the lower member pinches

out to the south with increasing distance from the evaporitic regime.
Cross-section C-C' shows the increase in porosity within the inter-
tidal shoal facies (represented by the Steelman and Wordsworth wells)
lying immediately basinward of an anhydrite-rich, lagoonal environment.
Similar porosity is developed in wells of the Alberta Basin portion

of the Saskatchewan Shelf.

Unfortunately, the ubiquitous porosity zone at the top of the lower
member may be more of a drawback than a blessing with respect to
hydrocarbon trépping. Regionally connected pore systems encourage

the widespread flushing of the ﬁorous unit by subsurface waters,

driving the o0il from all but the well-developed structures or those

best protected by impermeable seals. The exploration problem thus
becomes one of defining porous zones and mapping their updip pinchout

or termination-against an impermeable; undelomitized lagoonal facies.

lIn addition, the exploration geologits could search for broad, structural
upwarps which would capture a certain amount of the migrating

hydrocarbons within its closure.

That widespread and regional flushing may have occurred in western
Saskatchewan is deduced from the experience that wells in western

Saskatchewan produce fresh water in drillstem tests, indicating
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meteoric water invasion and circulation. There is also widespread
occurrence of very heavy, biodegraded oil along the northwest subcrop
edge which must have come from somewhere, including the Birdbear.

In the North Hoosier field of northwestern Saskatchewan, two wells

were completed in the Birdbear Formation and for a time produced

17° A.P.I. oil.

" Altogether, the following points may be worth considering when exploring
for hydrocarbons in the Birdbear Formation. From a stratigraphic

point of view, geologists should:

a) watch for rapid terminations of regionally porous zones against
imperméable lagoonal or supratidal sediments, or for pinchouts
of favorably dolomitized units;

b) examine DST and resistivity logs for sudden indications of
saline water in western Saskatchewan, for the saline water
may indicate a local updip barrier to regional flushing; and

c¢) carefully map thicknesses of the upper member and the lowermost
subtidal lithofacies, as 'thins' in the lowermost subtidal unit
may indicate paleohighs upon which shoaling conditions could
have developed; similarly, 'thins' in the upper member could

indicate thinning and drape-—over of intertidal shoals.

In summary, the most prospective area to search for hydrocarbons within

the Birdbear Formation would be in the intertidal lithofacies of the
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Williston Basin portion of the Saskatchewan Shelf. The best reservoirs
would be developed in an updip position and in the dolomitized

portions of the intertidal shoals. Minor porosity development is

in the high-energy subtidal and laminated to massive dolomite litho-
facies units which could become secondary targets. From a structural
éxploration point of view, the best prospect would be within the area
of regional salt collapse in southcent?al Saskatchewan. Within this
area, many other structural traps may be found as those of Hummingbird,

Tule Creek, Volt, and Benrud oilfields of Saskatchewan and Montana.
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SUMMARY AND CONCLUSIONS

The Birdbear Formation is the uppermost formation of the Frasnian

(Upper Devonian) Saskatchewan Group and is approximately cor-
relatable to the Nisku Formation of the Winterburn Group of
Alberta. The Birdbear Formation consists of two members. The
lower member is a sequence of dolomites and limestones, non-
argillaceous in the south of the province, but becoming more
argillaceous towards the western portion of the province.
Range in .thickness " 1s from 38-143 feet. The upper member is
a sequence of dolomites, anhydrites, and limestones ranging in
thickness from 0 to 77 feet. The boundary between the upper
and lower members is placed at the base of the first anhydrite

bed encountered in the stratigraphic sequence.

Six lithofacies are recognized in the lower member:

A. Bedded to nedular lime mudstone to wackestone;

B. Bioclastic lime wackestone to packsfone;

C. Imntraclastic to pelletoidal lime wackestone to packstone;
D. ZLaminated to massive dolomite;

E. Laminated to massive lime mudstone;

F. Argillaceous carbonate mudstone to shale.
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Seven lithofacies are recognized in the upper member:

G. Nodular mosaic to bedded.nodular anhydrite;

H, Massive to laﬁinated anhydrite;

I. Laminated to massive dolomite;

J. Laminated algal dolomite:

K. Laminated to massive lime mudstone;

L. Bioclastic to pelletoidal.lime wackestone to packstone;

M. Intraformatiomnal breccia.

The following depositional environments are suggested for the
various lithologic units of the lower member. Lithofacies A

was deposited in a normal to slightly restricted, low energy, muddy
environment. The nodular bedding developed as a result of
submarine ceﬁentation and compaction. Lithofacies B was deposited
in a high-energy, normal-marine, subtidal to intertidal environment.
This lithofacies is rich in bioclastic material. Also present

in this lithofacies are mechanically-piled, bioclastic banks

formed where wave energy was dissipated. Lithofacies C was
deposited in a low-energy, moderately restricted backshoal-shelf
environment. Lithofacies D and E were deposited in a similar
environment of moderate to high-salinity, very shallow, low—eneggy
lagoons or tidal ponds situated back of the intertidal shoal areas.
Lithofacies ¥ is interpreted to be the result of influx of

terrigenous clastics by windstorms.
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The following depositional environments are postulated for the
lithofacies of the upper member. The rocks of Lithofacies G
were formed supratidally in a subaerial environment, and in a
setting similar or identical to the sabkhas of the Persian Gulf.
Lithofacies H and I were deposited‘within highly restricted,

very low-energy lagoons and tidal ponds. Type I rocks are the
result of algal growth in a high intertidal to supratidal
environment. The environment of deposition of Lithofacies K

is similar to the one postulated for Lithofacies L, which is similar also
in origin to that of Lithofacies C of the lower member. Rocks of
Lithofacies M formed as the result of evaporite solution or

storm—~driven floods.

The lithofacies of the upper and lower members are grouped into
depositional zones. Due to the close proximity and mixing of
various lithofacies of different environments, the dominant
depositional environment has been selected to represent the
depositional zone, but secondary influences from other environments
are demonstrated and discussed as well. The following depositional
zones, each with a set of characteristic lithofacies are outlined

below:

- sgubtidal: Lithofacies Aj
— intertidal te high-energy subtidal: TLithofacies B, L,

M, and D;

~ lagoonal (backshoal shelf to lagoon): Lithofacies C, D,
E, H, ¥; and

- supratidal: Lithofacies G, J.
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From the construction and interpretation of isopach maps, coupled
with observations from selected cores, several structural features
are believed to have influenced sedimentation during the deposition
of the Birdbear Formation. The Swift Current Platform in the
southwest of the province, and the Punnichy Platform in the
northeast separated the broad Saskatchewan Shelf into two distinct
depositional basins. To the south lay the Williston Basin,
extending south into North Dakota and Montana. To the northwest

of the Swift Current Platform lay an extension of the Alberta
Basin. The Birdbear-Nisku sequences of the Alberta Basin are more
argillaceous than those of the Williston Basin. The increased
amounts of sediment deposited in the Alberta Basin portion of

the shelf, coupled with the dominant subtidal character of the
rocks, suggests that the northwest portion of the shelf was an

area of greater mobility and subsidence. The two depositional
basins were connected by a ﬁarrow seaway extending across the
center of the province between the two positive platforms.

It is proposed to refer the 'Birdbear' sequences in the northwest
of the Swift Current Platform to the Nisku Formation of Alberté, with
which .1it . shows greater affinity than to the true Birdbear

of the Williston Basin.

The height of the Frasnian transgression was reached during

deposition of the lower member of the Birdbear, followed by a
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rapid regression. As a result, the Birdbear Formation is partly
transgressive but mostly regressive in nature. The sediments

of the lower member were deposited under a transgressive setting
without the effects of an impending regression. During the
ensuing regression and deposition of the upper member, the entire
shelf attained moderately saline to hypersaline conditions (except
for the far northwest corner) resulting in the deposition of

abundant nodular mosaic and laminated anhydrites.

The Birdbear carbonates of the Saskatchewan Shelf should provide

a target for the exploration of stratigraphically-trapped hydrocarbons.
The fields discovered to date, however, are structural in nature

and the result of multistage salt solution of the underlyiné

Prairie quporite Formation. Porosity is best developed in the
sediments of the intertidal zone, particularly within bioclastic
shoals formed in the high-energy zone of_wave impingement.
Dolomitization by seepage refluxion enhanced the porosity within

this unit. Possible plays include the shoreward termination of

porosity against nonporous and impermeable lagoonal sediments.

The primary diagenetic effects modifying sediments of the Birdbear
include dolomitization due to seepage refluxion, and precipitation

of secondary anhydrites.
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PLATE 1

Lithofacies A: Bedded to Nodular Lime Mudstone to Wackestone

Figure 1. Light brownish=grey, mottled, bioclastic'nodular.bedded
lime wackestone with slightly dolomitized matrix. The
bioclasts ineclude broken pieces of algal mats and corals.
Fina Readlyn 1-36-7-26 W2M, 6455 feet.

Figure 2. Well developed nodular beds are present in this well.
Rocks of Lithofacies A also contain thin beds of very
small, poorly formed pseudo-ooids and pelletoids. WNodules
are selectively dolomitized. Socony W.P. Carievale

No. 1, 16-4-3-32 WIM, 5082 feet.

Figure 3. The lighter coleored nodules are generally more calcareous
than the darker colored beds in this sample. Ostracode
carapaces and rare brachiopod valves are scattered throughout
Tenneco Canadian Superior Salt Lake 11-3=-4-20 W2M,

7484 feet.

Figure 4. Dolomitized bioclastic lime wackestone with thin inter-
bedded lime packstone beds. The nodules are more dolomitic
than the matrix. Peloids and minor amounts of algal rip-up
clasts are also common in this iﬁterval. Jefferson Lake
Canoxy Steelman 15-19-4-5 W2M, 6148 feet.
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PLATE 1

FIGURE 2

FIGURE 3

FIGURE 4
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PLATE 2

Lithofacies B: Bioclastic Lime Wackestone to packstone

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Bedded bioclastic lime packstone with beds very rich in
Amphipora. The Amphipora are po;rly developed and often
present as broken fragments. This sample directly overlies
a shoal sequence and is_interpreted as being the final shoal
deposit. Jefferson Lake Canoxy Steelman 15-19-4-5 W2M,

6128 feet. _ !

This sample contains abundant coral fragments, Amphipora,
algal and micrite rip—up clasts, and other bioclasts.
Dolomitic. Tenneco Canadian Superior Salt Lake 11-3-4-20
WaM, 7476 feet. |

Bioclastic lime packstone with minor amounts of micrite
intraclasts in a dolomitic matrix. Abundant coral fragments.

Fina Readlyn 1-36-7-26 W2M, 6454 feet.

. Very bioclastic lime packstone, with abundant micrite and

algal intraclasts. Abundant secondary anhydrite, often
infilling intergrain pores and vugs. Slightly dolomitic.
This sample is an example of a shoal development. Francana

Viewfield 3-33-7-8 W2M, 5477 feet.
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PLATE 3

Lithofacies C and L: TIntraclastic to Pelletoidal

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Lime Wackestone to Packstone

Well-developed fractured intraclasts composed of micrite.

The fracturing, shrinkage cracks, and bed disruption point
to high levels of water energy. Some scattered bioclasts

are present. Porosity ranges from peoor to very good.

Jefferson Lake Canexy Steelman 15-19-4-5 W2M, 6136 feet,

Laminated oclitic wackestone to packstone. Rare beds
cemented as opposed to matrix-supported. ©Qoids poorly
developed. Tenneco Canadian Superior Salt Lake 11-3-4-20
W2M, 7430 feet.

Intraclastic lime wackestone. Intraclasts range from irregular
structureless micrite clasts to flattened, oval pelletoids.
Traces of ooids. Tenneco Canadian Superior Salt Lake

11-3-4-20 W2M, 7441 feet.

Laminated intraclastic lime wackestone. Onkoids are also
quite common in this sample, as are algal mat intraclasts.
Very dolomitic. Tenneco Canadian Superior Salt Lake

11-3-4-20 W2M, 7465 feet.
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PLATE 4

Lithofacies 1 and D: Laminated to Massive Dolomite

Figure 1.

Figure 2.

. Pigure 3.

Bedded deolomite. This sample is cryptoerystalline,
anhydritic, and laminated to thinly bedded. It is
anhydritic, and varies from calcarecus to very calcareous.
Also present are thin beds of dark, organic~rich anhydrite.
Saskoil Moose Valley l0A-15-12-6 W2M, 4540 feet.

Another example of the laminated to bedded dolomite.
Saskoil Moose Valley 10A-15-12-6 W2M, 4537 feet.

Laminated to bedded dolomite. Some of the beds in the
lower portion of this interval display features suggesting
algal bedding. Saskeoil Moose Valley 10A-15-12-6 W2M,

4542 feet.



- 154 -

PLATE 4

FIGURE 2

FIGURE 1

FIGURE 3




PLATE 5

Lithofacies K and E: Laminated to Massive Lime Mudstone

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Laminated lime mudstcne. One of the rare occurrences
in which the bedding is disturbed by actual vertical
burrowing. Tenneco Canadian Superior Salt Lake

11-3-4-20 W2M, 7450 feer.

Laminated lime mudstone with minor amounts of crystal-
lographie anhvdrite. Bedding parallel, umeven, and often
highlighted by thin concentrations of crystallographic

anhydrite. Francana Viewfield 3-33-7-8 W2M, 5434 feet.

Laminated lime mudstone. Here the lamination is very even,
highlighted by thin films of organic and argiliaceous
matter. This sample is moderately deolomitic. Socony

W.P. Carievale No. 1, 16-4-3-32 WIM, 5044 feet.

Massive lime mudstone. Laminations very vague tc necnexistent.

Tenneco Canadian Superior Salt Lake 11-3-4-20 W2M, 7450 feet.
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Lithofacies F:

PLATE 6

Argillacecus Carbonate Mudstone to Shale

Figure L.

Figure 2.

Thin to medium bedded very calcareous shazle mudstone,

light greenish grey in celor. Abundant
From the top of the Birdbear Formation,
Torquay contact. Socony W.P. Carievale

16-4=-3-32 W1M, 5030 fcet.

Argillaceous nodular to brecciated lime

nodular anhydrite.
near the Birdbear-

No. 1

b

wackestone.

Socony W.P. Carievale No. 1, 16-4-3-32 WIM, 3082 feect.




PLATE 6




PLATE 7

Lithofacies G: Nodular Mosaic to Bedded Nodular Anhydrite

and

Lithofacies H: Massive to Laminated/Bedded Anhvdrite

Figure

Figure

Figure

Figure

Nodular mosaic anhydrite. Dolomite matrixz completely
disturbed by coalesced nedules, no discernable bedding.

Saskoil Moose Valley 10-15-12-6 W2M, 4585 feet.

Massive anhydrite, wvaguely laminated. Light greenish
grey in color. Jeffersoﬁ Lake Canoxy Steelman 15-19-

4-5 W2M, 6114 feet.

Bedded to massive anhydrite. This sample displays some
algal laminations which are slightly contorted and wavy.

Fina Readlyn 1-36-7-26 W2M, 6413 feet.

Transition from vaguely bedded anhydrite to massive anhydrice.

Jefferson Lake Canoxy Steelman 15-19-4-5 W2M, 6113 feet.
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Figure 1.

Figure 2.

Figure 3.
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PLATE 8

Lithofacies J: Laminated (Algal) Delomite

Well-developed algal laminite. Bedding very even and
parallel. Abundant crystallographic anhydrite, present
a5 very small nodules scattered randemly throughout

sample. Socony W.P. Carievale No. 1, 16-4-3-32 WIM,
5041 feet.

Laminated algal beds disrupted by syndepositional fauilt

plane. Socony W.P. Carievale No. 1, 16-4-3-32 WIM,
5073 feet.

Two vertical algal stromatolites beads, with interstack
void filled with mixture of micrite, pelletoid, and

fragments of algal material. Socony W.P. Carievale No.
16-4-3-32 WIM, 5042 feet.

L,
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PLATE 9

Examples of Dolomites from Birdbear Formation

Figure 1.

Figure 2.

Figure 3.

Dolomite with vague bioclastic outlines. Bedding vaguely
discernable. Dolomitization not complete. Tenneco

Canadian Superior Salt Lake 11-3-4-20 W2M, 7441 feet,

Nodular bedded dolomite. Note gastropod in lower left
center. Bioclasts and pelletoidal texture still visible.

Francona Viewfield 3-33-7-8 W2M, 5468 feet.

Dolomitized lime wackestomne. Note algal rip-up clasts.

Fina Readlyn 1-36-7-26 W2M, 6472 feet.
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.
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PLATE 10

Farly Diagenetic Dolomite

Selective dolomitization of micrite. Note very fine
grained dolomite crystal mesh and scattered coarser-

grained crystals. Very fine-grained pyrite crystals

also present. 25x.

Same view as Figure 1 under higher magnification.

Note rhombic dolomite crystals. 100x.

Selective doleomitization of irregular micrite

pelletoid. 25x.

Medium to coarse grained dolomite crystals within algal
laminite. Abundant black, crinkly, organic laminae

throughout sample. 25x.

Low degree of selective dolomitization within a bioclastic
wackestone (Lithofacies B). The dolomite is present as

a poorly developed cement in the thin pelletoid bed on
the right of the photo, and as a cement infilling

bioclast molds. 25x.

Close-up of bioclasts (probably ostracodes) infilled with

rhombic dolomite cement. 100x.
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Figure l.

Figure 2.

Figure

Figure

Figure

Figure
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PLATE 11

Late Diagenetic Dolomite

Very fine-grained dolomite grains with onlv minor
amounts of calcite present. Pattern of dolomitization

vaguely suggestive of randomly oriented patches. 25x.

Rhombic delomite crystals with evidence of post -
diagenetric solution. Note the corroded centers of
dolemite crystals in center cf picture and pore system
between crystals, now completely plugged with heavy
0il. This feature may be due to solutieon of dolomite

in a vadose diagenetic environment, such as at an

erosional suberop. 100x.

Interlocking mosaic of dolomite crystals. The dark

circular objects are collections of pyrite dust. 25x.

Same view as Figure 3, 100x.

An interlocking mosaic of dolomite crystals; however,

these crystals are coarser in size than those in Figure
3.

Same view as Figure 5, 100x.
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Figure

Figure

Figure

Figure

Figure
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PLATE 12

Diagenetic {Secondary) Anhydrites

Coarsely crystalline anhydrite infilling pore throats.

25x.

Same view as Figure 1, however under polarized

light. 25=x%.

Mesh of interlocking subhedral te irregular anhydrite
crystals, infilling and possibly replacing micrite

matrix. 25x%.

Close-up of Figure 3. Note lath-like crystal habit and

abundance of hlack organic material between crystals.
100x.

Same view as Figure 3, however under polarized light.
25%.
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APPENDIX B: WELL DATA SUMMARY

Note: all depths in feet and measured from below kelly bushing (K.B.)
* denotes well in which identification of marker tops difficult
NDE: Not deep enough

-~ : no thickness available
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[ <30 feet

[ 30 feet to 50 feet

B 50 feet to 100 feet

Bl > 100 feet

O WELLS EXAMINED IN STUDY
® WELL DATA DERIVED FROM

KENT (1968)

UNIT/MEMBER UNRECOGNIZABLE

ON LOGS

SUBCROP OF BIRDBEAR FORMATION

BIRDBEAR FORMATION

UPPER DEVONIAN

ISOPACH MAP OF ARGILLACEOUS

MAP B:

UNIT/INTERVAL

25mi

0 mi.

CONTOUR INTERVAL: 10ft
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MAJOR ENVIRONMENT
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WITH MINOR INFLUENCE

EQUAL MAJOR ENVIRONMENTS
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SUBCROP OF BIRDBEAR FORMATION
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[ suscROP OF BIRDBEAR FORMATION
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BACKSHOAL - SHELF LAGOON ZONE

SUPRATIDAL ZONE

SUBTIDAL TO INTERTIDAL ZONE

MAJOR ENVIRONMENT
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WITH MINOR INFLUENCE
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UPPER DEVONIAN -BIRDBEAR FORMATION

MAP D: ISOPACH MAP OF UPPER MEMBER

CONTOUR INTERVAL: 10ft




O WELLS EXAMINED IN STUDY

3 150 feet to 200 feet

3 150 feet to 150 feet
BN 500 feet

“ 3 190 feet to 120 feet

KENT (1968)
— UNIT/MEMBER UNRECOGNIZABLE

SUBCROP OF BIRDBEAR FORMATION

R

o0
{ola] O O
20225

o O
© 0

110

~~145 |

WG\

140—
H——
00—
=

1
16
17

-BIRDBEAR FORMATION

UPPER DEVONIAN

MAP A: TOTAL ISOPACH

25mi

m

CONTOUR INTERVAL: 10ft



UNIT/MEMBER UNRECOGNIZABLE
SUBCROP OF BIRDBEAR FORMATION

ON LOGS

POTENTIAL SHOALING AREAS

@ OuTLINE OF

O NON SHOAL

BIRDBEAR FORMATION

UPPER DEVONIAN -

ISOPACH MAP OF INTERTIDAL UNIT

MAP E:

25mi

0 mi.

CONTOUR INTERVAL: 10ft




	Book
	Cover
	Front Matter
	Title
	Copyright
	Abstract
	Dedication
	Contents
	Illustrations

	Body
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Chapter 8

	Back Matter
	Bibliography
	Appendix
	Appendix B
	Maps



