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INTRODUCTION

Exploration for oil and gas in the pre-Mississippian
strata of southwestern Manitoba offers a unique opportunity
in western Canada. Although this area is generally regarded
as an intensely explored, mature producing petroleum prov-
ince, the potential for large reserves of high quality oils at
shallow depths exists over large areas of southwestern
Manitoba (Fig. 1). These areas are virtually unexplored as
evidenced by the low drilling density (Figs. 2, 3). Low dril-
ling costs and a competitive fiscal regime, which includes
special incentives for pre-Mississippian exploration, make
the economics of exploring for this untested potential partic-
ularly attractive.

The existence of porosity and permeability systems of
reservoir quality in the pre-Mississippian strata of south-
western Manitoba has been previously documented
(Martiniuk, 1992; Sproule and Associates, 1964). The intent
of this report is to assess two other essential ingredients
required for identification of significant pre-Mississippian oil
pools in southwestern Manitoba;

1) the occurrence of potential trapping mechanisms, and

2) the potential for hydrocarbon charge from thermally ma-
ture source rocks into the pre-Mississippian strata of
southwestern Manitoba.

The approach is to examine the habitat of pre-
Mississippian oil pools elsewhere in the Williston Basin and
to assess the implications of these known pools on explora-
tion concepts that may be applied in Manitoba.

ALBERT,
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L~ SEDIMENTARY BASIN

Figure 1: Map of the Williston Basin.

Pre-Mississippian exploration in southwestern Mani-
toba can be regarded as essentially frontier exploration and
thus lends itself to basin analysis techniques. The oil-source
systems of the Williston Basin have been previously stud-
ied. This knowledge can be readily applied to southwestern
Manitoba. The nature of these oil systems, generally char-
acterized by long distance migration paths, bodes well for
exploration opportunities in areas on the updip flanks of the
basin, such as southwestern Manitoba. The large reserves
of high quality oils in the Mississippian reservoirs of south-
western Manitoba and southeastern Saskatchewan are far
removed from areas of thermally mature source rocks. This
attests to the excellent hydraulic characteristics of the nonth-
eastern flank of the basin in terms of its ability to accommo-
date long distance lateral oil migration.

This report summarizes the pre-Mississippian stratig-
raphy of the Williston Basin and southwestern Manitoba,
and highlights potential reservoir zones. Williston Basin oil-
source systems are described with special attention to maxi-
mum observed lateral and cross-stratal migration. Examples
of pre-Mississippian oil pools elsewhere in the Williston
Basin are presented to illustrate some of the known play
types -specifically in terms of trapping mechanisms. Exam-
ples of stratigraphic and structural characteristics from
southwestern Manitoba accompany each play type example.
This provides evidence that the geological conditions re-
sponsible for trapping oil elsewhere in the Williston Basin
are also present in southwestern Manitoba. The location of
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potentially favourable trap settings in southwestern Mani-
toba are assessed in the context of maximum observed oil
migration distances as inferred from known Williston Basin
oil-source systems. This integration of evidence lends sup-

port to the assertion that the sparsely-explored pre-
Mississippian strata of southwestern Manitoba presents an
exciting exploration opportunity.
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GEOLOGIC SETTING

The Williston Basin is an elliptical, intracratonic, struc-
tural and sedimentary basin located at the western edge of
the Canadian Shield. it is located in southern Saskatchewan
and southwestern Manitoba in Canada, and central and
western North Dakota, eastern Montana and northwestern
South Dakota in the United States (Fig. 4).

Total depression of the basin is approximately 4 900 m
(16,000 ft), with the maximum thickness occurring in North
Dakota. Phanerozoic Rocks, deposited during Cambrian
through Tertiary time, are present in the basin. Basin sedi-
mentation is characterized by cyclical transgressions and re-
gressions and repeated carbonate/clastic sequences. Pale-
ozoic strata are dominated by carbonates, whereas Mesozoic
and Cenozoic strata consist mainly of clastics.
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Major structural features of the Williston Basin (after Gerhard et al., 1990).



GENERAL STRATIGRAPHY

WILLISTON BASIN SEDIMENTARY SEQUENCES

The rocks in the Williston Basin have been divided
into cratonic, stratigraphic assemblages, or packages,
based on major unconformities within the preserved sedi-
mentary section. Sloss (1963) and others (Carlson and An-
derson, 1965; Gerhard et al., 1982; Gerhard et al, 1990),
subdivided the sedimentary record into the following se-
quences;

1) Sauk (Cambrian-Lower Ordovician),
2) Tippecanoe (Ordovician-Silurian),
3) Kaskaskia (Devonian-Mississippian),
4) Absaroka (Pennsylvanian-Triassic),
5) Zuni (Jurassic-Tertiary), and

6) Tejas (Tertiary-Quaternary).

Each sequence represents a relative sea level rise
and subsequent sedimentation, followed by a relative sea
level fall and accompanying disconformity.

The most significant petroleum production in the
Williston Basin is from reservoirs in the Paleozoic sequence
(Sauk to Absaroka sequences). In southwestern Manitoba,
current oil production is from Mississippian formations
(Upper Kaskaskia Sequence) and the Jurassic (Zuni Se-
quence). Limited deep drilling in southwestern Manitoba has
revealed the presence of potential reservoirs below tradi-
tional Mississippian targets within Cambrian, Ordovician,
Silurian and Devonian strata.

The following discussion uses the sequences of Sloss
and others (Carlson and Anderson, 1965; McCabe, 1971;
Gerhard et al., 1982; Gerhard et al., 1990; LeFever, et al.,
1991; Martiniuk, 1992) to summarize the general stratigra-
phy of the pre-Mississippian (Sauk to Lower Kaskaskia se-
quence) of the Williston Basin and the petroleum potential
of reservoirs within each sequence (Fig. 5)." The reader is
referred to Martiniuk (1992) for a reference to previous work
and a more detailed discussion of the Lower Paleozoic stra-
tigraphy of southwestern Manitoba.

Sauk Sequence

Williston Basin sedimentation was initiated in latest
Cambrian time during an eastward transgression into an
embayment on the western Cordilleran shelf. The Sauk Se-
quence, represented by the strata of the Deadwood Forma-
tion (Late Cambrian to Early Ordovician), was deposited on
the highly irregular Precambrian erosion surface.

The Deadwood Formation is an onlapping sequence
of sandstone overlain by shale and carbonate. Deposition of
the Deadwood Formation was followed by a period of ero-
sion that occurred between deposition of the Sauk and Tip-
pecanoe sequences. Widespread truncation of the Dead-
wood Formation by erosion prior to deposition of the basal
beds of the overlying Winnipeg Group, occurs in eastern
North Dakota, southward toward the Black Hills of South

Dakota and in the extreme southwest corner of southwest-
ern Manitoba.

Oil production from the Deadwood Formation is re-
stricted to the Nesson Anticline and the Newporte Field in
North Dakota.

Tippecanoe Sequence

The Tippecanoe Sequence comprises rocks of Middle
Ordovician through Silurian age (Fig. 5). It was deposited
during a second cycle of marine transgression that invaded
the area of the Williston Basin. At this time, the Williston
Basin was nearly circular, with a marine connection to the
southwest. The Tippecanoe transgression entered the
Williston Basin from the southwest through a trough be-
tween the Colorado-Wyoming and Brockton-Froid Shear
Systems. '

The Tippecanoe Sequence began with deposition of
the clastics of the Winnipeg Group. The sedimentation of
these strata was followed by a major carbonate cycle of de-
position.

The carbonate cycle began with the sedimentation of
the Red River Formation. The predominantly limestone or
dolomitic limestone and evaporitic beds of the Red River
Formation represent shelf and lagoonal deposits and cycles
of supratidal carbonates and sabkha evaporites. The lower
Red River Formation comprises repetitive cycles of organic-
rich, partially dolomitized fossiliferous limestones and bur-
rowed mudstones. The upper Red River Formation consists
of cycles of shallow marine to sabka deposits.

Sedimentation was continuous throughout the remain-
der of the carbonate cycle of deposition when the shales
and carbonates of the Stonewall and Stony Mountain forma-
tions and the predominantly dolostones and dolomitic lime-
stones of the Silurian Interlake Formation were deposited. A
major period of erosion followed Interlake deposition.

The tectonic features that resulted in the formation of
major structures in the Williston Basin were active during
the deposition of the Tippecanoe Sequence. By the end of
the deposition of the Tippecanoe Sequence, ancestral forms
of the major structures of the Williston Basin such as the
Billings, Little Knife, Nesson and Cedar Creek anticlines,
were present.

Oil production is obtained from several formations
within the Tippecanoe Sequence in the Williston Basin. Res-
ervoir beds within the basal quartzose sandstones of the
Winnipeg Group are productive along the Nesson Anticline.
Major production from the Red River Formation is obtained
throughout the Williston Basin from dolomitized porosity
zones within the upper part of the formation. The Interlake
Formation is productive along the Nesson Anticline in North
Dakota and on the Cedar Creek Anticline in Montana.
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Lower Kaskaskia Sequence

Rocks of the Kaskaskia Sequence range from Lower
Devonian to Mississippian in age (Fig. 5). The Kaskaskia
Sequence represents two regional rises in sea-level, sepa-
rated by an unconformity that was partially developed in late
Devonian time. Gerhard et al. (1982) subdivided the
Kaskaskia Sequence into upper and lower divisions based
on that unconformity.

During deposition of the Lower Kaskaskia strata, the
depocenter shifted from western North Dakota, northward
into the Elk Point Basin of northwestern Saskatchewan and
eastern Alberta. The shift in depositional setting occurred in
response to an uplift of the Transcontinental Arch on the
south margin of the basin that terminated the southwest ma-
rine connection and opened a new marine connection to the
north and west. The Williston Basin became part of a larger
Devonian seaway whose thickest deposits are in Western
Canada. Initial deposits of the Kaskaskia Sequence repre-
sent a marine transgression of the Devonian Sea from the
north and west onto the Interlake erosional surface.

The Lower Kaskaskia Sequence comprises the As-
hern, Winnipegosis, Prairie, Dawson Bay, Souris River,
Duperow, Birdbear and Three Forks formations. Shale and
carbonate breccias of the Ashern Formation represent the
initial deposits of marine transgression. Winnipegosis sedi-
mentation followed with the widespread deposition of normal
marine carbonates. Sediments that represent a shallow
shelf and a deeper basin environment wers, in turn, depos-
ited. The shelf environment is represented by a fringing
bank buildup around the perimeter of the basin. Pinnacle
reefs and deeper water inter-reef facies developed
basinward from the fringing bank. Winnipegosis sedimenta-
tion ended when the basin became restricted due to a drop
in sea level. Deposition of the Prairie Evaporite followed.

Prairie Evaporite deposition was followed by a re-es-
tablishment of normal marine conditions, under which the
Dawson Bay and Souris River formations were deposited.
The basal red shales of the Dawson Bay Formation repre-
sent, in part, the insoluble residue from dissolution of salt
from the underlying Prairie Evaporite. Deposition of the
Dawson Bay and Souris River formations is characterized
by repeated cycles of argillaceous limestones and
dolostones that grade to fossiliferous and stromatolitic strata
and reflect the prevailing normal marine conditions. The re-
peated occurrence of anhydrite reflects short periods of re-
stricted circulation during deposition of the sediments in
these carbonates. The recurrence of thin argillaceous zones
throughout the strata of the Dawson Bay and Souris River
formations may reflect influxes of clastic material into the
basin during Devonian time.

Normal marine conditions continued throughout most
of deposition of the Duperow and Birdbear formations. Sedi-
mentation during the deposition of the Duperow Formation
is characterized by shallowing upward cycles of argillaceous
limestones, fragmental fossiliferous dolostones and lime-
stones, massive anhydrites and thin argillaceous zones. The
Duperow Formation represents the maximum advance of

the late Devonian sea, which reached its peak during mid-
Duperow time. The Birdbear Formation represents the initial
phases of a regression that followed the major Devonian
marine transgressive phase. The Birdbear Formation com-
prises fragmental, highly fossiliferous limestones and
dolostones. Corals, bryozoa, stromatoporoids and algal ma-
terial are commonly abundant. Devonian seas became more
restricted towards the end of Birdbear time, which resulted
in the deposition of interbedded dolostones and evaporites.

Deposition of siltstone and shale of the Three Forks
Formation followed Birdbear Formation sedimentation. Ero-
sion of the Three Forks Formation occurred along the flanks
of the basin.

The Bakken Formation shale that overlies the Three
Forks Formation represent the initial transgression of the
Upper Kaskaskia Sequence and the reconnection to the
Cordilleran sea through the Central Montana trough.

The Lower Kaskaskia Sequence contains many strati-
graphic features that are favourable for the accumulation of
oil. Environmental features, lithofacies relationships and
structure are important to the accumulation of oil in this se-
quence. Dolomitization has enhanced permeability in many
reservoirs within these rocks. The Ashern Formation and the
Prairie Evaporite are the only formations that do not have oil
production.

The Winnipegosis Formation is productive in areas of
pinnacle reef development. Production has been obtained in
the southern portion of the Elk Point Basin (southeastern
Saskatchewan) where these reefs are encased by evaporite
deposits of the Prairie Evaporite. In North Dakota, the plat-
form margin basin slope facies of the Winnipegosis Forma-
tion is productive.

Production from the Dawson Bay Formation occurs
along, or adjacent to the Nesson and Cedar Creek anti-
clines and is controlled by primary porosity trends. Produc-
tion from the Souris River Formation is limited to the Nes-
son Anticline.

In the Duperow Formation, production is associated
with the Nesson, Billings and Cedar Creek anticlines and is
controlled by stratigraphy and structure.

- The Birdbear Formation is most productive in the cen-
tral portion of the basin within upper bank and back bank
deposits.

The Three Forks Formation produces from isolated
deposits of the "Sanish Sand" in the central portion of the
basin in areas where tension fracture systems are existent.

SOUTHWESTERN MANITOBA

In southwestern Manitoba, Paleozoic (Sauk-Tippeca-
noe-Kaskaskia Sequences), Mesozoic (Zuni Sequence) and
Cenozoic (Zuni-Tejas Sequences) sedimentary strata form a
basinward-thickening wedge that reaches a total thickness
of 2 300 m (7,546 ft) in the extreme southwest corner of the
province. The Mesozoic and Cenozoic sequences mainly
comprise of shale and sandstone. The Paleozoic sequence
predominantly comprises limestones and dolostones with
minor sandstone and shale.



A major angular unconformity separates Paleozoic
from Mesozoic strata and probably represents one or more
periods of erosion that occurred during late Mississippian to
early Jurassic time. Paleozoic strata in the northeastern part
of the Williston Basin were uplifted and differentially eroded
during this interval, whereas strata in the southern portion of
the basin were relatively unaffected. Successively older
Paleozoic strata were progressively truncated toward the
basin margin (Fig. 6). Deposition resumed during Mesozoic
time, when a thick sequence of Jurassic and Cretaceous
strata was deposited on the eroded Paleozoic surface.

Within the Paleozoic sequence, Devonian and
Mississippian strata are separated by an unconformity that
represents a period of uplift and erosion that occurred from
Late Devonian to Early Mississippian time. During that inter-
val, Devonian strata were uplifted and exposed along the

basin margin, while deposition continued in the deeper por-
tions of the basin. Mississippian sediments were later de-
posited on the eroded Devonian surface (Martiniuk, 1992).

In southwestern Manitoba, the Lower Paleozoic is rep-
resented by the Sauk, Tippecanoe and Lower Kaskaskia se-
quences. The Lower Paleozoic strata comprises fourteen
(14) formations and five (5) groups in the Cambrian, Silur-
ian, Ordovician and Devonian (Fig. 7). The wireline expres-
sion of these strata is shown in Figure 8 (in pocket).

The Lower Paleozoic is present throughout the sub-
surface of southwestern Manitoba. Most formations outcrop
along a northwest-trending belt that extends from the Inter-
lake region, northwest of Winnipeg, to the Precambrian
Shield (Fig. 6). The Deadwood, Duperow and Birdbear for-
mations do not crop out. A detailed discussion of these
strata is given in Martiniuk (1992) and McCabe (1971).
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Subcrop-outcrop map of the Paleozoic erosion surface, southwestern Manitoba (after Martiniuk, 1992).
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WILLISTON BASIN OIL-SOURCE SYSTEMS

An oil-source system comprises a petroleum source
rock, which has reached a sufficient level of thermal matu-
rity to generate and expel oil, end point oil pools, and in-
ferred migration pathways between the two. The ability to
define and describe discreet oil-source systems in a sedi-
mentary basin provides a valuable framework from which to
assess the hydrocarbon potential of sparsely explored areas
of the basin.

In an oil-source system, all end point pools must con-
tain oils that can be grouped into a family by some distinct
geochemical signature. Furthermore, this geochemical sig-
nature must correlate with that of the bitumens in the asso-
ciated source rock. The chemical composition of a pooled
oil is dependent on the composition of the source kerogen
and the leve! of thermal maturity of that source. The cumu-
lative effect of all interactions of that oil with formation rock
and formation waters along the migration path and in the
reservoir also affect oil chemistry. Certain biomarkers are
generally unaffected by these post-generation changes and
they provide a valuable tool for identification of composition-
ally distinct oil families (Osadetz et al.,, 1992a).

Numerous organic geochemical studies have ad-
dressed the issue of identification of distinct oil families in
the Williston Basin (Dow, 1974; Williams, 1974; Zumberge,
1983; Brooks et al., 1987, 1988; Leenheer and Zumberge,
1987; Osadetz et al., 1991; 1992a). Most of these studies
conclude that oil pools that contain compositionally distinct
families of oils have restricted stratigraphic and geographi-
cal distribution, and commonly have a close stratigraphic
association with the source rock. This observation suggests
that the Williston Basin has undergone discrete episodes of
oil generation, migration, and pooling. This makes assess-
ment of exploration opportunities in the basin amenable to
the oil-source system approach.

A detailed review of the geochemical literature is be-
yond the scope of this report and the reader is referred to
Osadetz et al. (1991; 1992a) for a discussion of previous
research and different geochemical approaches used by
previous workers. The following summarizes the salient
points of some of the previous work as they relate to the
evolution of the understanding of oil-source systems that
are present in the Williston Basin.

PREVIOUS WORK

Geochemical work by Williams (1974) identified three
oil families each having restricted stratigraphic occurrence
in the Williston Basin. Type 1 oils occur predominantly in
Ordovician and Silurian reservoirs. Ordovician Winnipeg
Formation shale was identified as a probable source rock.
Type 2 oils occur predominantly in Mississippian, Upper
Devonian, and Mesozoic reservoirs and represent most of
the discovered reserves in the Williston Basin. The transi-
tional Devonian/Mississippian Lower Bakken Shale was
identified as the probable source of these oils. Type 3 oils
are restricted to Pennsylvanian reservoirs. Pennsylvanian
Tyler Formation shale was identified as a probable source
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rock. Dow (1974) used an oil-source systems approach to
apply this tripartite classification of Williston Basin oils to
exploration problems. Stratigraphic and geographic distribu-
tion of each oil type was examined and possible migration
pathways from areas of thermally mature source rock were
considered and applied to exploration strategy.

Leenheer and Zumberge (1987) examined the geo-
chemistry of several oils that occur in the central Williston
Basin. The analysis resulted in the identification of five
groups of oils, two of which could be directly correlated to
the classification system of Williams (1974).

Brooks et al. (1987) studied pools from the Canadian
portion of the Williston Basin and designated a family of oils
from Ordovician reservoirs (Family A), correlative with the
Type 1 oils of Williams (1974) and the Group 1 oils of
Leenheer and Zumberge (1987). Based on geochemical fac-
tors, they also proposed a subdivision of the Type 2 oils of
Williams (1974). Family B oils are sourced from clay-rich
clastics such as shales of the Bakken Formation and Family C
oils are derived from an euxunic carbonate source such as
the argillaceous limestones of the Mississippian Lower
Lodgepole Formation. Following the discovery of Devonian .
Winnipegosis pinnacle reef pools in southeastern Saskatch-
ewan, Brooks et al. (1988) identified a distinct group of oils
(Family D) that occur in the Upper Devonian. Family D oils
correlate with the Group 3 and Group 4 oils of Leenheer
and Zumberge (1987).

Osadetz and Snowdon (in prep.) further assessed
Williston Basin oil-source systems and identified four region-
ally significant Paleozoic source rocks in the Canadian por-
tion of the basin;

a) kukersite beds in the Upper Ordovician Bighorn Group
(Red River Formation),

b) bituminous laminates in the Devonian Winnipegosis For-
mation,

c) bituminous shales in the transitional Devonian/
Mississippian Bakken Formation, and

d) bituminous lime mudstones in the Mississippian Lower
Lodgepole Formation.

Osadetz et al. (1991; 1992a) conducted additional
analysis and elaborated on the oil characterization system
of Brooks et al. (1987). They also applied the conclusions of
Osadetz and Snowdon (in prep.) regarding significant
source rocks to provide a characterization of oil-source sys-
tems in the Canadian portion of the Williston Basin. This
work provides the most recent and complete analysis of oil-
source systems as they pertain to southwestern Manitoba.
Table 1 illustrates the correlation of this work with that of
previous workers.

The North American Central Plains Conductivity
Anomaly (NACPCA) and its associated area of elevated
crustal heat flow coincident with the deepest part of the
basin, provides the locus of oil generation for all Williston
Basin oil-source systems (Majorowicz et al., 1988).



Table 1: Williston Basin oil family classlfication
schemes (after Osadetz et al., 1992a, re-

printed by permlission)

Table 1. Williston Basin oil family classification schemes

Classification 22

Classification 1’ Classification 3°

Type | Group 1 Family A
Group 3¢ Family D*
Group 4¢
Type !l Group 2 Family B
Family C
Type IlI Not examined Not examined
Not examined Group 5 Not examined

After Williams (1974) and Dow (1974) based on gasoline fraction
(GFGC) and C,,, saturate fraction (SFGC) gas chromatography, and
isotopic compositions. Followed by Thode (1981) and Thompson
(1983).

2After Leenheer and Zumberge (1987), Zumberge (1983) and
Leenheer (1984) based on carbon isotopic compositions and C,., sat-
urate fraction compositions with special emphasis on distributions of
tricyclic diterpanes and SFGC's.

3This study, an augmentation and revision of Osadetz et al. (1991),
Osadetz et al. (1990); Brooks et al. (1988), Brooks et al. (1987),
based on terpane biomarkers and SFGC's.

4Critical compositional criteria to allow the correlation of Group 3 and
Group 4 oils with Family D are not reported by Leenheer and
Zumberge (1987). The equivalence suggested here only refiects the
observation that both classifications indicate these are oils with non-
kukersitic SFGC's occurring in the stratigraphic interval Winnipegosis
to Birdbear and higher. No suggestion of a single source rock is
implied, nor is there any implication that the Winnipegosis Formation
is the source for either Group 3 or 4 oils, although both remain possi-
bilities.

OIL-SOURCE SYSTEM CLASSIFICATION

The oil-source system classification of Osadetz et al.
(1991; 1992a) provides the framework in which the hydro-
carbon potential of the pre-Mississippian strata of south-
western Manitoba is assessed in this report. The strati-
graphic range of each oil family in this classification scheme
is illustrated in Figure 9. The migration characteristics of
each oil-source system as inferred from the stratigraphic
and geographical relationships between oil pools and known
areas of thermally mature associated source rock are of
particular interest. The following summarizes the key fea-
tures of each oil-source system indentified in the Canadian
portion of the Williston Basin as developed by Osadetz et
al. (1991; 1992a).

Family A Oil-Source System

Family A oils are considered to be sourced from
kukersite beds in the Upper Ordovician Red River Formation
in an area of sufficient thermal maturity in the central
Williston Basin (Fig. 10). Pools that contain Family A oils
are predominantly in the same stratigraphic unit as the
source (Red River Formation); however, these oils occur as
stratigraphically high as the Devonian Winnipegosis Forma-
tion. Significant Family A Pools that occur outside the area
of oil generation are indicated in Figure 10.

11

Although the oil discoveries to date suggest that this
oil-source system is characterized by relatively short migra-
tion pathways, the large reserves located on the Cedar
Creek anticline clearly indicate the potential for up-dip mi-
gration. The pool at Minton in southern Saskatchewan
demonstrates that up-dip migration also characterizes the
northern part of the basin. The observed absence of Family
A oils on the up-dip northeastern margin of the basin may
be more a reflection of the lack of deep exploration in these
areas than an indication of any physical impediment to the
migration process. Peak generation of Family A oils pre-
dates the development of the Nesson Anticline as a barrier
to up-dip migration. The excellent hydraulic characteristics
of the northeast flank of the basin, as demonstrated by its
ability to accommodate long distance lateral migration asso-
ciated with other oil systems, also supports the possibility of
long migration pathways in that direction. The stratigraphic
range of Family A oil pools is Upper Ordovician through to
Middle Devonian (Fig. 9). As is true for all of the Williston
Basin oil-source systems, a large proportion of the Family A
oil reserves are found in the same stratigraphic unit as the
source rock, which, in this case, is the Upper Ordovician
Red River Formation.

STRATIGRAPHIC RANGE OF OIL FAMILIES
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Figure 9: Stratigraphic range of oil families, Williston

Basin (after Osadetz et al., 1992, reprinted by
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Family B Oll-Source System

Family B oils are considered to be sourced from bitu-
minous shales in the transitional Devonian/Mississippian
Bakken Formation. Figure 11 shows the area of thermally
mature Bakken Formation shale. A significant lag between
attaining the sufficient thermal maturity needed to generate
oil and expulsion of the generated oil is characteristic of the
Bakken Formation source. As a result, the area of oil expul-
sion is significantly smaller than the thermally mature area.

Significant reserves of Family B oil are pooled in frac-
tured Bakken Formation shale reservoirs in the area of ther-
mal maturity. These pools represent oil that has not mi-
grated out of the source rock and are best exploited through
horizontal drilling techniques (Fisher and Rygh, 1989; Han-
sen, 1991).

Significant Family B pools outside the area of oil gen-
eration and expulsion are also indicated on Figure 11. Al-
though few in number, these Middle Bakken Formation
pools demonstrate that, for the most par, this oil-source
system is characterized by long distance up-dip migration
within the stratigraphic unit. The Bakken Formation pools at
Daly in southwestern Manitoba, situated approximately 200 km
(124 mi) from the area of oil generation and expulsion, pro-

12

vide excellent illustrations of this characteristic. Stratigraphic-
ally, these pools commonly occur as littie as 50 m (164 ft)
below overlying Lodgepole Formation pools that contain oils
that are compositionally distinct and compose a completely
separate oil-source system (Family C). The stratigraphic
range of Family B oil pools may extend into the overlying
Mississippian Madison Group (Fig. 9).
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Figure 11:  Family B Oil-Source System (after Osadetz,

pers. comm.).

Family C Oil-Source System

Family C oils are considered to be sourced from bitu-
minous lime mudstones in the lower part of the Lodgepole
Formation. These oils account for the great majority of re-
serves in the Mississippian Madison Group that are pooled
along the subcrop trends of southeastern Saskatchewan
and southwestern Manitoba. Figure 12 shows the area of
Lower Lodgepole Formation source rock that is above both
the oil generation and expulsion thresholds. This oil window
has charged the northeastern up-dip flank of the basin,
which accounts for the large reserves found in this area.
Comparisons of thermal maturity of pooled oils suggest that
both short and long migration paths are present. In general,
high gravity more mature oils, have undergone long dis-
tance lateral migration and tend to be found in the more



easterly regions of the basin, including southwestern Mani-
toba. The presence of high gravity oils remote from the oil
window attests to the excellent hydraulic characteristics of
this flank of the basin.

Significant Family C oil reserves are also found in
Mesozoic and Cretaceous strata on the northeast flank of
the basin. These pools indicate a vertical component of mi-
gration accommodated by either fracturing of Mesozoic
strata (Kreis, 1991) or leaky Mesozoic seals overlying
Mississippian subcrop traps (Barchyn, 1982). The strati-
graphic range of Family C oil pools is indicated in Figure 9.
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Figure 12:  Family C Oil-Source System (after Osadetz,

pers. comm.).

Family D Oll-Source System

Family D oils are considered to be sourced from bitu-
minous laminates in the Middle Devonian Winnipegosis For-
mation. Both basinal and platform sources with distinct geo-
chemical characteristics have been identified. To date, most
Family D oil production has occurred within, or very close
to, the area of thermally mature source rock (Fig. 13). Sig-
nificant Family D pools occur in pinnacle reefs of the
Winnipegosis Formation in southern Saskatchewan. Ther-
mal maturity data suggests that some of these pools are

13

locally sourced while others refiect significant lateral migra-
tion within the Winnipegosis Formation. Family D oil pools in
the Mississippian Ratcliffe beds of the Flat Lake area indi-
cate limited lateral migration and extensive cross-stratal mi-
gration. Family D pools in the Upper Devonian Birdbear For-
mation at Kisbey and Walpole suggest that extensive cross-
stratal migration can also be accompanied with significant
up-dip migration to the northeastern margin of the basin. It
is not clear whether the lateral component of this migration
path occurred in the Winnipegosis Formation or in the reser-
voir strata. Figure 13 shows some Family D pools that in-
volve significant migration up-dip from the oil window. The
stratigraphic range of Family D pools is indicated in Figure 9.

In general, all of the known oil-source systems have
restricted and distinct patterns in stratigraphic occurrence.
In assessing the hydrocarbon potential of the pre-
Mississippian strata of southwestern Manitoba, it is clear
that Family A and Family D oil-source systems deserve the
most attention in terms of their ability to charge the pre-
Mississippian section. Characteristics of the Family B and
Family C oil-source systems, particularly the phenomenon of
long distance up-dip migration, are worth consideration as
they relate to an understanding of the hydraulic properties
of the northeastern flank of the basin.
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PRE-MISSISSIPPIAN OIL OCCURRENCES AND KNOWN OIL PLAY TYPES IN THE WILLISTON BASIN

Several pools from different parts of the Williston
Basin that comprise parts of the Family A and Family D oil
systems have been examined and presented as possible
analogs for similar pools in the pre-Mississippian strata of
southwestern Manitoba. These pools, along with some of
the other major pre-Mississippian pools of the Williston
Basin, are shown in Figure 14.

In the following discussions, geological conditions re-
sponsible for trapping mechanisms are emphasized. The
case for the presence of analogous reservoirs in southwest-
ern Manitoba is supported with examples of geological con-
ditions in Manitoba similar to those that provide the trapping
mechanisms in the Williston Basin examples.

The presentation of the following play types is not in-
tended to imply that these represent an exhaustive list of
potential prospects. Clearly, given the rather limited knowl-
edge of the pre-Mississippian strata of the basin, other sig-
nificant play types can be conceptualized. Also, one-of-a-
kind pools such as the Cambrian Pool at Newporte North
Dakota may represent significant undiscovered potential.
The approach in presenting the following play types is to
demonstrate that southwestern Manitoba has potential for
pre-Mississippian plays well established elsewhere in the
basin.
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Figure 14:

Map showing major fields and areas of pre-
Mississippian production in the Williston Basin
(after Martiniuk, 1992).
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PLAY TYPE: DEEP STRUCTURAL STACKED PAY

Williston Basin Example: Raymond Field, Montana

Large reserves of Family A oil are pooled in base-
ment-controlled structural traps in the Williston Basin. Al-
though structural closure is the dominant trapping mecha-
nism, most of these pools are combination traps. Reservoir
development is strongly influenced by stratigraphic and dia-
genetic factors. Most of these pools are located on large
structures such as the Nesson and Cedar Creek anticlines.
Anticlinal structures which are smali in areal extent, gener-
ally less than 256ha (640 acres) of closure, commonly have
multiple pay horizons and are, therefore, economically at-
tractive exploration targets. Pay zones are found in strati-
graphic intervals that range from Ordovician to Mississipp-
ian. Cross-stratal migration of oil through fractures associ-
ated with anticlinal development is common. Pools in the
Upper Devonian and Mississippian may contain Family D
and B oils in addition to the Family A oils, which occur in
the Ordovician and Silurian pay zones.

A north-south productive trend of these structural fea-
tures occurs in eastern Montana and southern Saskatche-
wan. To date, the Minton Pool is the northernmost discovery
(Potter and St. Onge, 1991). The Raymond Field in Sheri-
dan County, Montana provides a good example of a small,
but prolific deep structural multiple pay field (Parker and
Powe, 1982) (Figure 14). The reservoir parameters of the
four productive zones that range from the Ordovician Red
River Formation to the Devonian Nisku Formation are sum-
marized in Table 2.

At Raymond Field, the cumulative effect of structural
development is approximately 30 m (100 ft) of closure on
most of the productive horizons (Parker and Powe, 1982). A
structural cross section that illustrates this closure in the
Red River Formation is shown in Figure 15,

The evolution of structures such as these can best be
deciphered through isopach analysis (Potter and St. Onge,
1991). Repeated basement-controlled vertical movements
are evident and can be timed from Precambrian through to
Cretaceous time. These reactivations suggest these anticli-
nal structures overlay crustal zones of weakness that re-
spond to changing stress fields that affect the basin.

Southwestern Manitoba Play

The northeastern flank of the basin in southwestern
Manitoba also has potential for tectonically-generated struc-
tures. This favorable tectonic setting is due, in large pan, to
the Precambrian Churchill-Superior crustal boundary zone
(Fig. 4). This feature, termed the Birdtail-Waskada Axis by
McCabe (1971), is the locus of numerous stratigraphic
anomalies throughout the Phanerozoic section. The existence
of this major basement tectonic feature along this axis is
also supported by its pronounced geophysical expression
(Luther, 1991). The superposition of isopach, depositional and



Table 2: Reservoir parameters of the Raymond Field, Montana (after 1991 Montana OIll and Gas Annual Review,
Montana Board of Oil and Gas Conservation, v.35, 1992)

Location: T 36N; R. 54E, Sheridan County, Montana

Red River Winnipegosis Duperow Nisku
Pool Pool Pool Pool
Discovery Date (year): 1972 1972 1979 1972
Estimated Ultimate Primary Recovery:
(m) 178 000 260 611 N/A 150 000
~ (Bbls) 1120 000 1 640 000 940 000
Average Producing Depth:
(m) 3048 2 835 2 548 2 408
(1) 10 000 9 300 8 360 7 900
A.P.l. Gravity:
(degrees) 39 42 46 50
(kg/m®) 830 816 797 780
Average Porosity (%): 12 5 N/A 9
Cumulative Oil Production to
Jan. 1:§ 1992:
(m~) 149 533 230 895 16 530 129 510
(Bbls) 941 000 1 453 000 104 000 815 000

diagenetic anomalies reflect changes in depositional basin
bathymetry and enhanced diagenesis along this trend. This
suggests periodic reactivation of vertical movements along a
zone of crustal weakness in response to changing stress
fields. This process would occur in a manner similar to that
which has given rise to the productive structures eisewhere
in the basin. It is noteworthy that the great majority of south-
western Manitoba’s Family C oil reserves in Mississippian
and Jurassic strata are pooled in traps that occur along the
Birdtail-Waskada Axis.

Although deep structural traps would require seismic
delineation, the structural and stratigraphic features ob-
served in some of the deep wells along the Birdtail-
Waskada Axis suggest a structural history similar to that
which has generated closed structural traps elsewhere in
the basin. Figure 16 (in pocket) is a stratigraphic cross sec-
tion through two deep wells in the Waskada area. The
Waskada 11-29-1-25 WPM well exhibits a normal strati-
graphic section for the area. The Deloraine 8-31-2-23 WPM
well is located on an anomalous structural feature that, on
the basis of Mississippian tops, indicates vertical displace-
ments of a minimum of 30 m (98 ft) over a distance of less
than a one kilometre (0.62 mi). Much of the stratigraphic
succession in the 8-31 well is anomalous and correlation
with the normal succession observed at the 11-29 well is
difficult, particularly over the interval from Upper Silurian to
Lower Mississippian. Several key isopachs are indicated on
the section where picks can be made with some degree of
confidence. These isopach variations exceed those ex-
pected from basin differentiation or any effect of salt disso-
lution in post-Elk Point Group strata. They also suggest re-
curring structural development that involved positive and
negative vertical displacements. The timing of this structural
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development appears to range from post-Silurian, pre-
Devonian through to post-Mississippian. The nature of this
structural feature, as deciphered from isopach analysis,
bears a resemblance to many of the productive structures
elsewhere in the Williston Basin.

Figure 17 (in pocket) is a structural cross section
across a large anticlinal feature in the Upper Devonian in
the Daly Field. Although differential solution of the underly-
ing Prairie Evaporite may have been involved in the forma-
tion of this structural closure, the structural position of the
crest of the anticline is significantly above regional values
and implies some degree of basement-controlled vertical
displacement. The occurrence of approximately 30 m (98 ft)
of closure with an estimated 920 m® x 10° (32.4 BCF) of
nitrogen-rich gas in the Devonian Souris River Formation
(Intercomp Resource Development and Engineering Ltd.,
1977), and additional reserves in the Duperow and Birdbear
formations illustrate the trapping capacity of this anticlinal
structure.

PLAY TYPE: RED RIVER STRATIGRAPHIC

Williston Basin Example: Horse Creek and South Horse
Creek fields, North Dakota

As discussed in the previous section, stratigraphy
plays an important role in defining the productive limits of
pools associated with structural features. The trapping
mechanism is therefore a combination of structure and vary-
ing degrees of stratigraphic factors. Some Family A Red
River Formation pools have virtually no structural expres-
sion and are true stratigraphic traps. Longman (1981) dis-
cusses several examples of such traps and points out that
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the trapping mechanism is an up-dip pinchout of reservoir
quality dolomite, essentially a diagenetic phenomenon.
Kohm and Louden (1982) concluded that, although most of
the Red River Formation oil reserves in western North Da-
kota and eastern Montana are in structural traps, strati-
graphic accumulations such as those described by Longman
(1981) also exist, but are largely underdrilled.

A good example of a stratigraphic Red River Forma-
tion pool is in the Horse Creek and South Horse Creek
fields, Bowman County, North Dakota (Longman et al,
1992). These fields contain a stratigraphically trapped pool
and two smaller structurally trapped pools. These pools are
located in southwestern North Dakota down-dip from the
large structural traps associated with the Cedar Creek Anti-
cline (Fig. 14). The reservoir parameters of the stratigraphic
pool are summarized in Table 3.

Table 3: Reservoir parameters of the Horse
Creek and South Horse Creek fields,
Bowman County, North Dakota (after
Longman et al., 1992)

T. 129N; R. 104, 105W, Bowman County,
North Dakota

Location:

Red River
Pool

Discovery Date (year): 1969
Estimated Ultimate
Prima?' Recovery:

(m°) 565 000

(Bbls) 3 555 000
Average Producing Depth:

(m) 2793

() 9 165
A.P.l. Gravity:

(degrees) 30

(kg/m3) 876
Average Porosity (%): 17.8
Average Permeability (md): 5to 11

A structural cross section showing the up-dip porosity
pinchout in the Red River Formation "D" porosity zone is
shown in Figure 18. The trapping mechanism is essentially
diagenetic in nature; reservoir quality dolomite grades up-
dip to undolomitized impermeable limestone. It is essential
to establish the control on this localized dolomitization in the
exploration strategy for such reservoirs. Longman (1981)
suggests that localized faults or fractures may have been
instrumental in allowing access of dolomitizing brines to the
limestones, thereby explaining the localized lense-like ge-
ometry of these reservoirs. Kohm and Louden (1982) were
able to map areal patterns of dolomitization to reflect the
control of regional joint systems on the movement of dolomi-
tizing brines.
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Southwestern Manitoba Play

The phenomenon of local reservoir development due
to dolomization is also seen in the Red River Formation of
southwestern Manitoba. Figure 19 (in pocket) is a strati-
graphic cross section between two relatively closely-spaced
deep tests in the Napinka area along the Birdtail-Waskada
Axis: note the localized development of porosity due to do-
lomitization in the Red River Formation "C" zone in the
2-17-4-25 WPM waell. This lense of porosity does not occur
in the offsetting well. The up-dip pinchout of such local po-
rosity development could provide for stratigraphic trapping
similar to that described by Longman et al. (1992) in the
Horse Creek and South Horse Creek fields. It is interesting
to note that a zone of open fractures accompanied by ex-
tensive lost circulation was encountered in the lower part of
the Red River Formation section in the 2-17 well. This evi-
dence of structural disturbance lends support to Longman'’s
(1981) suggestion that local dolomitization may be initiated
by fracturing that provides a local conduit for the dolomitiz-
ing brines.

Osadetz et al. (1991) suggest that a stratigraphic play
based on primary depositional facies distribution in the Red
River Formation may be present on the northeastern side of
the Williston Basin. An inferred shoal-trend that borders a
restricted platform facies belt (Kendall, 1976) may provide
an up-dip porosity pinchout that would entrap Family A oils
migrating from the area of thermal maturity in the central
part of the basin.

The development of such stratigraphic plays in the
Red River Formation on the northeastern flank of the basin
is hindered by the lack of deep drilling and core control.
Structural traps, which are amenable to seismic exploration,
are likely to attract more interest; however, as is the case in
western North Dakota and eastern Montana, stratigraphy is
thought to play an important role in trapping oil in the Red
River Formation. Reserves in stratigraphic traps provide an
interesting target, particularly at the shallower depths en-
countered on the northeast flank of the basin.

PLAY TYPE: WINNIPEGOSIS PINNACLE REEFS
Williston Basin Example: Hitchcock Area, Saskatchewan

During Devonian time, the Elk Point Basin extended
from the Northwest Territories to the southern part of North
Dakota and from the West Alberta Ridge in the west, to be-
yond the erosional outcrop in the east (Martindale et al,
1991) (Fig. 20).

Middle Devonian sedimentation began during the ini-
tial stages of Devonian transgression when the Ashern For-
mation was deposited in the restricted embayment of the
Elk Point Basin. Deposition of the Winnipegosis Formation
followed a brief regression, and erosion of the Ashern For-
mation.

During the initial marine transgression, normal marine
carbonates were deposited. These carbonates were, in turn,
overlain by sediments deposited during basin differentiation
or "decoupling™ into a shallow shelf environment, and a



TOTAL PET. #1-36 MUD BUTTES

NE SE 36-129N-105W : .
KB 3201 == =4200 ==
oA cMLFDC TOTAL PET. #2-31 HILTON
T < kel - SW NE 31-120N-104W
KB 3173
TOP RED RIVER GR 100 30 CNL/FDC -0

TOP RED RIVER

0000

DATUM
DATUM L
DT f (-5850)
e
¢ =S FDC
£ooza) H Y [p——
. E H (-8937)

COMPLETED 1-18-84
RED RIVER 0122-9130
PP 95 BOPD ~ 1566 BWPD

COMPLETED 12-9-83
RED RIVER 9110-62: 9158-62
PP 802 BOPD - 160 BWPD

Figure 18:  Structural cross section, Horse Creek and South Horse Creek fields, Bowman County, North Dakota (after Long-
man et al., 1992, reprinted by permission).
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deeper basin environment with scattered pinnacle reefs. The
shelf environment is represented by a fringing bank buildup
around the perimeter of the basin. The deeper basinal fa-
cies is represented by the pinnacle reef growth and the
deeper water inter-reef facies that developed basinward of
the fringing bank during Upper Winnipegosis time.

The Hitchcock area of southeastern Saskatchewan
demonstrates the Winnipegosis Formation pinnacle reef play
model. The Hitchcock area occupies a position in the south-
western corner of the Elk Point Basin (Fig. 20). Winnipego-
sis reefs in the Hitchcock area occur as isolated buildups of
peloidal/codiacean algal shoals overlain by vertical accre-
tions of corals, bryozoa, red algae and cyanobacteria that
are encased by anhydrite and halite (Martindale et al,
1991).

Discovery of pinnacle reefs in southeastern Saskatch-
ewan has revealed the significant petroleum potential of
these features. This is evidenced by the oil plays at Table-
land and Hitchcock (Table 4).

Table 4: Reservoir parameters of the Hitchcock
area, southeastern Saskatchewan (after
Martindale et al., 1991)
Location: Township 3, Range 8 & 9 W2M
Winnipegosis

Pool
Discovery Date (year): 1989
Estimated Ultimate
Primary Recovery:
(m”) N/A
(Bbls)
Average Producing Depth:
(m) 2 494
(ft) 8 182
A.P.l. Gravity:
(degrees) 43.8
(kg/m®) 807
Average Porosity (%): N/A
Cumulative Oil Production
to Jan. 1, 1992:
(m3) 80 120
(Bbls) 252 346

Southwestern Manlitoba Play

The pinnacle reefs of the Winnipegosis Formation in
Manitoba are developed along the basinward edge of the
Winnipegosis fringing bank (Fig. 21). These reefs show ex-
cellent porosity and permeability and, where encased by
salts of the Prairie Evaporite, have reservoir potential (Fig.
22).

The stratigraphic cross section (Fig. 23, in pocket)
shows an example of a Winnipegosis reef buildup in the
Binscarth area of southwestern Manitoba. The reef buildup
is located in an area where the salt of the Prairie Evaporite
is intact. The well at 16-18-18-29 WPM was drilled on a
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stromatoporoid reef, which is encased by the sait section of
the Prairie Evaporite.

PLAY TYPE: WINNIPEGOSIS PLATFORM MARGIN

Wiliiston Basin Example: Temple Field, North Dakota

As discussed in the previous section and shown in
Figure 20, the Middle Devonian Eik Point Group reflects the
differentiation of the Eik Point shelf into distinct basin and
platform environments. The pinnacle reefs in the basinal re-
gime are the main exploration target in southern Saskatche-
wan; however, the complex stratigraphy of prograding plat-
form marginal facies provides potential for excellent reser-
voir development and stratigraphic trapping.

The Temple Field in Williams County, North Dakota is
a Family D pool that is a combination structural-stratigraphic
trap located on the southwestern platform margin of the Elk
Point Basin. (Figure 14). The pool is situated on a subordi-
nate structural limb on the northwestern flank of the Nesson
Anticline (Ehrets and Kissling, 1987). Trapping is controlled
to a large extent by an up-dip porosity pinchout along the
platform margin (Fig. 24). In the Temple Field, salt plugging,
to a large extent, occludes porosity development in the
reefal facies. The main reservoir facies is the dolomitized
basin slope deposits. The up-dip termination of this platform
margin facies package is instrumental in providing the trap
at Temple. Reservoir parameters of the Temple Winnipego-
sis pool are shown in Table 5.

Table 5: Reservoir parameters of the Temple
Field, Williams County, North Dakota
(after Ehrets and Kissling, 1987)

T.158, 159N; R.95, 96W,
Williams County, North Dakota
Winnipegosis

Location:

Pool

Discovery Date (year): 1982
Estimated Ultimate
Prima?' Recovery:

(m®) 1 033 000

(Bbls) 6 500 000
Average Producing Depth;

(m) 3 398

(ft) 11 150
A.P.l. Gravity:

(degrees) 43.4

(kg/m®) 809
Average Porosity (%): 15

Southwestern Manitoba Play

The northeastern platform margin of the Elk Point
Basin is located in southwestern Manitoba (Fig. 20). The
isopach of the Winnipegosis Formation in southwestern
Manitoba (Fig. 21) clearly shows the north-trending platform
margin. This platform margin is roughly coincident with the
Birdtail-Waskada Axis; this suggests that this structural fea-
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ture influenced the bathymetry of the Elk Point Basin and,
hence, the location of the platform margin.

Figure 25 (in pocket) is an east-west stratigraphic
cross section from the basin, across the platform margin,
and on to the inner platform. The lithologies suggest a de-
positional facies assemblage similar to that described in the
Temple Field area on the southwestern basin margin
(Ehrets and Kissling, 1987). Unlike Temple, excellent reser-
voir development occurs in the platform margin reefal facies
due to the absence of the overlying salts of the Prairie
Evaporite and the associated salt plugging of porosity. The
up-dip facies transition in southwestern Manitoba is from
platform margin to platform interior, rather than the up-dip
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Prairie Evaporite structure-isopach map (after McCabe, 1980; Martiniuk, 1992). Structure and isopach values are

platform margin to basin transition at Temple. This up-dip
transition provides potential for the stratigraphic pinchout of
an organic reefal reservoir facies associated with the pro-
grading platform margin (Fig. 25, in pocket).

The association of the platform margin depositional
trend with the Birdtail-Waskada Axis enhances its appeal as
an exploration target. As demonstrated at the Temple Field,
trapping is achieved by a combination of structure and stra-
tigraphy. The Birdtail-Waskada Axis provides the best po-
tential for providing a structure along this depositional trend
that would result in a combination of structural and strati-
graphic trapping similar to that at Temple.
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PLAY TYPE: SALT DISSOLUTION STRUCTURES

Williston Basin Examples: Tule Creek Fleld, Montana,
Hummingbird Field, Saskatchewan

Several oil accumulations in the Saskatchewan, North
Dakota and Montana portions of the Williston Basin are as-
sociated with structures generated by salt dissolution and
collapse of overlying strata. The removal of salt from the
Middle Devonian Prairie Evaporite resulted in localized sub-
sidence features and trap settings favourable for oil accu-
mulation.

There are several fields in northeastern Montana, lo-
cated along the western flank of the Williston Basin, that
produce from areas of known multiple-stage salt dissolution.
The Tule Creek Field and surrounding fields are prime ex-
amples (Fig. 14). Tule Creek is located west of, and up-dip
from, the present salt dissolution edge of the Devonian Prai-
rie Evaporite. Production is obtained from the Nisku
(Birdbear) Formation (Table 6). The Nisku reservoir in the
Tule Creek Field consists of a porous dolomite, capped by a
bedded anhydrite. Qil is accumulated in structural traps cre-
ated by locaily developed, isolated Nisku closure. The origin
of these structures is believed to result from two-stage salt
dissolution of the Devonian Prairie salt (Fig. 26).

Table 6: Reservoir parameters of the Tule Creek
Fleld, Montana (after Montana Geological
Society, 1985; Montana Board of Oil and
Gas Conservation, 1992)

Location: T.30N., R. 47E., Roosevelt County, Montana
Birdbear (Nisku)

Pool

Discovery Date (year): 1960
Estimated Ultimate
Prima?' Recovery:

(m”) 1333 249

(Bbls) 8 390 000
Average Producing Depth:

(m) 2 286

(ft) 7 500
A.P.l. Gravity:

(degrees) 46

(kg/m®) 797
Average Porosity (%): 15
Average Permeability (md): 100
Cumulative Oil Production
to Jan. 1, 1992:

(m3) 1 296 382

(Bbls) 8 158 000

The domal structure at the Hummingbird Field in
southeastern Saskatchewan is another example of a salt-
collapse feature. It is located on the northwestern flank of
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Stratigraphic cross section, Tule Creek Field, Montana (after Swenson, 1967, reprinted by permission).



the Williston Basin (Fig. 14). The Hummingbird structure is
the resuit of the multi-stage dissolution of the Middle Devon-
ian Prairie Evaporite salt. The structure represents approxi-
mately 90 m (300 ft) in compensated thickness of Souris
River, Duperow and Bakken formations strata. The thicken-
ing was created by local dissolution of Prairie salt and col-
lapse of overlying strata during late Devonian and early
Mississippian time. Dissolutioning of the Prairie salt in the
surrounding area during Mississippian and Cretaceous time,
resulted in the collapse of post-Prairie strata and creation of
a closed structural high draped over local pre-Mississippian
thicks (Fig. 27).

Localized dissolutioning of the Prairie salt may have
been initiated by upward movement of formation water from
the Winnipegosis Formation into the Prairie Evaporite. The
formation water is believed to have migrated vertically along
high-angle basement controlled faults or through intersec-
tions of basement-controlled fault systems.
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Figure 27:  Schematic cross section showing late stage

development of the Hummingbird Field struc-
ture (after Smith and Pullen, 1967, reprinted by
permission).

Oil production at Hummingbird is from the Devonian
Birdbear Formation and Mississippian Ratcliffe Member of
the Charles Formation. The Birdbear Formation occurs as
two units; a lower, fine crystalline, vuggy dolomite reservoir
unit and an upper, interbedded, dense microcrystalline dolo-
mite and anhydrite unit that provides a top seal (Table 7)
(Smith and Pullen, 1967).
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Table 7: Reservolr parameters of the Humming-
bird Field, Saskatchewan (after Saskatche-
wan Energy and Mines, 1990)

Location: Township 2, Range 19 W2M

Birdbear
Pool
Discovery Date (year): 1966
Estimated Ultimate
Prima? Recovery:
(m®) 499 000
(Bbls) 3140 157
Average Producing Depth:
(m) 2 326
()
A.P.l. Gravity:
(degrees) 39
(kg/m®) 830
Average Porosity (%): 10.3
Cumulative Oil Production
to Jan. 1, 1992:
(m%) 469 000
(Bbls) 2 951 370

Southwestern Manitoba Play

In southwestern Manitoba, salt removal and collapse
is most evident in the areas along, or near the Birdtail-
Waskada Axis. The eastern limit of the Prairie Evaporite salt
is roughly coincident with this axis and represents a salt dis-
solution edge similar to that observed in other areas of the
Williston Basin. Salt re-entrant features and subsidence
structures occur along the salt dissolution edge of the Prai-
rie Evaporite (Fig. 22).

Local structural and isopach anomalies that affect
shallow Mississippian strata in southwestern Manitoba have
been attributed to Devonian salt dissolution and collapse. At
Waskada, the thickened section of the Mississippian Bakken
Formation and thinning of the Devonian Prairie Evaporite
section is attributed to salt dissolution and collapse of the
Prairie salt during early Bakken time. Local occurrence of
the lower shale member of the Bakken Formation at
Waskada has also been related to salt collapse during early
Bakken time (Mantiniuk, 1988).

Indications of salt dissolution also occurs in pre-
Mississippian strata. In the Napinka area (Township 3 to 6;
Range 25 WPM) and St. Lazare area (Township 15 to 17;
Range 27 to 29 WPM) the Devonian Duperow Formation
has been locally thickened due to the dissolution of the
Prairie Evaporite salt during Duperow and Souris River-
Duperow time (Fig. 28).

Areas of localized multiple-stage salt solutioning and
compensated thickened sections in the pre-Mississippian
are commonly coincident with the Birdtail-Waskada Axis
(eg. Township 1 to 5; Ranges 24 to 26 WPM). Local thick-
ening of the Second Red Bed Member of the Dawson Bay
Formation in this area is possibly related to salt dissolution
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along the edge of the fringing bank of the Winnipegosis For-
mation during pre-Dawson Bay time. The stratigraphic cross
section (Fig. 29, in pocket) shows the thickened section of
the Second Red Bed Member of the Dawson Bay Formation
in the well at 5-24-2-26 WPM. Such local thickening has
given rise to localized multiple-stage dissolution structures
similar to those at Hummingbird and Tule Creek.

Structural closure associated with the drape of youn-
ger strata over the present salt dissolution edge may also
provide a trapping mechanism for oil accumulation.
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Duperow Formation structure-isopach map (after McCabe, 1980; Martiniuk, 1992). Structure and isopach values

The potential for salt edge "roll-over® and multiple-
stage salt dissolution structural features is evident in south-
western Manitoba. The presence of these features and their
proven relationship to hydrocarbon accumulation in other
areas of the Williston Basin demonstrate the possibility for
analogous traps in Manitoba.

Dissolution of the Devonian Prairie Evaporite salt sec-
tion along or near the Birdtail-Waskada Axis resulted in nu-
merous structural and isopach anomalies important in con-
trolling Upper Mississippian (Lodgepole and Mission Canyon



formations) oil accumulation within the Daly, Virden and
Waskada producing areas of southwestern Manitoba
(McCabe, 1963; Rodgers, 1986). The timing and relation-
ship of oil migration to salt dissolution features at these
fields has not been determined; however, it is evident that
trapping of Family C and B oils in these fields, is related to
salt dissolution and collapse.

These same scenarios may be applied to pre-
Mississippian strata in southwestern Manitoba. Identification
and timing of multiple-stage salt dissolution events within
strata of Devonian age and older is crucial to pre-
Mississippian salt dissolution plays. Recognition of these
events help to define the direct, or indirect effects of salt
dissolution on potential reservoir beds. This includes the iden-
tification of isopach and structural features necessary for
the localized structural trapping, and the presence of local
areas of vertical fracturing critical to the cross-stratal migra-
tion of oil.

PLAY TYPE: STRATIGRAPHIC SUBCROP TRUNCATION

Williston Basin Example: Ollie Field, Montana

During deposition of the Paleozoic sequence in the
Williston Basin, periods of regional erosion occurred in the
Middle Cambrian, Upper Cambrian, Ordovician, Middle
Devonian, Lower Mississippian, Kibbey-Upper Mississippian,
Middle Pennsylvanian and Middle Permian time (McCabe,
1954). These unconformities resulted in the truncation of
strata along the shelf flank areas of the basin, thus creating
stratigraphic trap settings suitable for oil accumulation.

The Ollie Field in northeastern Montana is an example
of a pre-Mississippian subcrop play. It is located along the
southwestern flank of the Williston Basin (Fig. 14). Produc-
tion at the Ollie Field is from the Devonian Duperow and
Ordovician Red River formations (Table 8). Oil accumulation
within the Red River and Duperow formations is
stratigraphically and structurally controlled.

The stratigraphic control on oil accumulation within
the Duperow Formation is unconformity-related. Production
occurs at the subcrop of Duperow porosity. The Duperow
Formation is overlain by a black shale believed to belong to
either the Mississippian Bakken Formation, or a lower shale
of the Mississippian Lodgepole Formation. The Devonian
Three Forks, Nisku and upper Duperow formations have
been truncated beneath the erosional unconformity in this
area.
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Table 8: Reservolr parameters of the Ollie Fleld,
Montana (after Montana Geological Socl-
ety, 1985; Montana Board of Oil and Gas
Conservation, 1991)

Location: T. 10N., R. 60E., Fallon County, Montana

Duperow
Pool

Discovery Date (year): 1980
Estimated Ultimate
Prima?' Recovery:

(m°) 31 710

(Bbls) 199 548
Average Producing Depth:

(m) 2840

(ft) 9 316
A.P.l. Gravity:

(degrees) 41

(kg/m®) 820
Average Porosity (%): 14
Average Permeability (md): 324
Cumulative Qil Production
to Jan. 1, 1992:

(m%) 20 022

(Bbls) 126 000

Southwestern Manitoba Play

Oil accumulations within Mississippian and Jurassic
reservoirs in the Canadian portion of the Williston Basin are
closely associated with stratigraphic traps created by post-
Mississippian and post-Jurassic unconformities.

In southwestern Manitoba, production from the
Mississippian Lodgepole Formation is concentrated along
the subcrop belts of the Whitewater Lake, Virden and Scal-
lion members. The fields of Lulu Lake, Whitewater, Regent,
Souris Hartney, and Virden, as well as several smaller asso-
ciated pools along this trend, are productive. The Daly and
Kirkella fields, west of Virden, produce from a stratigraphic
equivalent of the Virden and Whitewater Lake members.

The Waskada, Pierson, Tilston, and Coulter fields pro-
duce from the Mission Canyon Formation (Fig. 2). Oil accu-
mulation within these beds occurs within truncation traps
found at, or near, the subcrop belts of these units. Strati-
graphic factors that play an important role in localizing oil
accumulation are; the extent of post-Mississippian erosion,
the extent of secondary dolomitization and anhydritization of
the Mississippian at the erosion surface, and primary
lithofacies changes of the units.

Oil may have migrated into Manitoba along the sub-
crop belts of the Mississippian reservoir beds. It is believed
to have migrated northwestward along the structural rise
that extends from the Lulu Lake Field to the Virden Field
where it is trapped at paleotopographic highs, structural
highs or by permeability barriers (McCabe, 1963; Potter,
1991).



Analogous truncation traps are also present within the
pre-Mississippian strata where potential reservoir beds sub-
crop at the Paleozoic erosion surface (Fig. 6). The structural
cross section in Figure 30 (in pocket) demonstrates the trun-
cation of pre-Mississippian strata along the Paleozoic un-
conformity. The Birdbear and Duperow formations have
been partially eroded in this area. Beds with good porosity
and permeability within the Birdbear Formation have been
correlated between the wells at 6-30-10-24 WPM and
14-34-10-24 WPM (Fig. 31, in pocket). These zones are
sealed above and below by impermeable mudstone and an-
hydrite beds, and are laterally sealed at the Paleozoic un-
conformity, where they are capped by impermeable shales
of the Lower Member of the Jurassic Amaranth Formation.

Prospects along the pre-Mississippian subcrop trend
are controlled by the development of favourable or high-
quality reservoir facies that have been eroded at, or near,
the Paleozoic unconformity, and overlain by impermeable
red beds of the Jurassic Amaranth Formation. In the exam-
ple from the Birdbear Formation (Fig. 30, in pocket), the
highly permeable reservoir facies, capped by an imperme-
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able, possibly supratidal facies, is truncated at the Pale-
ozoic unconformity, thus creating the potential for trapping
similar to that in the overlying Mississippian rocks.

Similar trap settings are possible within older Pale-
ozoic strata where potential reservoir beds in Ordovician,
Silurian and Devonian age formations are progressively
truncated at the Paleozoic unconformity. These subcrops
extend over a large area of southwestern Manitoba, to ex-
posures east of Winnipeg (Fig. 6).

The potential for accumulation and trapping at rela-
tively shallow depths has been demonstrated in the Michi-
gan Basin, where recent exploration resulted in the discov-
ery of oil in shallow Ordovician reservoirs. Similar scenarios
are present in southwestern Manitoba.

Hydrodynamic factors may also play a role in the trap-
ping of oil in the pre-Mississippian of southwestern Mani-
toba. It has been suggested that the outcropping of pre-
Mississippian formations in Manitoba is a possible entry
point for meteoric waters that may have formed hydrody-
namic traps in the subsurface, down-dip of the Manitoba
Paleozoic outcrop belt (Sproule and Associates, 1964).



POTENTIAL FOR HYDROCARBON CHARGE

Having established the existence of favorable reser-
voirs and trap settings in the pre-Mississippian strata of
southwestern Manitoba, the migration characteristics of the
known Williston Basin oil-source systems can be integrated
to assess the potential for hydrocarbon charge into these
strata. Little is known about the specifics of oil migration
because it is a process that is not easily observed. Migra-
tion pathways are generally inferred on the basis of the spa-
tial relationship between pooled oils and their associated
source rocks, which have been sufficiently thermally ma-
tured to generate and expel oil. In a sedimentary basin that
consists of interbedded permeable and impermeable rocks,
up-dip migration would occur in stratigraphically-defined,
regionally extensive permeable beds, whereas cross-stratal
migration is likely to involve open vertical fault or fracture
systems. Together, the lateral and vertical permeability com-
ponents define the three-dimensional hydraulic characteris-
tics of a basin, such as the Williston, that govern the move-
ment of any fluid along a hydraulic gradient.

The empirical evidence of oil migration, i.e. the distri-
bution of pools associated with an oil-source system, is,
perhaps, the only reliable information available on the mi-
gration process. Qil shows reported from exploratory dry
holes may provide an indication of a migration pathway
even though information on the geochemistry of the oil and,
hence, its family affiliation, is not generally available. Both
hypothesis are important in assessing the potential of unex-
plored areas and can be applied to the pre-Mississippian
strata of southwestern Manitoba.

As discussed previously and shown in Figures 10, 11,
12, and 13, southwestern Manitoba is clearly outside of the
area of thermal maturity for all known Williston Basin oil-
source system source rocks. Long distance up-dip migration
is required to charge these strata with hydrocarbons. Direct
evidence in the form of hydrocarbon shows can be com-
bined with indirect evidence in the form of the migration
characteristics of Williston Basin oil-source systems to sup-
port the assertion that this long-distance migration has, in
fact, occurred.

WILLISTON BASIN MIGRATION CHARACTERISTICS

Prior to examining the migration characteristics of the
Family A and D oil-source systems, characteristics of the
more intensely explored Family B and C oil-source systems
are worth noting because they may provide a better indica-
tion of the hydraulic characteristics of the northeastern flank
of the basin. Pools in southwestern Manitoba represent
some of the longest migrated and the most thermally mature
oils in these systems. In addition, they occur at some of the
shallowest producing depths in the Williston Basin. The
Virden Field provides an excellent example with ultimate re-
coverable reserves of 23,470,000 m3 (148 million bbls.) of
35° APl (850 kg/ms) oil at an average producing depth of
635 m (2,083 ft). The minimum distance this oil has mi-
grated is approximately 170 km (106 mi). This distance rep-
resents up-dip migration from the edge of the Lodgepole
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source rock area, which is above the generation and expul-
sion threshold (Figure 12). Family B pools in the Daly Field
have undergone migration of a minimum distance of approx-
imately 200 km (124 mi) (Fig. 11).

These pools have a close stratigraphic association to
the source rock. Lateral migration, within strata that have
regionally extensive permeability, dominated the migration
history. This involved both up-dip migration from the center
of the basin, and migration up structure along the subcrop
trends. The configuration of oil pools along the Virden-
Whitewater Lake paleo-erosional trend provides a good ex-
ample of the result of this migration process (Potter, 1991).

Family A OIl-Source System

Examples of a similar long distance lateral migration
process in the Family A oil-source system have not yet
been identified (Fig. 10). The Family A pools in the Red
River and Winnipegosis formations at Minton in southern
Saskatchewan demonstrate that cross-stratal and limited up-
dip migration out of the area of thermal maturity has oc-
curred in the northern part of the basin. Large reserves of
Family A oils have also migrated up-dip on the southwest
flank of the basin and have been trapped along the Cedar
Creek Anticline. Knowing that the estimated period of peak
oil generation in the Red River Formation predates develop-
ment of the Nesson Anticline as a significant structural bar-
rier (Osadetz et al, 1991, 1992b), there is reason to believe
that a significant volume of hydrocarbons may have mi-
grated up-dip into the northeast flank of the basin. This oil
would likely charge a stratigraphic interval similar to that
elsewhere (i.e. Ordovician Red River Formation through to
Devonian Winnipegosis Formation). The lack of reported oil
shows along the lower Paleozoic outcrop belts in Manitoba
suggests that little, if any, of this oil made it to outcrop.
Therefore, if long distance migration of Family A oils oc-
curred in the northeastern portion of the basin, such oil is
likely trapped somewhere down-dip.

Figure 32 shows southwestern Manitoba in relation to
some of the attributes of the Family A oil-source system.
The location of the geological examples previously dis-
cussed, along with significant structural features, are indi-
cated. The area of thermally mature Family A source rock is
shown along with two radii that define significant maximum
known up-dip migration distances. The first radius is the
maximum known up-dip migration distance in the Family A
oil-source system at Minton (70 km (44 mi)). The second
radius represents the up-dip migration distance associated
with the Family C oil-source system at Virden in southwest-
ern Manitoba (170 km (106 mi)). This radius assumes that
the hydraulic characteristics of the lower Paleozoic accom-
modated a long distance migration process similar to that
for the Family C oil-source system. It should be emphasized
that both these radii relate to currently known oil pools and,
therefore, represent minimum potential migration distances.
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illustrated.

The preponderance of oil shows outside of these radii sug-
gests that migration has, in fact, exceeded these limits.

It is clear that the potential exists for a large area of
southern Manitoba to have been charged with oils related to
the Family A oil-source system. The absence of examples
of long distance migration of Family A oils is considered to
be a reflection of sparse exploration on the up-dip flanks of
the basin, rather than an indication of any known constraints
on this process.

Family D Oll-Source System

The Family D oil-source system has a few examples
of long distance up-dip migration that rival that for Family C
and B systems. The Birdbear Formation Pool at Walpole in
southeastern Saskatchewan (Fig. 13) is thought to be
sourced from rocks of the Winnipegosis Formation western
platform (Osadetz et al, 1992a). This implies a minimum
lateral migration distance of 170 km (106 mi) in addition to
the cross-stratal migration into the Birdbear. As stated pre-
viously, it is not clear whether this extensive lateral migra-
tion occurred in the Winnipegosis Formation or in the
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Birdbear Formation. The affiliation of the long distance mi-
grated oils at Walpole and Kisbey with structures that may
have facilitated the cross-stratal migration component impl-
ies that the Winnipegosis Formation may have accommo-
dated a significant degree of lateral migration. Several
Winnipegosis pinnacle reef pools in southeastern Saskatch-
ewan, where the pooled oil has a higher level of thermal
maturity than the local source rocks, also suggest that sig-
nificant lateral migration from deeper basin, more mature,
source rocks has occurred (Osadetz et al., 1991).

Figure 33 shows southwestern Manitoba in relation to
some of the attributes of the Family D oil-source system.
The location of the geological examples previously dis-
cussed, along with significant structural features, are indi-
cated. The area of thermally mature Family D source rock is
shown along with a radius defining the maximum known up-
dip migration distance in the Family D oil-source system at
Walpole (170 km (106 mi)). This distance is similar to up-dip
migration distances associated with the Family C oil-source
system in southwestern Manitoba. These limits represent
minimum distances derived from known occurrences. Qil
shows outside of these areas imply that lateral migration
has exceeded these limits.
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Clearly, a large area of southwestern Manitoba is well
within the area defined by the maximum up-dip migration in
the Family D oil-source system. The process of long dis-
tance up-dip migration of Family D oils is well established.
The lack of significant Family D reserves on the northeast-
ern flank of the basin is apparently a reflection of the lack of
exploration directed towards the pre-Mississippian strata.

OIL SHOWS

Despite sparse exploration on the northeastern flank
of the Basin, as reflected by the very low deep drilling den-
sity in southwestern Manitoba, numerous oil shows in the
form of stains on cuttings and cores have been reported
from the lower Paleozoic in this area (Martiniuk, 1992; Mani-
toba Energy and Mines, 1991). The location of these shows
is illustrated in Figure 34. Although the oil family affiliation
of these shows cannot be determined, they are important in

determining that hydrocarbons are present in these strata
that are well removed from areas of source rock thermal
maturity. These oils must have undergone long distance mi-
gration from the central basin in a manner similar to the
Family C and B oils. The reader is referred to Manitoba En-
ergy and Mines (1991) for a complete listing of these
shows.

The stratigraphic distribution of these shows may pro-
vide an indication of the most likely family affiliation. Table 9
shows the number of oil shows reported for each of the pre-
Mississippian Formations in southwestern Manitoba. The
stratigraphic range of these shows is similar to that of the
stratigraphic distribution of the Family A and D pools in
other parts of the basin. The oil shows recorded in the Win-
nipeg Formation to Interlake Group interval may be interpre-
ted as evidence of migration of Family A oils through these
strata. It is interesting to note that shows in this interval
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additional oil shows noted in the following wells: 2-17-4-25 WPM; 8-13-5-29 WPM; 10-9-1-28 WPM; 14-13-9-28



occur as far east as Range 2 WPM at shallow depths, near
the lower Paleozoic outcrops. This raises the possibility that
very shallow oil pools occur close to the basin margin out-
crop belts - a phenomenon that occurs in other cratonic ba-
sins, such as the Michigan Basin.

The numerous oil shows reported in the Winnipegosis
Formation - Birdbear Formation stratigraphic interval may be
representative of migration of Family D oils through these
strata. The long distance migration of these oils that occur
elsewhere in the basin, particularly southeastern Saskatche-
wan, supports the affiliation of these shows with the Family
D oil-source system.

The presence of these oil shows supports the asser-
tion that long distance up-dip migration of Family A and D
oils has occurred and has charged the pre-Mississippian
strata of southwestern Manitoba with hydrocarbons.

Table 9: Stratigraphic distribution of reported oll
shows (after Manitoba Energy and Mines,
1991), and the following reported shows:
2-17-4-25 WPM: QOil stain on cuttings - Red River Formation
8-13-5-29 WPM: Oil stain on core - Winnipegosis Formation
10-9-1-28 WPM: Qil stain on core - Winnipegosis Formation
14-13-9-28 WPM: Oil stain on core - Winnipegosis Formation
7-18-10-27 WPM: Oil stain on core - Duperow Formation
15-11-12-26 WPM: Qil stain on core - Winnipeg Formation

Formation / Group
BIRDBEAR
DUPEROW

SOURIS RIVER

DEVONIAN

DAWSON BAY

WINNIPEGOSIS
L

INTERLAKE
STONY MTN.
RED RIVER
WINNIPEG

— [ I T T T |

0 2 4 6 8 10
No. of Reported Shows

ORDOVICIAN SILURIAN
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OTHER CONSIDERATIONS

The foregoing discussion has evaluated the hydrocar-
bon prospects in southwestern Manitoba within the context
of known Williston Basin oil-source systems. Given the pau-
city of deep drilling in the basin, in general and on the
northeastern flank in particular, the knowledge of these sys-
tems is certainly less than complete. Additional details of
the known systems have yet to be resolved and the exis-
tence of other oil-source systems, which may have a signifi-
cant impact on the prospects in this area, cannot be ruled
out.

A somewhat enigmatic oil pool in the Cambrian Dead-
wood Formation in the Newporte Field in Renville County,
North Dakota is worth mention in this regard (Clements and
Meyhew, 1979) (Figure 14). This pool, discovered in 1977,
was the first Cambrian producer in the basin and marked
the first deep production east of the Nesson Anticline on the
northeast flank of the basin. The discovery resulted in leas-
ing activity over much of the northeastern flank of the basin,
including southwestern Manitoba. A second pool with similar
oil and analogous trapping conditions has yet to be found
elsewhere in the basin. The geochemical signature of the oil
at Newporte does not match any of the known Williston
Basin oil families (Osadetz, pers. comm.). The distinctive
composition of this oil, along with the pool's unique strati-
graphic and structural setting, illustrates that assessment of
the potential of an area within the context of known oil-
source systems and known reservoir analogs has limita-
tions. It is clear that whatever combination of source, migra-
tion, and trapping that resulted in the Newporte pool may
have significant implications on the potential of southwest-
ern Manitoba, 48 km (30 mi) further up-dip on the northeast-
ern flank of the basin.

In summary, the migration characteristics of Williston
Basin oil-source systems and the occurrence of numerous
shows in the pre-Mississippian of southwestern Manitoba
suggest evidence that these strata have been charged with
hydrocarbons from deeper basinal sources. The strati-
graphic distribution of these shows is consistent with that
elsewhere in the basin and appears to reflect oil charge
from known Williston Basin oil-source systems. The possibil-
ity that other, poorly understood, oil-source systems may
also have contributed to the potential of this area must be
considered.



1.

CONCLUSIONS

The Pre-Mississippian strata of southwestern Manitoba
comprises a wedge of sediments that attain a maximum
thickness in the southwestern corner of the province,
and are progressively truncated to the east and north.
This erosional truncation forms a series of progressively
older subcrop and outcrop belts towards the northeast.
These strata contain numerous beds that have reservoir
characteristics comparable to productive stratigraphic
equivalents elsewhere in the Williston Basin.

. Southwestern Manitoba is favorably situated for the oc-

currence of stratigraphic and structural features neces-
sary to provide trapping mechanisms. Limited deep dril-
ling has revealed numerous examples of geological con-
ditions analogous to those instrumental in providing trap-
ping mechanisms in typical pre-Mississippian Williston
Basin play types.

. Known Williston Basin oil-source systems are generally

characterized by long-distance lateral migration of oils
from the center of the basin to the up-dip flanks. The
large reserves of the Madison Group subcrop producing
province, located a long distance up-dip from the area of
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oil generation, attest to the excellent hydraulic character-
istics of the northeast flank of the basin. Pre-Mississippian
oil-source systems appear to exhibit similar migration
characteristics. This bodes well for the prospect of oil
charge into the up-dip, basin-flank areas, such as south-
western Manitoba.

. The limited deep exploration to date in southern Mani-

toba has yielded numerous shows in the form of oil
stains on cuttings and cores. The stratigraphic distribu-
tion of these shows is consistent with that of pre-
Mississippian pools elsewhere in the Williston Basin.
These shows may be direct evidence of long-distance
migration of oils into the pre-Mississippian strata of Man-
itoba from central basin source rocks.

. There is evidence that reservoir development, trapping

mechanisms, and hydrocarbon charge are present in the
pre-Mississippian strata of southwestern Manitoba. Po-
tential exists for large reserves of high-quality oils at rel-
atively shallow depths. This area has been very sparsely
explored and offers a somewhat unique and exciting ex-
ploration opportunity.
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