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INTRODUCTION

The Bakken Formation Is a thin, relatively uniform
clastic unit that liles between the red doiomitic
sitstones and shales of the Upper Devonian Lyleton
(Three Forks) Formation and the carbonates of the
Mississippian Lodgepole Formation (Souris Valiey
Beds). The unit as formally defined Is restricted to the
subsurface of the Williston Basin Iin southern Sas-
katchewan/southwestern Manitoba in Canada and
northeastern Montana/western North Dakota in the
United States. in type section (Nordquist, 1953) the
Bakken consists of two, thin, radioactive, fissile biack
shale members separated by a very fine-grained cal-
careous, light grey to grey-brown sandstone, slitstone
or doiomite member.

Recent exploration in southwestern Manitoba has
led to the discovery and subsequent development of
several ol occurrences within the middie
(siitstone/sandstone) member of the Bakken Forma-
tion. The discovery and development of oil production
within the Bakken has prompted the need for a com-
prehensive examination of the formation.

The study presented Is a preliminary review of
the regional geology and petroleum potential of the
Bakken Formation in southwestern Manitoba.
Stratigraphic relationships, lithologic character and
lateral varlations of the formation are discussed. A
brief discussion of weil log characteristics and iden-
tification of correlation probiems of the formation are
also presented. Aspects of the formation from an
economic standpoint are considered.

STUDY AREA

The area of study covers approximately 18 250 km?
(7,100 sq. mi.) along the northeastern fiank of the
Wiiliston Basin from Townships 1 to 18 and Ranges 19
to 29 WPM of southwestern Manitoba (Fig. 1).

Data avallable up to December 31, 1987, from
434 weilis drilied Into or through the Bakken Formation,
were incorporated Iinto the study. Cores from a total of
six welis were examined.
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GEOLOGICAL SETTING

Southwestern Manitoba is located on the north-
eastern flank of the Wiiliston Basin. Rocks of Paleozoic
and Mesozolc age occur in this region forming a
basinward-thickening sedimentary wedge dipping to
the southwest. Strata within the Paleozolc and
Mesozoic section of Manitoba are truncated by several
unconformities.

A major angular unconformity separates the
Paleozoic from the Mesozolc strata and probably rep-
resents one or more periods of erosion that occurred
from late Mississipplan to early Jurassic time. During
this interval, Paleozolc strata In the northeastern part
of the basin were uplifted and differentiaily eroded,
while strata in the southern portion of the basin under-
went relatively slight uplift (McCabe, 1959). Succes-

sively older Paleozoic strata were progressively trun-
cated toward the basin margin. Deposition resumed
during Mesozoic time when a thick sequence of Juras-
sic and Cretaceous strata was deposited on the
eroded Paleozolc surface.

Within the Paleozoic Itself, an unconformity
separates Devonian and Mississipplan strata and rep-
resents a perlod of uplift and erosion which occurred
from late Devonlan to early Mississipplan time. During
that intervai Devonian strata were uplifted and exposed
along the basin margins, while deposition continued in
the deeper, central portions of the basin. Mississipplan
sediments were deposited on the eroded Devonian
surface foliowing this period of erosion (Sandberg,
1964).



STRATIGRAPHY

The Bakken Formation is a thin, widespread clas-
tic unit stratigraphicaily positioned between the car-
bonates of the Mississipplan Madison Group and the
red, dolomitic shales and siits of the Upper Devonian
Three Forks (Fig. 2). The unit Is formally defined
(Nordquist, 1953) as: the stratigraphic intervai between
9,615 and 9,720 feet In the Amerada Petroleum Cor-
poration - H.O. Bakken No. 1 deep test C SW NW
sec. 12, T. 157 N., R. 95 W., Wiilllams County, North
Dakota. At its type locality the total thickness of the
Bakken is 105 feet and Is divided into three members:
"...a lower biack, fissiie, calcareous shale (25 feet); a
middie light grey to grey brown, very fine-grained cai-
careous sandstone, interbedded with minor amounts
of grey-brown cryptocrystaliine limestone (60 feet);
and an upper biack, fisslle, caicareous shaie (20 feet)."

The stratigraphic units of the Bakken Formation
exhibit an onlapping depositional relationship, each
successively younger member extensively overiapping
the oilder member. The three members of the Bakken
Formation converge and thin toward the margins or
marginal sheif areas of the Wiiliston Basin. In marginai
areas of the basin, such as eastern Saskatchewan and
southwestern Manitoba, the lower Bakken shale Is
absent.

in southwestern Manitoba the Bakken Formation
Is stratigraphically positioned above the Lyieton For-
mation of the Three Forks (Upper Devonian) and
beiow the Lodgepole Formation of the lower Madison
(Mississippian). The Bakken has been informally sub-
divided in Manitoba into the three members described
in type section: the lower member, the middie member
and the upper member.

The upper and middle members of the Bakken
are present throughout most of the study area. The
lower member Is present only iocally in the Waskada
area. It Is absent throughout most of the map area due
to the overstep of the overlying middie member.

The Bakken Formation subcrops along the north-
eastern portions of the map area, where it Is unconfor-
mably overiain by the Lower Amaranth "Red Beds" of
Jurassic age.

AGE AND CORRELATIONS

a) Lyleton Formation

The Lyleton Formation is a mappabie unit within
Manitoba correlative with the Three Forks Formation of
North Dakota and with the iower part of the Three
Forks Group of Saskatchewan.

The unit was designated by Allan and Kerr (1950)
to describe the red dolomitic shaies and siltstones that
overiie the carbonate strata of the Devonian and un-
derlle the bituminous black shale of the Bakken In the
Robert Moore No. 1 weli, 5-20-1-27 WPM, of south-
western Manitoba. Usage of the term Lyleton Forma-
tion, as described, is limited to Manitoba.

b) Bakken Formation

The Bakken Formation of southwestern Manitoba
Is correlative with the Bakken Formation, as formally
defined throughout the Williston Basin, and with the
Exshaw Formation of Aiberta.

The Bakken Formation has been placed by
several workers in either the Mississipplan (Kinder-
hookian) or the Upper Devonian. Christopher (1961)
placed the Devonian-Mississipplan boundary within the
Bakken, at the contact between the middie and lower
members. Recent work by Holland et al. (1987) sug-
gests that the boundary be placed within the middie
member of the Bakken.

in this report the Bakken has been inciuded as
the basal unit of the Mississipplan sequence. The
Devonian-Mississipplan boundary is inferred as the
contact between the base of the Bakken Formation
and the top of the Lyleton Formation. Throughout
most of the area studied the contact between the Bak-
ken and Lyleton appears to be unconformabie.

c) Lodgepoie Formation

The Lodgepole Formation, as commonly used in
Manitoba, is equivaient to the Bottineau Interval
(Lodgepole) of North Dakota and the Souris Valley
Beds of Saskatchewan.
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Figure 2: Stratigraphic Correlation Chart.



in southwestern Manitoba, a distinct, discon-
tinuous shale unit is developed within the basal portion
of the Lodgepole Formation. The unit, known as the
Routiedge Shale Facles, Is stratigraphically positioned
above the Bakken Formation In Manitoba, and Is
belleved to be the lateral facles equivaient of the iower
portion of the Scalilon Member, a basal member of the

Lodgepoie Formation (Stanton, 1958). The occurrence
of the Routiedge Shale Facies In Manitoba is limited to
the Virden and Luiu Lake areas (McCabe, 1959). The
Routiedge Shale Facles Is correlative with an
equivalent shale unit in north-centrai North Dakota,
known as the Carrington Shale Facles (Bjorlie and
Anderson, 1978).



LITHOLOGY

Relatively few wells drilled into or through the
Bakken Formation In Manitoba have cored the Bakken.
Drill cuttings from the Bakken are of poor quality and
are poorly recovered. Consequently, little lithologic In-
formation is avallable. For this report drill cuttings
were not examined; however, a select number of cores
were described and are inciuded In Appendix I. An
Index of core and driil stem tests of the Bakken and
Lyleton Formations Is included in Appendix Ii.

UNDERLYING FORMATION (LYLETON)

Throughout the map area, the Bakken Formation
Is underiain by the Lyleton Formation of Upper
Devonian age. The Lyieton Is composed of red
dolomitic shales and siitstones.

The upper contact of the Lyleton Is easily recog-
nized in the Waskada area of the study, where the
lower Bakken shale occurs. The contact between the
Bakken and Lyleton Is Identified In this area by the
abrupt change In lithology from the red, argiliaceous
sediments of the Lyieton to the black shale of the
lower member of the Bakken.

in most of the map area, however, the middie
member directly overlles the Lyleton. The contact be-
tween the middie member and the Lyleton Is difficuit to
determine due to the lithoiogic simiiarity of the units.
The Bakken-Lyieton contact Is defined by the coiour
change from the red slity arglilaceous dolomite of the
Lyleton to the greenish-grey arglilaceous and dolomitic
slitstone and sandstone of the Bakken (Petrie, 1956).

The contact between the Bakken and Lyleton ap-
pears to be unconformable where the lower shale Is
absent. Several Indicators of a pre-Bakken unconfor-
mity exist. The absence of the lower black shale sug-
gests that there was a break In sedimentation or
erosional hiatus between the Bakken and Lyleton
(McCabe, 1959). Where the lower shale Is missing,
truncation of marker beds within the Lyleton itseif indi-
cates a pre-Bakken unconformity. intraformational
breccia beds occurring at the base of the middie Bak-
ken also Indicate an erosional or non-depositionai
break between the Bakken and Lyleton (McCabe,
1959).

In the Waskada area, however, where the lower
Bakken shale is present, It is uncertain whether the
contact between the Bakken and Lyieton Is unconfor-
mable. The limits of the iower shale may or may not
have been modifled by erosion prior to, or during
deposition of the middie member.

BAKKEN FORMATION

a) Lower Member

The lower member of the Bakken occurs locally
in the Waskada area and consists of black to
brownish-biack, fisslle, non-calcareous, radioactive
shale. Its lithology Is essentiaily identical to that of the
upper member. Contacts with the underlying Lyleton
Formation and overlying middie member of the Bakken
are sharply defined.

b) Middie Member

The iithology of the middie member varies from
slitstone to very fine- to fine-grained and medium-
grained sandstone. Much of the unit is dolomitic and
arglilaceous. The matrix consists of dolomite or
dolomitic shale. Sorting varies from very well to poor.
Colouration varles from light greenish-grey to reddish
and purplish-grey.

individuai grains are composed predominantly of
quartz. The slit-sized grains are generaily angular to
subanguiar, whereas the coarser grains are sub-
rounded. Grain size of the sediments increases in the
northern and eastern portions of the map area. Within
the northern portion of the study area the sediments
generally consist of doiomitic slitstone grading to fine-
to medium-grained sandstone at the base (McCabe,
1959). intergranular porosity Is best deveioped within
the coarser grained iaminae of the middie member.

The middie member Is often structureless or finely
laminated and, In places, exhibits crossbedding or
contorted bedding (McCabe, 1959). in several welis in-
traformational brecclas and conglomeratic zones have
been noted at, or near the base of the unit which may
represent diastemic and/or erosional breaks within the
middie Bakken (Petrie, 1956; McCabe, 1959).

¢) Upper Member

The upper member generally consists of a black
to brownish-black to dark grey, fissile, radioactive,
non-calcareous shale essentially Identical in lithology
to the lower member. in the northern part of the map
area the upper member is red or purplish-red
(McCabe, 1959).

The contact with the underlying middie member
is sharply defined. The contact with the overlying
Lodgepoie iimestones Is also generally sharp, except



in areas where the upper member Iis overialn by the
black shale of the "Routiedge Shale Facies".

"ROUTLEDGE SHALE FACIES"

The Routiedge Shale Facles occurs locally above
the upper Bakken shale in the Virden and Luiu Lake
areas of the study. The unit, as defined by Stanton
(1958) Is represented by the stratigraphic interval be-
tween 2,230 and 2,307 feet in the Chevron Routledge
Prov. 13-29-9-25 WPM well and consists of black to
dark grey, fissile, calcareous shale. The lithology of the
Routledge shale Is Indistinguishable from that of the
upper Bakken shale.

Differentiation between the units of the Routledge
and upper Bakken shale Is based on gamma ray log
response. The upper Bakken shaie displays a higher
gamma ray log response than does the Routiedge.

OVERLYING FORMATION (LODGEPOLE)

The Bakken Formation Is conformably overlain
by the fossliiferous, fragmentai limestones of the basal
Lodgepole Formation. Lithoiogies of the lower
Lodgepoie are extremely varlable due to the rapid
lateral facles changes of the formation. in most of the
study area the lower Lodgepole consists of a dark
grey arglliaceous limestone separated from the Bakken
shale by a thin bed of clean limestone. In the eastern
portions of the mapped area the clean cherty lime-
stone of the Scaillon Member of the Lodgepole Forma-
tlon overiles the Bakken. in the Virden and Luiu Lake
areas the upper Bakken shale is overlain by the Rout-
ledge Shale Facles.

WELL LOG CHARACTERISTICS

The upper and lower shales of the Bakken are
excellent lithologic markers. The distinct well log sig-
nature created by these shales Is associated with the
high uranium and organic content of these units. Both

shales are characterized by extremely high gamma ray
log Intensity and high density-log porosity responses,
which are recognized over much of the Wiillston Basin.
The upper and lower limits of the Bakken Formation
are determined on gamma ray logs by the charac-
teristic response of the two shales.

The contact between the Bakken and Lyleton Is
easlly recognized In the Waskada area where the
lower shale Is locally developed (Fig. 3).

However, In most of the area studied, where the
lower shale Is absent, it Is difficuit to determine the
base of the Bakken. The contact between the middie
member of the Bakken and Lyleton Is defined by a
deflection on both the gamma ray and neutron-density
porosity logs. The gamma ray log alone cannot be
used as a reliabie Indicator, as middie Bakken sedi-
ments within the study area display an abnormalily
high radioactivity response (Fig. 4).

In older wells, where only the SP and resistivity
logs are avallable, it Is difficult to determine the
Bakken-Lyieton contact. The SP response is generally
weak throughout the section. The resistivity shows
minor changes, and Is used to select the Lyleton top.
The Bakken-Lyleton contact Is a tenuous pick at best,
and subject to interpretation.

The upper limit of the Bakken Formation Is easlly
defined Iin the map area where the Scalllon Member of
the Lodgepole Formation directly overlies the upper
Bakken shale. The Scalllon Member is Identified by a
distinctive blocky SP response. in areas where the
Routledge Shale Facles Is locally developed within the
Scallion Member, the gamma ray iog Is used to iden-
tify the Bakken-Lodgepole contact. The gamma ray log
response of the upper Bakken shale is considerably
higher than the response of the Routiedge Shale
Facles. The contact between the Bakken and Rout-
ledge Is placed at the top of the zone of highest
radioactivity (Fig. 3).
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Figure 3: Composite reference section for areas where the lower member of the Bakken and the
"Routledge Shale Facies" are present, showing generalized stratigraphic column.
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DEPOSITIONAL ENVIRONMENT

MISSISSIPPIAN SEQUENCE
(Williston Basin)

The lower Mississipplan, or Madison sequence,
of the Wiiliston Basin represents one complete
sedimentary mega-cycle of marine transgression and
regression. The vertical sequence of the Mississippian
can be described as shallow water sediments that
pass upward Into deeper water deposits and end In
shallow water and continental sediments. The cycle
began with the advance of Mississipplan seas from the
west or northwest over the slightly eroded sediments
of the Devonlan. Basal black shales and siitstones of
the Bakken Formation were first deposited. Rapid sub-
sldence within the basin resuited in the deposition of
the predominantly arglliaceous limestones of the
Lodgepole Formation.

As the rate of subsidence decreased during
Mission Canyon time, fragmental and oolitic lime-
stones were deposited. Cyclical fluctuations in sea
level at that time had a major effect on sedimentation.
During perlods of shallow water a regressive sequence
of fringing blostromal and calcarenite shoals were
formed, while evaporites and clastics were deposited
in marginal lagoons. Widespread deposition of lime-
stone occurred during periods of deeper water. The
marginal lagoonal evaporite facies continued regres-
sion Into the basin during Misslon Canyon and early
Charles time, as the rate of subsidence Iin the Wiiiiston
gradually decreased.

During late Charles time, the entire basin became
restricted and evaporites were deposited throughout.
Halite beds were deposited during latest Charles time
In the central portions of the basin. Subsequent to the
deposition of halite, Mississippian seas compietely
withdrew from the basin and the non-marine
sandstone beds of the Kibbey Formation of the Upper
Mississipplan were deposited, terminating the
sedimentary cycie (Kent 1984; McCabe, 1959).

BAKKEN FORMATION
(Southwestern Manitoba)

Subsequent to the withdrawal of Devonian seas
from the Wiiliston Basin during late Devonian time,
minor eroslon of the Lyleton sediments occurred in
marginal areas, such as southeastern Saskatchewan
and southwestern Manitoba.

The cycle of Mississipplan sedimentation com-
menced with the advance of Mississipplan seas from
the west (probabiy the Cordilleran region) over the

1"

slightly eroded, red, dolomitic shales of the Lyleton
Formation (Balllle, 1953; Kume, 1963). Biack
bituminous shales of the lower Bakken member were
deposited over much of the Williston Basin.

in southwestern Manitoba the lower Bakken
shale Is generally absent, but occurs locally In the
Waskada area. The nature of the lower Bakken shale
suggests that deposition was in very quiet, poorly
oxygenated waters. Fossll assemblages noted within
the organic content of the lower shale Indicate shai-
low-water conditions of deposition (Holland et al.,
1987). The lithologic constancy of the Bakken shales
implies & uniform environment of deposition. The most
probable environment of deposition of the Bakken
shales, as proposed by McCabe (1959), Is a restricted
marine swamp.

The deposition of the lower Bakken shales was
followed by an influx of clastics of the middie Bakken
member. The sediments of the middie member were
Introduced Into the WiIlliston Basin Iin response to
minor tectonic uplift and erosion of the stabie,
peripheral areas. Fine- to medium-grained sands and
slits of the middie member were deposited throughout
southwestern Manitoba during this minor transgres-
sional period as a thin, blanket deposit (McCabe,
1959).

The sedimentary features noted within the unit,
Including cut-and-fill and crossbedding, suggest that
the middle member was deposited under shaliow
marine to possibly terrestrial conditions (McCabe,
1959). The abundance of brachlopod fossils within the
middie member suggests a marine to nearshore
marine environment of deposition (Kume, 1963;
Holland et ai., 1987).

During middie Bakken time, restricted, reducing
conditions prevalled In all but the northern portions of
the map area. To the north, shailow-water, nearshore
oxidizing conditions prevalled, as Is Indicated by the
red colouration of sediments; increased grain size; and
cut-and-fll and crossbedding sedimentary features
(McCabe, 1959).

The source of Bakken clastics is difficuit to deter-
mine. it is uniikely that the sediments were derived
from the underlying Lyleton sediments. The middie
Bakken consists primarily of weii rounded, quartzose
sands and siits. The underlying Lyieton sediments
generally have a iower content of coarse clastics than
the Bakken. The medial sands and siits of the Bakken
may have been derived from elther early Paleozoic
sediments or Precambrian rocks (McCabe, 1959).



The deposition of the middie Bakken member
was followed by a re-establishment of the stagnant,
swamp conditions under which the upper Bakken
black shale was deposited. Mississipplan seas ex-
tended throughout the map area during this time, as is
indicated by the widespread extent of the upper Bakken
shale.

Argililaceous limestones of the Lodgepole Forma-
tion were deposited during the major marine trans-
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gressional period that foliowed Bakken sedimentation.
in isolated areas of Manitoba a thickened black shale
section ("Routledge Shale Facles") developed within
the basal portion of the Lodgepole Formation. The unit
is believed to represent the back-reef facles of several
reefs or shoals developed during this period (Bjorlie
and Anderson, 1978).



THICKNESS

The total "tectonic” subsidence that occurred
during Bakken-Lyieton time, ellminating any effects of
erosional topography, Is represented by the isopach of
the total Bakken-Lyleton interval (Fig. 5; in pocket).
The total Bakken-Lyieton Isopach Is particularly useful
In understanding the compliex sequence of sait col-
lapse events that occurred during that time-
stratigraphic interval. it Is defined by two marker beds
- the top of the Nisku and the top of the Bakken.

The Isopachs of the total Bakken-Lyleton general-
ly trend north-northwest (Fig. 5; in pocket). The total
Bakken-Lyleton thickness Increases relatively uniformiy
toward the western edge of the map area. The average
total combined thickness of the two formations Is 35
metres. Maximum combined total Bakken-Lyleton
thickness reaches 96+ metres in the Waskada area.
Local anomalies, notably those in the Waskada area,
and north of the Virden Fleld, are superimposed on the
regional pattern.

BAKKEN FORMATION

The total Bakken Formatlon averages 6 metres in
thickness (Fig. 6; in pocket). it reaches a maximum
thickness of 35 metres In the Waskada Fleld area
where the iower shale member Is locally present. Local
Isopach thicks and thins of the totai Bakken Formation
within the map area trend generally northwest-
southeast. The Bakken is absent locally in wells at
14-17-2-22 WPM and 8-31-2-23 WPM. it subcrops In
the northeastern portion of the map area.

The lower member of the Bakken Formation rep-
resents the smallest portion of totai Bakken thickness.
The lower member reaches a maximum thickness of
13 metres In the Waskada area where It locally occurs
(Fig. 6; In pocket).

The isopach pattern of the middie member
resembies that of the total Bakken isopach (Fig. 7; In
pocket). isopach trends are northwest-southeast. The
most significant changes in thickness of the Bakken
Formation accur within the middie member, which rep-
resents a large portion of the total Bakken Isopach.
Average thickness of the middie member Is 4 metres.
Maximum thickness of the middie member reaches 16
metres In the Waskada area.

The thickness of the upper member Is relatively
uniform throughout the map area, averaging 2 metres
(Fig. 8; In pocket). Maximum thickness of the upper
member reaches 18 metres In the Waskada area.
Isopach trends of the upper member, as for those of
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the middle member and total Bakken Isopachs, are
generally northwest-southeast.

The nature of the thickness variations aof the Bakken
can be determined through examination of a series of
stratigraphic cross-sectlons constructed for the study
(stratigraphic cross-sections: C-C’, D-D’, E-E’ and
F-F’; in pocket).

The cross-sections show that, In general, varla-
tion In thickness of the Bakken, specificaliy the middie
member, is due primarily to differential erosion of the
underlying Lyleton Formation., The thickest Bakken
deposits occur In erosional lows on the Lyleton For-
mation. A good example of the effects of differential
erosion Is shown by the west-east stratigraphic cross-
section C-C’ (in pocket). in the well at 3-5-9-19 WPM
on the eastern end of C-C’, the middle member has
been thickened at the expense of the underlying
Lyleton Formation by differentiai erosion. Markers
within the Lyieton lilustrate the extent to which the
Lyleton has been eroded. Similar examples of differen-
tial erosion are also evident In stratigraphic cross-
sections D-D’, E-E’ and F-F’ (in pocket).

Varlations in thickness of the Bakken may also
possibly be due, in some piaces, to subsidence. This
is best shown by the west-east stratigraphic cross-
section E-E’ (In pocket). The weil at 13-2-16-29 WPM
on the western end of E-E’ shows considerabie thick-
ening of the middie member, and comparabie thicken-
ing of the total Bakken-Lyleton Interval, in comparison
to adjacent welis. Subsidence appears to have oc-
curred at this location during deposition of the middie
member, resuiting in a thickened middie Bakken section.

Evidence suggestive of subsidence during
deposition of the middie member Is also seen in the oll
producing area of the Daly Fleid, as shown by the
stratigraphic cross-section D-D’ (in pocket). Wells at
both 13-21-10-29 WPM and 3-27-10-29 WPM on the
western end of D-D’, show thickening of the middie
member along with comparabie thickening of the total
Bakken-Lyleton intervai, as compared to that of the
well at 5-29-10-28 WPM to the east. Similar examples
suggestive of subsidence are aiso evident In
stratigraphic cross-sections C-C’ and F-F' (in pocket).

ANOMALIES - EFFECTS OF SALT COLLAPSE

Several local anomalies are superimposed on the
regional Isopach patterns throughout the map area.
Significant local variations in thickness have been
noted within the Bakken sectlon in each of the three



Individual members, and within the Lyleton section.
The greatest varlations occur in the Waskada area,
where as much as 26 metres has been added to the
total Bakken and over 79 metres added to the Lyleton.
Local thickening also occurs north of the Virden Fleid
where 43 metres has been added to the Lyleton For-
mation.

The anomalous thicks noted within the map area
reflect deposition during highly locallzed events of
subsidence. These localized events are belleved to be
the result of the dissolution of Devonian salts and
resuitant collapse of overlying strata during Bakken
and Lyleton sedimentation.

The most direct evidence of sait collapse occurs
within the Waskada area of the study. The thickening
of the Bakken section, and complementary thinning of
the underlying Devonian Prairie Evaporite section In
the Waskada area, Is belleved to be the result of sait
collapse during early Bakken time. The local occur-
rence of the lower Bakken shale in this area may also
be accounted for by early Bakken sait collapse.

Stratigraphic cross-sections A-A’ and B-B' (in
pocket) lllustrate the variations In thickness of the
Bakken-Lyleton on a detalled individual well basis. The
individual units affected by sait collapse are identified
on the total Bakken-Lyleton Isopach map (Fig. 5; In
pocket). The most dramatic variation in thickness Is
seen in the well at 16-35-2-24 WPM where 26 metres
of sand, belleved to be equivalent to the "Sanish
Sand", a locai unit found deeper in the Wiillston Basin,
Is developed In the upper portion of the Lyleton. The
lacal thickening of the Lyleton and individual members
of the Bakken suggests that sait solution was not a
singie event, but rather a muitiple stage event during
Bakken-Lyieton time that resulted in a complex
isopach pattern.

The local Isopach thicks within the Waskada area
are structurally high, indicating that a later sait col-
lapse event occurred In surrounding areas, possibly
during post-Mississipplan pre-erosion time. The
erosion that followed this late salt collapse event
resulted In the partial truncation of these structurai
highs at the Mississipplan unconformity.

Evidence of thickening due to sait solution Is
also Indicated In other areas of the study. in wells at
both 5-3-4-256 WPM and 6-24-12-26 WPM the Lyleton
section has been thickened, possibly due to solution
of underlying Devonian salts and resuitant collapse
during Lyleton sedimentation. it appears, as at Was-
kada, that a later collapse event occurred In the areas
surrounding the well at 5-3-4-25 WPM, possibly during
post-Misslissipplan pre-erosion time. in this well, strata
from the top of the middie Bakken up through the Mis-
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sissipplan are all structuraliy high In comparison to
surrounding welis. The erosion that followed the late
event of salt collapse at this location resuited In the
partial truncation of this structural high at the Missis-
sipplan erosion surface.

Sait solution at 6-24-12-26 WPM appears to have
been a single event. There is no evidence of a struc-
tural high at this location Indicating later collapse In
surrounding areas.

The absence of the Bakken section within the
wells at 14-17-2-22 WPM and 8-31-2-23 WPM may also
relate to salt collapse. The underiying Devonian and
overlying Mississipplan sections are disrupted in both
of these welis, possibly the resuit of later salt collapse
and conseduent fauiting of the Devoniah-Mississipplan
section. it Is uncertain whether the absence of the
Bakken section In these wells Is related to the struc-
tural disturbance In this area, or to non-deposition.

in a well at 8-13-5-29 WPM, southeast of the
Tilston Field, correlations throughout the Devonian-
Mississipplan section are obscured by what also ap-
pears to be a late sait collapse and consequent fauit-
ing event.

Sait soiution and collapse has been invoked by
other authors to explain the local structurai and
Isopach anomailles affecting shallower Mississipplan
strata In southwestern Manitoba. in the Daly and Vir-
den Fleld areas McCabe (1959) attributed the origin of
local structural iows In Lodgepole strata to siump fold-
ing and minor fauiting due to solution of underlying
Devonian sait and collapse of overlying Mississipplan
strata. Rodgers (1986) related the structural com-
piexity within the Waskada Fleid to muitiple stage solu-
tion and collapse of Devonian saits during post-Missis-
sipplan pre-erosion time.

a) Probable factors contributing to the localization
of sait collapse

The localized areas of sait coliapse that have
been described are aiigned along the Birdtali-Waskada
axis, a north-trending zone, approximately 32 km east
of the Saskatchewan border, along which numerous
local structure and isopach anomalies in the Devonian
and later strata are concentrated. The Birdtail-Was-
kada axis coincides with: the Churchili-Superior crustal
boundary; the western edge of the Winnipegosis fring-
Ing reef; and the present edge of the Prairie Evaporite
sait basin (McCabe, 1966).

Several probabie factors may have contributed to
the localization of the areas of salt collapse iIn
Manitoba. Sait collapse within southwestern Manitoba
may be a direct or Indirect resuit of minor tectonic



movement reiated to Precambrian basement features
(McCabe, 1966). "...the basement feature that appears
to have the greatest effect on the Paleozoic tectonic
framework Is the discontinuity or boundary zone be-
tween the Churchiil and Superior Precambrian provin-
ces" (McCabe, 1966). Minor movements along the
Churchiil-Superior crustai boundary had a direct effect
on sedimentation at various times during the
Paleozolc. Fracturing created by minor tectonic move-
ment along this boundary may have served to iocaliize
areas of sait solution. McCabe (1966) noted that the
thick underlying porous section of the Winnipegosis
reef or bank deposits couid have provided an aquifer
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for the circulation of formation waters which dissoived
the Devonian sait.

The numerous structural highs and lows and
isopach thicks resuiting from sait solution which are
concentrated along the Birdtall-Waskada axis have
been Important In controlling Upper Mississipplan
(Lodgepoie and Mission Canyon) oii accumulation
within the Daly, Virden and Waskada producing areas
of southwestern Manitoba (McCabe, 1963; Rodgers,
1986). The Paleozolc tectonic framework and related
sait coliapse features may aiso be Important in the
evaluation of oll accumuilation within the Bakken For-
mation.



STRUCTURE

Structure on the top of the middie member of the
Bakken (Fig. 9; in pocket) Is faifly reguiar In the map
area, and foliows the regional Paleozoic tiit. The
regional dip Is to the southwest and averages 6
metres/km (structural cross-section DD-DD’; in pocket).

Several features depart from the relatively
uniform regional pattern of the middie member. The
Virden and Daly Fields are separated by a prominent
north-south trending syncline which lies along the
Birdtall-Waskada axis. Within the Daly Fleid itseif,
several minor closed structural highs are present
which are coincident with areas of Bakken production.
Within the Waskada Fleid a minor structural nose
plunging south-southwest is coincident with areas of
anomalous Bakken and Lyleton thickening. Several
closed lows are also seen within the map area, notably
at 8-13-5-29 WPM and at 4-32-3-25 WPM.

HARTNEY ANOMALY

in Township 5, Range 24 WPM of the study area
a clrcular structural anomaly, approximately 10 km in
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diameter, Is present near the town of Hartney. The
anomaly Is an upralsed dish-shaped structure consist-
ing of a highly disturbed, centrai uplift surrounded by
a ralsed rim and Is beileved to be a meteorite Impact
crater or astrobleme of late Jurassic to early
Cretaceous age (Anderson, 1980; Sawatzky, 1977).

Strata from the Precambrian to the top of the
Blairmore marker of Cretaceous age have all been
structurally disturbed in the area. "... Mississippian
strata around the fianks of the anomaly are thrust over
each other several times and In piaces are overturned.
Mississipplan-aged rocks are missing from the centre
of the anomaly. Devonian-aged rocks are Intensely
brecclated and fauited, but are present within the core"
(Anderson, 1980).

The map outline of the feature (Fig. 9; In pocket),
as defined by Anderson (1980) Is derived through sels-
mic Interpretation. Contouring has not been shown
within the outiine due to the complex structural nature
of the feature.



ECONOMIC CONSIDERATIONS

The Bakken Formation has been documented as
an excellent petroleum source rock within the Wiliiston
Basin and has, in some localities, been established as
a producing zone. In the U.S. portion of the basin the
most notable production has been obtained from the
Anteiope Field in North Dakota. The most significant
production in the Canadlan portion of the basin has
been obtained In Saskatchewan at Roncott and
Rocanvllle,

Recent exploration in the Daly Fleld of south-
western Manitoba has led to the discovery and sub-
sequent development of several oll pools within the
middle member of the Bakken Formation (Fig. 17).

The first pool, Daly Bakken ‘A’ (01 60A) estab-
lished production on October 25, 1985 foliowing the
Newscope Resources Limited discovery at 13-21-10-28 WPM.
The discovery weli was completed In the middle mem-
ber with 2 m of net p%y. Initial production for the first
year averaged 8.38 m°/day of 824 kg/m® (40.2° APi)
oll. Thirteen successful development welis have been
drilied within the Bakken ‘A’ Pool since that time,
tweilve by Newscope Resources Limited and one by
Voyager Energy Limited.

Five additional Bakken pools have been estab-
lished in the Daly Field since the initial discovery. in
total, 24 wells were active Bakken producers as of
December 31, 1987 and had produced 20 727.1 m®
(130,433.6 bbls) of oil and 9 692.7 m® (60,965.1 bbis)
of water. Table 1 summarizes the production for weiis
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drilled within the six Bakken poois of the Daly Fieid:
Bakken A, B, C, D, E and F.

OIL ACCUMULATION

The accumulation of oil within the Bakken pools
of the Daly Fleld appears to be controlied primarily by
stratigraphic factors. Accumulation is localized within
minor paleotopographic lows on the Devonian
erosional surface, where the thickest deposits of the
middle member occur. Porosity Is best developed
within medium-grained sandstones deposited within
the basal portions of the these paleotopographic iows.
The stratigraphic trap created by the lateral pinch-out
of the basal sandstones against the unconformity, In
combination with an upward fining to fine-gralned tight
sandstone is the primary factor In Bakken oil ac-
cumulation In the Daly Field (stratigraphic cross-section
D-D’; in pocket).

Bakken oll is aiso stratigraphically trapped, but to
a lesser extent, within the upper portions of the thick-
ened middle member, where porous sandstone inter-
beds have been pinched-out laterally against tight
slitstone.

Structurai factors are of secondary importance in
the accumulation of Bakken oli in the Daly Field. Minor
structural ciosure Is evident on some highs on the
middie member, as previously noted (Fig. 9; in pocket).



SASKATCHEWAN

Twp. 10

Twp. 09

DALY FIELD
3
a
3
[
Rge. 29w 1 Rge. 28v‘v—1‘ Rge. 27w1
FIELD/POOL DESIGNATIONS
(December 31, 1987)
FIELD & FIELD/POOL CODES
Daly (01) Bakken A 01 60A
Bakken B 01 60B
Bakken C 01 60C
Bakken D 01 60D
Bakken E 01 60E
Bakken F 01 60F

Figure 17: Plat of the Daly Field showing the location of Bakken ol wells and pools.
Structure contours (subsea elevations in metres) are on the top of the middle member of the Bakken.
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CONCLUSIONS

The Bakken Formation of southwestern Manitoba
Is a thin, widespread clastic unit that lies between the
carbonates of the Mississippian Lodgepole Formation
of the lower Madison, and the red dolomitic shales
and siitstones of the Upper Devonian Lyleton Forma-
tion.

The Bakken represents the basal portion of the
Mississippian sedimentary cycie of marine transgres-
slon and regression. In southwestern Manitoba,
deposition of the Bakken Is believed to have occurred
under shallow-water, restricted, marine conditions. The
fower and upper biack shales were deposited in stag-
nant, poorly oxygenated waters. The middie slitstone
was deposited during a minor period of transgression
(McCabe, 1959).

The upper black shale member and middie
(slitstone/sandstone) member of the Bakken are
present throughout most of the map area. The lower
shale member occurs only within the Waskada area. It
Is absent in most areas of the study due to the over-
step of the overlying middle member. The lithology of
the middie member varies from a slitstone to a very
fine- to fine-grained and medium-grained sandstone.
Grains are predomlnantly quartzose. The matrix con-
sists of dolomite or doiomitic shale. Intergranular
porosity is best developed within the coarser grained
beds of the middie member.

The upper and iower members of the Bakken
consist generaily of black to brownish-biack to dark
grey, fissile, radloactive, non-caicareous shales. Both
members of the Bakken are excelient lithologic
markers and can be easlly recognized on gamma ray
iogs by their high radioactive response.

The contact between the middie member and the
underlying Lyleton Formation is commonly difficuit to
recognize both lithologicaily and on well logs due to
the lithologic similarities of the two formations. In
locailities where the lower member is absent, the con-
tact between the Bakken and Lyieton is considered to
be unconformabie.

Structure on the middie member follows the
regional Paleozoic tiit dipping southwest at an average
of 6 metres/km.

The isopach trends of the Bakken Formation are
generaily northwest-southeast. The most significant
changes in thickness of the Bakken occur within the
middie member, which represents a major portion of
the total Bakken thickness. The middie member
averages 4 metres in thickness. The upper member
averages 2 metres In thickness. Sedimentation of the

Bakken Is controlied, in part, by the paleotopography
of the erosion surface of the underlying Lyleton For-
mation.

Local variations in thickness in both the Bakken
and Lyleton section are evident throughout the map
area. The greatest thickness variations occur in the
Waskada area where as much as 26 metres has been
added to the total Bakken, and over 79 metres added
to the Lyieton. These anomaliles are beiieved to be the
resuit of the muitiple stage solution of Devonian salts
and coliapse of overlying strata during Bakken-Lyleton
time.

Recent exploration in the Daly Field of south-
western Manitoba has led to the discovery and sub-
sequent development of several oll pools within the
middie member of the Bakken. As of December 31,
1987, the 24 producing wells within the six pools of
the Daly Field had produced 20 727.1 m® (130,433.6 bbis)
of oll and 9 692.7 m® (60,865.1 bbis) of water.

The accumuiation of oii within the Bakken poois
of the Daly Field appears to be controiled primarily by
stratigraphic factors. Accumuiation Is iocalized within
minor paileotopographic iows on the Devonian
erosional surface, where the thickest deposits of the
middie member occur. Porosity Is best developed
within medium-grained sandstones deposited within
the basal portions of these paleotopographic lows.
The stratigraphic trap created by the iateral pinch-out
of the basal, porous sandstone against the Devonian
unconformity, in combination with an upward fining to
fine-grained tight sandstone is the primary factor in
Bakken oll accumuiation in the Daly Field.

Structural factors are of secondary importance to
the accumuiation of Bakken oli in the Daly Field as is
evident by minor structural closure on highs on the
middie member.

RECOMMENDATIONS

The report presented is a preliminary study of the
regional geology and petroieum potential of the Bak-
ken Formation as it occurs in southwestern Manitoba.
Regional geologic aspects examined Inciude: the
generai stratigraphic reiationships, lithologic character,
correlations and lateral variations of the Bakken For-
mation. The effect of salt collapse on the depositional
processes of the Bakken and Lyleton Formations are
considered. A brief discussion of the economic
aspects of the Bakken, its expioration, development



and production history and nature of oll entrapment,
are aiso discussed.

The Information and Interpretation presented In
this report provide the basic framework for future
studies of the Bakken Formation as it occurs In south-
western Manitoba and may be applied to other areas
of the Wiillston Basin where the Bakken occurs.

The foliowing recommendations are proposed for
future studies of the Bakken Formation:

1. detalled petrologic examination of the for-

mation through: core examination; thin-
section petrography; scanning electron
microscopy and x-ray diffraction analysis;

*Note: With respect to recommendations 4 and 5, refer to:

Arbez, M,

. detalied lithofacles mapping of the forma-

tion;

. analysis of the reservoir characteristics of

the middie member with respect to
porosity/permeability and diagenesis;

. determination of average water saturations,

resistivities, porosities and permeabllities
of the reservoir;*

. detalied mapping of net pay and olil-in-

place within producing areas*; and

. paleontological evaluation of the Bakken

Formation and the Bakken-Lyiston con-
tact.

1988: Evaluation of the Daly Field Bakken Formation, Southwestern Manitoba: Manitoba Energy and Mines, Petroleum

Branch, Petroleum Open File Report POF 9-88.
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APPENDIX I: Core Descriptions

NEWSCOPE OPINAC DALY PROV. 9-20-10-28 WPM NEWSCOPE OPINAC DALY 11-21-10-28 WPM

879.0 - 897.0 m 872.0 - 890.0 m

Interval (m) Thickness (m) Description interval (m) Thickness (m) Description

Bakken (Upper Member) Bakken (Upper Member)

879.0 - 880.6 1.5 Shale: black, fisslle, 872.0 - 874.0 2.0 Shale: black, fisslle,
non-caicareous, bituminous. non-caicareous, bltuminous,

880.5 - 882.0 1.5 Shale: as above; grey-green, e I S

doiomitie.

Bakken (Middle Member)

874.0 - 875.4 1.4 : grey to cream,
dolomitic, subangular to
subrounded, some burrowing

Bakken (Middie Member) infilled with trace pyrite.
882.0 - 882.9 0.9 Sandstone: buff, dolomitlc, very 875.4 - 876.3 0.9 : greenish-grey,
fine-grained. dolomitic, very fine-grained,
882.9 - 884.4 1.5 Sandstone: tan to grey, FesibLgwing Intilecinth
dolomitic, very fine- to
fine-grained. 876.3 - 877.1 0.8 I : oream to light grey,
dolomitic, very fine- to
884.4 - 884.9 0.5 Sandstone: light grey, dolomitio, ¥
fine-grained, subrounded. fine-grained, st:'brounded.
877.1 - 877.6 0.5 Sandstone: buff to oream,
PR 23 Sandaione: tan to grey, siightly dolomitio, fine- to
olomitio, very fine- to medium-grained, subrounded.
fine-grained, subangular to
subrounded, trace pyrite. 877.6 - 877.9 0.3 8 : as above; fine- to
887.2 - 887.4 0.2 Shale: oream to buff, dolomitic, RO uAined:
trace pyrite. 877.9 - 878.6 0.7 : as above; light grey,
shale partings, convoluted
Lyleton bedding, trace pyrite, fair to
good Intergranular porosity,
887.4 - 888.3 0.9 Dolomite: buff tc light grey, patchy oll-staining.
L U T 878.6 - 879.0 0.4 Shale: grey-green, dolomitio,
888.3 - 892.4 4.1 trace pyrite.
: green, slity.
Dolomite: buff to brown, slity. Lyleton
802.4 - 897.0 4.6 Shale: rusty red, dolomitic. 879.0 - 881.3 23 Dolomite: grey, pyrite Infllling
some vugs, vuggy porosity.

881.3 - 885.7 4.4 Dolomitic Shale: grey-green,
slity.

885.7 - 890.0 4.3 Shale: rusty red, dolomitic,

27
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SUN et al BIRDTAIL CREEK
1705 - 1765’ (619.7 - 537.9 m)

interval (m)

Thickness (m)

APPENDIX 1 (Continued)

3-21-15-27 WPM

Description

Lodgepole

1705 - 1739’ 34’
(619.7 - 530.0) {(10.3)

Bakken (Upper Member)

1739 - 1739.3' 0.3’
(530.0 - 530.1) (0.1)
1739.3 - 1746.0’ 6.7’
(530.1 - 532.2) 2.1)

Bakken (Middlie Member)

1748.0 - 1747.78'  1.78’
{832.2 - 532.7) (0.5)
1747.75 - 1750.0' 2.25'
(532.7 - 533.4) 0.7)
17560 - 1757’ 7’
(533.4 - 535.5) 2.1)
1757 - 1758’ 1’
(535.5 - 535.8) (0.3)
Lyleton

1758 - 1765’ 7’
(535.8 - 537.9) 2.1)

Limestone: buff to grey, pink,
dense, mottled vuggy near
base, chert nodules 1-3" (2.5 -
7.6 om), dolomite near base.

Shale: light green, fisslie, waxy.

Shale: purple to grey, black,
massive, waxy, some hematite
staining.

Sandstona: pink to light grey,
dolomitic, very fine-grained to
slity, subangular to subrounded,
fine wavy bedding, brachiopods
near top, some hematite
stalning.

Sandstone: light grey to buff,
salt and pepper, dolomitic, very
fine- to fine-grained, subanguiar,
well sorted, wavy laminations
near middie, poor to falr
pinpoint porosity, good
oll-stalning where porosity
developed.

Sandstonse: grey to pinkish-
purple, dolomitie, fining
upwards from flne- to very
fine-grained to slity, subangular,
laminated throughout, hematite
stalned.

Sandstone: as above; salt and
pepper near base, very fine- to
fine-grained, dolomitic, friable,
subangular to subrounded.

Dolomite: grey to purple, mottied,
grey shale partings, slity,
laminated.
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CDCOG et al BIRDTAIL CREEK
1685 - 1750’ (513.6 - 533.4 m)

Interval (m) Thickness (m)

12-22-15-27 WPM

Description

Lodgepole
1685 - 1718’ 33’
(513.6 - 523.6) (10)

Bakken (Upper Member)

1718 - 1719’ 1’
(523.6 - 523.9) {0.3)
1719 - 1724.1' 5.1'
(523.9 - 525.5) (1.6)
Bakken (Middle Member)
1724.1 -1725.1' 1.0’
(525.5 - 525.8) (0.3)
1726.1 - 1728.1’ 3’
(525.8 - 526.7) {0.9)
1728.1 - 1728.7’ 0.6’
(526.7 - 526.9) 0.2)
1728.7 - 1730’ 1.3’
(526.9 - 527.3) (0.4)
1730 - 1732.6’ 2.6’
(527.3 - 528.1) (0.8)
1732.6 - 1734’ 1.4'
(528.1 - 528.5) (0.4)
1734 - 1738’ 4’
(628.5 - 529.7) (1.2)
Lyleton

1738 - 1741' 3’
(529.7 - 530.6) (0.9)
1741 - 1744’ 3’
(530.6 - 531.5) (0.9)
1744 - 1750’ 6
(531.5 - 533.4) (1.9)

Limestone/Dolomite: grey to
buff, mottied,some minor vuggy
porosity.

Shale: dark grey, fisslle, waxy,
slightly dolomitic.

Shale: purplish-pink, fisslle, waxy,
slightly dolomitie.

Siltstone: red to purple, dolomitlo,
arglllaceous, no visible porosity.

: tan to light brown,
very dojomitie slity to very
fine-grained, subangular to
subrounded, medlum scrting,
trace pinpoint porosity.

: tan, very fine-grained,
subanguiar to subrounded, poor
Intergranular poresity, uniformly
oll-stained near top.

Sandstone: sait and pepper ,
dolomitic, fine-grained,
subrounded, weli sorted,

Sandstone: tan, dolomitic, fine-

grained, well sorted, gcod
Intergranular porosity, good
oli-staining.

Siltstone: red to purple, dolomitic,
with shale blebs 0.5" (1.3 cm).

Sandstone: salt and pepper, very
fine-grained, slightiy sliity,
dolomitic, numerous green shale
partings, very dense.

Shale: pale green, banded with
thin slitstone beds, dolomitic.

Siltetone: yellow, grey, brown,
purple banded, arglliaceous,
dense, grades to slity shale near
base.

Shale: grey-green.



BISON BURMAH BIRDTAIL
1602 - 1742’ (515.7 - 531.0 m)

Interval (m)

Thickness (m)

APPENDIX | (Continued)

8-8-16-27 WPM

Descripiion

CDCOG et al BRDTAIL CREEK
1680 - 1730’ (512.0 - 527.3 m)

Interval (m)

Thickness (m)

11-9-16-27 WPM

Description

Bakken (Upper Member)

1692 - 1695.75'
(515.7 - 516.9)

1695.75 - 1697.0’
(516.9 - 517.3)

3.75’
(1.2)

1.25'
(0.4)

Bakken (Middle Member)

1697 - 1697.75’
(517.3 - 517.5)

1697.75 - 1608.25’
(517.5 - 517.6)

1698.25 - 1700.0’
(517.6 - 518.1)

1700 - 1700.75'
(518.1 - 518.3)

1700.75 - 1701.0’
(518.3 - 518.4)

1701 - 1701.8'
(518.4 - 518.7)

1701.8 - 1704.2’
(518.7 - 519.4)

1704.2 - 1706.5’
(519.4 - 520.1)

1706.5 - 1709.8’
(520.1 - 521.1)

1709.8 - 1712.2'
(521.1 - 521.8)
Lyleton

1712.2 - 1722.7’
(521.8 - 525.0)

1722.7 - 1739.5'
(525.0 - 530.2)

1739.5 - 1742’
(530.2 - 531.0)

0.75'
(0.2)

0.5’
(0.1)

1.75’'
{0.5)

0.756'
0.2)

0.25'
(0.1)

10.5'
(3.2)

16.8'
(5.2)
2.5'
(0.8)

Shale: purple and grey mottled,
siightly dolomitic, fisslle, waxy.

Shale: yeliow and grey mottied,
partly slity at base, sheli
fragments?

Siitstone: grey, dense,

argillaceous.

: reddish brown,
dolomitig, siity to very
fine-grained, shell fragments,
poor to fair Intergranular
porosity, some vuggy porosity.

Sandstone: buff to grey to
medium brown, dolomitic, very
fine- to fine-grained, subangular
to subrounded, well sorted,
trace fosslis, poor to fair
intergranular porosity, patchy
oll-staining.

Sandstone: grey, dolomitic, very
fine- to fine-grained, subangular
to subrounded, weil sorted,
good intergranuiar porosity.

Sandstone: reddish-brown, slity
to very fine-grained.

Sandstone: grey, dolomitic, very
fine - to fine-gralned, subangular
to subrounded, well sorted,
good Intergranular porosity.

8 : red and grey mottied,
dolomlitic, very fine- to
fine-grained, subangular to
subrounded, fair intergranuiar
porosity, poor pinpoint porosity.

Shale: greenish-grey mottled,
dolomitic, massive.

Siltstone: red, purpie, buff

mottied, dolomiltic, argliiaceous,

Siltstone: red, very doiomitic,
arglllaceous.

Shale: purple, mottied, slity.

Shale: brick red, dolomitic
massive.

Shale: grey, dolomitic, massive.

Lodgepole

1680 - 1688.7'
(512.0 - 514.7)

8.7’
2.7)

Bakken (Upper Member)

1688.7 - 1691.6'
(514.7 - 515.6)

1691.6 - 1694.9'
(515.8 - 518.8)

2.9’
(0.9)

3.3’
(1.0)

Bakken (Middie Member)

1694.9 - 1697.8'
(516.6 - 517.5)

1697.8 - 1701.2’
(517.5 - 518.5)

1701.2 - 1702.5’
(518.5 - 518.9)

1702.5 - 1703.6’
(518.9 - 519.2)

1703.6 - 1710.7'
(519.2 - 521.4)

Lyleton

1710.7 - 1717.0'
(521.4 - 523.3)

1717 - 1720’
(523.3 - 524.2)

1720.1 - 1726.3’
(524.2 - 526.1)

1726.3 - 1730.0’
(526.1 - 527.3)

2.9’
(0.9)

3.4'
(1.0)

Limestone: greenlish grey to pink,
green shale partings, dolomite
near base, vuggy porosity near
base, patchy oll-stalning.

Shale: light green, slightly
dolomitio, fissile, waxy.

Shale: purple to red at base,
finely laminated, hematite
staining.

Silistone: pink to yellow,
dolomitic, brachlopod
fragments, hematite In small
veiniets.

Sandstope: salt and pepper to
pink, dolomitic, very
fine-grained, subangular to
subrounded, finely laminated,
wavy bedding near base, some
hematite staining.

: buff to pink, slightly
dolomitic,hematite staining,
poor to fair pinpoint porosity,
moderate to good oll-staining
near base.

: buff, salt and pepper,
dolemitic, hematite staining,
marl-llke appearance, poor
pinpoint porosity.

Siltstone: light brown to buff,
pink, finely laminated near base,
some shale, light green, as
blebs 1-2" (2.5 - 5.0 om).

Dolomite: pink. light green, and
rust mottied, slity.

Shale: rust red, massive.

Shale: purple, light grey-green
mottled, dolomitlie, slity, finely
laminated.

Shale: rusty red, massive.



APPENDIX 1i: Index of Drill Stem Tests and Core for the Bakken and Lyleton Formations

Sources of Data;

Data Inoluded In this appendix have been obtalned from reports submitted by
the oll companles to the Petroleum Branch of Energy and Mines and from two
government publications entitied: "Index of Core and Sample Storage" and;
"Lower Paleazolo Drlll Stem Tests and Oll and Gas Shows, Bakken to
Precambrian”. Information Is complete up to and Including December 31,
1987.

Data are provided In imperlal and metric measurements.

List of Abbraviations:

Reo. - drlli stem test reoovery

0 - oll, olly

G - gas, gassy, gassified

QTS - gas to surface

w - water, watery

M - mud, muddy, drllling mud
F - flecked

S - salt, salty, sallne

GC - gas-out

ocC - oll-out

A - very

sl. - slightly

H - heavily

VO - valve open, flowing time during driil stem test
FP - flowing pressure

Si - shut-in time

SIP - shut-In pressure

BS&W -  basal sludge and water
Mect - thousand cublc feet
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