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STRATIGRAPHY

The Cretaceous sequence in North Dakota is divided, in agcending
order, into the Dakota, Colorado and Montana groups and the Hell Creek For-
mation. The Dakota Group consists, in ascending order, of four formations,
Inyan Kara, Skull Creek, Newcastle, and Mowry. The Colorado Grogip is di-
vided into, in ascending order, the Belle Fourche, Greenhorn, Carlile, and Nio-
brara formations. The Montana Group is divided into two formations; these
are, in ascending order, the Pierre and Fox Hills.

The subdivision of the Cretaceous System in Manitoba has lrecently
been re-established to adopt the nomenclature proposed by MecNeil ahd Cald-
well (1981). The nomenclature adopted herein for the Cretaceous formations
of Manitoba are, in ascending order, the Swan River, Ashville, Favel {Morden
Shale, Niobrara, Pierre Shale, and Boissevain.

In the following discussion, only the formation names are retained to
describe and compare Cretaceous strata in North Dakota and Manitgba (see
Stratigraphic Nomenclature Chart). These formations are discussed in stratig-
raphic order. Descriptions for the Fox Hills and Hell Creek formations jof North
Dakota and the Boissevain Formation of Manitoba are not presented.

Swan River Formation (Manitoba)

The Swan River Formation in Manitoba unconformably overliés rocks
of Jurassic and Devonian age. It occurs in two areas north and solth of a
broad belt (Townships 7 to 10) extending eastward from the Saskatchewan
boundary through the Virden area, to beyond the Brandon area (Bapnatyne,
1970).

The Swan River Formation consists mainly of fine-grained {sand or
sandstone, with silts and light to dark grey clays. In its type locality, the lower
beds of the Swan River Formation consist of kaolinitic clays and silts with
minor amounts of fine-grained sand, pyrite nodules and lignite fragments. The
upper beds consist of fine, clean sands with interbedded dark clay jand are
distinguished by flaser bedding and a variety of biogenic sedimentaty struc-
tures. Glauconite composes up to 25% of the sands in the upper beds

The depositional thickness of the Swan River Formation in
reaches a maximum of 122 m (400 ft) (McCabe, 1971).

anitoba

Inyan Kara Formation (North Dakota)

The North Dakota equivalent to the Swan River Formation is the Inyan
Kara Formation, commonly called Dakota or Lakota-Fuson-Fall River. The
lower part comprises medium- to coarse-grained sandstone with lanses of
grey bentonitic shale. Siderite spherulites are common in this section. The
upper part comprises generally light grey, fine- to coarse-grained, quartzose
sandstone and grey, silty, lumpy shale (Hansen, 1955). The lower pprtion of
the Inyan Kara Formation is nonmarine in origin. Marine conditions anear to
have begun near the end of deposition of this formation.

Maximum thickness of the Inyan Kara Formation is 137 mcf450 ft).
The main source of the sediments appears to have been from the southeast,
in the Sioux arch area and from the southwest. Some of the sediment was
probably derived from the Precambrian shield. The Inyan Kara Forr@ation is
absent in several areas of northeastern North Dakota. In these argas, the
Skull Creek Formation unconformably overlies the Jurassic Swift Fgrmation
(Moore et al., 1989). !

{

Ashville Formation l
The Ashville Formation is divided in ascending order, into the Skull
Creek, Newcastle Sandstone (Ashville sand'), Westgate and Belle [Fourche
members. The thickness of the Ashville Formation in Manitoba ranges|from 28
to 127 m (92 and 417 ft) (McCabe, 1971; Manitoba Energy and Mines,‘ 1980).
The Skull Creek Member consists of dark grey to black sh?le, with
minor amounts of sand, siltstone, rare phosphatic nodules, and disseminated
pyrite. The contact of the Skull Creek Member with the overlying N%wcasﬂe
Member can be gradational or sharp. |
The Newcastle Member (previously the informal Ashville sar‘id) com-
prises fine-grained sands, silts, and clays. It is absent, or extremely( thin, in
areas of southwestern Manitoba and north-central North Dakota. Where the
Newcastle Member is absent, the Skull Creek Member cannot be differenti-
ated from the lithologically similar Westgate Member. In this case, the equiva-
lents of the Skull Creek, Newcastle and Westgate members are collectively

referred to as ah informal unit, the lower Ashville Formation (McNeil and Cald-
well, 1981).

The overlying Westgaie Wiemiber consists of a dark grey, uniform shale
with rare beds of silty shale with sandy lenses. Its contact with the underlying
Newcastle Member is sharp. The upper contact of the Westgate Member is
sharp and is placed at the base of the Fish-scale marker beds (see cross-sec-
tion A-A’).

The Belle Fourche Shale, the uppermost member of the Ashville For-
mation, comprises predominantly black, carbonaceous shale. The lowermost
part of the Belle Fourche Member consists of lenses and laminae of siltstone
and fish fragments, which constitute the regional Fish-scale marker beds. The
uppermost part of the Belle Fourche Member contains minor units of cal-
carenites, one of which is the Ostrea beloiti beds, a widespread, regional oys-
ter-bearing calcarenite marker unit. The upper contact of the Belle Fourche
Member with the overlying calcareous, chalk-speckled shale of the Favel For-
mation in southeastern Saskatchewan and southern Manitoba is conformable.

Four formations in North Dakota are equivalent to the Ashville Forma-
tion of Manitoba. In ascending order, they are, the Skull Creek, Newcastle,
Mowry, and Belle Fourche formations.

Skull Creek Formation (North Dakota)

The Skull Creek Formation consists of medium to dark grey, mi-
caceous, soft, flaky to lumpy shale over most of North Dakota (Hansen, 1955).
However, in the eastern part of the state the formation grades from shale into
interbedded siltstones and sandstones. The development of the siltstone and
sandstone facies appears to mark the eastern shoreline limits of the Skull
Creek sea (Moore et al., 1987). The Skull Creek Formation was deposited
under marine conditions. Maximum thickness of the Skull Creek Formation is
43 m (140 ft).

Newcastle Formation (North Dakota)

The Newcastle Formation, also known as the "Muddy," is generally
described as a fine- to medium-grained, angular, quartz sandstone with some
calcareous cement. Also present are medium to dark grey, soft, lumpy, fissile,
micaceous shales. The formation reaches a maximum thickness of 46 m (150
ft).

The Newcastle Formation is present in the western third, southern
quarter, and the eastern part of North Dakota. The sandstone is not present in
the central and north-central parts of the state. In these areas, a stratigraphi-
cally equivalent shale section is recognized on wireline logs. The sandstone
appears to mark the shorelines of a marine sequence (Anderson, 1967; Rei-
shus, 1968).

Mowry Formation (North Dakota)

The Mowry Formation consists of medium to dark grey, soft, flaky,
spongy shale with traces of light blue-grey bentonitic clay. The formation at-
tains a maximum thickness of 55 m (180 ft) and is marked at the top of the
section by a very distinctive gamma-ray marker on wireline -logs (see cross-
section A-A’) (Hansen, 1955). The Mowry Formation was deposited under ma-
rine conditions.

Belle Fourche Formation (North Dakota)

The Belle Fourche Formation consists of medium to dark grey, soft,
micaceous, lumpy to massive, spongy shale, and includes beds of light blue-
grey bentonitic clay over most of North Dakota (Hansen, 1955). In the eastern
part of the state, an interbedded siltstone and very fine-grained sandstone
facies is developed. This appears to mark the eastern boundary of deposition
of the Belle Fourche Formation. The formation attains a maximum thickness of
107 m (350 ft).

Favel Formation (Manitoba)

The Favel Formation is divided in ascending order, into two members,
the Keld and Assiniboine. The Keld Member consists of olive-black, calcare-
ous, chalk-speckled shale, numerous bentonite seams, and thin argillaceous
limestones. The Keld Member is richly fossiliferous in Mytiloides labiatus (Mc-
Neil and Caldwell, 1981).

The Assiniboine Member consists of olive-black, calcareous, chalk-
speckled shale with thin interbeds of bentonite and calcarenites. It is less cal-
careous than the underlying Keld Member. The contact of the Assiniboine
WMemiber with the overlying Morden Shalle is unconformalble.

The thickness of the Favel Formation in Manitoba ranges approxi-
mately between 15 and 40 m (49 and 131 ft)(McCabe, 1971; Manitoba Energy
and Mines, 1980). The Favel Formation is correlative with the Second White-
speckled shale of the Colorado Group of Saskatchewan (Canadian Society of
Petroleum Geologists, 1990).

Greenhorn Formation (North Dakota)

The Greenhorn Formation is the most distinctive wireline log marker in
the entire Cretaceous section. The formation is composed of dark grey, cal-
careous, soft, thin-bedded shales and thin-bedded shaly limestones. It attains
a maximum thickness of 46 m (150 ft). In addition to being an excellent
marker on wireline logs, it is also distinguished in drill cuttings by calcareous
"White Specks". It is sometimes referred to as the "Second White Specks"
(Hansen, 1955). The Greenhorn Formation is believed to have been deposited
under marine conditions.

Carlile Formation (North Dakota)

The Carlile Formation is composed of medium dark grey to black, non-
calcareous, soft shale with occasional large ellipsoidal concretions containing
abundant gypsum (selenite). The formation was deposited under marine condi-
tions and attains a maximum thickness of 122 m (400 ft). It is the oldest
outcropping formation in the state. Outcrops occur in the Pembina escarpment
area of northeastern North Dakota.

Morden Shale (Manitoba)

The Morden Shale (formerly the lower member of the Vermillion River
Formation) consists of uniform, black, noncalcareous shale, with rare, thin
bentonite beds.

In the subsurface of Manitoba, the Morden Shale forms a northwest-
ward thinning wedge. It ranges in thickness from 5 to 65 m (16 to 213 ft)
(McCabe, 1971; Manitoba Energy and Mines, 1980).

Niobrara Formation

In North Dakota, the Niobrara Formation is known primarily in the sub-
surface. However, it crops out in eastern North Dakota. The formation is com-
posed of medium light grey to medium grey shale. The shale is calcareous
and has white, limey inclusions (commonly referred to by drillers as the "First
White Specks"). A marly zone occurs near the middle of the section. The
Niobrara Formation was deposited under marine conditions and attains a
maximum thickness of 76 m (250 ft) (Carlson, 1964).

In Manitoba, the Niobrara Formation is unconformable with the under-
lying Morden Shale and the overlying Pierre Shale (see Stratigraphic Nomen-
clature Chart). The Niobrara Formation attains a maximum thickness of 73 m
(240 ft) in Manitoba (Canadian Society of Petroleum Geologists, 1990). It cor-
relates with the First White-speckled shale of the Colorado Group of Saskatch-
ewan (McNeil and Caldwell, 1981). ;

The Niobrara Formation (previously the Boyne Member of the Vermil-
lion River Formation) is informally divided into two members, a lower unit,
referred to as the calcareous shale member, that consists of chalk-speckled,
olive-black shale, with minor beds of greyish-black, noncalcareous shales and
thin bentonite beds, and an upper unit, referred to as the chalky member, that
consists of chalky shale with interbeds of olive-black, calcareous or noncalca-
rous shales and bentonite beds.

Pierre Formation (North Dakota)

The Pierre Formation is composed of light to medium or dark grey,
fissile, flaky to blocky shale and is generally noncalcareous. The formation
crops out on the Cedar Creek anticline in southern North Dakota, and along
the Pembina escarpment in northeastern North Dakota. Four members are
recognized in outcrop in northeastern North Dakota; these are, in ascending
order, the Gammon Ferruginous, Pembina, Gregory, DeGrey, and the Odanah
members. The Ardmore Bentonite bed marks the contact between the Gam-
mon Ferruginous and Pembina members (Gill and Cobban, 1965; Rice, 1977).

The Pierre Formation is the thickest Cretaceous formation|in North
Dakota. It attains a maximum thickness of 701 m (2300 ft). The formation was
deposited under marine conditions. i

Pierre Shale (Manitoba)

In southwestern Manitoba, the Pierre Shale reaches a maximum thick-
ness of 500 m (1640 ft). McNeil and Caldwell (1981) recognized five members
within the Pierre Shale. These include, in ascending order, the Gammon Fer-
ruginous, Pembina, Millwood and Odanah members, as well as an overlying,
unnamed member. The Gammon Ferruginous Member consists of greyish-
black shale containing numerous ferruginous concretions. The Pembina Mem-
ber comprises greyish-black shales with numerous bentonite beds. The Mill-
wood Member consists of olive-grey, bentonitic, slightly silty clay, composed
largely of montmorillinite. The Odanah Member consists of siliceous, olive-grey
clay or shale with thin interbeds of soft, olive-grey shale commonly containing
reddish-brown, manganese-coated, weathered concretions. The unnamed
member (Coulter Member of Bamburak, 1978) consists of olive-grey, soft
shale (Canadian Society of Petroleum Geologists, 1990).

1 Former Manitoba stratigraphic terminology
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METRIC CONVERSION TABLE
1 metre (m) = 3.28 feet (ft)

1 cubic metre (m®) = 6.29 barrels (bbls) (oil)
= 220 imperial gallons
= 35.49 cubic feet (gas)

= 2.47 acres
= 0.62 miles (mi)

1 hectare (ha)
[ 1 kilometre (km)
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