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STRATIGRAPHY
The Cretaceous sequence in North Dakota is divided, in ascending ) ' ) ) ) The Assiqiboiqe .Member consists gf olive-black, qalcaregus, chalk- The Pierre Formation is the thickest Cretaceous formation in North McCabe, H.R.
order, into the Dakota, Colorado and Montana groups and the Hell Creek For- referred to as ah informal unit, the lower Ashville Formation (McNeil and Cald- speckled shale with thin interbeds of bentonite and calcarenites. It is less cal- Dakota. It attains a maximum thickness of 701 m (2300 ft). The formation was 1971: Stratigraphy of Manitoba, an introduction and review, in
RAPHIC NOMENCLATURE CHA mation. The Dakota Group consists, in ascending order, of four formations, well, 1981). careous than the undgrlymg Keld Memper. The contact of the Assiniboine deposited under marine conditions. Turnocb}, A.C. (e.d.)., Geoscience studigs in Manitoba: 5
STRATIG RT Inyan Kara, Skull Creek, Newcastle, and Mowry. The Colorado Group is di- The overlying Westgate Member consists of a dark grey, uniform shale Member with the overlying Morden Shale is unconformable. Geological Association of Canada, Special Paper No. 9, o
vided into, in ascending order, the Belle Fourche, Greenhorn, Carlile, and Nio- ~ With rare beds of silty shale with sandy lenses. Its contact with the underlying The thickness of the Favel Formation in Manitoba ranges approxi- Pierre Shale (Manitoba) p. 167-187. ks MANITOBA
NORTH-CENTRAL NORTH DAKOTA SOUTHWESTERN MANITOBA brara formations. The Montana Group is divided into two formations; these Newcastle Member is sharp. The upper contact of the Westgate Member is mately between 15 and 40 m (49 and 131 ft)(McCabe, 1971; Manitoba Energy In southwestern Manitoba, the Pierre Shale reaches a maximum thick- McNeil, D.H., and Caldwell, W.G.E. &
are, in ascending order, the Pierre and Fox Hills. sharp and is placed at the base of the Fish-scale marker beds (see cross-sec- and Mines, 1980). The Favel Formation is correlative with the Second White- ness of 500 m (1640 ft). McNeil and Caldwell (1981) recognized five members 1981+ Cretaceous rocks and their foraminifera in the Manitoba S
SYSTEM SYSTEM The subdivision of the Cretaceous System in Manitoba has recently tion A-A’). speckled shale of the Colorado Group of Saskatchewan (Canadian Society of within the Pierre Shale. These include, in ascending order, the Gammon Fer- escarpment: Geological Association of Canada, Special b
been re-established to adopt the nomenclature proposed by McNeil and Cald- The Belle Fourche Shale, the uppermost member of the Ashville For- Petroleum Geologists, 1990). ruginous, Pembina, Millwood and Odanah. members, as well as an nverly?ng, Paper No. 21, 439 p. . L
well (1981). The nomenclature adopted herein for the Cretaceous formations mation, comprises predominantly black, carbonaceous shale. The lowermost - unnamed member. The Gammon Ferruginous Member consists of greyish- Moore, W.L., Fischer, D.W., and Anderson, S.B. Qlarlen
of Manitoba are, in ascending order, the Swan River, Ashville, Favel, Morden  Part of the Belle Fourche Member consists of lenses and laminae of siltstone Greenhorn Formetion (Horth Dalota) o _ black shale containing numerous ferruginous concretions. The Pembina Mem- 1987 lsopach map of the Inyan Kara Formation (Cretaceous) Chewon- #4-17 | AT T T
1 Shale, Niobrara, Pierre Shale, and Boissevain. and fish fragments, which constitute the regional Fish-scale marker beds. The .The Greenhorn For_matlon is the mc_)st @stnnctlve wireline log marker in ber comprises greyish-black shales with numerous bentonite beds. The Mill- : N F:h D kpt incl d'y y tions: G d' 2 Coulter iR O--F--4 —f ’J{%Tt%:\g#ggt;gd—
2 In the following discussion, only the formati \ained 1o UPPermost part of the Belle Fourche Member contains minor units of cal- the entire Cretaceous section. The formation is composed of dark grey, cal-  wood Member consists of olive-grey, bentonitic, slightly silty clay, composed A0 SEiea CNOHICHIE TouI Shdss EROLONS: ah @ Waskada 0 v4
2 ZZ P aregCr:f:::o?Js' sira)tla i: N?Jrrr;:)alljoankonti";ensd al\zlearzﬁoi;;e(se: carenites, one of which is the Ostrea beloiti beds, a widespread, regional oys-  careous, soft, thin-bedded shales and thin-bedded shaly limestones. It attains  largely of montmorillinite. The Odanah Member consists of siliceous, olive-grey II\:A(?rks,u North D';kota, North Dakota Geological Survey, oo 1 Prov. ' /
P ! ; P } : X ) ter-bearing calcarenite marker unit. The upper contact of the Belle Fourche @ maximum thickness of 46 m (150 ft). In addition to being an excellent  clay or shale with thin interbeds of soft, olive-grey shale commonly containing iscellaneous Map No. 27. 5T Pl L B | 2 | 23 | 2 (2 20 1o | e | 17 | g | 15 | CANADA
¢ ¢ Stratigraphic Nomenclature Chart). These formations are discussed in stratig- 9 PP s g i i UsA 82 [ 81/ 8 T 55 Tf7s 177 [76 1753 A& 73 [ 72 [ i | 70 ] &9
2 2 = o : : : g Member with th lyi I halk-speckled shale of the Favel For- marker on wireline logs, it is also distinguished in drill cuttings by calcareous reddish-brown, manganese-coated, weathered concretions. The unnamed Reishus, M. + 1 UsA
raphic order. Descriptions for the Fox Hills and Hell Creek formations of North emboer wi € overlying calcareous, chalk-speckied shae of ine Favel o ; : 9 63 A J ! .
Ii &t Dkt aind .the Boispsevain FenTalianot Manfoba are not oissoniad mation in southeastern Saskatchewan and southern Manitoba is conformable. "White Specks". It is sometimes referred to as the "Second White Specks" member (Coulter Member of Bamburak, 1978) consists of olive-grey, soft 1968: The Newcastle Formation in the Williston basin of North Hunt—Cranston #1 Lion—Huss #1
i Odanah 2 p s Four formations in North Dakota are equivalent to the Ashville Forma- (Hansen, 1955). The Greenhorn Formation is believed to have been deposited shale (Canadian Society of Petroleum Geologists, 1990). Dakota: Grand Forks, North Dakota, North Dakota Geo- —
g e Me?nn[?er dj Swan River Formation (Manitoba) tion of Manitoba. In ascending order, they are, the Skull Creek, Newcastle, under marine conditions. ) logical Survey, Report of Investigation No. 47, 26 p. g § Hunt—Olson #1
% ZL( w The Swan River Formation in Manitoba unconformably overlies rocks Mowry, and Belle Fourche formations. Carlile Formation (North Dakota) Rice, 1|39|737 Statiraon ) f . ) f z g — E E
2 Y ; % of Jurassic and Deyonlan age. It oceurs in two areas north and south of a Skull Creek Formation (North Dakota) The Carlile Formation is composed of medium dark grey to black, non- ’ c ratigraphic secplolns fom Wew '0gs: an outcrops' o Lillestrand #.1 y - . i g
= PIERRE ‘ﬂ 0 q broad belt (Townships 7 to 10) extending eastward from the Saskatchewan . : . : calcareous, soft shale with occasional large ellipsoidal concretions containing 1 Former Manitoba stratigraphic terminology retaceous and Paleocene rocks, northern Great Plains, 160 NORTH DAKOT
g FORMATION w boundary through the Virden area, to beyond the Brandon area (Bannatyne, The Skull Creek Formation consists of medium to dark grey, mi- bundant o lenite). The formati deposited und . i North Dakota and South Dakota: United States Geologi- AKOTA
2 & 1970). caceous, soft, flaky to lumpy shale over most of North Dakota (Hansen, 1955). ~ aoundant gypsum (selenite). The formation was deposited under marine condi- cal Survey, Oil and Gas Investigation Chart OC-72. -
= l&J The Swan River Formation consists mainly of fine-grained sand or However, in the eastern part of the state the formation grades from shale into tions and atftalns a maxl:um thickness of 122 m (400 ft). It is the oldest 150
q sandstone, with silts and light to dark I I i locali I interbedded siltstones and sandstones. The development of the siltstone and outcropping formation in the state. Outcrops occur in the Pembina escarpment
, ght to dark grey clays. In its type locality, the lower : P area of northeastern North Dakota. PIERCE
s beds of the Swan River Formation consist of kaolinitic clays and silts with ~ Sandstone facies appears to mark the eastern shoreline limits of the Skull
. q ] : ; : o Creek sea (Moore et al, 1987). The Skull Creek Formation was deposited "
minor amounts of fine-grained sand, pyrite nodules and lignite fragments. The ) o - ; S Morden Shale (Manitob:
é Millwood Member ﬂ upper beds consist ofgfine clean sa?}{is with interbeddeg dark (?Ia and e under marine conditions. Maximum thickness of the Skull Creek Formation is (Manitoba) - : REFERENCES 0 10 20 mi.
p S pper b  ( v bedde k clay 43 m (140 ft) The Morden Shale (formerly the lower member of the Vermillion River O Well present only on SHEET #3 e
- distinguished by flaser bedding and a variety of biogenic sedimentary struc- : Formation) consists of uniform, black, noncalcareous shale, with rare, thin And sB o i0 o 36k
T Pembina Member fe tures. Glauconite composes up to 25% of the sands in the upper beds Newcastle Formation (North Dakota) bentonite beds. haderson, S.5. z o m
© © The depositional thickness of the Swan River Formation in Manitob. ‘ ) , 1967: Where North Dakota's best Newcastle sand trends are
k=1 g : k=3 " P o e o e ation in Manitoba The Newcastle Formation, also known as the "Muddy,” is generally }n Fhe subsurface of Man}ltoba., the Morden Shale forms a northwest- located: World Oil, v. 165, p. 91-93.
@ . q ) reacnes a maximum o m (400 ft) (McCabe, 1971). described as a fine- to medium-grained, angular, quartz sandstone with some ~ Ward thinning wedge. It ranges in thickness from 5 to 65 m (16 to 213 f) = o ' ' LINE OF CROSS-SECTION
o' Gammﬁgr:sérugmous g 8 Inyan Kara Formation (North Dakota) calcareous cement. Also present are medium to dark grey, soft, lumpy, fissile, (McCabe, 1971; Manitoba Energy and Mines, 1980). T ) - ) ) .
8 ' w The North Dakota equivalent to the Swan River Formation is the Inyan THGRARIUR BIRIER. 7116 ITENGH HRRBNER § RN tGHIRss Al < o il Niobrara Formation 1ore: ﬁtra&grapthy Offthe Ft{'ldmg ‘Moijﬁta?‘ l?Imsillevaltt1 'and on,
Q p: % Q i : ft). e Mountain formations in the Turtle Mountain area,
-3 q < Kara Formation, commonly called Dakota or Lakota-Fuson-Fall River. The . In North Dakota, the Niobrara Formation is known pri ily in th b- Manitoba: Winnipe Manitoba, Manitoba Mines, Re-
= = ) 4 . ) ion i i 5 primarily in the su : peg, : ,
m NIOBRARA FORMATION NIOBRARA (BOYNE/) w lower part comprises medium- to coarse-grained sandstone with lenses of The Newcastle Formation is present in the western third, southern surface. However, it crops out in eastern North Dakota. The formation is com- sources, and Environmental Management, Mineral Re-
e FORMATION Ec) grey bentonitic shale. Siderite spherulites are common in this section. The querter, &iid s Bastem part.af North Dakota. The sandstons is et prasent in posed of medium light grey to medium grey shale. The shale is calcareous sources Division, Geological Report 78-2, 47 p
O upper part comprises generally light grey, fine- to coarse-grained, quartzose the centr;l and north-centr;l pgrts of thg state. In.the_se areas, a stratigraphi- dh hite. i T terrad to by dri o .
o and has white, limey inclusions (commonly referred to by drillers as the "First Bannatyne, B.B.
3 sandstone and grey, silty, lumpy shale (Hansen, 1955). The lower portion of Sl equivalent shale section is recognized on wireline fogs. The sandstone e "specics™) A marly zone ocours near the middle of the section. The ' i inni i
g CARLILE FORMATION MORDEN SHALE e Trivan, Kars: Ebrmation 6 i oricin. Mt diti appears to mark the shorelines of a marine sequence (Anderson, 1967; Rei- : P : Y . : i : 1970: The clays and shales of Manitoba: Winnipeg, Manitoba,
& e Inyan Kara Formation is nonmarine in origin. Marine conditions appear to shus, 1968) Niobrara Formation was deposited under marine conditions and attains a Manitoba Mines and Natural Resources, Mines Branch
8 have begun near the end of deposition of this formation. ! ’ maximum thickness of 76 m (250 ft) (Carlson, 1964). Publication 67-1, 107 p. K
g Trave Assiniboine Member Maximum thickness of the Inyan Kara Formation is 137 m (450 ft). Mowry Formation (North Dakota) In Manitoba, the Niobrara Formation is unconformable with the under- Canadian Society of Petroleum G’eologists SHEET #1: CRETACEOUS
§ GREENHORN FORMATION e e >, The main source of the sediments appears to have been from the §outheast, The Mowry Formation consists of medium to dark grey, soft, flaky, lying Morden Shale and the overlying Pierre Shale (see Stratigraphic Nomen- 1990: Lexicon of Canadian stratigraphy, volume 4, western
2 in the Sloux_arch area and from thg soutr)west. Some of the sedlmen? was spongy shale with traces of light blue-grey bentonitic clay. The formation at- clature Chart). The Niobrara Formation attains a maximum thickness of 73 m ’ Canada ificiudiia eastern British’ Columbia’ Alberta
o Z q probably derived from the Precambrian shield. The Inyan Kara Formation is tains a maximum thickness of 55 m (180 ft) and is marked at the top of the (240 ft) in Manitoba (Canadian Society of Petroleum Geologists, 1990). It cor- 9 > ’ ’ CORRELATION CROSS_SECT|ONS
BE,E—'SE&%?ORSHE iz | Belle Fourche Member absent in several areas of northeastern North Dakota. In these areas, the section by a very distinctive gamma-ray marker on wireline -logs (see cross- relates with the First White-speckled shale of the Colorado Group of Saskatch- 22?;2‘;185;e?ndofsgittl:ggumag:gﬁf'is(t::l%%rg' flberta
P S,\:u" Creekl F1ormat|on unconformably overlies the Jurassic Swift Formation section A-A’) (Hansen, 1955). The Mowry Formation was deposited under ma- ewan (McNeil and Caldwell, 1981). Carlson. C.G ¥ gists, - ALONG THE UNITED STATES_CANADA
S (Moore et al., 1989). rine conditions. The Niobrara Formation (previously the Boyne Member of the Vermil- 19'64' ’ The Niob . ; . X North Dakot " INTERNATIONAL BORDER
- . lion River Formation) is informally divided into two members, a lower unit, : e Nioprara rormation ot eastérn North Lakowa - ils
MOWHY FORMATION g Weslgate Mamber Ashville Formahgn o ) ) Belle Fourche Formation (North Dakota) referred to as the ca)lcareous shalye member, that consists of chalk-speckled, possibilities for use as a cement rock: Grand Forks,
S | NEWCASTLE FORMATON | 5 Newcastlﬁéasbhevrnlle sand”)g Bk Lhe ASTIV'”g FgVTaUOH/\IShd}l\lIlded Iz1as\<;§ndlng orde(;, éntltl) ﬂ::e SKrL:” The Belle Fourche Formation consists of medium to dark grey, soft,  olive-black shale, with minor beds of greyish-black, noncalcareous shales and North Dakota, North Dakota Geological Survey, Report (NORTH DAKOTA—MANITOBA)
Q = > mrerib’ e:sasth? " anas ?r;ﬁ (AshVI_”e :an )t" gst'\g/‘atg a}: elle fourcgg micaceous, lumpy to massive, spongy shale, and includes beds of light blue- thin bentonite beds, and an upper unit, referred to as the chalky member, that of Investigation No. 41, 56 p.
& | SKULL CREEK FORMATION | < Skull Creek Member & t°e1 279:-(92 endli1n7e?ts OM Ce bs ‘1’:3;'1. :/rlma_tno; ”,‘E anto a;rl\a/[r)ges 1’;’;0 grey bentonitic clay over most of North Dakota (Hansen, 1955). In the eastern  consists of chalky shale with interbeds of olive-black, calcareous or noncalca-  Gill, J.R., and Cobban, W.A. METRIC CONVERSION TABLE
g a ) (McCabe, ; Mantioba. tnergy'and Mines, ) part of the state, an interbedded siltstone and very fine-grained sandstone rous shales and bentonite beds. 1965: Stratigraphy of the Pierre Shale, Valley City and Pem-
4 ) The Skull Creek Member consists of da}rk grey to black‘shale., with facies is developed. This appears to mark the eastern boundary of deposition _ i bina Mountain areas, North Dakota: United States Geo- 1 metre (m) = 3.28 feet (ft) Prepared by
3 INYAN KARA FORMATION SWAN RIVER FORMATION minor amounts of sand, siltstone, rare phosphatic nodules, and disseminated  of the Belle Fourche Formation. The formation attains a maximum thickness of ~ Pierre Formation (North Dakota) logical Survey, Professional Paper No. 392-A, 20 p. ’ )
pyrite. The contact of .the Skull Creek Member with the overlying Newcastle 107 m (350 ft). The Pierre Formation is composed of light to medium or dark grey, Hansen, D.E 1 cubic metre (m®) = 6.29 barrels (bbls) (oil) . o_sa
Member can be gradational or sharp. fissile, flaky to blocky shale and is generally noncalcareous. The formation C ) = 220 imperial gallons Julie A. LeFever Carol D. Martiniuk
WM The Newcastle Member (previously the informal Ashville sand) com- Favel Formation (Manitoba) crops out on the Cedar Creek anticline in southern North Dakota, and along o SubsuHacs comslations Af theA Chetacauns. IGusanbon: = 35.49 cubic feet (gas) (North Dakota Geological Survey) (Manitoba Energy and Mines)
d prises fine-grained sands, silts, and clays. It is absent, or extremely thin, in The Favel Formation is divided in ascending order, into two members, ~ the Pembina escarpment in northeastern North Dakota. Four members are Lakota interval in North Dakota: Grand Forks, North Da- Petroleum
% g R areas of southwestern Manitoba and north-central North Dakota. Where the the Keld and Assiniboine. The Keld Member consists of olive-black, calcare- recognized in outcrop in northeastern North Dakota; these are, in ascending kota, North Dakota Geological Survey, Bulletin No. 29, 1 hectare (ha) =247 acres
SWIFT FORMATION WASKADA FORMATION q Newcastle Member is absent, the Skull Creek Member cannot be differenti-  ous, chalk-speckled shale, numerous bentonite seams, and thin argillaceous  order, the Gammon Ferruginous, Pembina, Gregory, DeGrey, and the Odanah . 0% 1 kilometre (km) = 0.62 miles (mi) Sid B. And
: ated from the lithologically similar Westgate Member. In this case, the equiva- limestones. The Keld Member is richly fossiliferous in Mytiloides labiatus (Mc- members. The Ardmore Bentonite bed marks the contact between the Gam- Manitoba Energy and Mines ianey b. n. erson
lents of the Skull Creek, Newcastle and Westgate members are collectively Neil and Caldwell, 1981). mon Ferruginous and Pembina members (Gill and Cobban, 1965; Rice, 1977). 1980: Manitoba stratigraphic map series. (North Dakota Geological Survey)
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FIGURE 1: Triassic/Jurassic oil fields

The basal member of the Nesson Formation is the Poe Member. It
unconformably overlies the Spearfish Formation. This contact is locally marked
by a conglomeratic bed. The Poe Member consists of a sequence of
evaporites thought to represent earliest Jurassic deposition. It is stratigraphi-
cally equivalent to the Upper Member of the Amaranth Formation of Manitoba.

zero to 46 m (151 ft) in southwestern Manitoba (Stott, 1955).

Melita Formation (Manitoba)

The Melita Formation is underlain with slight disconformity by the oolitic
and argillaceous limestones of the Reston Formation. North of Township 20,
the Melita Formation oversteps the Reston Formation to rest unconformably

ern Manitoba is obtained from the Waskada Field, a field which also produces
oil from Mississippian strata. Production in the Pierson and Coulter fields (Fig.
1) is also obtained from the Amaranth Formation.

Sidney B. Anderson
(North Dakota Geological Survey)
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NOTE: /talics denote Manitoba terminology
* North Dakota terminology
STRATIGRAPHIC NOMENCLATURE CHART STRATIGRAPHY At its type section in McKenzie County, the Poe Member consists of a  on Mississippian and Upper Devonian strata. The Melita Formation is conform- REFERENCES
20 m (85 ft) thick bed of massive salt. The salt, referred to as the Dunham  ably overlain by the Waskada Formation, south of Township 12. North of
salt, is restricted to the central portion of the Williston basin (Anderson, 1964). Township 12, the Melita is overlain unconformably by either the Swan River Anderson, S.B.
NORTH-CENTRAL NORTH DAKOTA SOUTHWESTERN MANITOBA Spearfish Formation (North Dakota) It is overlain by 16 m (53 ft) of white to pink gypsum, anhydrite, and dark red  Formation or the Ashville Formation, both Cretaceous in age (Canadian Soci- 1964,1' Salt deposits in North Dakota, in Tufte, O. (ed.), Mineral
SysTEM The Spearfish Formation (Triassic (?)) occurs in the subsurface in shale with thin |pterbeds of grey, dense dolosto_ne‘ The top .Of the sequenqe is ety of Petroleum Geologists, 1990). Fesournes: of Kl Dkl érand For,ks,.Nort.h’ oty
over half of North Dakota and attains its maximum thickness of 218 m (715 ft) ~ marked by a thin bed of buff to brown, very finely crystalline to earthy lime- The Melita Formation is subdivided into two units. The lower unit com- University of North Dakota, p. 60-79.
in the southwestern corner of the state. The formation consists of three mem- stor:g.t ThesiF;ct): g?eam,—:er v_azesnllhthglgglcallg ?:rtzzsvf/zztwt”I'I:‘tgi?ab:stm.'Tod”t;e prises a basal fine-grained sandstone, overlain by beds of varicoloured shales Bannatyne, B.B
K bers that i ending orde , the Belfield, Pine Salt and Saude members. east it con assive anhyarite, an ey raclerized by  and thin interbeds of sandstone. The upper unit consists of greenish-grey to T
INYAN KARA FORMATION SWAN RIVER FORMATION ers that in ase -~ O I . interbedded red shales and claystones. brownish-grey. slightly calcare it pﬁ les. Interbeds of l'ght % y 1970: The clays and shales of Manitoba: Winnipeg, Manitoba,
The Belfield Member conformably overlies the Minnekahta Formation i . ” . A g 'Y, slightly calcareous, si y shales. Interbeds of light grey, dense, Manitoba Mi o Natural B Mi B h
AANNNANANNNNNNNNANNNANNANANANANNNNANNNNNNANNANNNANANNANNN and does not extend beyond the Minnekahta depositional limit (Dow, 1967). The Plf:ard is the middle membgr of the Ne§soq Formation and con-  variably fossiliferous I|mestoqes occur in the upper part of the unit (Bannatyne, Pat?ll‘ o t{i g;e? a1rz)7 atural Resources, Mines Branch, 3
The Belfield Member varies in thickness from an erosional edge to a maxi- formably overlies the Poe Member. At its type section in Roosevelt County, 1970; Stott, 1955). The maximum thickness of the Melita Formation in south- ublication ’ p- -
WASKADA FORMATION mum of 71 m (232 ft). It consists of fissile, grey shale interbedded with red- ~ Montana, the Picard Member is 12 m (40 ft) thick and consists of dark red  western Manitoba is approximately 143 m (469 ft) (Canadian Society of Petro-  Barchyn, D. §5 MANITOBA
dish-orange siltstone and mudstone. Thin beds of white and pink anhydrite are ~ Shale that is slightly silty in part. The lower part commonly contains masses,  leum Geologists, 1990). 1982: Geology and hydrocarbon potential of the Lower Ama- g
SWIFT FORMATION locally present. Traces of pyrite and pink dolomite have also been noted. The ~ ©F thin interbeds of white earthy gypsum. The colour of the member varies Rierdon Formation (North Dakota) ranth Formation, Waskada-Pierson area, southwestern B
> Belfield Member is conformably overlain by either the Pine Salt or Saude 'ocally from red to dark grey to green. lerdon; -orma fon ( axota ) Manitoba: Winnipeg, Manitoba, Manitoba Energy and @
o & members. The uppermost member of the Nesson Formation is the Kline Member. The Rierdon Formation is a 30 m (100 ft) sequence of varicoloured Mines, Geological Report GR 82-6, 30 p. L
g upper %] A maximum thickness of 66 m (215 ft) is attained by the Pine Salt  1his member is predominantly carbonate; gonsisting of a lower limestone and Ehaﬁs tgat.ffo;form?bly .ov?rr]he thetPllper rl;prmatflotr;. ItV:/sfngotnfortr)naply Ewtar{:[n Bluemle, J.P., Anderson, S.B., Andrew, J.A., Fischer, D.W., and ; Slfrl??_ )
@ RIERDON FORMATION p g arange slistone: and while: antyilite, and reprossnts. | pertod ol sticted ;/r\\/'aLd ch;untfy,I.ernh Dabt(otﬁ. ghesle mcc]JUdf"a' lntascer;@ng ordetr.lﬁ\ 19|'m (6t3 L Rierdon Formation has a notagle wireline log characteristic in C(;m aris.on to 1986: North Dakota stratigraphic column: Grand Forks, North Coulter | MMR cu}_—_“ 7“0"*':’"9#3—‘5
7] G S — 2 marine conditions. The Pine Member extends beyond the underlying Belfield Ick bed of fight gréy 1o buil coloured, line to medium crystalline limestone ' : g P 109 park Dakota, North Dakota Geological Survey, Miscellaneous Waskada l 4
< 2 = . : ) : that is gypsiferous and fossiliferous in part; a 11 m (37 ft) thick bed of light to ~ the Swift Formation. This log characteristic is referred to as the "Rierdon . 1 Prov. |
o - PIPER FORMATION a Member and rests in angular discordance on the pre-Spearfish unconformity. dark b il alling i i T ’t : ltic i it and shaly 1 d shoulder.” Series No. 66, 3 sheets. CANADA 29 28 J 27 26 (125 | 24 23 \22 21/ 20 | 19 18 16 15 CANADA
3 2 b lower The Saude Member conformably overlies the Pine Salt Member. Re- arcbrown; incy crysidiine lmestone et 1s ooliucin park anc shaly towalr P ) ) ) ) Canadian Society of Petroleum Geologists ot 1 82 T BILA 80T 7 e T 77 7 |75, fa] 7 [92 T 68 USA
o AN . . the base; a 4 m (13 ft) thick bed of grey-green calcareous shale containing Lithologically, the Rierdon Formation consists of grey to green to red, . L A I I
g [« FERTE ) &5 U6 Upiar FOd! ETHISNG (o0, It [eaEhis. d Masiniin fikkness af o gypsum crystals; and, a 10 m (34 ft) thick bed of light grey to white,  calcareous shales with thin beds of limestone (Francis, 1957; Peterson, 1957; 1990: Lexicon of Canadian stratigraphy, volume 4, western 3 o Lion—Huss #
2 . 107 m (350 ft). The Saude Member consists predominantly of reddish-orange e = . . ; . P b e Canada including eastern British Columbia, Alberta Hunt—Cranston #1 -
o Z Kline Member 2 : : - N : earthy dolostone and fine-grained sandstone. The Kline Member is present  Bluemle et al., 1986). The formation grades eastward in North Dakota into g , ) -
Q [z RESTON FORMATION sistons Ard finc-grained sandsiones commonly imembedded with anhydrits only in the subsurface sandstone and becomes difficult to distinguish from the overlying Swift Forma- Saskatchewan and southern Manitoba: Calgary, Alberta, Y12
polll (o> i (Dow, 1967). Reddish-brown and grey siltstone and shale lenses are locally : > 9 Canadian Society of Pstrol Geologists. 772 EIE: Hunt—Olson 41
r o Picard Member : : tion. The shales also become less calcareous to the east. adia ciety ot Fetroleum Geologists, p- g 1| e
w LCBE ————— present. Frosted sand grains are scattered throughout the siltstone. The Piper Formation Dow. W.G ég Ameradd— | 5§
z |2 S s et Upper(Evaporites) - Saude Member extends beyond the Pine Salt Member to rest unconformably  (after Nordquist, 1955) Swift Formation (North Dakota) 1967: The Spearfish Formation in the Williston basin of west- | Llllestrand #1 gls
TZ Member e on Progresgyely older Paleozoic rocks. N . ) ) A sequence of Middle Jurassic red beds, gypsum, and normal marine The Swift Formation in the Williston basin consists of three informal ern North Dakota: Grand Forks, North Dakota, North Da- luso NORTH DAKOTA
V\MNVMMAMV\MNV\MNFZ' '_Q_ ] Individual beds of the Saude Member exhibit an onlapping relationship  peds underlying the Rierdon Formation compose the Piper Formation. The = members, a lower shale, a middle sandstone, and an upper shale (Francis, kota Geological Survey, Bulletin No. 52, 28 p.. ' !
&) 2 g g % along the unconformity surface in the north-central portion of North Dakota.  formation consists of three members, the Tampico Shale, Firemoon Lime- 1957). The formation attains a maximum thickness in North Dakota of 152 m Francis. D.R 159 McHENRY
D_ | <§: = Lower(Red Beds) < This is reﬂecteq in the th!ckness. of the member. lp thvls area, a local, 3 Fo 12m  stone, and Bowes. (500 t) (Bluemle et al., 1986). The Inyan Kara Formation (Cretaceous) of the ancis, D.R. ”
Qg (22 Saude Member @ zQ Momber ® g (10 to 40 ft) thick, very fine-grained sandstone with interbeds of greenish-grey The lowermost member of the Piper Formation is the Tampico Shale. ~ Dakota Group unconformably overlies the Swift Formation. 1957: Jurassic stratigraphy of the Williston basin area: Ameri- PIERCE
E %g ¥ (s;{:::(;ge1agn7dg)reid(l;?c_,b§rgorlnn(gsgif ;;?:;v:h?csktrnfp;srrzeeaarg;hrggy;hislser:zigs)sid At its type section in Valley County, Montana, the Tampico Shale Member The lower shale member consists of a greenish-grey, splintery, slightly ;agsﬁsgggiation of Petroleum Geologists Bulletin, v. 41,
L : et : ! g i f 2 ft) of - | hale that is sli ilty in i i i L . i . mi
rramnfrrdranssssarsssaaAARAAAAAAAA AR AR own o gty sisons, nd iy conane sandconsonape e by soc o 25, (831 of g roe calccnis sl hl sty sy I iy, sty cacreus 0k shals (o, fov). The ndes o R .
MADISON GROUP MADISON GROUP M tiom andiforms dhies vertien! seal, locally. Also present are a few thin beds of dense, buff to brown limestone,  occur at the base of the member. The middle member is a fine-grained, cal- 1987: Sedimentology and reservoir portential of the Lower 8 W0 28 56l
M : : gypsum, and white calcareous sandstone. The member conformably overlies careous sandstone. It consists primarily of clear quartz grains that are fairly Amaranth Member, southwestern Manitoba: Master’s
Amaranth Formation (Manitoba) the N E ti P Y : q_ d i thesis, Uni ity of Manitoba, Winni Manitoba, 179
The Amaranth Formation (Jurassic (7)) rests with marked angular un- e es_src;n Fgrma |on.L‘ one Mo | orred e "Pioer Li \év;I]It s:\:teergmf;edreanlg\;nl;grtcé:;sbrgfur;(]j‘zghiglqa;rc;ynltcealfacr:gg:gotg. gg;ézlgg:e%rltjas— : esis, University of Manitoba, Winnipeg, Manitoba, LINE OF CROSS—SECTION
" Ceeicainn ; ; , e Firemoon Limestone Member, also referred to as the "Piper Lime- ; - . =
. il producti conformity on Mississippian carbonates in southwestern Manitoba and over " ; A . ; . it . .
, after Bluemle et al., 1986 @ oil production present steps progressively older Paleozoic strata to the north and east. It is overlain stone," is the middle rngmber of th‘e Piper Formayon. It consists of buff to shale are common. The u,;;pTr member consists of greenish-grey and light Marafi, H.
after Nordquist, 1955 with slight disconformity by limestone of the Reston Formation. brc:jwn, dense( to fathyk“TES“:[”e :t |[ts type section in Vallzy Clounty, gllcl)mana grey; generally calcareousshale. 1972: Newburg-South Westhope oil fields, North Dakota:
il G e : and is 21 m (69 ft) thick. Locally the limestone is sandy and oolitic or dolomitic } . Grand Forks, North Dakota, North Dakota Geological
Tihie: SbREMD Fannatos & seied ik Te mecka. The Lowes cherty. East of the Nesson anticline, the limestone becomes silty and ~ Waskada Formation (Manitoba) Survey, Miscellaneous Series No. 47, p. 633-640 e
(Red Beds) Member consists of interbedded, reddish-brown, dolomitic it 06 yeq with shale. It is conformable with the underlying Tampico Shale The Waskada Formation is conformably underlain by the Melita For- . v e '
(S'tEONGS, ‘ISh)aIlSls f)ﬂd f':fe'gfa'tf:led SalfldSttf:jnei (Stolt\}l‘e 1;’55)- dThe Pf99¥ Member. mation. It is unconformably overlain by the Swan River Formation (Creta- ¢ a1:é e i o v red e .
vaparkigs) MEMbEriconliomavly ovenies e ~owertyiemberand consisis o ; ; ceous), except along the northern edge where strata of the Swan River pinch 6: yleton and Amaranth red beds in southwestern Mani-
massive, finely crystalline, bluish-white anhydrite with interbeds of greenish- . he Bowes Member, the uppermast member of the Piper Formation. out and the Waskada beds are overlain by the Cretaceous Ashville Formation toba: Master's thesis, University of Manitoba, Winnipeg,
~ comprises red to varicoloured shales in the Williston basin. It grades westward Share y
grey to brown shale and buff dolostone. In southwestern Manitoba, the Lower : p oS I . -11g e T ; ; ; ; Manitoba, 133 p.
; ; ; into a sandstone and sandy oolitic limestone. At its type section in Blaine  (Canadian Society of Petroleum Geologists, 1990). ’ METRIC CONVERSION TABLE
P TR BT R B0 7o B T e e R and Upper members of the Amaranth Formation reach a maximum thickness Y I y wp : The Waskada Formation consists predominantly of varicoloured shale.  Nordquist, J.W.
" of 46 and 51.8 m (151 and 170 ft), réspectively (Stott, 1955). Qounty_, Montana, the' Bowe; Member is 17 m (57 ft) 'thlclf. In ascending order, s b Pf ~ y ol p ! d. _ Bre-Hilerdon J ) ) ) _
The age assignment generally accepted for the Upper Member of the 't consists of four units: a light grey, sandy and oolitic: imestone that grades Green, bentonitic shales and thin beds of white, very fine- to fine-grained, 1955: re-Rierdon Jurassic stratigraphy in northern Montana 1 metre (m) = 3.28 feet (ft)
s ge assignment g y P pper. upward into a light brown, fine-grained calcareous sandstone; a light grey,  calcareous, pyritic and glauconitic sandstones are common throughout the for- and Williston basin, in Lewis, P.J. (ed.), Sweetgrass . s .
- i " Amaranth Formation is Middle Jurassic. However, the age assignment of the . * sandy limestone with thin beds of light grey calcareous sandstone: a  mation. Minor beds of grey to black, slightly carbonaceous shales and trace area-disturbed belt Wyoming, Billings Geological Society 1 cubic metre (m*) = 6.29 barrels (bbls) (oil)
o . Lower Member of the Amaranth Formation is in question due to the lack of light grey, fine- to coarse-grained, very calcareous sandstone with rounded red shales and ironstones are also present within the unit (Bannatyne, 1970; Guidebook, 6th Annual Field Conference: Billings, Mon- = 220 imperial gallons
fossil evidence. A Jurassic age has been assigned to the Lower Member in . ' Ak 4 - : Stott. 1955 t Billings Geological Soci 96-106 = 35.49 cubic feet (gas)
v 1 . limestone and quartz grains; and, a light brown, finely crystalline to fragmental tott, )- ana, Billings Geological Society, p. .
MANITOBA suuttwestam Maniloba. The contact betwesry te: Uppat and Lower membsts limestone that is very sandy to argillaceous in part. The member is conform- The Waskada Formation occurs as an erosional wedge, extending as Peterson, J.A h =
albe " of the Amaranth Formation is considered to be conformable in this area (Stott, ) ¥ sandy g part. : A ! dge, extencing a R ) ) ) 1 hectare (ha) = 2.47 acres
T X able with the underlying Firemoon Limestone. far north as the Virden area (Township 12). It attains a maximum thickness in 1957: Marine Jurassic of northern Rocky Mountains and Willis- i _ i )
"o 1955; McCabe, 1956). . . . : 1 kilometre (km) = 0.62 miles (mi)
10 ) . ) ) ) southwestern Manitoba of approximately 53 m (174 ft) (Canadian Society of ton basin: American Association of Petroleum Geolo- :
=t The Lower Member is correlative with the Spearfish Formation of  Piper Formation (North Dakota) Petroleum Geologists, 1990). ist 4.1 399-440
£ok Libe 9 North Dakota and the Lower Watrous Formation of Saskatchewan. In North  (after Bluemle, et al., 1986) ’ gists, v. 41, p. .
. TN Dakota and Saskatchewan, a Triassic age has been assigned to these equiva- Following the work of Nordquist (1955), Bluemle et al. (1986) re- Stott, D.F.
§ L ou! » 8 lent units (see Stratigraphic Nomenclature Chart). defined the sequence of strata above the Spearfish formation and below the PETROLEUM POTENTIAL 1955: Jurassic stratigraphy of Manitoba: Winnipeg, Manitoba,
: = > Rierdon Formation in North Dakota as the Piper Formation (see Stratigraphic Mam_tobg Mines and Natural Resources, Mines Branch,
§ © Wovaneso Nesson and Piiper Formations (North Dakota) N lature Chart Publication 54-2, 78 p.
B i (after Nordquist, 1955) omenciature Char. ‘ , _ The Spearfish Formation is productive in several fields in north-central
. Nordquist (1955) examined the Jurassic strata that lie between the The Piper Formation (Jurassic) as defined by Bluemle et al. (1986) in  North Dakota (Fig. 1). Newburg and South Westhope fields are the most
. . - ; . 8 .
Hortney Spearfish and Rierdon formations and divided this strata into two formations, :‘i]:é}h gals(?z:liliinr:ﬁir;sees?ct;ei Sf;l;enf: -Ofr:alar:tea::j b'tf: Igmgvlinhct)[r Qs"iiet)’: :f?a:;zz' prominent. Production from these fields is from a combined structural/stratig-
o s the Nesson amd Piper. The Nesson formation is defined as the strata that syum yand ephitee T Iim’ess;toxei ol o:Iitig &olognitiz:, an)n; ot raphic trap. In the Newburg/South Westhope area, a basal sandstone bed of SHEET # 2 : TRIASSIC/JURASSIC
- overlies the Spearfish Formation and underlies the Piper Formation. These g)r/c?us Bluemle etyal (1586) includes seven members within the Piper Forma- the Spearfish Formation onlaps productive Mississippian Madison Group
walt LT 4 strata are present only in the subsurface of the Williston basin. Three mem- tion: these ats. in as.cending order, the Dunham Salt, Poe. Picard }‘()Iine Tam- siratta. T;thf sandstc:ine bied t'S(’j n tL&mt, oma&p?(: by |mp>tgrn?eat::llel rted lshalels, CO o SS
“ o~ bers comprise the Nesson Formation; in ascending order, they are, the Poe, . 5 : ; G g g green siltstones and cemented sandstones that form vertical and lateral seals. RRELATION CRO _SECT'ONS
el o - ) . . ) ico Shale, Firemoon Limestone, and Bowes members. The sequence i i i i i5S0-
Dalorahe (/\(/w,.,Imw:‘{T;Rh Picard, and Kline: (see Stratigraphic: Nomenlature Chart). The Piper Forma: Eeaches a maximum thickness of 191 m (625 ft) and is equivalent to t%e Up- Th-ls el chated ) the upd[.p flank of a‘syncllne formed by the disso
3 [ e s fion Is tnename-glien 1o descrils= e sitata aboveithe Nesgon Fermation s er Member of the Amaranth Formation, the Reston Formation, and the lower lution of the Devonian Prairie F‘ormanon salt section. ALONG THE UNITED STATES_CANADA
\ PIERSON ‘ ’ 2 below the Rierdon Formation. It is divided, in ascending order, into three Snit of the Melita Formation of Manitoba’ d The Spearfish Formation also produces east of the Newburg/South
» = | LT — members, the Tampico Shale, Firemoon Limestone and Bowes. 4 Westhope area. Production is from beds that are stratigraphically higher than INTERNATIONAL BORDER
o \.‘ / TWWMI PARK ) Reston Formation (Manitoba) those productive in Newburg/South Westhope. These beds are part of an in-
CANADA N Nesson Formation . . . terbedded sequence of sandstones and shales that progressively overstep the
. Uz . (after Norquisit, 1955) he Beston Formatian co_nS|sts ol an _mterbedded sequence.of dark underlying Paleozoic erosional surface to rest unconformably on productive (NORTH DAKOTA_MANlTOBA)
. . grey to greenish-grey, locally reddish- to yellowish-brown shales and light buff Mississiopi P iy h y ;
[ ) 159 The Nesson Formation is a sequence of carbonates and evaporites 1o white, slightly dolomitic, argillaceous, partly sandy limestones. The lime- ississippian strata. Fraduction from the. senostono: bede: is believed Wl b
TN TN NORTH DAKOTA 2 that overlie the Spearfish Formation (Triassic (?)) and underlie the Piper For-  stone beds are more common towards the top of the unit, which is marked by MiEEESIpiah SoUicEd. o ) o
g ‘ j mation (Jurassic). Th_e formation Is recognizable only in the subsurface and  an oolitic, sandy zone. Anhydrite and gypsum are present locally. . The Amaranth Formation ls.the only prodpctl\{e zone within the Juras- Prepared by:
NEWBURG 5 “"g comprises the Pog, Picard, and Kline me.‘mb(.ars.' ‘ The Reston Formation conformably overlies the evaporites of the sic seq_uence of southwestern Manitoba. Production is obtalned_ from a lower p y
Pl It _Faunal evidence for the formation is limited. Therefore, the Nesson  Amaranth Formation throughout most of southwestern Manitoba, except north sandy interval of the Lower Member of the Amaranth Formation. The MeEt ) . .
L - STAE.BS&RBUCK 160 Formation is considered to be Jurassic in age based on its stratigraphic posi-  of the Virden area (approximately Township 12), where it rests unconformably 2;05?:;2:? e};azt?aigutrhgrE;éhgse:q?gn?;?;\éa;torﬁéh:;ggﬂ?gg’;;::fﬁ Julie A. LeFever Carol D. Martiniuk
e[ iy tion. A pronounced unconformity separates the Nesson Formation from the  on the carbonates of the Lodgepole Formation (Mississippian). The Reston is SSIPpI: - (North Dakota Geological Survey) (Manitoba Energy and Mines)
g 159 underlying Spearfish Formation. The Nesson E NI " . S . ; 4 i face. It is believed that the oil produced from the Lower Member of the Ama-
E]8 & |82 | o |80 | 70 | 5 | ying Sp ! sson Formation is lithologically similar  overlain with slight disconformity by sandstones and shales of the Melita For- ks coR PR Petroleum
‘ 7l i lnln ]| and probably genetically related to the overlying Middle Jurassic Piper Forma-  mation. The thickness of the Reston Formation ranges approximately from 2t Formation is sourced by the Misssissippian (Barchyn, 1982).
' tion. The majority of production from the Amaranth Formation in southwest-
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LAMAR HUNT - WILLIAM CRANSTON #1
NENW Sec.8, T.163N., R.81W.

KB: 1518' (462.7m)

NORTH DAKOTA TERMINOLOGY

CHEVRON STANDARD LTD.

-CHEVRON COULTER
9-6-2-26 WPM
KB: 440m (1443.6")

MANITOBA MINERAL RESOURCES
-MMR WASKADA PROV.
11-29-1-25 WPM
KB: 1555.5' (474.1m)

AMERADA PETROLEUM - LILLESTRAND #1
SESW Sec.31, T.162N., R.78W.
KB: 1486' (452.9m)

HUNT OIL - OLSON #1
SWNW Sec.18, T.163N., R.77W.
KB: 1520' (463.3m)

LION OIL CO. - G. A. HUSS #1
NWNW Sec.23, T.163N., R.75W.

KB: 2205' (672.1m)

CLARION PETROLEUM LTD.
- CLARION et al. HAZELDEAN #14-17
14-17-2-22 WPM
KB: 575.6m (1888.5")

JUMPING POUND PETROLEUM
- JUMPING POUND HIGH CREST

PROSPECT et al. HORTON #8-15
8-15-2-20 WPM

KB: 1913' (683.1m)
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Rec. 270' (82.3m) gas in pipe STRATIGRAPHY The Whitewater Lake Member overlies the Virden Member and is di- The abundant accumulation of oil in the Madison Group along the 2
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180" (54.9m) doil t d NORTH-CENTRAL NORTH DAKOTA ) and argillaceous limestone, and an uoper unit comprising an oolitic to bioclas- central North Dakota may be attributed to two major factors. First, this is an z|@ MC-2 j 2 W
: gas and oil cut mu Bakken Formation ) ) o ) tic limestone. The argillaceous limestones of the Flossie Lake Member overlie area of significant lithologic and facies change, and second, extensive pre-Tri- N %g _T b g o
829' (252.7m) slightly oil and The Bakken Formation (Devonian and M'lssnssnpplan) consists of_thr_ee the Virden Member (McCabe, 1963). assic(?)/Jurassic(?) erosion has truncated the most favorable reservoir facies z 3|35 g < % ) z Repid ity 13
. . . gas cut saltwater Cardinal Drill member_s, a lower and an upper plac_k to browmsh-blagk to dark grey, fISSI!e, In the vicinity of the Daly field (Townships 8 to 10 and Ranges 27 to of the basin flank or shelf edge of the Mississippian. These facies grade updip E % %g E g2 MMC-1 ° E KIRKELLA R
NOTE: /talics denote Manitoba terminology ardinal Drilling Co. - B. M. Keeler #1 fadloactlvg, non-calcz_areous, ‘orgamc-r'lch shale and a.n.'uddle member compris- 29 WPM) of southwestern Manitoba, another subdivision of the Lodgepole For- from excellent source beds of argillaceous, bituminous limestones to excellent @ z s z = omber B - 12
* North Dakota terminolo NWNW Sec.1, T'159N" R.82W. - ing very fine- to medium-grained, argillaceous, dolomitic sandstone to calcare- mation, defined by Organ and Russin (1956), is still used locally to define the reservoir beds of porous, algal-oolitic and fossiliferous limestones. The reser- 2 g 2 2 2 o
gy KB: 1536' (468.2m) IS ous siltstone. The members are considered to be formal only in Manitoba. stratigraphy in this area (see detailed reference well; 14-4-10-28 WPM). Organ voir beds immediately below the red shale and evaporites of the overlying @ S \ g ) h‘ﬂAN!ITOB,IA "
&) In the central portion of the basin the formation is conformable with and Russin (1956) subdivided the Lodgepole Formation, in ascending order, Triassic Spearfish (North Dakota)/Jurassic Amaranth (Manitoba) Formation are 2 ] p: 2 l 5. [ d
GR RES g the underlying Three Forks Formation (Devonian). It forms an angular uncon- into the Basal Limestone facies, Cromer Shale facies, Cruickshank Crinoidal capped by a dense, impermeable zone of secondary anhydrite and dolos- F'°ii5r"f Lakle H Flossie Lake s VIRDEN Lz 10
P formity with the Three Forks Formation (Lyleton') along the margin of the Wil- facies, Cruickshank Shale facies, Daly Member, and unnamed Upper Lodge-  tones. R Member 2 B
SPEARFISH FORMATION o liston basin in North Dakota and throughout most of Manitoba. The Bakken pole. In North Dakota, oil is produced from the three formations within the . . . g /4 s
M M/\J'V\/V\Mr\kf\ Formation is conformably overlain by the Lodgepole Formation of the Madison The Basal Limestone facies consists of slightly argillaceous, cherty Madison Group. Production from the Lodgepole Formation is limited to four el_ W"'L‘;‘:ga‘e' i <] WhLitaekv;ater. PRS- ¢ g DALY @ [4 o
Group. limestone. It is overlain by the Cromer Shale facies that consists of mottled wells in northern Williams County. The shales and mud-rich limestones of the g g subinterval  jower % Member Lower g | Lake Sourte i
A maximum thickness of 44 m (145 ft) is attained by the formation in grey to purple, finely crystalline, granular to finely fragmental, slightly argil- Lodgepole Formation are considered to be an important source rock for Madi- o|z o , © Wawansea
© the central portion of the basin. Local anomalies in thickness in the north-cen- laceous limestone or calcareous shale. The Cruickshank Crinoidal facies over- son oil. The Mission Canyon and the Charles formations are the most produc- ‘g 3| viden  UPPer ; Virden .Upper (crinoidal)} . 2
| § | upper g tral portion of North Dakota and southwestern Manitoba are probably due to lies the Cromer Shale facies and consists primarily of medium- to coarse- tive basinwide. Production is from a variety of trap types in different combina- ° g subinterval | O | Member | er (ooliter |‘ | , SOURIS
—_—— S = —_ = == — Bergutsonbeds | = the dissolution of Devonian salt. The three members of the Bakken Formation grained crinoidal limestone. The Cruickshank Crinoidal facies is overlain by ~tions including structural, stratigraphic, diagenetic, and sometimes hydrody- 813 u | & 7L sTON vZoey B HARTNEY 6
- — ior s thin and onlap towards the margins or marginal shelf areas of the Wil_liston the Cruickshank Shale facies comprised of maroon to greenish-grey, finely namic traps. '§ ‘ g) Scallion Member @ 'o s
E basin. In Manitoba, the lower member is absent except for a local area in the crystalline, argillaceous limestone, containing abundant scattered crinoid frag- Major reservoirs occur within the porous, oolitic, and crinoidal carbon- Seallion (cherty) o
é _5 Midale anhydrite S vicinity of Waskada field (Townships 1 to 3 and Ranges 25 to 26 WPM). This ments. The Cruickshank Shale facies is overlain by the Daly Member. The ate facies of the Mississippian strata of southwestern Manitoba. Principal res- ly REGENT .
é g Z occurrence is believed to be associated with dissolution and collapse of the Daly Member consists of a lower unit, composed of purplish-grey and brown, ervoirs have been defined within the Virden, Whitewater Lake, and Scallion Carrington Routledge iy <@ N[L
i ; o Devonian Prairie salt section. medium- to coarse-grained, argillaceous, crinoidal limestone, a middle unit, members of the Lodgepole Formation, and the MC-1 and MC-3 members of shale facies Shale facies 'S PIERSON e~ i
8 E Midale subinterval = . ; 5 - : % : i ; e ) ’ Piarson ] o | o ot WHITEWATER bt
— 2 |— = The Bakken Formation represents deposits formed during the initial composed of purplish-grey, microcrystalline, siliceous limestone, and an upper the Mission Canyon Formation. upper member Upper Member L % e 0 | whitewol .‘ o Kiorney
< 2 transgression of Mississippian seas. A stratification of the offshore marine en- unit, composed of grey, microcrystalline, dolomitized limestone with abundant Oi i ithi ithi i BAKKEN @ middle member BAKKEN i " ’
3 ; T . g ) ) il accumulation within these beds occurs within truncation traps MANANNA Middle Member @ [}
é Rival sublresval o vironment is responsible for anoxic bottom conditions and the deep, basinal nodular chert. The Daly Member is overlain by the buff to pinkish, microcrys- i i i FORMATION < wer membor FORMAICN. - ver Member (2 # 4 I LULY LAKE ’
b P! P found at, or near the subcrop belts of these units. Stratigraphic factors play an Tieton } > -
— —g— i — = -—-{S‘E ';:Tmﬁer_ Bluell bed » deposition of the lower and upper Bakken shales. Deposition of the middle talline dolostone with anhydrite bands, scattered crinoid fragments, and abun- important role in localizing oil accumulation; specifically, the extent of post- ° COU'LTER % WASKADA ¢ ga;‘..%'v‘.“uﬂ"m ;
SELECTED DETAILED uell beds u member marks a return to normal, shallow marine to nearshore marine condi-  dant nodular chert of the upper Lodgepole Formation. Mississippian erosion, the extent of secondary dolomitization and anhydritiza- = THREE FORKS uappeLLe|  THEER FORKS B T TN - K2 | CANADA -
REFERENCE WELLS B y-salt N N = — G i Teeesis  Sh d bed g 5|2 tions. The Cromer Shale facies grades laterally to the nonargillaceous cherty tion of the Mississippian at the erosion surface, and primary lithofacies FORMATION GROUP EORMATION HAAS. € 1" ots NE. LANDA
""""" e — "e’“’°°,ﬁ frgillaceous erwool S = 5 o) g limestone of the Scallion Member. The Basal Limestone facies, Cromer Shale changes of the units. Structural highs, paleotopographic highs or permeability . ‘sl S T 4, * ] | | 183
g K1 marker _ e Etp a MADISON GROUP facies, and Cruickshank Crinoidal facies are collectively correlative with the barriers are also necessary for the localization of oil accumulation within these @ oil production present # Former Manitoba terminology s.wesTHorE Q7 77 I !
< — — 17T — — — — ——=— - 0 Mohall beds 2 z|® o ) ) ) Scallion Member. The Cruickshank Shale facies and the Daly Member change units. In some areas, local structural lows, possibly related to dissolution and "~ y NORTH DAKOTA 162
£ 8 (%J th ;I'h;'-,\ M'SI_S'SS'P?'tah” '\33?"_3?” Gt:ou_p "‘I‘:]“deS,GSO T 1(3000 fft) of ts.trata n laterally from a predominantly fine-grained crinoidal limestone and shale se- collapse of the Devonian Prairie salt section, are important to oil accumulation. WILEY, . § i
] = e central portion of the Williston basin. It consists of three formations, in : ; i Al T ) ) L | .
K2 marker 2 2|2 ascendin o?der the Lodgepole, Mission Canyon, and Charles formations. All Qishis: $6r IS GyBlicaly intsttadoad odllic MEchone-Shao-Sanaiil Iintsbne In Manitoba, production from the Lodgepole Formation is concentrated NEWBURG g -
—_— T T — — — — —_——— < S| S h 9 tormable i ghpb o i dy hibit lex intertonaui sequence characteristic of the Virden and Whitewater Lake members. The along the subcrop belt of the Whitewater Lake, Virden and Scallion members. le K4 STARBUCK
Glenburn beds L L {e? ar(;_cotn orm: ?hm; o vasiiveen :_f.r aq eTXhI ; apo;np e>_<t‘|nne é”:g‘:zg Cruickshank Shale facies is correlative with the Virden Member. The Daly The fields of Lulu Lake, Whitewater, Regent, Souris Hartney, and Virden, as ;,3 e | | 160
18 2 relationship towards the basin margin (Fig. 1). The facies transitions betw Member is correlative with the Whitewater Lake Member (McCabe, 1963). well as several smaller associated pools along this trend, are productive. The IS o| GLENBURN uag 159
the evaporites and carbonates of the sequence occur at progressively lower : § 7 : 83 | s2gl & ]
2 ] ; 3 A : Daly and Kirkella fields, west of Virden, produce from an equivalent of the Bol 70 | 78 177 | 76 175 | 74 373 | 72| 7 | 70 ] 69 |
e0 0000 eoeceo0oooe e (R EEEEE R E E R R R T I stratigraphic horizons towards the eastern flank of the basin. The Charles- Mission Canyon Formation ; - ; : ! PIERCE
[ Mission Canyon formations contact is placed at the base of the lowest = ) . . . Virden and Whitewater Lake members. The Waskada, Pierson, Tilston, and I
[ z evaRES; the: Mission Canyoh-Lodgspals: farmatians pantict i placed at 16 owish The [Mlss‘ton CaLnyorl]I Fot;]malt‘lon (;O”S'Shts OL brownlstrj—ﬁrey to "ghlt i’el" Coulter fields produce from the Mission Canyon Formation. The majority of the
] ’ . . owisn-grey limestone. Locally, the limestone has been partially or completely production is from the MC-3 beds (Fig. 2). [ 10 20 mi.
2 bas’e of the lowest known occurrence of oolites, as shown on cross-section dolomitized. Overall, deposition of the Mission Canyon Formation carbonates (Fig. 2) " g:cj‘ogoogllsﬂelds m
E AA. occurred during a regression. The sequence reflects a decrease in water de- L4 0 10 20 30 km
] § L 8 Recognition of facies changes across the basin has led to the use of pth of Mississippian seas, relatively stable tectonics, and a decrease, or lack 1 Former Manitoba stratigraphic terminology
< z marker horizons to delineate informal units within the Madison Group strata on of detrital input into the Williston basin, which was most pronounced along the
<) the east flank of the basin. In North Dakota, the Madison Group has been shelf areas in North Dakota and Manitoba. Depositional environments of the
?_ O % — 1 MC2 = subdivided, in ascending order, into five recognizable marker-defined intervals, Mission Canyon Formation consisted of a repeated sequence of barrier is- FIGURE 2: Mississippian oil fields
—| O the Bottineau, Tilston, Frobisher-Alida, Ratcliffe, and Poplar (Carlson and Le- land/open marine shoreline buildup complexes with evaporites shoreward and REFERENCES
c " 5 . s 5 o
gg % Fever, 1987). The Frobisher-Alida interval is further subdivided along the mar- marine environments basinward (McCabe, 1959; Lindsay, 1988). The offshore
20| 5% gin of the basin in North Dakota, into a series of informal porosity ("pay") barrier shoals, which developed during periods of low sea-level, resulted in the
= @ , ,
FE| 2 zones that are, in ascending order, the Landa, Wayne, Glenburn, Mohall, Sh- formation of marginal fringing lagoons. Along the southern margin a single Bjorlie, P.F., and Anderson, S.B.
' = erwood, Bluell, Coteau, and Dale beds and Rival subinterval (see detailed shoaling-upward sequence can be recognized. Along the eastern basin margin 1978: Stratigraphy and depositional setting of the Carrington °
reference well; NWNW Sec.1, T.159N., R.82W.)(Voldseth, 1987). The Ratcliffe multiple shoaling events are documented. ; fseiening il in. 4 E —
SOUTHWESTERN MANITOBA . : L OE 4 \ nod X Shale facies (Mississippian) of the Williston basin, in £
interval is also subdivided into the Midale subinterval, the Midale anhydrite, The Mission Canyon and Charles formations, in Manitoba, represent Estelle, D., and Miller, R. (eds.), The economic geology gP MANITOBA
and the Berentson beds. the beginning of a complex cyclical sequence of interbedded carbonates and of the Williston Basin, 1978 Williston Basin Symposium: 54 METRIC CONVERSIO
In southwestern Manitoba, stratigraphic subdivisions of the Lodge: evaporites. Much of this sequence was removed during pre-Jurassic erosion Billings, Montana, Montana Geological Society, p. 165-176. 2 N TABLE
pole, Mission Canyon and Charles formations sequences adhere to the *for- and, as a result, only the lowest part of this sequence is preserved. The Carlson, C.G., and LeFever, J.A. _
mation" system of nomenclature, rather than the marker-defined or "bed" sys- Mission Canyon Formation, as defined by McCabe (1959), consists predomi- o The Madison. a nomenclatural review with a look o the 5 S 1 metre (m) = 3.28 feet (ft)
: : : " " tem of nomenclature employed in North Dakota. In the following discussion, nantly of fragmental carbonates that overlie the argillaceous carbonates of the ’ - ’ ; Hazeldean . 3y _ <
Canadian Superior Cruickshank #14- - - ; T ; y 9 9 .G. iE, ] Y | 1 cubic metre (m®) = 6.29 barrels (bbl il
P Clarion Petroleum Lid.  Claron ot a1 Hazeldean #1417 e formal unt names Lodgepole, Mission Canyon, and Grares fornators,  Lodgaele Formaln and undrle th avapric 529 o he Crares Forna e, n Garion O e Sniloter, JE, fod | gl [ ] T b e el satns”
. h -~ are retained to describe and compare Madison Group strata in Manitoba and tion. ymp : negina, puter | MMR { fHorton #8-15 h
KB: 1660' (506m) %) KB: 575.6m (1888.5") P~ North Dakota o o ) ) . Saskatchewan, , Saskatchewan Geological Society, Spe- Waskada T = 35.49 cubic feet (gas)
= & : The formation is subdivided, in ascending order, into three members, cial Publication No. 9, p. 77-82. ! Prov. ! 1K (ha)
& 5} ) the MC-1, MC-2, and MC-3. The thickness of the Mission Canyon Formation CANADA 29 | 28 427 | 26 25 | 28 | 25 | 22 |2 20 |19 | 18 | 17 | 16 | 15 | CANADA ectare (ha = 2.47 acres
sP RES é RES @ Lodgepole Formation . ‘ . in Manitoba ranges approximately from 82 to 98 m (269 to 322 ft). The MC-1 Gerhard, LC Andersor?, S.B., LeFever, J.A.‘, gnd Carlson, C.G.‘ USA 764 BZATI}/IT 80 i 79 |78 1 77 T 76 1751 /74; 73 [ 72 7 70 ] 69 USA 1 kilometre (km) = 0.62 miles (mi)
T e AMARANTH FORMATION 5 5 (&‘) ) The Lodggpole Formathn conformably overlies the. Bakken fformanon Member consists of crinoidal-fragmental and oolitic limestones and dolomitic 1982: Geological develo‘p{nent, origin, and -energy mlr)e(al re- 63 | Boreetiuss o -
L & LA — § m AMARANTH FORMATION | & in the central portion of the basin and unconformably overlies Devonian strata limestones and dolostones. sources of the Williston basin: American Association of Hunt—Cranston #1 -
3 2 along the margin. It reaches a maximum thickness of 274 m (900 ft) and The overlving MG-2 Member is defined as the first. or lowest Petroleum Geologists Bulletin, v. 66, p. 989-1020. yl2 =B
& NV ANANNNNV] represents the maximum transgression of the Mississippian seas. In North ] ying o . S OF WSS Heck, T.J. 24 Hunt—Olson #1
. _ ; . evaporite-shale member of the Mission Canyon Formation (Thomas, 1954). The y ZIE e
‘ Dakota, the fermation iconsists: of dense, dark grey 10 brownlsh—greg linge MC-2 Member includes the evaporites and shaly carbonates found above and 1979: Depositional environments and diagenesis of the Missis- €8 Amerado~ | T
FIc;;.snebLeake (s:tones an? c'alcla;eous. shgles vzlth rgmn; an’rl]c.)untz of C:?e{t andd anl.\{drltg. below a thin interbed of dense to earthy, argillaceous dolostone, referred to as sippian Bottineau interval (Lodgepole) in North Dakota: Lillestrand #1 g2
m s e = e e varying abundance. Clastic centent 18 ighly variable In fhe middls and upper _1he MC-2 marker (McCabe, 1959). The MC-3 Member consists predominantly Master's thesis, University of North Dakota, Grand Forks, [1s0 NORTH DAKOTA
odgepala Formatic;n e of fragmental limestone, with some dolomitic limestone, medium saccharoidal North Dakota, 227 p. i ]
- - — — ’ dolostone and earthy limestone. This member is further subdivided into two Lindsay, R.F. l1s9 McHENRY
- . ) - _ S _ v ) o #3:
Uppe Whitewater North D II(O\;ver I_Ii_odkge?gl_/eg FoErmgtlon roctks ?rz regrg[fsentfed &yeflgef;gmes :2 porous zones: a lower unit, referred to as the MC-3a; and, an upper unit, 1988: Mission Canyon Formation reservoir characteristics in SHEET #3: MISSISSIPPIAN
— — Lake ofth Dakota (Neck, ). Environments of deposition for these facles a referred to as the MC-3b. These units are separated by an argillaceous bed North Dakota, in Goolsby, S.M., and Longman, M.W PIERCE
T 3 Loiwar Member cen?ral basm,:asm_slope, open Shelrf]" ?]t;:r nea‘r:I shelf bfgzr, Eng a Ialgo?:”e” designated as the MC-3 marker. This marker bed undergoes a facies change (eds.) Occurr’ence and pe’trop.hy;ical properties ,Of éar'_ CORRELATION CROSS SECTIONS
s T Prriskehank Shaio farias o [ environment. A marine regression, which began during middie Lodgepole For- to become the primary evaporite unit known locally as the Dando Evaporite. 1 [ ; i -—
& —_——_—— | 2z I — TUpper T |2 mation sedimentation, resulted in the basinward progradation of the marginal The Dando Evagorite )i/s a Igcal remnant of a west\:llard—extending, basir? mar- g%?ff;dfs;?fﬂ;s l\lﬂnotjﬁa?noi\ksysgﬁ?:t?éi]nofre(gleoo%jsetr;veg' O Well present only on SHEET #3 Omw ‘S
2 — == — feringidal)  yjrgen Oly |z facies. Middle and upper Lodgepole Formation rocks are represented by three  gin gyaporite and is limited to the Waskada area of Manitoba (Townships 1 to 317-346. ' 0 10 20 30km ALONG THE UNITED STATES_CANADA
§ % <Z: Lower Member E15|% different facies. Depositional environments of these three facies include shal- 3 and Ranges 25 to 26 WPM)(McCabe, 1959).
— ) |0 |7 (oolite) E 8 o low open shelf, shoals, and shoreward of the shoals. In Manitoba, the Lodge- McCabe, H.R. INTERNATIONAL BORDER
=== Ca’_'iﬁgis;;"k 8 (n_r:; o —_— '7)""’— —_—— — — — — ||| pole Formation is a repetitive sequence of shale and oolitic-crinoidal lime- Charles Formation 1959: Mississippian stratigraphy of Manitoba: Winnipeg, Mani- LINE OF CROSS—-SECTION
) w . k 3 -
facies 4l3 A > w|d @ stones. . ' N The Charles Formation is predominantly comprised of evaporites with g’ba’ hM;”';T_ba Minas 1and Natural Resources, Mines (NORTH DAKOTA_MANITOBA)
12| Y 32| The terminology proposed by Stanton (1958) is used to subdivide the minor amounts of interbedded limestones, shales and sandstone tongues. It cangh; Publication 58-1;'99 0.
- w g ] I4 & x| @ Lodgepole Formation throughout most of Manitoba (see detailed reference was deposited in a restricted environment during the latest stage of a regres- 1963: Mississippian oil fields of southwestern Manitoba: Win-
gl=|= Scallion Member | 8 2= well; 14-17-2:22 WPM). The thickness of the Lodgepole Formation in Mani- sive event. In Manitoba, the maximum thickness of the Charles Formation is nipeg, Manitoba, Manitoba Mines and Natural Resources,
g == e — — | ] (cherty) o toba ranges from 146 to 176 m (479 to 577 ft). It is subdivided, in ascending approximately 37 m (121 ft) (McCabe, 1971). Mines Branch, Publication 60-5, 50 p. =) .
2 § = order, into the Scallion, Virden, Whitewater Lake, and Flossie Lake (formerly 1971: Stratigraphy of Manitoba, an introduction and review, in repared by
& . St - unnamed) members. The Scallion Member corresponds in field usage to the PETROLEUM POTENTIAL Turnock, A.C. (ed.), Geoscience studies in Manitoba:
romer Shale . " . . - . . : gt . . L.
8 cherty" and consists of white to medium grey, purple, red to pink, microcrys- Geological Association of Canada, Special Paper No. 9, Ju|| A |_
tacies talline to sucrosic, cherty to siliceous, dense to chalky limestone to argil- Bakken Formation production in North Dakota occurs along the depo- p. 167-187. (North Dasota éeolel:isg{gzrv ) (l\cﬂ;aml;ot!alg Martén'JUK
laceous limestone. The Routledge Shale facies, a black, fissile, calcareous sitional limit in the southwestern portion of the state and the Nesson anticline Organ, D.W.E., and Russin, G.M. Wi b 0og ey. anito : nergy an ines)
4 e e e e shale, is the lateral equivalent of the Scallion Member. It occurs locally at the where it is considered to be a thermally mature source rock (at depths 2743+ 1956: Mississipoian stratigraphy of the Daly oil field: Ol in oldseth, N.E. etroleum
base of the Scallion Member and is limited to two lobe-shaped bodies, one at m (9000+ ft)) (Webster, 1984). Production is from a fracture porosity that is . Canadaps 8. fio 22 P AYO-47 y : 1987: Coteau and Dale intervals of the Mississippian Mission .
Basal Limestone the Virden field (Townships 9 to 12 and Ranges 25 to 26 WPM), and another related to overpressuring due to hydrocarbon generation. This fracture porosity . M.S » V. 0y, N0 2, P ’ Canyon _Formation; Flaxton field, Burke County, North S|dney B. Anderson
facies at the Lulu Lake field (Townships 1 to 3 and Ranges 19 to 21 WPM). The is enhanced by regional fracture systems. anien, M.5. . A ) Dakota, in Fischer, D.W. (ed.), Core Workshop Volume, (North Dakota Geological Survey)
shale is correlative with an equivalent unit in eastern North Dakota, known as Production from the Bakken Formation in Manitoba is located a con- 1958: Stratigraphy of t_he Loggepole Formation, Vlrden-Whitg- Fifth International Williston Basin Symposium: Grand
1 § o A/\JW\?/' the Carrington shale facies (Bjorlie and Anderson, 1978). siderable distance from the area where it is considered to be thermally mature water area, Mamtoba, in Goodman, A.G. (ed.), Jurassic Fo_rks, North Dakqta, North Dakota Geological Survey, Drawn By:
a4 BAKKEN FORMATION 2 N E The Virden Member overlies the Scallion Member and is divided into  and is restricted to Daly field, where it produces from the Middle Member. and Carboniferous of Western Canada: Tulsa, Okla- Miscellaneous Series No. 69, p. 89-109. M.EMcFarlane N.Barton B.Lenton 2.
= THREEggss%g'L—ETON) ; a lower and upper unit. The lower unit corresponds to the "oolite” of field Presently, this is the stratigraphically lowest oil production in southwestern homa, American Association of Petroleum Geologists, Webster, R.W. (Manitoba Energy and Mines) Manitoba
o usage, and consists of interbedded oolitic and/or bioclastic (lentils) and argil- Manitoba. Oil accumulation from the Bakken Formation in the Daly field is John Andrew Allan Memorial Volume, p. 372-390. 1984: Petroleum source rocks and stratigraphy of the Bakken Energy and Mines
u laceous limestone. The lower unit is subdivided into a sequence of these len- primarily controlled by stratigraphic traps created by the lateral pinch-out of Thomas, G.E. Formation in North Dakota, in Woodward, J., Meissner, December. 1991
tils, referred to, in ascending order, as the Fourth, Third, Second, and First the porous basal sandstone of the Middle Member against the dolomitic shale 1954: The Mississippian of the northeastern Williston: Cana- F.F., and Clayton, J.L. (eds.), Hydrocarbon source rocks ’

Daly Field terminology - (after Organ and Russin

, 1955)

! Former Manitoba terminology

Oolite, and the Sandhill. The upper unit corresponds to the "crinoidal" of field
usage, and consists primarily of crinoidal limestone.

of the Three Forks (Lyleton') Formation. It is trapped vertically by a tight sand-
stone.

dian Institute of Mining and Metallurgy Transactions, v.
57, p. 68-74.

of the greater Rocky Mountain region: Denver, Colorado,
Rocky Mountain Association of Geologists, p. 57-82.
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5l 4544-4626' (1385.0-1410.4m)
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; CORE #2: 1524.5-1534.5m (5000-5033') 4.23 bbls (0.67m?) slightly gas cut mud
4 —— — — -g 1 ' DST #3: 4630-4687' (1411.6-1429.0m)
Ratner Member 2 DST #2: 1520-1535m (4986.0-5034.8") Rec. 1.51 bbls (0.24m?) drilling mud
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Rec. 1234m (376') saltwater 24.20 bbls (3.85m°) very slightly gas cut water
DST #4: 5333-5365' (1625.9-1635.7m)
WINNIPEGOSIS Rec. 6.74 bbls (1.07m?) drilling mud 6
FORMATION The upper part of the Dawson Bay Formation consists of three rock  Birdbear Formation 17.71 bbls (5.4m?®) saltwater gs
_ g units that are recognizable in outcrop. The unit overlying the Second Red Bed The Birdbear Formation is conformable with the underlying Duperow  DST #5: 5466-5495' (1666-1675m) 3 MANITOBA
Member comprises argillaceous dolostones and fossiliferous biomicritic lime-  and overlying Three Forks formations. In peripheral areas where the Three R 4 I om? = 2
; X . ; . 4. .69m’) drilling m
stones (Member B; Norris et al,, 1982). The second unit consists of calcare-  Forks Formation is absent, the Birdbear Formation is disconformable or forms 6033 %g ,[;_'))tt))ls Eg gsmg)) l ht? ud tf ti 24
ASHERN FORMATION ous shales and argillaceous limestones (Member C; Norris et al., 1982). The  an angular unconformity with overlying units. It is composed of fossiliferous : 8 {o. slightly gas cut formation water
uppermost unit of the Dawson Bay Formation comprises saccharoidal dolos-  and dolomitic, muddy limestone and attains a maximum thickness of 36 m 5 arion-
L A tones and fragmental limestones that commonly contain stromatoporoids (119 ft) in the central portion of the basin (Loeffler, 1982). Local structural ; ' Hozdldaan s ; ;
Y (Member D; Norris et al., 1982; Baillie, 1953; Pound, 1985). anomalies are related to two stage salt dissolution of the Devonian Prairie  the Duperow Formation. This production is associated with major structural s Chevron— #1417 | Jifiphig PouAd—
- The Second Red Bed Member of the Dawson Bay Formation repre-  Formation. features within the Williston basin, including the Nesson, Billings and Cedar STRATIGRAPHIC NOMENCLATURE CHART Coulter w:kadu O.|' BN _f Horton #8—15
i i ; ; i b : - Creek anticlines. The Duperow Formation produces from both stratigraphic "
< . — ' - sents sedlmepts that accumulated under continental or very shalloyv water, Loeffler (1982) recognized seven lithofacies within the Birdbear Forma: A . ! Prov. \
o INTERLAKE DST #2: 5922 59"1-2 (1805.5-1811.6m) intertidal conditions. The Second Red Bed Member was once underlain by the tion, These facies represent environments ranging from restricted, shallow ma- ~ and structural traps. Developed porosities are either primary, or a result of NORTH-GENTRAL NORTH DAKOTA S —— Cll\JNSAADA e T s s | 2e | 23 | s [ 20 |19 | 18 | 17 | 15 | 15 | cAnaDA
) FORMATION Rec. 184' (66m) saltwater cut Prairie Formation, much of which has since been removed by dissolution in  ring to supratidal, and indicate progressively shallowing conditions. diagenetic processes. Al BA VA 78 178 177 T 175+ ] ViR I 5 T 71 ] 76 | 69 USA
= mud southwestern Manitoba. Deposition of the argillaceous dolostones, fossilifer- The Birdbear (Nisku1) Formation of Manitoba is lithologically similar to Production from the Birdbear Formation presently appears to be re- SYSTEM SYSTEM 63 HA .. ’ . |1 \ uon_huss &
o 545' (166m) saltwater ous limestones, and argillaceous limestones of the upper units of the Dawson  gya14 in North Dakota. It also comprises fragmental, fossiliferous limestones  Stricted to deposits of upper bank and back bank depositional environments Upper memiber Upper Member upt-Crapston # L
Bay Formation represent an increase in water depth and transgression of the  5ng golostones. Corals, bryozoa, stromatoporoids and algal material are usu-  Within the central portion of the basin. Porosity is either primary or diagenetic, M BAKKEN @ BAKIER M yl2 ot
" . , s s N . . =] —Olsol
Dawson Bay sea (Norris et al., 1982). ally abundant. The depositional thickness of the formation ranges from 12 to  related to dolommzat!onA Thg Birdbear Format'lon aIsp produces in Montana MAMAA Formarion Middie member Formanon Middie Member @ DA 5|2 n #1 ulo
A transgression and regression of the Devonian sea into the Elk Point Deposition of the Dawson Bay Formation in North Dakota occurred on 43 'm (39 to 141 ft) (Manitoba Energy and Mines, 1980). from structures associated with two stage salt dissolution. | [V gg Amerada— | 5 2
) ) ) basin is represented by sediments of the Winnipegosis Formation. Wide-  a low relief platform with slightly restricted marine waters (Dean, 1982). Envi- The Three Forks Formation produces from isolated deposits of the ower momber Lower Member, Lilestrand #1 gie
NOTE: /talics denote Manitoba terminology spread, normal marine carbonates represent the initial deposits of the forma-  ronments range from subtidal to supratidal. Diagenesis, primarily dolomitiza-  Three Forks Formation "Sanish sand" in the central portion of the basin. Interpreted to be either i's" NO.RTH D'AKo'TA
* North Dakota terminology tion (Norris et al., 1982; Perrin, 1982; Ehrets and Kissling, 1987). These are, tion, destroyed much of the original texture. The Three Forks Formation is conformable with the underlying Bird-  beach sand deposits, or shallow water sand bars, the sands produce where ~ -obdell, F.K. w ! 1
in turn, overlain by sediments representing two distinctly different environ- o i bear Formation and the overlying Bakken Formation, except along the basin tension fracture systems are present. 1984: The Ashern Formation (Middle Devonian) in the Williston da ’ 1159 McHENRY
ments, a shallow shelf environment, and a deeper basin environment with ~ Souris River Formation margin where it is unconformably overlain by the Lodgepole Formation. A se- basin, North Dakota: Master’s thesis, University of North THREE FORKS o u 8 THREE FORKS (LYLETON *)
scattered pinnacle reefs. The shelf environment is represented by a fringin The Souris River Formation conformatbly overlies the Dawson Bay For-  ries of interbeds of greenish-grey and reddish-brown micrite and dolomicrite Dakota, Grand Forks, North Dakota, 187 p. FORMATION [ FORMATION PIERCE
; : Y ging ) ; ; g grey p <
STRATIGRAPHY bank built up around the perimeter of the basin. Shoreward of this bank exists ~ mation and generally consists of a sequence of dark grey and brownish-grey,  ith anhydrite nodules and subordinate amounts of biomicrite and argillaceous Loeffler. P.T 50
a sequence of either thin bituminous, laminated, inter-reef carbonates, or thick  argillaceous, anhydritic, or silty limestones or dolostones (Bluemle et al.,  material comprise the formation. There are local accumulations of coarse- REFERENCES oelrer, Fuls » . ) o (] o 0 20 m
The Devonian System in North Dakota and Manitoba is divided into  mound or reef carbonate complexes. Basinward from the bank, the pinnacle  1986). Interbeds of siltstones, shales and evaporites are also present. These grained siltstone to fine-grained sandstone in the upper few feet of the Three 1982: Dep_osmonal environment anvd'dlageneshls, Birdbear For- O Well present only on SHEET #3 EE :
four major lithologic units (Baillie, 1953; Bluemle et al., 1986). These are, in  reefs and deeper basinal facies developed. The two environments represent a  sediments represent an influx of clastics and supratidal carbonates into the Forks Formation, informally referred to as the "Sanish sand". In the central mation (Upper.Devon‘lan),.Wllllston basin, Nortn Dakota: BIRDBEAR o ’ Y
ascending stratigraphic order, the Elk Point, Manitoba, Saskatchewan and  "decoupling” of the deeper basin environment from the shelf environment in  basin in Devonian time. The formation attains a maximum thickness of 107 m portion of the basin, the Three Forks Formation reaches a maximum thickness  Baillie, A.D. Master's thesis, University of North Dakota, Grand a FORMATION. 8 BIRI%%%)::!RA(T';J&SNKU ) 9 9 20 Xkm
Qu'Appelle groups. response to varying rates of carbonate production. (350 ft) in the central portion of the basin. of 81 m (265 ft). 1951 Devonian geology of Lake Manitoba - Lake Winnipego- Forks, North Dakota, 268 p. 8 &
Regression of the Devonian sea began during the initial deposition of In Manitoba, the lower contact of the Souris River Formaton is transi- In North Dakota, Dumonceaux (1984) divided the Three Forks Forma- sis area, Manitoba: Winnipeg, Manitoba, Manitoba Mines ~ Manitoba Energy and Mines % g LINE OF CROSS-SECTION
ELK POINT GROUP tr)g upper portion of the Winnipegosis F_ormation. At this timg, supratidal depo-  tional. The Souris R.iver Fornjatioq, as defined by Norris et al. (1982) is com- tion into five lithofacies that showed considerable vertical and lateral variability and Natural Resources, Mines Branch, Publication 49-2, 1980: Manitoba stratigraphic map series. = <
The Elk Point Group is divided, in ascending order, into the Ashern, sm%n L_<)3[ccurrt.add'on"both the (sjh%IL alrlld pmntacle rde_efs. Th(ij pllnnacle re?fs were prised ’slf a tl)owe;ur']:t, Ehe F"omt Wilkins Mgm:gr, ’?And .anbuppetr unit, }rhhe S;ga- due to the degree of onlap and offlap between adjacent depositional environ- 72 p. Martindale, W., and Orr, N.E. 8 UBJ
Elm Point (Manitoba only), Winnipegosis, and Prairie formations. probably perioaically exposed. Shallow water sediments, dolostones, stromato-  mace Member, both of which are recognized in Manitoba outcrop. The Point  ents. Depositional environments ranging from sublittoral to supralittoral have 1953: Devonian System of the Williston basin area: Winnipeg 1987 Middle Devonian Winni : ts of T
7 : : : - ) o ) X : : 5 . 3 pegosis reefs of the Tablelands o DUP
. lites, and anhydrites were deposited around the emergent reefs. The basin ~ Wilkins Member consists of four rock units, in ascending sequence: the First been interpreted by Dumonceausx for these lithofacies. Manitabs, Manfiabs WMines dnd Natural ReSources. area of sputhesstam Saskatchowar fabe.). In Mardhant E UPEROW FORMATION @ (I—) DUPEROW FORMATION
Ashern Formation was eventually filled by salt of the overlying Prairie Formation (McCabe, Red Beds (only unit recognized in the subsurface); a red and green calcare- Mines Branch, Publication 52-5, 105 p T. (ed.), Second International Sym osium’ on the Devi o §
The Ashern Formation attains @ maximum thickness of 55 m (180 ft) in ~ 1987). ous shale; a fossiliferous, argillaceous limestone; a dense, micriic and frag- QU’APPELLE GROUP (Manitoba) Bannatvne B.B ' ' ’ oﬁian S stem, program and abstrac?tS' Calgary Alberta u N
the central portion of the basin. It unconformably overlies the Silurian Interlake . . mented limestone (original Point Wilkins Member of Baillie, 1951); and a yel- . yns, Bk ) ) . . ) Canadia)rlm Soc}ety of Petroleum Geologists D 156 ’ 5
Formation in North Dakota. In North Dakota, Lobdell (1984) informally subdi-  Prairie Formation lowish-brown, finely crystalline dolostone and dolomitic limestone. The Sage-  Three Forks Formation 1960: Potash deposits, rock salt, and brines in Manitoba: Win- » p. 156. : METRIC CONVERSION TABLE
vides the Ashern into a lower red member and upper grey member, both com- The Prairie Formation conformably overlies the Winnipegosis Forma-  mace Member consists of variably fossiliferous, micritic limestone grading in The Qu'Appelle Group, as proposed by Baillie (1953), consists of a nipeg, Manitoba, Manl’toba_ M'lnes and Natural Re-  McCabe, H.R. . —
prising argillaceous, microcrystaline dolostones containing minor amounts of ~ tion completing the sequence of the Elk Point Group. The evaporites of the  part to laminated and pelletal limestone and saccharoidal dolostone. The  single formation in Manitoba, the Three Forks (Lyleton') Formation. It is com- sources, Mines Branch, Publication 59-1, 30 p. 1971: Stratigraphy of Manitoba, an introduction and review, in I ——-(Souris River marker)— 1 metre (m) = 3.28 feet (ft)
quartz silt. Anhydrite is present in both members, however, it is more abun-  Prairie Formation attain a maximum thickness of 198 m (650 ft) with variations  Souris River Formation ranges in thickness, in Manitoba, from 66 to 95 m (216  prised predominantly of red, dolomitic siltstones and silty shales and argil-  Bluemle, J.P., Anderson, S.B., Andrew, J.A., Fischer, D.W., and Turnock, A.C. (ed.), Geoscience studies in Manitoba: 1 cubic metre (m?) = 6.29 barrels (bbls) (oil)
dant as nodules in the lower red member. Bedded halite may also be present  occurring locally and regionally due to dissolution and the differential accumu-  to 312 ft) (McCabe, 1971; Manitoba Energy and Mines, 1980). laceous dolostones and ranges in thickness from 11 to 55 m (36 to 180 ft)  LeFever, J.A. Geological Association of Canada, Special Pager No. 9, g SRS EIVER g =220 imperial gallons
and is noted in two areas of North Dakota, eastern Wiliams and western  lation of salt during deposition (Oglesby, 1988). Four members are recognized Recent standardized correlations established by McCabe and Bezys  (McCabe, 1971). It conformably overlies the Birdbear Formation and is uncon- 1986: North Dakota stratigraphic column: Grand Forks, North p. 167-187. > o) FORMATION 3 S?gﬁﬁﬁgﬁ“ = 35.49 cubic feet (gas)
Mountrail Counties. in the Prairie Formation of Noqh Dakota; these include, in ascending order, (pers. comm.) for the latest edition of the Western Canadian Atlas (in prep.)  formably overlain by the Middle Member of the Bakken Eormat_ion. Locally in Dakota, North Dakota Geological Survey, Miscellaneous 1987: Preliminary Manuscript - a tentative model for Winnipe- < % % <Z: 3
The lower red member is present in North Dakota as a north-trending, the Ratner, Esterhazy, Belle Plaine, and Mountrail. and the Lexicon of Canadian Stratigraphy (Canadian Society of Petroleum Ge- areas of the _Iate. Devonign to early Mississippian salt dissolution, the.Three Series No. 66, 3 sheets. gqsis_ (Middle Qevonian) "'Reefs", Manitoba ou_tcrop belt: > = ° = 1 hectare (ha) = 2.47 acres
weakly positive feature. It is believed to have been deposited as a pennisula The Ratner Member consists principally of anhydrite and is transitional  ologists, 1990) have redefined the top of the Souris River Formaton to corre-  Forks Formation is overlain by the Lower Member of the Bakken Formation. Burke, R.B., and Heck, T.J. er.mlpeg, Manltoba, Manitoba Energy and Mines, Geo- C>) 8 _______ 8 _______ (@) 1 kilometre (km) = 0.62 miles (mi)
or large island (Lobdell, 1984). Coastal sabkas developed on this feature, and ~ Wwith the underlying Winnipegosis Formation. The Ratner Member is overlain  spond with its type section. The previous top of the Souris River Formation in 1988: Reservoir characteristics of the Duperow Formation at logical Services Branch. i E first red beds E First Red Beds a )
are represented by red microcrystalline dolostones and local anhydrites. This by a transition zone. Interbeds of the anhydrite occur within the overlying hal-  Manitoba was defined as the top of a shale break roughly 15 m (50 ft) below ) ) ) ) Tree Top field, North Dakota. in Goolsby. S.M 4 Norris, AW., Uyeno, T.T., and McCabe, H.R. a =4 z =)
4 : - s ) ite (Oglesby. 1988: B t 1960). Th interbeds refl iodi " e O ) . : 1 Former Manitoba stratigraphic terminology op fielq, ota, In sby, S.M., an ) . . y < <
feature was later inundated by the Middle Devonian restrictive sea. Subtidal  ite (Oglesby, ; Bannatyne, ). ese interbeds reflect a periodic re the established top of the Souris River Formation. This pick has been retained Longman, M.W. (eds.), Occurrence and petrophysical 1982: Devonian rocks of the Lake Winnipegosis - Lake Mani- s s §
sediments formed at this time became the microcrystalline dolostones of the  charge of the Elk Point basin. Overlying this transition zone are the remaining  in Manitoba as the "Souris River marker" (see cross-section A-A"). propertles of carbonate reservolrs in fhe Rooky Moo toba outcrop belt, Manitoba: Geological Survey of Can- ?:%V;%C;\%SQY. %@)ﬁ?ﬁ%%ﬁ( g
upper grey member. three members of the Prairie Formation, the Esterhazy, Belle Plaine, and Deposition of the Souris River Formation represents an aliernating cy- PETROLEUM POTENTIAL tain region: Denver, Colorado, Rocky Mountain Associa- ada, Memoir 392, 280 p. g
In Manitoba, the depositional thickness of the Ashern Formation ~Mountrail. These are regionally correlative upward brining sequences of halite  ¢je of marine transgression and regression. The First Red Beds and argil- tion of Geologists, p. 303-316. 1982: Devonian rocks of the Lake Winnipegosis - Lake Mani- second red beds| Second Red Bed ¢
ranges from approximately 3 to 12 m (10 to 39 ft). The Ashern Formation capped with halite dominated potash beds. The potash represents the shallow- |5ce0us and micritic limestones of the Point Wilkins Member represent a trans- Canadian Society of Petroleum Geologists toba outcrop belt, Manitoba: Winnipeg, Manitoba, Mani- T Member
unconformably overlies the Middle Silurian Interlake Group and is overlain with ~ €St brine depth and the highest level of salinity. The final, unnamed halite  gressive phase. The dolomitic limestone represents the initial part of a regres- The predominantly marine strata of the Devonian sequence contain P Liodieon o Sanadin stmimmaly. VEls 1 e toba Energy and Mines, Mines Branch, Publication 77-1, S ["Mountrail Mor. P SHEET #4: DEVONIAN
slight unconformity by the Winnipegosis Formation, or the Elm Point Formation ~ CYclé is capped by a red to green, nonfossiliferous dolostone to calcareous  gjye phase. The Sagemace Member represents the transgressive phase of a many stratigraphic features that are considered to be favourable for the accu- ’ Canada including eastern gBriﬁisyh' Columbia. Alberta 280 p. Sro———— PRAIRIE g
where it is developed. Its lithology consists mainly of interbedded red and fhileé ':;]‘0";” '_”formﬂ|¥ as tdhe sle:?onddreq bs{'gs bThese kéedstprobably Pro-  second cycle (Norris et al., 1982). mulation of oil. The lithofacies relationships, together with the tectonic and Bt b angd bl e Calga?;/ AIb:rta’ Oglesby, C.A § Belle Plaine Mbr. z FORMATION Z3
reen dolomitic shales and red argillaceous dolostones (Baillie, 1953). ecte e Prairie salt from dissolution during the Dawson Bay transgression. . . . S " " ; d s T . " ; " ; i w = [=
9 oo S ( - Generally included in the Dawson Bay Formation, Oglesby (1988) includes the ~ JEFFERSON GROUP (North Dakota) / SASKATCHEWAN GROUP (Manitoba) ~ oV/ronmental features of certain stratigraphic intervals, are more favourable Canadian Society of Petroleum Geologists, 772 p. 1988: Deposition and dissolution of the Middle Devonian Prai- £ | Esterhazy Mor. g Uoper Member | £ 4 CORRELATION CROSS-SECTIONS
The Ashern Formation constitutes the basal part of the Devonian suc- ond red beds" as the uppermost member of the Prairie Fi ation than others for the generation and accumulation of oil. Two Devonian forma- Dean. K rie Formation. Williston basin. North Dakota and Mon- f-3) DE— upper s pp(eRreegm r éc
cession throughout a large part of the Elk Point basin of Manitoba and Sas- ¢ ) PPSMOSLMembero e hifalrle Fermation. . The Duperow and Birdbear formations represent two different groups.  tions are nonproductive; these are, the Ashern and the Prairie formations. T ) T . tana: Master's thesis, Colorado School of Mines Gold- S | o [Ratner Mo mZ,‘,’,f)e, S 5 O ALONG THE UNITED STATES_CANADA
katchewan. The sediments of the Ashern Formation represent, in part, the In Manitoba, the Prairie Formation comprises a sequence of halitt 1o jefferson Group was proposed by Sandberg and Hammond (1958) for The Winnipegosis Formation of the Elk Point Group has potential to be 1982: Devonian Dawson Bay Formation in North Dakota, in 571, Caloeats. 78 6. ’ ! 8 - 8 s e
reworking of residual soil formed during the later Silurian to early Devonian ~ beds with minor anhydrite, and a potash-rich interval near the top. The present o iy North Dakota. The Saskatchewan Group was proposed by Baillie  a suitable oil reservoir. The reefs of the Winnipegosis Formation show excel- Christopher, J.E., and Kaldi, J. (eds.), Fourth Interna- Perrin, N.A ’ ’ o al @ ‘Z,’E INTERNAT'ONAL BORDER
erosional interval (Norris et al., 1982). extent of the Prairie Formation in Manitoba represents a salt dissolution edge (1953) for equivalent strata in Manitoba. lent porosity and permeability and, where developed along the basinward edge Uonal Williston Basin Sympuosivm: Regita, Saskatche: Coan. . - ; ; . 5 8 £ @
(see cross-section A-A’). The formation originally extended north and east of P ; : ; ] wan, Saskatchewan Geological Society, Special Publica- 1982: Environments of deposition and diagenesis of the Win- Z w Z Lower Member | &/
. . . o } : . of the fringing bank, have reservoir potential. Production has been obtained h ; ) h A . > X a| = o
Elm Point Formation (Manitoba) the present salt edge. The Prairie Formation thlckeng from a zero edge,' due  Duperow Formation from dolomitized reefs of the upper Winnipegosis Formation in the southwest- tion No. 6, p. 89-93. nipegosis Formation (Middle Devonian), Williston basin, 8 bower meniber z 8 (Platform) z (NORTH DAKOTA—MAN'TOBA)
The Elm Point Formation is identified only in Manitoba. It overlies the ~ to dissolution, to approximately 125 m (410 ft) (Norris et al., 1982; Manitoba The Duperow Formation conformably overlies the Souris River Forma-  ern portion of the Elk Point basin in the Tablelands area of Saskatchewan Dumonceaux, G.M. North Dakota, in Christopher, J.E., and Kaldi, J. (eds.), < g| v o EOINT £S
Ashern Formation with possible unconformity and ranges in thickness from  Energy and Mines, 1980)'- The main b‘?dV. of evaporite is restricted primarily 10 tion. The formation consists of up to 152 m (500 ft) of microcrystalline lime-  (Martindale, 1987). Economic production from the pinnacle reefs has not been 1984: Stratigraphy and depositional environments of the Three Fourth International Williston Basin SYWPOS'UWZ Regina, o ﬁ E
approximately 5 to 20 m (16 to 66 ft). The EIm Point Formation in outcrop ~ an area west of the Winnipegosis fringing bank along, or near, the Mani-  gione, fine-grained argillaceous dolostone and anhydritic limestone, and cryp-  found in North Dakota and Manitoba. Temple and Hamlet fields in North Da- Forks Formation (Upper Devonian), Williston basin, Saskatchewan, Saskalchewan Geologleal Soiely, Spe- g
typically consists of medium yellowish-brown, very fine-grained, variably dolo-  toba/Saskatchewan border. A tongue of anhydrite beds extends eastward from  to¢rystalline dolostone with lesser amounts of bedded anhydrite and calcare-  kotg produce from the platform margin argillaceous slope facies. The Round North Dakota: Master's thesis, University of North Da- cial Publication No. 6, p. 52-67. < Prepared by:
mitized, mottled high-calcium limestone. It grades laterally in the subsurface to  this main body, over part of the Winnipegosis fringing bank (McCabe, 1971). ous shale (Hoganson, 1978). Terrigenous clastics are scattered throughout the  prairie field produces from a small patch reef on the platform. kota, Grand Forks, North Dakota, 189 p. Pound, W.R. ¢
a dolostone that is generally indistinguishable from the overlying Winnipegosis section. Numerous complete and incomplete shoaling upward sedimentary cy- PR ] ; issli 1985: The geology and hydrocarbon potential of the Dawson ASHERN FORMATION A Ol : o
A : : : MANITOBA GROUP - ) y The Dawson Bay Formation in North Dakota produces along, or adja-  Ehrets, J.R., and Kissling, D.L. : g ay y p SHERN FORMATION
Formation. It is essentially equivalent to the Lower Member, platform carbon- cles are represented by the Duperow Formation (Wilson and Pilatzke, 1987; ot 15 the Nesson anticline and along the Cedar Creek anticline. Production $86: e T T— Bay Formation carbonate unit (Middle Devonian), Willis- d Julie A. LeFever Carol D. Martlnluk
ate facies of the Winnipegosis Formation (Norris et al., 1982). The Manitoba Group in North Dakota and Manitoba comprises the = Burke and Heck, 1988). The Duperow Formation represents the maximum ad- is from diagenetically enhanced vuggy or intercrystalline porosity. Porosity de- ’ : h North  Dak in Fisch D.W ton basin, North Dakota: Master's thesis, University of d (North Dakota Geological Survey) (Manitoba Energy and Mines)
Dawson Bay and Souris River formations. vance of the late Devonian sea. Environments of deposition range from sublit- g ¥ A ; : . : volrs, northwestern Nort akota, in Fischer, D.W. [MAARNAN MY [N Petroleum
- ; ; . P 9 velopment (enhancement) is controlled by primary porosity trends. Evaporites (ed.), Core Workshop Volume, Fifth International Willis- North Dakota, Grand Forks, North Dakota, 320 p.
Winnipegosis Formation toral to supralittoral. A stromatoporoid bank environment is also represented - e orkshop Volume, Fitth International Willis
o ; R . i pra itiora’. poral : . i commonly plug porosity. ton Basin Symposium: Grand Forks, North Dakota Sandberg, C.A., and Hammond, C.R.
The Winnipegosis Formation disconformably overlies the Ashern For- Dawson Bay Formation In Manitoba, the formation is characterized by a cyclical sequence of . . h f the D B North Dak Geological S Mi y | S . . . - . s INTERLAKE INTERLAKE Sidne B Anderson
mation in North Dakota and Manitoba. It attains a maximum thickness of 105 m The Dawson Bay Formation attains a maximum thickness of 48 m  strata similar to that of the underlying Souris River Formation. The lowermost _The stromatoporoid zone occurring near the |t°p of the av¢_/so$h ay Nort a ‘_)taa eological Survey, Miscellaneous Series 1958: Devonian System in Williston basin and central Mon- FORMATION GROUP Ny S y B. :
(344 t). The Winnipegosis Formation is subdivided into a lower member, plat- (157 ft). In Manitoba, four rock units are recognized in the Dawson Bay For-  cycle consists of dark brown limestone interbedded with black, argillaceous ~ Formation of the Manitoba Group also has potential as a reservoir. These 0. 69, p. iv-31. tana: American Association of Petroleum Geologists Bul- (North Dakota Geological Survey)
form facies, consisting generally of a mottled dolostone, and an upper mem-  mation; these include, a basal unit termed the Second Red Bed Member, and  limestone and dark grey shale. The second phase consists mainly of frag-  P€dS, where exhibiting good porosity, could be a potential reservoir zone as it~ Hoganson, J.W. letin, v. 42, p. 2293-2334.

ber, carbonate mound, reef, or inter-reef facies (Norris et al, 1982). Argil-
laceous-bituminous or laminated beds separate the two units. The subdivi-
sions of the Winnipegosis Formation are recognized in North Dakota and Man-
itoba, but are formally defined only in Manitoba. In Manitoba, a transition zone
occurs locally at the top of the Upper Member that consists generally of lime-
stone-shale breccias and coarsely crystalline limestone (Norris et al., 1982).

three upper units. The Second Red Bed Member (Mafeking Member; Norris et
al., 1982) consists of red to green, noncalcareous, fissile shale that grades
upward to argillaceous and dolomitic limestone and argillaceous dolostone.
These beds are recognizable in the subsurface and in outcrop. Where under-
lain by Prairie Formation evaporites, the lower contact of the Second Red Bed
Member is disconformable (McCabe, 1971).

mented, saccharoidal dolostone and lesser amounts of limestone. Corals, stro-
matoporoids, bryozoa and algal material are commonly present. The third and
final phase is composed of massive anhydrite. An argillaceous zone marks the
top of the Duperow Formation. The depositional thickness of the Duperow
Formation in Manitoba ranges from approximately 122 to 195 m (400 to 640
ft).

is capped by impermeable beds of the basal Souris River Formation. Potential
exists, as well, within the upper dolomitic unit of the Point Wilkins Member.
Production from the Souris River Formation is limited and restricted to
the central portion of the basin. Production along the Nesson anticline is not
differentiated from the Duperow Formation.
Fields scattered about the central portion of the basin produce from

1978: Microfacies analysis and depositional environments of
the Duperow Formation (Fransnian) in the North Dakota
part of the Williston basin, in Estelle, D., and Miller, R.
(eds.), The economic geology of the Williston Basin,
1978 Williston Basin Symposium: Billings, Montana,
Montana Geological Society, p. 131-144.

Wilson, J.L., and Pilatzke, R.H.

1987:

Carbonate-evaporite cycles in Lower Duperow Formation
of Williston basin, in Longman, M.W. (ed.), Williston ba-
sin - anatomy of a cratonic oil province: Denver, Colo-
rado, Rocky Mountain Association of Geologists, p. 119-
146.

@ oil production present
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KB: 1486' (452.9m)
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JUMPING POUND PETROLEUM
- JUMPING POUND HIGH CREST
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KB: 1518' (462.7m)

KB: 440m (1443.6")
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UK 8 < AP Rec. 4 bbls (0.64m?) I : ltalics denote Manitoba terminology
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= = cut water A
o ICEBOX % DST #6: 5964-6041' (1817.8-1841.3m) ;
3 FORMATION 8 Rec. 2 bbls (0.64m°) mud
& R ‘ 20 bbls (3.18m°) water Jamieson, E.R.
o DST #7: 6570-6604' (2002.5-2013.0m) 1979: VGVeII da(tg.lar)d )Iithologicthdescrgtio;st Ef the Irgerlgke
L i 3 roup (Silurian) in southern Saskatchewan: Regina,
[ Rec. 88.0 bbls (14.0m”) mud ;
= CORE#5: -6324' (1 .0-1927. 3 . Saskatchewan, Saskatchewan Department of Mineral
% 6264-63 (1909.0-1927.6m) 44.21 bbls (7.02m’) slightly Resources, Report No. 139, 67 p.
= BLACK ISLAND DST#3: 1596-1602m (5236.2-5255.9") gas cut water The Red River Formation produces from a number of fields in western ~ Kendall, A.C. s
FORMATION - 8 Rec. 1385m (4544') saltwater North Dakota. Production is restricted to the upper three cycles, C through A, 1976: The Ordovician carbonate succession (Bighorn Group) z
~ mitic limestone. It conformably overlies the Winnipeg Formation throughout although the majority of the reserves are thought to be in cycle C (Kohm and of southeastern Saskatchewan: Regina, Saskatchewan, be MANITOBA
AANAAN AN most of the Manitoba Paleozoic outcrop belt. North of the depositional limit of ngden, 1988). The reservoir rocks consist of laminated and burrowed dolo- Saskatchewan Department of Mineral Resources, Report 2
maximum thickness of 30 m (100 ft). It consists of two lithofacies; a dark red, the Winnipeg Formation, the Dog Head Member unconformably overlies the The lower part of the Stonewall Formation consists of a thin bed of mitic mudstones, wack(_as_toneg, and ;ome packstopes. Tgxtures haye been No. 180, 186 p. é"’
z quartz arenite sandstone and shale sequence, and, a greenish-grey quartz Precambrian basement. Its contact with the overlying Cat Head Member is anhydrite overlain by a 6 m (20 ft) thick bed of medium dark grey, finely changed by post-Ordovician diagenesis to a sucrosic or microsucrosic dolos-  kent, D.M. ’
é DEADWOOD wacke sequence. The upper member also has two lithofacies; a quartz transitional and conformable. crystalline limestone (Carlson and Eastwood, 1962). This sequence is overlain tone with wellldeveloped intercrystalline por05|t¥. Minor amounts of vuggy or 1960: Tha evaporites of the Upper Ordavician stiata i the H oo |
o FORMATION 8 arenite, and, quartz wacke. It is conformable with the lower member and has a The Cat Head Member consists chiefly of dolostones. It is lithologically by another thin anr}ydrite bed followed t_ay a6 to Eli_ml(20 to 25 ft) thick me- fracture_ porosity are also present. The reservoir .FOCkS are sealed updip by northern part of the Williston basin: Regina, Saskatche- T T Hazeldean . ; |
= 0 maximum thickness of 50 m (165 ft). recognizable only in the central portion of the Manitoba Paleozoic outcrop belt. dium grey to brownish-grey finely crystalline, dolomitic limestone. anhydrite or a dense carbonate and laterally by a tight mudstone, wackestone, wan, Saskatchewan Department of Mineral Resources : ’ Chevron— | #14-17 A Lumpmg Bounic
5 The lower member of the Black Island Formaton was deposited in a 10 the north, the overlying Selkirk Member and underlying Dog Head Member The upper part of the Stonewall Formation, in North Dakota and Mani- ~ and dolomitic, -cryptocrystalline, laminated mudstone. The reservoirs are Report No. 46, p. ’ Coutter | MMR @ [ =7 Horton #8-15
terrestrial environment that was probably fluvial domirated; possibly a flood- ~ change facies to dolostone that is similar to the Cat Head Member dolostone.  toba, consists of light brown to grey, laminated to thin bedded, sparsely fos- ;houlgf;t to be self-swrcedf by tht(e1 ket_rogemtes of the C burrowed zone. Struc- King, K.R. i sk : Y
LA AN plain or delta plain with local channel deposits (LeFever et al., 1987). The quartz ~ TO the south, the Cat Head Member becomes increasingly calcareous and is siliferous microcrystalline dolostone. e St waiening e L iy 1964: The Silurian Interlake Group in Manitoba, in Leskela U T e T s e o R e L 2 21/ 20 |19 |18 | 17 | 15 | 15 | cANADA
wacke lithofacies of the member probably represent the initial deposits of a indistinguishable from the underlying and overlying members. In Manitoba, Stonewall Formation strata are underlain sharply, and Qil pragicticn has lisen abfained trom the GLRR Member of the W., Brindle, J., and Harris, S.H. (eds.) Third Interrias V I o S RO LA fr s 1z L IO E
PRECAMBRIAN transgression. The Selkirk Member consists of fossiliferous, mottled, dolomitic lime- possibly with slight disconformity, by the Stony Mountain Formation. The con- Stony Mountain Fprmatlon and from the Stonlte\{vall Form_atlon. Qil occurrences i o L will ‘t g Basin S et R ) bl 63 A ' \ . "
L . Contacts with the underlying Cat Head Member and the overlying Fort i : ; lightly di le. Th are concentrated in the central area of the Williston basin and associated with lonal. Wvillislon Basin. symposium: Hegina, Saskatches Hunt—Cranston #1 _
The upper member was deposited in a nearshore zone between the stone. Contac ying ying tact with the overlying Interlake Group is also slightly disconformable. e A ' ; wan, Saskatchewan, North Dakota and Billings Geologi- —
areas dominated by beach processes and marine shelf processes (LeFever et Garry Member are transitional and conformable. The Selkirk, Cat Head, and formation generally consists of pale yellowish-grey to yellowish-brown, faintly ipradliigtion frer iic: Red FivarFormation; cal Societies p 51-55 : ° 412 Hunt—Olson #1
p . ; ) ; : : - : , p- . g =
NOTE: /talics denote Manitoba terminology al., 1987). The dominant process was wave related, both normal and storm Dog Head members correlate approximately in the subsurface with the Yeo- mottled, medium- to thin-bedded, finely crystalline dolostqne with sparse, Iq North Dakota t'he up_per_ Interlal_&e Formation progjuces from struc- el o B e B s E wle
driven, at wave depths of 10 to 30 m (33 to 100 ft). man Formation of Saskatchewan. poorly preserved fossils. Beds in the lower part of the formation are separated tural{stratlgraphlc or stratigraphic/diagenetic traps.' Reservoir rocks generally , AL, n. R.O. . 1 Amoredae | E 5
STRATIGRAPHY The Fort Garry Member consists of finely crystalline and micritic, vari- from beds in the upper part by a sandy argillaceous marker (t-marker of Porter ~ consist of fenestral algal boundstones and associated paleosols trapped by 1988: Red River reservoirs of western North Dakota and east- . Lilestrand 1 g2j°
leebox Formation ably argillaceous dolostones, with a medial zone of shaly dolomite breccia that and Fuller, 1959) (see cross-section A-A’). The Ordovician/Silurian boundary dolomitic mudstones or brepmated dolpmltlc mudstones of ;upratxdal origip. ern Montana, in Goolsby, S.M., _and Longn"nan, M.W. ]150 NO'R-I-H D'AKOTA
Deadwood Formation The Icebox Formation is primarily a shale sequence with local sand- probably resulted from evaporite dissolution. It is overlain sharply, and possi- occurs within the upper part of the Stonewall Formation, possibly at the medial Fractures enhance production. The m|ddlg Interlake Formation produces in (eds.), Occurrgncg and petrophysical properties of car- ! |
The Deadwood Formation is defined as the glauconitic, predominantly stone lithosomes (LeFever et al, 1987). It is conformable with the underlying bly disconformably, by the Stony Mountain Formation (Andrichuk, 1959; Foer- t-marker (Smith, 1963; Kendall, 1976; Porter and Fuller, 1959). Stark County. The lower Interlake Formation produces from several porosity bonate reservoirs in the Bocky Mquqtaln region: Qenver, liso MCHENRY
siliciclastic beds of Cambro-Ordovician age that unconformably overlie the Black Island Formation and the overlying Roughlock Formation. The Icebox  ste, 1929a, 1929b; Kendall, 1976; McCabe and Bannatyne, 1970; Porter and The Williams Member (previously assigned to the Stony Mountain For-  20nes along major structural features. Colorado, Rocky Mountain Association of Geologists, p. |
Precambrian basement and are unconformably overlain by the Middle Ordovi- Formation is present throughout the state of North Dakota, except in the ex- Fuller, 1959; Sanford et al., 1968). In the subsurface the Fort Garry Member mation, Smith, 1963; 1964) forms the basal unit of the lower Stonewall beds. It 291-302. PIERCE
cian Winnipeg Formation (Manitoba)/Winnipeg Group (North Dakota). Region- treme southeastern corner. It is 46 m (150 ft) thick in the central basin area correlates approximately with the Herald Formation of Saskatchewan. consists of grey to reddish and brownish, argillaceous or sandy dolostone. The REFERENCES LeFever, R.D., Thompson, S.C., and Anderson, D.B.
ally, Deadwood Formation strata comprise a thick wedge of clastic sediments and 50 m (165 ft) thick in Grand Forks County. The Red River Formation was deposited in subtidal upward brining Williams Member represents the oldest of a series of "para-time-stratigraphic” Anderson, D.B. 1987: Earliest Paleozoic history of the Williston basin in North o i 20 mi.
STRATIGRAPHIC NOMENCLATURE CHART throughout most of the Williston basin area. The Deadwood Formation attains The shale is bioturbated and in some localities is fossiliferous. Three sequences. Sedimentation during each cycle was mainly controlled by an in- markers that can be traced throughout most of the Williston and Elk Point 1988: Stratigraphy and depositional hisiory of the Deadwood Dakota, in Carlson, C.G., and Christopher, J.E. (eds.), O Well present only on SHEET #3 m
a maximum thickness o m t) in North Dakota (LeFever et al., . sandstone lithosomes are locally present, in Divide County, Grand Forks crease of salinity (Elias et al., 1988; Longman et al., 1983). asins. : ) = g ifth International Williston Basin Symposium: Regina,
In Mar‘1itoba hth:a< Deadfggc‘i1 FOI('i‘IOa(i';r)] -rera\lchehsDa ':naxiﬁr:_uri; thickriesls 1osf)sa—]p) h N yhpD kota. These bod! 4 f i A ' 2 ' ) B . Formgtloi {Upper Cei)mbrlan and LOV\;/er Ordovician), Wil- ’;;shka,tchewa; S'asvli/;t"che B G IS ol Soeloty: S o 10 20 30km
NORTH-CENTRAL NORTH DAKOTA SOUTHWESTERN MANITOBA , b ! ap- County, and in southwestern Nort akota. These bodies consist of fine- to ' ; . . 5 ; . , . X . : an, wan Geological Society, Spe-
~orn proximately 60 m (197 ft) in the extreme southwest corner of the province medium-grained quartz wackes that are highly bioturbated, argillaceous, and ~ Steny Mountain Formation INTERLAKE GROUP (Manitoba) / Interlake Formation (North Dakota) ‘,LS;?;; %e;s}:gt,aNc(’ar:anaégrt:s “ﬁiﬁiﬁféat:sisysgg';efsw of cial Publication No. 9, p. 22-36.
SYSTEM (McCabe, 1978; Manitoba Energy and Mines, 1980). The Deadwood Forma- in places, cross-laminated (LeFever et al., 1987). In North Dakota, the Stony Mountain Formation represents the medial In North Dakota, the Interlake Formation consists primarily of dolos- w0y ' ' ’ ’ Lobdell, F.K. LINE OF CROSS-SECTION
A A h A INT QRO i Lo T tion thins northeastward into Manitoba, where it is regionally truncated at the The Icebox Formation was deposited in an offshore environment adja-  formation of the Big Horn Group. It conformably overlies the Red River Forma-  {ones and limestones. It is conformable with the underlying Stonewall Forma- o S Ordovic] d Siiiifian strafiaranhy srd ssdirenta 1988: Macropaleontology of the Gunn Member, Stony Moun-
presiinTipag unasniamity. ' ' R cent to, and seaward from, nearsihore sand deposits. Three different environ-  tion. Thickness of the formation reaches up to 55 m (180 ft) (Carlson and tion and reaches a maximum thickness of 335 m (1100 ft). The formation is 1959 inrsz\nlJltCr::?n ar\;anitclns;agasn;?:igri?ngrii;n Asssérziz?i:n‘%: tain Formation (Upper Ordovician), Manitoba and North
The formauor_'n 0_0”5'5t5 of greenlsh-grey, hlghly glauconitic, siliciclastic ments of deposition are proposed for the local sandstone lithosomes. A near- Eastwood, 1962). ) o . . i informally divided into lower, middle, and upper members. The lower member Petrol Geologist 'Bulletin v 43 2333.2398 Dakota: Ph.D. dissertation, University of North Dakota,
rocks. The rocks principally consist of quartz arenites, quartz wackes, and shore environment is suggested for the sandstone body in Divide County. The The Stony Mountain Formation is divided into, in ascending order, the consists of supratidal and intertidal lithofacies characterized by felted anhydrite o stroleum e0l0gIsis i Y 40, P : Grand Forks, North Dakota, 371 p.
siltstones with lesser amounts of carbonate rocks that range in texture from lithosome in Grand Forks County was probably deposited as an offshore bar Gunn and Gunton members. The Gunn Member is equivalent to the Stoughton nodules, laminated and non-laminated dolostones, hypersaline oolites, and Baillie, A.D. LoBue, C.L.
mudstone to grainstone (LeFever et al., 1987). Multiple sedimentary structures deposit. A deltaic environment is suggested for the sandstone in southwestern Member of current usage (Bluemle et al, 1986; Lobdell, 1988); usage of laminar or columnar stromatolites (LoBue, 1982). Fossiliferous wackestones 1951: Silurian geology of the Interlake area: Winnipeg, Mani- 1982- Depositional environments and di is of the Sil
that include ripple cross-laminations, horizontal parallel laminations, water es- North Dakota. "Gunn" predates and supersedes the usage of "Stoughton". The original representing subtidal deposits compose the middle member. Fauna included in toba, Manitoba Mines and Natural Resources, Mines : riar? [iEHakS Formatien Willst |abger'1e5|s ot eN I;Jh
z INTERLAKE INTERLAKE Z cape structures, soft sediment deformation features and structures associated name, Gunn, will be used in the following discussion. The Gunn Member ex- this sequence consist of brachiopods, gastropods, pelmatozoan fragments, Branch, Publication 50-1, 82 p. Dakota. in Chris?omﬁel:m\l El Iasn%nKa?;im:J wggsern Fog:th
z FORMATION GROUP g with bioturbation are present throughout the sequence. Roughlock Formation ceeds 30 m (100 ft) in thickness in eastern North Dakota and thins northwest- tabulate and rugose corals and stromatoporoids. The upper member is gener- 1952: Ordovician geology of Lake Winnipeg and adjacent ar- International Wi[lisaon o Symposiu’m'. (Regir)1’a P
| = In North Dakota, the Deadwood Formation is subdivided into six infor- The Roughlock Formation is a transitional unit between the noncal- ward tq a depos_monal edgg in easterr_w Mon'gana and southern _SaskatchewanA ally absent due to extended erosion during Late Silurian-Early Devonian time. eas: Winnipeg, Manitoba, Manitoba Mines and Natural katchewan, Saskatchewan Geological S.ociety Slpecial METRIC CONVERSION TABLE
77} 7} mal lithostratigraphic members based on wireline logs and the analysis of careous shales of the underlying Icebox Formation and the limestone of the It consists of thin, pale bluish-grey, bioclastic (articulate brachiopod-bryozoan Where present, it represents an intertidal and supratidal sequence of peloidal, Resources, Mines Branch, Publication 51-6, 64 p. Publicationy Ko 6.1 aoeas )
available cores. These informal members are designated, in ascending order, overlyiqg Red River Eormation. It is predominantly an argillaceous and fosgilif— assembla}ge) limestones interlbedded 'with highly calcarleoys shale_ or argil- intraclastic wackestones, pgckstones, and grainstones that Iocally{comain gas- Bluemle, J.P.. Anderson, S.B., Andrew, J.A., Fischer, D.W.. and gAML FEREL T.B a-nd,GI.enme J s 1 metre (m) Y
as A through F (LeFever et al., 1987; Anderson, 1988). The distribution of the erous limestone that in south-central North Dakota contains a sandstone litho- laceous limestone. The shale is a medium olive grey or pinkish-grey in eastern tropods. Scattered discontinuous beds of salt are also present in the lower- LeEever. J A, b Moy PEHE, 1.8, e ' ‘ e (m ‘ ee
members A and B is strongly influenced by the topography of the underlying some. The formation reaches a maximum thickness of 27 m (90 ft). North Dakota and grades to black in western North Dakota. most portion of the upper member (Fischer and Anderson, 1984). Well devel- 1986 North Dakota stratiaranhic column: Grand Forks. North 1983: Origin and geometry .of Red River dolomng reservoirs, 1 cubic metre (M%) = 6.29 barrels (bbls) (oil)
. e ; S . ; ; a grap ' tern Williston b A A t fP
Precambrian surface, whereas members C through F are generally influenced Deposition of the Roughlock and Icebox formations occurred in similar, The Gunton Member conformably overlies the argillaceous strata of oped Kkarst, caliche, and lateritic soil zones are present on the upper surface Dakota, North Dakota Geological Survey, Miscellaneous western Williston basin: American Association of Petro- = 220 imperial gallons
by Precambrian topography, and have a more limited distribution. offshore environments (LeFever et al, 1987). Carbonate deposition of the the Gunn Member. It consists of a pale orange to yellowish-brown, faintly mot- as further evidence for a period of subaerial exposure. Series No. 66. 3 sheets ' ) leam G.eologlsts Bulletin, %. 67, p. 744771, = 35.49 cubic feet (gas)
T The Deadwood Formation was deposited during a gradual major eus- Roughlock Formation reflects a decrease in detrital input into the basin. The tled, finely crystalline, dense, medium- to thin-bedded, sparsely fossiliferous, Megathan (1987), raised the Interlake Formation, in North Dakota, to Canadian Society of Petroléunw’ Swnls is.ts Manitoba Energy and Mines
F—2?—— STONEWALL FORMATION @ |ZTONEWALL-— (t-marker)———— ?— tatic sea level rise with several smaller transgressive and regressive events faunal assemblage supports the interpretation of an open marine environment slightly nodular dolostone. In the deeper basinal areas, Kendall (1976) noted group status and divided it into eight formations. The lower part of the group ) Y ) ) 9 i 1980: Manitoba stratigraphic map series. 1 hectare (ha) = 2.47 acres
e (LeFever et al,, 1987). Nine separate lithologies compose the six lithostratigraphic with normal marine salinities; a deltaic environment is suggested for the sand- the presence of a thin evaporite at the top of the member, defined as the consists of the Strathclair, Fife Lake, and Guernsey formations. Lithologies for 1990: Lexicon qf Capadlan stratlgraphy. volume 4, western McCabe, H.R. 1 kilometre (km) = 0.62 miles (mi)
MgL?ﬂ:"II: i —— MSOL?\I’:':IN Gunton Member units. Environments of deposition for these units range from marginal marine stone lithosome. This lithosome, and the one in the stratigraphically lower Ice- Gunton anhydrite. Based on lithologic similarities, Lobdell (1988) suggested these formations include turbidites, organic-rich basin laminites, anhydrite, and Canada including eastern Br|t|§h Columbia, Alberta, 1978: Reservoir potential of the Deadwood and Winnipeg for- ’
FORMATION | Gunn Member FORMATIONF“““ Panitertiary to offshore conditions. The Early Ordovician was marked by a major eustatic box Formation, appear to be stacked and may be genetically related. that the Gunton be included in the Stonewall Formation. quartz-bearing marker beds. These lithologies represent a deep marine envi- Saskat_chewan' and southern Manltoba:. Calgary, Alberta, ' matlons, southwestem Manltoba: ‘Winripeg Mznﬁoba
g omber S sea level drop at which time, the marine deposition of the Deadwood Forma- . . In Manitoba, the contact between strata of the Stony Mountain and ronment of deposition with normal salinities, that shallow upward and become Canadian Society of Petroleum Geologists, 772 p. Maritabs Minss, Natuisl Ressifess snd Bavironment
2 tion ceased. This was followed by a period of erosion. Red River Formation ) ] Red River formations is sharp and possibly slightly disconformable. The Stony hypersaline. Carlson, C.G., and Eastwood, W.P. Mineral Resources Division Guological Paper GP 78-3
g o . . Red River Formation strata conformably overlie the shales and sand- Mountain Formation is overlain with slight disconformity by sandy argillaceous The middle part of the group is divided into the Cedar Lake and Gron- 1962: Upper Ordovician and Silurian rocks of North Dakota: 54 p. ' '
g Winnipeg Formation (Manitoba) ‘ stones of the Winnipeg Formation (Manitoba)/Winnipeg Group (North Dakota). (non-sequential) marker beds that compose the basal unit of the Stonewall dale formations, which consist of a dolostone sequence that is alternately rich Grand Forks, North Dakota, North Dakota Geological A L ——
> T = The Winnipeg Formation in Manitoba comprises a complex sequence The strata overstep Winnipeg Formation strata to rest unconformably on the Formation. The thickness of the formation ranges from 35 to 40 m (115 to 131 and barren in fossils. The presence or absence of fossils is interpreted to Survey, Bulletin No. 38, 52 p. I y Lo ;
< 2 FFgEF?MFX%g'; Eggﬂ%@i < of interbedded shales and sandstones. It unconformably overlies weathered Cambrian Deadwood Formation iin western Saskatchewan, and on the Pre- ft) (Manitoba Energy and Mines, 1980). result from salinity variations. Carroll, W.K. 1970: Lhake St. Martin crypto-explosion crater and geology of
Q O Precambrian basement, except in the extreme southwestern corner of Mani- cambrian basement in northern Mianitoba. The Red River Formation is overlain Th : . : . : : . . ! - . . the surrounding area: Winnipeg, Manitoba, Manitoba
= S ement; ! ! . . ] e Stony Mountain Formation has previously been subdivided into The Mendenhall, Missouri Breaks, and Sherven formations form the 1978: Depositional and paragenetic controls on porosity devel- i i i
8 8 toba, where tlhe it is uncpnformably unqerla!n by a thin wedge of‘ the Dgad- sharply' and slightly disconformablly, by the shale beds of the Stony Mountain four members. In ascending order these are, the Gunn, Penitentiary, Gunton, upper part of the group. These formations were interpreted to result from the cpvent; Wppat Fed Fiver Farmatsn, Nomh Dakata, b I;/I;ne; ér,]ad;\(l)?éur% Resources, Mines Branch, Geological
g % wood Formation. The W'F‘”.'peg Formatlon I cqnformably overlain by lims- Formation; . . . and Williams members. Recent standardized correlations, established by Mc- filling of a terrestrial inland basin by lakes, marsh, and stream sediments can- Estelle, D., and Miller, R. (eds.), The economig geology P ’ P-
stones of the Upper Ordovician Red River Formation. o f ( - Ir|1_I Nort?a Dakot_?,hthc-;\ Red River Fc_)rmatlon fo_rms theh_bisal forn;a;:)g of Cabe and Bezys (pers. comm.) for the latest edition of the Atlas of Western nibalized from older carbonates along the basin margin. Inden et al. (1988) of the Williston Basin, 1978 Williston Basin Symposium: Megathan, E.R.
The Winnipeg Formation attains a maximum thickness of 68 m (223 the Big Horn Group. The formation attains a maximum thickness o m Canada (in prep.) and the Lexicon of Canadian Stratigraphy (Canadian Soci-  described the upper part of the Interlake Group as a series of thin, low-energy Billin i i . 1987: Silurian Interlake Group - a sequence of cyclic marine
. : " ; - ; : e s i ) ) gs, Montana, Montana Geological Society, p. 79-97. P q Yy . - L
% Eggail{%%K . ft). It consists predominantly of arglllaceogs to nonarglllacepus, smceous' to (700 ft) in the central portion of the Williston basin (Bluemle et al., 1986). ety of Petroleum Geologists, 1990), place the top of the Stony Mountain For- shallowing-upward, restricted marine cycles represented primarily by mud- Elias. R.J. Nowlan G.S. and Bolton T.E. and freshwater carbonate deposits in the central Willis- SHEET # 5. CAMBRIAN-ORDOVICIAN-SILURIAN
g oXe! faintly calcareous shales and poorly consolidated to unconsolidated, very fine- It is informally subdivided into two members. The lower member is mation at the base of the Williams Member. It is therefore proposed that the stones and dolostones. ’1988t Payleonto’logy of the, type section, Fort Garry Member ton basin, in Fischer, D.W. (ed.), Core workshop Vol-
© | ICEBOXFORMATION |& & to coarse-grained, quartzose sandstone (Genik, 1952; Baillie, 1952; McCabe, described as a burrowed wackestone. The upper member is further subdivided ~ Williams Member be included in the overlying Stonewall Formation rather than In Manitoba, the Interlake Group overlies the Stony Mountain Forma- : ! , e 4 ume, Fifth International Williston Basin Symposium:
g é% —————————— 1978; Manitoba Energy and Mines, 1980). A unique feature of the Winnipeg into four zones referred to, in ascending order, as D through A. The basal D in the Stony Mountain Formation, as originally defined by Smith (1963; 1964). tion with possible slight disconformity and is overlain with gently angular un- gii.ﬁlgigoﬁ?;mags; (LI\JA%F:(?CrOOr?\gﬁ'ﬁ;;;‘z’mgﬁi’;xan& Grand Forks, North Dakota, North Dakota Geological CORRELATION CROSS_SECTIONS
Z Bl’:_gg;ﬁ:_gso ° e b8 SaFdstaRa Formatlon in Manltob.a is the Qarman sand body Iocgted south‘ of Wan|peg. It zone con;ists of ‘do]omiﬁc, porous, burrowed, br(l)wn'mudstone and wack- The Gunn Member consists of greyish-red to purplish- and reddish- conformity by the Ashern Formation (Devonian). The thickness of the Interlake Mineis ard Min’eral F{esources‘ Memoir 44, p. 341-359 Survey, Miscellaneous Series No. 69, p. 59-88.
ol 2 o AR is a large, east-trending, par—hke sand _body that aFtams a maximum thickness estqne. Itis ovlerlaln by a 0.6 to 1.5 m (2 to 5 ft) thick, impermeable, regularly grey, burrow-mottled, fossiliferous, calcareous shale with thin interbeds of Group in Manitoba ranges from 50 to 70 m (164 to 230 ft) (Manitoba Energy Fischer. D.W d And SB ' T ’ Okulitch, V.J. ALONG THE UNITED STATES—CANADA
of 30 m (100 ft) and consists of very fine- to medium-grained sandstone (An- laminated, argillaceous, black, organic, skeletal wackestone and packstone  highly fossiliferous limestone. The Penitentiary Member consists of yellow o and Mines, 1980). It consists primarily of pale, yellowish-grey to yellowish- ischer, D.W., and Anderson, S.8. ' - The Stony Mountain Formation of Manitoba: Transac-
drichuk, 1959). (Carroll, 1978). Zones C through A consist of separate repetitions of four Ii- reddish-grey, medium- to thin-bedded, finely crystalline, fossiliferous, argil- brown, finely crystalline to sublithographic dolostones with coarse fossil frag- 1984: Little-known mid-Paleozoic salts of northwestern North tions of the Royal Society of Canada, v. 37, p. 59-74. INTERNATIONAL BORDER
Baillie (1952), Genik (1954) and Vigrass (1971) attempted to subdivide thologic units. The basal lithologic unit of the sequence is a light to dark grey, laceous dolostone. Where present, the Penitentiary Member is conformably mental, oolitic and stromatolitic interbeds (Porter and Fuller, 1959). Subdivi- Dall(ota: Grand Forks, North Dalkotg, North Dakota Geo- Porter, J.W.. and Fuller. J.G.C.M
the Winnipeg Formation into distinct stratigraphic units. These units generally slightly dolomitic, bioturbated, skeletal wackestone to packstone. This is over- overlain by the Gunton Member. Where the Gunn Member is absent, the Peni- sion of the Interlake in the subsurface is difficult and alternative subdivisions, logical Survey, Report of Investigations No. 83, 18 p. 1, Ay ] ,P G.C.M. N . (NORTH DAKOTA_MANITOBA)
- - consist of a lower, basal sandstone unit, and one, or two, overlying units of lain by a fine-grained, brown, dolomitic mudstone with good intercrystalline tentiary Member is underlain sharply and with slight disconformity, by the Fort which are not discussed here, have been proposed by Porter and Fuller Foerste, A.F. 959: Syver taleoz?lc/:\ rocks ofAnorth.e;p W”}IS;OT t?asm énd
< é sangstone and shale. A forma! stratigraphic subdivision of the Winnipeg For- porosity. Included in this unit are desiccation features, individual and massed Garry Member of the Red River Formation. (1959); King (1964); Jamieson (1979) and others. 1929a: The Ordovician and Silurian of the American arctic and 2|gaicset;1 Birlfeat{n \rlne4rgcan 125:?1%3 ion of Petroleum Ge-
& DEADWOOD DEADWOOD o mation has not been accepted in Manitoba. acicular anhydrite crystals, subaerially laminated crusts, pelletal fabrics and The Gunn Member, together with the Penitentiary Member, form the sub-arctic regions: Denison University Science Lab Jour- Sanford. BV, N .g ) k P 5
2 FORMATION FORMATION = The Winnipeg Formation represents the initial deposits of a marine erosional surfaces. The mudstone is overlain by an impermeable layer of lower Stony Mountain Formation (equivalent to the Stoughton Member of Sas- PETROLEUM POTENTIAL nal, v. 24, p. 27-79. anford, B.V., Norris, A.W., Bostock, H.H., and Bell, R.T. . - Prepared by
O © transgressional cycle that began during Middle to Late Ordovician time, and nodular anhydrite and interlaminated anhydrite and dolostone. The uppermost katchewan) and are complete lateral facies equivalents. The Penitentiary 1929b: The cephalopods of the Red River Formation of south- 1968: Geology of the Hudson Bay lowlands - Operation Winisk:
continued until Late Silurian time. The Winnipeg beds consist of terrigenous lithologic unit is a 2.5 cm (1 in) thick, noncalcareous, dark grey, fissile, argil- Member represents a northern, more shelfward, dolomitized and less argil- Production has been obtained within the Deadwood Formation of ern Manitoba: Denison University Science Lab Journal Geological Survey of Canada, Paper 67-60, p. 1-46. . ..
clastics. Strata deposited later in the transgressional cycle are almost entirely laceous bed that acts as a definitive marker for each sequence on wireline laceous facies. The Gunn represents a southern, deeper basinal limestone- North Dakota. The North Dakota producing zone comprises the basal sand- v. 24, p. 129-235. Sinclair, G.W., and Leith, E.I. Julie A. LeFever Carol D. Martiniuk
carbonates and evaporites (Vigrass, 1971; Porter an.d Fuller, 1959). The Car- Iogs. Vgrtically, zones C tlhrough A become successively thinner and the anhy- shale facies. These members cannot be differentiated in the subsurface. stone unit of thg De_adwood_ Formation and is rest.ncted to the Nesson'antlcllne Genik, G.J. 1958: New name for an Ordovician shale in Manitoba: Journal (North Dakota Geological Survey) (Manitoba Energy and Mines)
man sand probably represents an offshore bar deposit (McCabe, 1978). drite unit becomes less widespread. The Gunton Member conformably and transitionally overlies strata of and Neyvporte ﬂgld in Renville County. Strata equivalent to the producing beds iy 4 mviarEl sl o the. THnnisss FSHREE MESHYE of Paleontology, v. 32, p. 243-244. Petroleum
Carbonate deposition of the lower member and D zone of the Red  the Penitentiary or Gunn members. It consists of very pale orange to yel- ~ ©xtend into Manitoba. : B sig University of Manitoba ?Ni?m' 20 Manitoba. 174  Smith, D.L.
PRECAMBRIAN PREGAMBRIAN Abbdddd WINNIPEG GROUP (North Dakota) River Formation represent a shallow subtidal to low intertidal regime. The lowish-brown, faintly mottled, finely crystalline, dense, medium- to thin-bedded, Strata in the Winnipeg Formation are sufficiently high in organic con- esls, y ! Ipeg; Marltond, 1963: A lithologic study of the S M in F . d Sidne B Anderson
The Winnipeg Group in North Dakota attains a maximum thickness of presence of some organic detritus in the D zone reflects local restriction in sparsely fossiliferous, slightly nodular dolostone, that contain scattered chert tent to source Lower Paleozoic (Ordovician and Silurian) rocks in the Williston ) p- : - po— ' Stolne?/vgﬁul:::r; )t/ioon ine t&ny '\;un_ttalg .?vll'mattlo’n ;n y b. her
@ oil production present 134 m (440 ft) and unconformably overlies the Deadwood Formation, except circulation into the basin. Zones C through A initially were deposited in shallow nodules. Several interbeds of reddish mottled, nodular, argillaceous dolostone basin. The Winnipeg Formation provides excellent reservoir beds. These, in 1954: A regional study of the Winnipeg Formation: Journal of o Liieralt o? Manitosbzu V\?i:]nni ea”' I?/laan.itol?aS "3‘2"139 e- (North Dakota Geological Survey)
in the extreme southeastern and northeastern portion of the state, where it water, probably an open shelf environment. This was followed by high inter- (Penitentiary type lithology) occur near the base of the unit (Baillie, 1951, combination with complex facies changes, provide several possible areas for the Alberta Society of Petroleum Geologists, v. 2, p. 1- ) ! ; y ’ peg, X , p- )
rests directly on the Precambrian surface. Three formations are correlative tidal or supratidal deposition. The overlying anhydrites are interpreted by Car- 1952; Kent, 1960: Okulitch, 1943: Sinclair and Leith, 1958; Carlson and East- stratigraphic entrapment. In North Dakota, production from the Winnipeg For- 5. 1964: A lithologic study of the Stony Mountain and Stonewall Drawn by: 9> )
within the state, which in ascending order are, the Black Island, Icebox, and roll (1978) to be a sabkha deposit, in a high supratidal evaporitic environment. wood, 1962). mation is located along the Nesson anticline, along the fault-bounded structure Inden, R.F., Cluff, R.M., and Brynes, A.P. formations in southern Manitoba (abs.): Canadian Min- M. E. McFarlane N.Barton B. Lenton Manitob
Roughlock formations: This was followed by a short diastem and repetition of the sequence. in eastern Stark County (Richardton and Taylor fields), and in Renville County 1988: Reservoir geology and petrophysics of the Upper Inter- ) ing Journal, v. 85, p. 114, 117. (Manitoba Energy and Mines) En?ﬁ}}gnesa
In Manitoba, the Red River Formation ranges in thickness from 150 to Stonewall Formation (Newporte field). lake Group, Nesson anticline area, North Dakota, in  Vigrass, L.W.
Black Island Formation 175 m (492 to 574 ft) (Manitoba Energy and Mines, 1980). It is subdivided into In North Dakota, the Stonewall Formation is conformable with the un- Red River Formation oil occurrences are most probable in the central Goolsby, S.M., and Longman, M.W. (eds.), Occurrence 1971: Depositional framework of the Winnipeg Formation in December, 1991
The Black Island Formation consists predominantly of sandstone with four units that are recognizable in the Manitoba Paleozoic outcrop belt. These derlying Stony Mountain Formation and the overlying Interlake Formation. The portion and along the flanks of the Williston basin where cyclic alternation of and petrophysical properties of carbonate reservoirs in Manitoba and eastern Saskatchewan, in Turnock, A.C.

minor amounts of shale and is subdivided into two informal members. The
lower member is restricted to the western half of North Dakota and has a

are, in ascending order, the Dog Head, Cat Head, Selkirk, and Fort Garry
members. The Dog Head Member consists of a fossiliferous, mottled, dolo-

Stonewall Formation is the uppermost formation in the Big Horn Group of
North Dakota and reaches a maximum thickness of 37 m (120 ft).

evaporites and porous dolomites are developed, creating stratigraphic trap set-
tings (Andrichuk, 1959; Porter and Fuller, 1959).

the Rocky Mountain region: Denver, Colorado, Rocky
Mountain Association of Geologists, p. 291-302.

(ed.), Geoscience Studies in Manitoba: Geological Asso-
ciation of Canada, Special Paper No. 9, p. 225-234,
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